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Preface

On the one hand, humanity is trying to cope with diseases caused by hunger and
malnutrition and on the other hand, it is struggling with health problems caused by
obesity and overweight. It is known that obesity due to all causes (hormonal, genetic,
malnutrition, inactivity) is increasing rapidly in all age groups and genders in all
developed and developing countries. It is reported that the health problems caused by
being underweight are much less than those caused by obesity and overweight. While
obesity-related health problems reduce the person’s life expectancy and quality on an
individual basis, they also harm the economies of countries on a social basis due to
workforce loss and health expenses. Alternatively, underweight status is also observed
due to some mental disorders (anorexia nervosa, bulimia, etc.) and lack of access to
food and malnutrition. All these situations show the importance of maintaining a
normal body weight. Body mass index (BMI), which has been in use around the world
for nearly a century, is a practical, accessible, and important tool for monitoring the
body’s normal weight. Although there are various sensitive devices that can measure
body fat with full accuracy, BMI will continue to exist for normal weight monitoring
due to its easy applicability. This book contains detailed information about BMI (over-
weight, normal weight and underweight) and various research studies in the field of
medicine. For this reason, it is sure to appeal to readers from all segments of society.
We would like to thank the authors for their valuable contributions to our book.

With warm regards,

Dr. Hiilya Cakmur

Professor,

School of Medicine,
Department of Family Medicine,
Kafkas University,

Kars, Turkey






Chapter1

Introductory Chapter:
A Historical Index Widely Used
in Medicine — Body Mass Index

Hiilya Cakmur

1. Introduction

Body Mass Index (BMI) which is calculated as a person’s weight in kilograms divided
by the square of the body height in meters, and is expressed in units of kg/m?, is still
commonly used in the practice of medicine, especially in public health and family
medicine, due to its free and easy application [1, 2]. BMI was first defined by Keys and
et.al in 1972 and it has not lost its popularity since then [3]. BMI gives a simple numerical
result of a person’s thinness or thickness thus allowing healthcare professionals to more
objectively discuss and monitor weight issues with their patients. For this reason, it
seems that it will remain current in medical practice for many years [3, 4].

2. WHO classification of BMI

The World Health Organization (WHO) prescribed BMI and categories to define
obesity, overweight, normal weight, and underweight as in below:

Overweight (Pre-obese): 25.0-29.9, Obese (Class I): 30.0-34.9, Obese (Class
I1): 35.0-39.9, Obese (Class III, Morbid Obese) > 40.0, Normal range: 18.5-24.9,
Underweight (Mild thinness): 17.0-18.4, Underweight (Moderate thinness): 16.0—
16.9, Underweight (Severe thinness): < 16.0 [5].

3. Evaluation of BMI

BMI is a monitoring method, not an exact measurement of the presence and dis-
tribution of body fat. There are, of course, individual differences in these evaluation,
and BMI is inadequate as the only way to classify a person as obese or malnourished.
In certain populations, such as athletes and bodybuilders, high weight as a result of
increased muscle mass falsely increases their BMI. For this reason, special regulations
should be provided for BMI monitoring [6, 7].

4. Exact way of measuring body fat - bio-electrical impedance

BMI does not directly detect body fat but is as strongly correlated as more direct
measures of body fat such as Bio-electrical Impedance Analysis (BIA) which evaluates
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the body fat makes simultaneous tetrapolar measurements by touching its electrodes
[8]. The measurements of the BIA include; lean body mass, skeletal muscle mass,
soft tissue mass, total body water amount, intracellular water amount, extracellular
water amount, excess body fat, body fat percentage, visceral fat surface, waist-hip
ratio, organ fat mass, subcutaneous fat mass, abdominal fat, basal metabolic rate,
total energy amount, internal resistance, overweight target control, excess fat target
control, and edema parameters and also body mass index. The ideal analysis of the
presence and distribution of fat tissue in the human body is, of course, done with
such devices [8]. However, these devices are not available everywhere.

5. Healthy body fat and BMI

BMI is one of the tools used to calculate health risks such as physical activity
level, smoking, alcohol and substance use, lifestyle, risks of the living environ-
ment, blood pressure, cholesterol level, and blood glucose level [2, 3, 9]. Conditions
that reduce life expectancy and are associated with mortality, such as overweight,
obesity, and diabetes, can also be expected to be associated with high BMI. In
addition, it is known that people who are underweight throughout life have a lower
premature death rate. However, the optimal BMI at which the risk of death is lowest
isunknown [10-12].

6. Obesity and BMI

Obesity, which is chronic systemic inflammation of adipose tissue, when
prolonged, eventually activates the innate immune system in adipose tissue. As
aresult, oxidative stress (OS) increases, which triggers the acute phase response
and leads to an inflammatory reaction in the body [13]. Thus, obesity and over-
weight constitute important risk factors for many acute and chronic diseases, from
metabolic and mental diseases to cancer. Obesity not only causes health problems,
obesity-related health problems also lead to treatment costs and workforce loss
[13, 14]. For this, the presence of fat tissue and its distribution in the body must be
evaluated and measured accurately. Excess fat accumulation is usually measured by
BMI, which is calculated by weight and height ratios. However, in the presence of
abdominal (central) obesity, BMI may appear within normal limits. Therefore, reli-
able measurement of fat accumulation is necessary, especially in children and the
elderly. Healthcare professionals should evaluate BMI while being aware of hidden
obesity [15, 16].

The prevalence of obesity is increasing rapidly in every age group and in almost
all countries around the world, mostly among low-income and low-educated
people. Childhood obesity is a problem that needs to be paid more attention
because it is difficult to reverse [13]. In adults, BMI is a useful indicator for assess-
ing health risks throughout life because it is easily calculated and widely available.
However, interpreting BMI as an indicator of health risk in children is possible by
comparing the child’s measurements with age- and gender-specific reference ranges
Underestimating the prevalence of obesity, especially in children, as assessed by
BMI, may lead to less attention to the problems and inadequate prevention and
management. Therefore, a reliable measurement of fat accumulation requires
elaborate tools [16].
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7. Underweight and BMI

Low body fat, as well as excess body fat, is a risk to body health. People may have
low body fat for many different physical (GI disorders, malignancy, infection, thyroid
problems, HIV or lung disease, endocrine problems, etc) and mental (such as buli-
mia, anxiety and stress, dementia, etc.) reasons. In addition to these medical condi-
tions, economic and sociological reasons can also make people underweight because
it makes it difficult to access food Detecting and monitoring low body fat ratio is as
important as monitoring overweight and obesity. In this case, the most suitable and
accessible tool is BMI [11, 17].

8. Limitation of BMI

BMI is an indirect assessment of body fat and therefore already has several defi-
ciencies. Moreover, if it is calculated based on the person’s self-reported height and
weight, it cannot accurately determine the body fat percentage. For this reason, height
and weight measurements must be made by health professionals under optimum
conditions and follow-ups must be the same. BMI is a widely used screening tool, but
it does not provide clear data on a person’s body fat percentage and distribution. As it
is known, muscle mass decreases with age. In this case, the shortening of height and
decrease in muscle mass with age can be misleading in most cases. Additionally, the
relationship between body fat percentage and BMI differs in men and women. For this
reason, measurements of waist-hip ratio and skinfold thickness along with BMI lead
to more accurate results for body fat ratio [18].

9. Conclusion

BMI is a widely used screening tool to determine body fat percentage. However,
it should not be a diagnostic tool. When BMI is to be used due to the lack of a device
that accurately measures body fat, these conditions should be taken into consider-
ation in children, the elderly, gender differences, and individuals with excess muscle
mass. Although obesity is preventable, it is gradually becoming a pandemic due to
the lack of implementation of preventive and sustainable public health approaches.
Unfortunately, it is becoming increasingly difficult to acquire and maintain a healthy
nutrition culture and life habits. Moreover, naturally obtained nutrients are rapidly
decreasing. As obesity continues to increase all over the world, BMI will continue to
be used because it is easy to apply.
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Chapter?2

Sexual Dimorphism of the Fat Mass
Index and the Fat-Free Mass Index
in Healthy Adolescents

Teodoro Durd-Travé and Fidel Gallinas-Victoriano

Abstract

Body mass index (BMI) does not allow to discriminate the composition of the
different body compartments. This study points to the formulation of reference
values of fat mass index (FMI) and fat-free mass index (FFMI) in healthy adolescents
by means of anthropometric techniques, and the subsequent availability in clinical
practice as reference charts. The following is a cross-sectional study in a group of
1040 healthy Caucasian adolescents (470 boys and 570 girls), aged 10.1 to 14.9 years.
Weight, height and skinfold thickness were registered, and BMI, percentage of total
body fat, FMI and FFMI, and FMI and FFMI percentiles were calculated. Boys show
a significant increase in FFMI and a decline in body fat and FMI. By contrast, girls
show an increase in body fat, FMI and FFMI. Except for the 10 years, FMI was higher
(p < 0.05) in girls in all ages and FFMI was higher (p < 0.05) in boys in all ages. There
were no significant differences in the values of BMI between sexes in all ages. The
availability of reference values for FMI and FFMI in daily clinical practice would be
helpful in the diagnosis and assessment of changes in body composition during the
treatment of childhood obesity.

Keywords: adolescents, anthropometric measurements, body composition,
body mass index, fat mass index, fat-free mass index, skinfold thickness

1. Introduction

The percentage of children categorized as overweight and obesity in children
has increased firmly, to the extent that it has become the most relevant nutritional
disorder in present-day developed society [1]. In this way, this percentage of excess
body weight in otherwise healthy adolescents in our community (Navarra, Spain)
hits 22.5% [2]. This figure is comparable to the values in other regions of our coun-
try (Spain), the European countries, and the USA, and it even exceeds the eastern
European countries [1, 3].

Obesity implies an excess of body fat, and the most adequate and usual anthropo-
metric measure for the initial nutritional assessment in clinical practice is the body
mass index (BMI) [4]. Despite this potential in the diagnosis of obesity, this param-
eter does not define the percent distribution of the body compartments (fat mass and
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fat-free mass). As a matter of fact, different studies promote FMI before the BMI in
the diagnosis and assessment of childhood obesity, claiming a higher sensibility in the
detection of changes in body fat [5-8].

Notwithstanding the above, FMI is not satisfactorily extended in the diagnosis and
assessment of childhood obesity and, consequently, few referent charts for pediatri-
cians are available at the present day [9, 10]. The evaluation by means of anthropo-
metric measures, as a consequence of the relative simplicity and low cost, is regarded
as an important stage in the evaluation of body composition at the pediatric age and
should have a primary role in the assessment process [6, 10-14]. In fact, the accessibil-
ity to FMI and FFMI reference charts based on the measures of body skin folds would
largely help in the evaluation.

The aim of the present work is to compile standard values charts for FMI and
FFMI in healthy adolescents (both sexes), from the measurement of skin folds in
order to be available as benchmarks in daily clinical practice.

2. Methods
2.1 Participants

The design of the study was cross-sectional and the sample consisted of 1040 indi-
viduals (470 boys and 570 girls). All of them were Caucasian adolescents, aged 10.1
to 14.9 years, students of the different corresponding grades of four public schools
located in Pamplona (Navarre, Spain) and enrolled specifically for this survey. The
period of study was January—June 2018.

Pamplona is a city located in the north region of Spain, with a population of 203
382 inhabitants (2018 census, Instituto de Estadistica de Navarra). The population
corresponding to the range 10.1 to 14.9 years is 9772 (4.8% of the total population) in
the year 2018, distributed as 5042 boys and 4680 girls. The calculation of the sample
size was made assuming the worst-case estimate (0.50), with a 95% confidence level
and a precision of 0.04, thereby resulting in a number of 600 participants as the
minimum required.

All legal guardians/parents had plenty information of about the survey and writ-
ten consent available in order to participate in this study.

A normal nutrition study was a mandatory condition in order to be included in
this study: BMI value should be in the range +1/ —1 SD. Other causes of exclusion were
non-Caucasian origin and previous chronic pathologies that may influence growth,
body composition, food ingestion, or physical activity.

An informed consent was provided to 1451 legal guardians (763 boys and 740
girls). From the initial 763 boys, 62 individuals did not add the consent in time or
had some failure in the completion, 136 individuals suffered from excess weight
(overweight/obesity, BMI> 1SD), 78 individuals were excluded because of eth-
nic reasons (non-Caucasian family origin), and 17 individuals did not meet the
preconditions (chronic pathologies, etc.). Subsequently, the number of remaining
participants was 470. Of the initial 740 girls, 49 did not complete adequately the
consent, 53 presented with excess weight (overweight/obesity BMI>1 SD), 57
because of ethnic origin (non-Caucasian), and 11 because of other preconditions
(chronic pathologies, etc.). Therefore, the total of recruited girls was 570. In this
way, the response rate after the appropriate disposal was 92.1%, and the total
response rate in both sexes was 90.4.
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This study meets with the terms and conditions of the local Ethics Committee for
Human investigation (Navarre University Hospital) in accordance with the ethical
standards established by the 1964 Declaration of Helsinki and posterior amendments.

2.2 Anthropometric measurements

Different anthropometric measures were recorded during clinical evaluation at the
consultation: height, weight, body mass index, (BMI), and skinfold thickness (in the
different localizations: biceps, triceps, subscapular, and suprailiac regions).

A clinical examination with the patient in underclothes and barefoot was com-
pleted. The measurement of weight required an Afio-Savol scale (reading interval
0 to 120 kg and precision of 100 g) and the measurement of height was made with
a Holtain wall stadiometer (reading interval 60 to 120 cm, precision 0.1 cm). These
measures allowed subsequent calculation of BMI by means of the corresponding
formula: weight (kg)/ height2 (m).

Three consecutive skinfold-thickness measurements were recorded in the corre-
sponding anatomical locations: the biceps (front side middle upper arm), the triceps
(back side middle upper arm), subscapular (right beneath the lowest point of the
scapula), and suprailiac (right above the iliac crest of the hip bone). All of them were
performed by the same-trained person and the average of the three measures was the
figure to be used in the estimate. The skinfold values were taken with a precision of
0.1 mm on the left side of the body with the Holtain skinfold caliper (CMS Weighing
Equipment, Crymych, United Kingdom). The calculation of the percentage of total
body fat, fat mass (kg) and fat-free mass (kg) required the use of the formulas deliv-
ered by Slaughter et al. [15], adjusted for sex and age. Additionally, the FMI and the
FFMI were estimated with the formulas: fat mass (kg)/ height2 (m), and free fat mass
(kg)/height2 (m), respectively.

Secondarily, the z-score values for the BMI were calculated with the Aplicacién
Nutricional, from the Spanish Society of pediatric gastroenterology, hepatology,
and nutrition (available at http://www.gastroinf.es/nutritional/). The graphics
from Ferrandez et al. (Centro Andrea Prader, Zaragoza 2002) were used as refer-
ence charts [16].

2.3 Statistical analysis

The program Statistical Packages for the Social Sciences version 20.0 (SPSS,
Chicago, IL, USA) was used to perform the statistical analysis (descriptive statistics,
percentiles calculation, Student’s t test, and analysis of variance), and the results
are shown as means (M) and standard deviations (SD). The condition for statistical
significance was a p-value <0.05.

3. Results

Table 1 illustrates the values and the comparison of the different anthropometric
measurements and the estimation of body composition according to age in adolescent
boys. As can be noted, a significant increase in the mean values of weight, height,
BMI, fat mass, fat-free mass, and FFMI is discernible (p < 0.05). On the contrary,
the comparison of the mean values of body fat, skinfold thickness (triceps), and
FMI reveal a significant decrease (p < 0.05). No significant differences were found
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10y 11y 12y 13y 14y p-value*
(n=82) (n=84) (n=112) (n=108) (n=84)
Age (y) 104 +£0.3 115+ 0.2 124 +0.2 134+ 0.2 142+ 1 0.001
Weight (kg) 379+61 39.8 55 432+76 493 +78 541+91 0.001
Height (cm) 142.0 + 9.7 146.5 + 8.2 1534 £ 9.5 1587 £ 96 164.8 + 94 0.001
BMI (kg/mz) 187+ 15 189 +1.5 192+ 15 196 +1.6 203+17 0.001
BMI z-score 0.08 + 0.61 0.02 + 0.56 0.01+0.54 0.05+0.57 0.05+0.05 0.072
Skinfold thickness
Biceps (mm) 91+35 89+29 91+38 83+42 89+4.1 0.508
Triceps (mm) 142 +37 145+41 139 +51 134 +5.2 135+ 49 0.028
Subscapular 9941 98+43 103+51 10.2+5.3 10.2+39 0.222
(mm)
Suprailiac (mm) 123+6.3 124+ 6.5 122+6.1 12.6 + 6.8 124+ 64 0.328
Body fat (%) 254+ 5.8 244 £ 4.5 231+59 21559 224 +59 0.001
Fat mass (kg) 97+31 9729 10.1+38 10.2+3.7 119+ 41 0.001
Fat-free mass 282+43 287+ 41 327+56 37158 398 +6.1 0.001
(kg)
FMI (kg/mz) 48+14 46+12 44+14 42+14 43+15 0.003
FFMI (kg/mZ) 13.8+ 0.7 142+0.9 147+ 0.9 153+0.9 156+ 0.7 0.001
ANOVA. BMLI, body mass index; FMI, fat mass index; FFMI, fat-free mass index.
Table 1.
Anthropometric measurements and body composition in adolescent boys (M + SD).
Age p3 p10 p25 p50 P75 p90 p97
Fat mass index (kg/mz)
10y 2.78 2.85 379 4.29 6.25 7.32 745
11y 247 2.86 3.58 4.22 591 6.93 745
12y 217 290 3.38 4.15 5.57 6.54 746
13y 215 248 3.09 4.10 5.56 6.52 6.81
l4y 221 2.38 3.07 4.61 5.82 6.76 6.95
Fat-free mass index (kg/mz)
10y 12.25 12.90 1345 13.93 14.28 14.8 15.12
11y 12.75 13.10 13.74 14.39 14.86 15.57 15.85
12y 13.28 13.33 13.96 14.84 1541 16.35 16.61
13y 13.38 14.27 14.61 15.32 15.81 1711 17.85
14y 14.35 14.81 15.31 15.51 16.17 16.91 1744

p, percentile.

Table 2.

Percentiles values for fat mass index and fat-free mass index in adolescent boys in different ages.
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in the comparison of the mean values of BMI z-score and skinfold thickness (biceps,
subscapular, and suprailiac).

Table 2 displays the percentile distribution corresponding to FFMI and FMI in
adolescent boys according to age.

Table 3 shows the mean values and the comparison of the anthropometric
measurements and the estimation of body composition according to age in adoles-
cent girls. A significant increase (p < 0.05) in the mean values of weight, height,
BMI, skinfold thickness (subscapular and suprailiac), body fat, fat mass, fat-free
mass, FMI, and FFMI can be appreciated. The comparison of the mean values of
BMI z-score and skinfold thickness (biceps and triceps) showed no significant
differences.

Table 4 lists the percentile distribution of FFMI and FMI in adolescent girls
according to age.

Figure 1 presents the comparison of the mean values of FMI in both sexes for
the different ages. Excluding the period 10-11 years, a significant increase (p <
0.05) in the values of FMI is detected in girls with respect to boys in the different
age groups.

Figure 2 displays the values of FFMI in both sexes in the different ages and com-
pares them. Significantly higher (p < 0.05) values are recorded in boys of all ages.

There were no significant differences in the values of BMI between sexes in all ages
(Figure 3).

10y 11y 12y 13y 14y p-value®
(n=148) (n=108) (n=110) (n=104) (n=100)

Age (y) 104 + 0.2 115+ 0.3 124+ 0.3 134+ .2 143+0.2 0.001

Weight (kg) 381+5.3 428+ 64 46.0 £ 6.7 49+69 522+81 0.001

Height (cm) 143.0 + 73 149 + 8.6 1541+ 85 1577 + 1598 + 71 0.001
8.2

BMI (kg/mz) 186+14 193+16 197 +19 201+1.7 20.8+19 0.001

BMI z-score 0.09 £ 0.5 0.09 £ 0.53 0.04 + 0.64 0.05+ 0.02 + 0.67 0.086
0.57

Skinfold thickness

Biceps (mm) 10.3+34 10.3+ 39 101 +2.8 104 +33 109 +3.2 0.709

Triceps (mm) 161+ 39 158+ 44 159+ 44 163 + 4.5 169 +3.7 0.738

Subscapular (mm) 109 +4.2 114 + 4.8 111+ 41 12.2+5.2 131+51 0.002

Suprailiac (mm) 144+ 61 157+ 6.5 159 +6.5 177 +71 182+ 64 0.001

Body fat (%) 274 +59 283 +4.3 286 +37 292+ 42 293 +35 0.005

Fat mass (kg) 10.7+3.3 12.5+3.0 13.0 + 31 143+28 156+ 3.8 0.001

Fat-free mass (kg) 277 +3.2 313+ 44 337 +44 347 + 43 370 + 4.4 0.001

FMI (kg/mz) 51+14 55+1.2 57+11 59+12 62+12 0.001

FFMI (kg/mz) 134+ 0.8 13.8+0.8 142+ 09 143+ 09 147+ 09 0.001

ANOVA. BMLI, body mass index; FMI, fat mass index; FFMI, fat-free mass index.

Table 3.
Anthropometric measurements and body composition in adolescent givls (M + SD).
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Age p3 p10 p25 p50 P75 po0 p97
Fat mass index (kg/mz)

10y 2.79 346 3.92 533 6.24 731 7.74
11y 3.57 3.77 4.68 5.49 6.30 721 7.89
12y 3.75 4.12 4.68 518 6.40 7.33 7.88
13y 3.89 3.99 4.83 591 7.07 779 790
14y 4.08 4.80 5.02 6.46 6.99 8.28 8.60
Fat-free mass index (kg/m2)

10y 12.05 12.31 12.84 13.54 14.04 14.53 14.91
11y 12.48 12.79 13.17 13.87 14.39 14.86 15.52
12y 12.86 13.04 13.54 14.29 15.07 15.76 16.31
13y 12.77 12.78 13.62 14.21 14.45 16.12 16.35
l4y 12.84 13.00 13.87 14.88 15.61 16.00 16.55

p, percentile.

Table 4.

Percentiles values for fat mass index and fat-free mass index in adolescent girls in different ages.
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Figure 3.

Gender differences for BMI in each of the ages.

4. Discussion

The analysis of the different measurements and the changes in the estimation of
the body compartments (fat mass and fat-free mass) in adolescents (range 10-14
years) with normal BMI values adjusted for age and sex shows a different pattern
depending on sex. The FFMI shows a progressive and significant increase in both
sexes related to age, but boys present with significantly higher values than girls do.
Additionally, FMI decreases progressively and significantly in boys in relation to
age, in comparison with the progressive and significant increase observed in girls. It
should be noted that these changes occur concurrently with a continuous increase in
BMI in both sexes in these life stages in the absence of significant differences in BMI
values in both sexes.

The nutrition status classification of the participants in this study was established
on the basis of the results the BMI. This index has proved to be useful in the defini-
tion of overweight and obesity [4, 6, 17, 18], but it provides limited information
because it implies excessive weight in relation to height rather than excess body fat.
In other words, the relative composition of the body compartments (fat mass and
fat-free mass) is not adequately determined [19-23]. Furthermore, this limitation is
even more marked during adolescence, a period of life in which several physical and
physiological changes take place [24, 25], and weight gain does not necessarily imply
excessive fat accumulation [26, 27]. In this way, the availability of a list of FMI and
FFMI standardized values for healthy adolescents enables to differentiate between
individuals that show high BMI values and, simultaneously, present with low FFMI
and high FMI values (a condition that matches the criteria of overweight or obesity),
and those that also show high BMI values and, simultaneously, present with high
FFMI and low FMI (a condition that corresponds rather to muscle hypertrophy, and is
reasonably frequent in adolescent boys).
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The availability of reference charts for FMI and FFMI in the pediatric age is
limited, and they require sophisticated methodologies, what makes them difficult to
access in clinical practice, such as dual-energy X-ray absorptiometry or isotope dilu-
tion [9, 10, 28]; that is, the reason why they are used primarily in the investigation.
Nonetheless, it has been corroborated that the values delivered with anthropometric
measurements are in close correlation with those obtained with these high-cost and
sophisticated techniques [6, 10-14, 29, 30]; even the easier models that divide the
body in FM and FFM are as applicable as the more complex models that separate FFM
in its different components (water, minerals, and proteins) [28].

The selection of the participants in the study is the main limitation we encoun-
tered. They were selected from the most crowded centers (public schools) of the
city of Pamplona, and therefore the marginal zones of the city were not included.
Moreover, students from private schools did not enter the study, and variables that
could condition the results, like socioeconomic level or parental schooling and
education were not included either. Even so, the participant eligibility criteria that
were proposed for this study (BMI between +1 and —1 SD) allowed passing over
these potential differences. All participants were healthy and showed BMI values in
range, and so a typical and progressive pubertal development was assumed, being this
condition a potential limitation. This assumption is reasonable and, in point of fact,
basically every chart of anthropometric variables (height, weight, BMI, etc.), either
cross-sectional of longitudinal, that is used in clinical practice refers entirely to the
chronological age of the individuals [16, 31-35].

The precision of the measurements of skinfold thickness has been contested
because of the hypothetical operator dependency. According to our experience,
and in line with other authors, the FMI (evaluated by skin folds) can be used as
a valid predictor of the changes in body fat composition in childhood obesity
[6, 17, 36]. Bioelectrical impedance analysis (BIA) is an alternative approach in
the evaluation of body composition through the measurement of impedance or
resistance and reactance values of a small electric current as it spreads through
the body water. BIA is a low-cost and noninvasive technique with high reproduc-
ibility, easy usage of the equipment, and low operator dependency. The majority of
studies based on BIA have been undertaken in the adult population, they demand
methodological or standardization rules in order to perform measurements in
children, especially concerning fasting, hydration, voiding, clothing, skin prepara-
tion, and body position [37]. Furthermore, BIA might underestimate fat mass and
overestimate fat-free mass in healthy as well as obese children [38-40], perhaps in
relation to these methodological issues. In other words, BIA can be considered a
valuable method, but we need additional studies focused on methodological issues
to provide definitive guidelines for the standardization of these measurements in
the child population.

5. Conclusion

The availability of valid charts (based on the measurements of skin thickness) for
the application as reference patterns in healthy adolescents of both sexes in clinical
practice would be very helpful for the diagnosis and, particularly, the analysis of the
changes in body composition that occur during the treatment of childhood obesity. In
fact, more studies are required to provide support the conclusions of the analysis of
these data, as well as to evaluate its usefulness in clinical practice.
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Abstract

Leptin, a hormone produced by fat cells, regulates energy balance and body
weight by suppressing appetite and increasing energy expenditure. In obesity, there is
often leptin resistance, reducing the hormone’s effects due to factors such as inflam-
mation and changes in leptin receptors. This resistance leads to an increased risk of
weight gain and obesity. Leptin therapy shows promise in treating obesity and related
metabolic disorders, such as dyslipidemia and type 2 diabetes mellitus. It can lower
body weight, improve insulin sensitivity, and reduce blood glucose and lipid levels.
However, its effectiveness may be limited by the development of leptin resistance.
Leptin also exhibits anti-inflammatory and cardiovascular protective effects, with
potential therapeutic value for obesity-related conditions. Nevertheless, further
research is necessary to comprehend leptin’s mechanisms and develop safe and effec-
tive therapies for these conditions, including those targeting dyslipidemia.

Keywords: adipokines, leptin receptors, obesity, lipid metabolism, atherosclerosis

1. Introduction

Obesity, which is characterized by excessive body fat accumulation, is a major
contributor to dyslipidemia. Leptin, a hormone secreted by adipose tissue, plays a
crucial role in regulating energy balance, including appetite and metabolism.

Leptin resistance, a condition where the body is insensitive to leptin, is common in
obesity, and it may contribute to dyslipidemia by altering lipid metabolism and pro-
moting inflammation. Understanding the complex interplay between leptin, obesity,
and dyslipidemia is crucial for developing effective strategies for the prevention and
treatment of CVD. By elucidating the underlying mechanisms and pathways involved,
researchers and clinicians can identify potential targets for intervention and develop
personalized treatment plans for individuals with dyslipidemia and obesity.

1.1 Overview of obesity as a global epidemic

Obesity is a pandemic with potentially fatal effects on human health. Within the last
20 years, the prevalence of this condition has tripled globally, and it is still rising [1].

19 IntechOpen



Body Mass Index — Overweight, Normal Weight, Underweight

Studies have shown that obesity is influenced by genetics. It appears to be a polygenic
condition based on the inheritance pattern, with minor contributions from several
distinct genes, accounting for almost 25-70% of the variance in weight [2]. A BMI of
>30 kg/m” is measured as obese per the International Obesity Task Force and the WHO
categorization [3]. The illness causes several systemic problems. The distribution of fat,
rather than the total quantity of extra adipose tissue, appears to be significant for some
of the consequences of obesity [4]. Additionally, obesity negatively impacts morbid-
ity and death [5]. As its growing prevalence and importance are undeniable in today’s
context, it would be worthwhile to discuss the various aspects of this disease.

Obesity is a medical condition characterized by an excessive accumulation of
body fat that can have negative effects on health, including a shortened lifespan and
increased health problems. It is classified as having a body weight that is at least 20%
above the usual range. Overweight (pre-obesity) is defined as having a body mass
index (BMI), which compares weight to height, between 25 and 30 kg/m?, while
obesity is defined as having a BMI greater than 30 kg/m’. Overweight and obesity
are characterized by abnormal or excessive deposits of fat that pose health risks.
Hyperplastic obesity refers to an increase in the number of fat cells, while hypertro-
phic obesity refers to an increase in the size of fat cells, or a combination of both [1].

BMI is a statistical evaluation based on height and weight. The proportion of body
fat is not measured, although it is thought to be beneficial for estimating healthy body
weight. The BMI measurement can occasionally be deceiving; for example, a mus-
cleman may have a high BMI yet have far less body fat than an unhealthy individual
with a lower BMI. BMI serves as a useful indicator for the “typical person” in general.
Body mass index, equal to weight in kg/height in m? is the most often used measure-
ment to assess obesity, despite not being a direct indicator of adiposity [6].

Classification of adults according to BMI:

1. Underweight<18.5

2.Normal range: 18.5-24.99

3. Overweight: >25

a.Pre obese: 25-29.99
b.Obese Class I: 30-34.99
c.Obese II: 35-39.99
d.Obese III: >40 [6]

Anthropometry (measures the thickness of skin folds), hydrodensitometry
(underwater weighing), CT or MRI, and electrical impedance are additional methods
for calculating obesity [7].

1.2 Definition and types of dyslipidemia
Dyslipidemia is a medical condition characterized by abnormal levels of lipids in

the blood. It is a major risk factor for cardiovascular disease, including heart attacks
and strokes [8].
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There are several types of dyslipidemia, including:

* High levels of low-density lipoprotein (LDL) cholesterol commonly referred to as
“bad” cholesterol. LDL cholesterol can build up in the arteries, leading to plaque
formation and narrowing of the blood vessels [9].

* Low levels of high-density lipoprotein (HDL) cholesterol commonly referred to
as “good” cholesterol. HDL cholesterol helps remove excess cholesterol from the
blood vessels and carries it to the liver for processing [10].

* High levels of triglycerides, which are another type of fat in the blood. High
levels of triglycerides are often associated with low levels of HDL cholesterol and
can increase the risk of cardiovascular disease [9].

* Combined dyslipidemia, which refers to having high levels of both LDL choles-
terol and triglycerides and low levels of HDL cholesterol.

Dyslipidemia can be caused by several factors, including genetics, lifestyle factors
such as diet and exercise, and certain medical conditions such as diabetes and hypo-
thyroidism [8]. Treatment options for dyslipidemia include lifestyle modifications
such as diet and exercise, as well as medications such as statins and fibrates [8].

1.3 Importance of leptin in energy balance and metabolism

Leptin, discovered in 1994, is a hormone that plays a key role in regulating energy
balance and body weight [11]. It acts on the hypothalamus to suppress appetite and
increase energy expenditure [12]. Leptin also influences lipid metabolism, including
synthesis, storage, and transport [13]. By binding to receptors in the hypothalamus,
leptin signals the brain about the body’s fat stores and helps regulate food intake and
energy expenditure [14, 15]. High leptin levels reduce food intake and increase energy
expenditure, while low levels stimulate hunger and conserve energy [12]. Leptin also
increases energy expenditure by activating the sympathetic nervous system [16].
Moreover, it enhances insulin sensitivity and glucose metabolism, reducing the risk of
insulin resistance and diabetes [17]. Dysregulation of leptin signaling can contribute
to obesity and metabolic disorders [14].

1.4 Significance of leptin resistance in obesity

Leptin resistance is a condition where cells become less responsive to the hormone
leptin, resulting in an inability to regulate appetite and energy balance effectively
[18]. In obesity, adipose tissue produce elevated levels of leptin, which should decrease
appetite and increase energy expenditure to reduce body weight. However, many
obese individuals experience inadequate brain response to increased leptin, leading to
improper regulation of appetite and energy balance, known as leptin resistance [19].

Leptin resistance in obesity is believed to be caused by several factors, including
chronic inflammation, insulin resistance, and changes in the hypothalamus and other
brain regions that regulate appetite and energy balance. These factors can lead to a
disruption in leptin signaling [20].

Leptin resistance can be a vicious cycle in obesity, as higher levels of fat stores lead
to increased leptin production, which should reduce appetite and increase energy
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expenditure [21]. However, when leptin resistance occurs, the body fails to respond
appropriately to the increased leptin levels, leading to continued overeating and
reduced energy expenditure, contributing to further weight gain and worsening of
the condition [22].

2. Leptin: physiology and mechanisms
2.1Role of leptin in regulating appetite, energy expenditure, and metabolism

Leptin plays a crucial role in regulating appetite, energy expenditure, and
metabolism.

Appetite regulation: When leptin levels rise, it signals to the brain that the body has
enough energy stores and suppresses appetite. Conversely, when leptin levels are low,
it signals hunger and increases appetite [23].

Energy expenditure: When leptin levels rise, it stimulates the production of
energy-burning brown fat, which helps to burn calories and regulate body weight.
Conversely, when leptin levels are low, the body conserves energy by reducing meta-
bolic rate and storing fat [24].

Metabolism: Leptin also regulates metabolism by influencing the breakdown
and storage of nutrients. It enhances the breakdown of stored fats in adipose tissue,
promotes the conversion of glucose to energy, and reduces the production of glucose
in the liver [24].

Leptin resistance, which occurs when the body becomes insensitive to the effects
of leptin, can disrupt the balance of appetite, energy expenditure, and metabolism.
This can lead to obesity, metabolic syndrome, and other health problems [23, 24].

2.2 Leptin signaling pathway and its effects on lipid metabolism

The leptin signaling pathway begins with the binding of leptin to its receptor,
which is located on the surface of cells in the hypothalamus and other parts of the
body. When leptin binds to its receptor, it activates a cascade of signaling molecules
that transmit the signal into the cell, resulting in various physiological effects [25].

One of the main effects of leptin on lipid metabolism is the promotion of lipolysis,
which is the breakdown of stored fat in adipose tissue. Leptin stimulates lipolysis by
activating an enzyme called hormone-sensitive lipase (HSL), which breaks down
triglycerides (stored fat) into free fatty acids and glycerol. The free fatty acids can
then be used as a source of energy by other tissues in the body [26].

Leptin also affects lipid metabolism by regulating the expression of genes involved
in lipid synthesis and storage. It inhibits the expression of genes involved in fatty acid
synthesis, such as fatty acid synthase (FAS), and stimulates the expression of genes
involved in fatty acid oxidation, such as carnitine palmitoyltransferase-1 (CPT-1).
This results in a shift towards fat burning and away from fat storage [27].

Furthermore, leptin signaling affects the activity of several transcription factors,
including peroxisome proliferator-activated receptor gamma (PPAR-gamma) and ste-
rol regulatory element-binding protein-1c (SREBP-1c), which are key regulators of lipid
metabolism. Leptin inhibits the activity of PPAR-gamma, which promotes fat storage,
and stimulates the activity of SREBP-1c, which promotes fatty acid oxidation [28].

Leptin signaling pathway plays a crucial role in regulating lipid metabolism
by promoting lipolysis, inhibiting fatty acid synthesis, and stimulating fatty acid

22



Leptin and Obesity: Understanding the Impact on Dyslipidemia
DOI: http://dx.doi.org/10.5772/intechopen.112499

oxidation. These effects help to maintain energy balance and prevent the development
of metabolic disorders such as obesity and type 2 diabetes mellitus [29].

2.3 Leptin receptors and mechanisms of leptin action

Leptin, a hormone involved in metabolism and energy homeostasis, exerts its
effects on various tissues throughout the body through specific mechanisms of action
mediated by leptin receptors. The distribution of leptin receptors reflects the diverse
effects of leptin on different tissues and highlights its crucial role in maintaining
overall health and wellness [30, 31]. Leptin receptors are proteins that are expressed
on the surface of various cells in the body and are responsible for binding and
responding to the hormone leptin. There are six different isoforms of leptin receptors,
which are generated by alternative splicing of the gene encoding the receptor. These
isoforms differ in their length and structure, and some have different affinities for
leptin [32].

In adipose tissue, leptin regulates the synthesis and release of adipokines, which
are signaling molecules involved in metabolic processes such as inflammation and
insulin sensitivity. Leptin also activates hormone-sensitive lipase (HSL), promoting
lipolysis—the breakdown of stored fat into free fatty acids and glycerol. These fatty
acids are then released into the bloodstream for energy production [11].

In the liver, leptin inhibits glucose synthesis and promotes the breakdown of
stored glycogen. It also suppresses the synthesis of fatty acids and triglycerides, thus
reducing the risk of fatty liver disease (hepatic steatosis) [33].

Leptin plays a role in skeletal muscle by promoting glucose uptake and metabo-
lism. It activates AMP-activated protein kinase (AMPK), which increases glucose
uptake and energy production in muscle cells. This process helps improve insulin
sensitivity [34].

In the pancreas, leptin inhibits insulin secretion from pancreatic beta cells. By
reducing insulin levels in the bloodstream, leptin helps prevent hyperinsulinemia and
improves insulin sensitivity in peripheral tissues [35].

Leptin’s action in the brain primarily occurs in the hypothalamus, where it regu-
lates appetite, energy expenditure, and metabolism. Leptin suppresses the release
of appetite-stimulating neuropeptide Y (NPY) and agouti-related peptide (AgRP),
while stimulating the release of appetite-suppressing proopiomelanocortin (POMC)
and cocaine-and-amphetamine-regulated transcript (CART). Additionally, leptin
increases the activity of brown adipose tissue and promotes thermogenesis, thereby
enhancing energy expenditure [36].

Overall, leptin’s effects on specific tissues are mediated by leptin receptors, which
are expressed in adipose tissue, liver, skeletal muscle, pancreas, and the hypothalamus
of the brain. By understanding these tissue-specific mechanisms of action, we can
better appreciate the role of leptin in regulating metabolism and maintaining energy
balance.

3. Obesity: causes and risk factors

3.1 Causes for obesity

It is critical to pinpoint the causes of any medical illness to comprehend it properly.
Obesity has a wide variety of underlying causes. These consist of the following [37]:
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* Gender: Women are more prone to weight gain than men, potentially due to

factors such as a slower metabolic rate and postmenopausal metabolic rate
decline. Retaining weight gained during pregnancy is another contributing
factor.

* Heredity: Obesity can run in families, suggesting a genetic contribution. Having

an obese or overweight mother increases the risk of developing obesity. Genetic
factors influence energy intake, expenditure, and susceptibility to obesity.

* Genetics of obesity: Carrying two copies of the FTO gene is associated with higher

body weight and increased risk of obesity. The heritability of obesity varies, and
polymorphisms in multiple genes can affect appetite and metabolism.

* Unhealthy eating habits: Regular consumption of a high-fat diet and junk food,

large meals, and irregular eating schedules contribute to obesity. The relationship
between fast food consumption and obesity is prominent.

o Excessive calorie intake: Overeating is prevalent worldwide, contributing to

obesity. The proportion of obese adults has significantly increased over time.

* Malnutrition: Childhood malnutrition followed by the availability of additional
dietary energy can promote fat accumulation. Certain foods and endocrine
disruptors can alter lipid metabolism.

* Endocrine disorders: Certain endocrine disorders, such as growth hormone insuf-
ficiency, Cushing’ disease, and hypothyroidism, can cause obesity.

* Sedentary lifestyle: Lack of physical activity and modern conveniences that reduce
the need for physical exertion contribute to obesity. Reduced levels of physical
activity in children and adults are concerning.

* Psychological factors: Emotional eating as a coping mechanism, binge eating due
to depression, and stress-induced overeating contribute to obesity. Sleep depri-
vation is also a factor.

* Psychiatric illness: Eating disorders and specific mental conditions increase the
risk of obesity.

* Medications: Some medications, such as insulin, antidepressants, steroids, and
hormonal contraceptives, may lead to weight gain or body composition changes.

3.2 Risk factors for obesity

Some people develop a susceptibility to fat via no fault of their own. Several risk

factors increase the chances of becoming obese. These consist of the following [1]:
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* Side effects of quitting smoking: Some individuals may experience weight gain
after quitting smoking, contributing to obesity. Former smokers may gain several
pounds per week after quitting, with an average weight gain of 4 to 10 pounds in
the first six months.

3.3 Pathophysiology of obesity

Obesity arises from an imbalance between energy intake and expenditure influ-
enced by behavioral and physiological factors [38]. The surge in obesity rates in
Western countries is primarily attributed to changing environmental conditions,
including decreased exercise and possibly increased food intake [39]. Factors such as
increased calorie intake, reduced energy expenditure, or a combination of both can
contribute to obesity.

While sedentary behavior is believed to contribute to weight gain, more research is
needed to establish this link conclusively [40]. Physical activity involvement tends to
decline with age, with a higher percentage of women than men reporting insufficient
exercise in each age group [41]. Other variables associated with being overweight
include age, race, gender, and socioeconomic status, although the reasons for these
associations are not fully understood [42]. The high heritability of body mass index
suggests that genetics play a significant role in obesity [43]. The genetics and the envi-
ronment contribute to 30 to 40% and 60 to 70% of the variance in BMI, respectively
[44]. Genetic factors may interact with environmental conditions, such as high-fat
diets and a sedentary lifestyle, to increase the risk of obesity [45].

Metabolic syndrome and fat intake are positively correlated, with high levels of
cholesterol, saturated fat, and sugar commonly found in Western diets. Fatty acids and
cholesterol have been linked to pro-inflammatory signaling cascades in cultured mac-
rophages [46]. Genetic mutations in the pro-opiomelanocortin (POMC) gene can result
in severe obesity by impairing the synthesis of Alpha-melanocyte-stimulating hormone
(a-MSH), a neuropeptide that reduces hunger. Mutations in the proenzyme convertase
1 (PC-1) gene can also hinder the synthesis of a-MSH from its precursor peptide,
POMC. The type 4 melanocortin receptor (MC4R) binds to «-MSH and plays a role in
preventing overeating. Loss-of-function mutations in this receptor can contribute to
extreme obesity in some individuals [47-49]. Leptin and its receptors are involved in
regulating appetite and weight through the enhancement of «a-MSH and POMC [50].
The environment plays a significant role in obesity, regardless of genetic predisposition,
as evidenced by famine preventing obesity in susceptible individuals [50].

The lipostat regulatory system, which involves signals from energy stores com-
pared to targets in the brain, determines food intake, activity levels, and metabolism.
Some obese individuals may have excessively high lipostats, leading to excessive
body weight. The concept of a body weight “set point™ is supported by physiologi-
cal mechanisms involving an adipostat receptor in the hypothalamus and a sensing
system in adipose tissue that reflects fat storage [51]. The adipostat signal influences
appetite and energy expenditure based on the bodys fat reserves [52]. Leptin, pro-
duced by the Ob gene, and leptin receptors produced by the db gene are involved in
this physiological regulation [11].

Hormones such as ghrelin, cholecystokinin, insulin, adiponectin, orexin, peptide
YY (PYY 3-36) and other mediators play a role in hunger control, adipose tissue
storage patterns, and the development of insulin resistance [53]. Adipokines, which
are mediators produced by adipose tissue, are believed to influence various disorders
associated with obesity [54]. Leptin, primarily released by adipose cells, acts on the
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brain and regulates long-term hunger. Ghrelin and leptin work in concert to impact
short-term and long-term hunger signals [55-57].

Leptin and ghrelin specifically target the hypothalamus, a key brain region
involved in hunger regulation. The melanocortin pathway in the hypothalamus,
particularly the arcuate nucleus, plays a crucial role in controlling satiety and appe-
tite. Neurons in the arcuate nucleus express agouti-related peptide/neuropeptide-Y
(AgRP/NPY) and POMC cocaine-and-amphetamine-regulated-transcript (POMC/
CART), with the former promoting feeding and the latter promoting satiety [58-60].
Leptin stimulates the POMC/CART neurons while inhibiting the AgRP/NPY neurons,
contributing to the regulation of food intake. Leptin deficiency or resistance can lead
to increased food intake and may contribute to certain forms of obesity [61].

3.4 Metabolic abnormalities associated with obesity, including dyslipidemia

Obesity is a complex metabolic disorder that is associated with several metabolic
abnormalities, including dyslipidemia. Dyslipidemia is a condition characterized
by abnormal levels of lipids (fats) in the blood, including high levels of low-density
lipoprotein (LDL) cholesterol (commonly referred to as “bad” cholesterol), low levels
of high-density lipoprotein (HDL) cholesterol (commonly referred to as “good”
cholesterol), and high levels of triglycerides [62].

In obesity, the accumulation of excess fat in adipose tissue leads to dyslipidemia
through several mechanisms. First, adipose tissue secretes pro-inflammatory cyto-
kines and hormones, such as leptin and adiponectin, which can promote inflamma-
tion and insulin resistance. Insulin resistance can lead to increased production of
very-low-density lipoprotein (VLDL) in the liver, which can contribute to increased
levels of triglycerides in the blood [63].

Additionally, excess adipose tissue can lead to an increased production of LDL
cholesterol particles and a decrease in HDL cholesterol levels. This can lead to the
formation of atherosclerotic plaques in the blood vessels, increasing the risk of cardio-
vascular disease [64].

Obesity is also associated with changes in the gut microbiome, which can con-
tribute to dyslipidemia. Changes in the gut microbiome can lead to an increase in the
production of bile acids, which can contribute to increased cholesterol absorption in
the gut [65].

Furthermore, obesity is often associated with a sedentary lifestyle and unhealthy
dietary habits, such as a high intake of saturated and trans fats, which can contribute
to dyslipidemia [64].

Dyslipidemia is a significant risk factor for cardiovascular disease, including
heart attacks and strokes. Therefore, management of dyslipidemia is an important
component of obesity treatment. Treatment options for dyslipidemia include lifestyle
modifications such as diet and exercise, as well as medications such as statins and
fibrates, which can help to lower LDL cholesterol levels and increase HDL cholesterol
levels [64].

3.5 Role of adipose tissue in obesity-related metabolic dysregulation

Adipose tissue is a key component in the development of obesity-related metabolic
dysfunctions. In obesity, the adipose tissue becomes dysfunctional, leading to chronic
inflammation, insulin resistance, and dyslipidemia. One of the primary functions of
adipose tissue is to store excess energy in the form of triglycerides. When the energy
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intake exceeds energy expenditure, the adipose tissue expands to accommodate

the excess energy. In obesity, this expansion can lead to adipose tissue dysfunction,
characterized by hypertrophy (increase in adipocyte size) and hyperplasia (increase
in adipocyte number) [66].

Adipose tissue dysfunction can lead to the release of pro-inflammatory cytokines,
such as TNF-alpha and IL-6, which can promote inflammation and insulin resistance.
Insulin resistance occurs when cells become less responsive to insulin, leading to a
decrease in glucose uptake and metabolism. This can lead to high blood sugar levels
and eventually to the development of type 2 diabetes [67].

Furthermore, adipose tissue can release free fatty acids into the bloodstream, which
can contribute to dyslipidemia. Free fatty acids can lead to an increase in triglycerides
and LDL cholesterol levels, while also decreasing HDL cholesterol levels [68].

Additionally, adipose tissue produces several hormones, such as leptin and adipo-
nectin, which can influence appetite and metabolism. Leptin, which is produced by
adipocytes, regulates appetite and energy expenditure by signaling to the hypothala-
mus in the brain. However, in obesity, the body can become resistant to leptin, leading
to a failure to regulate appetite and energy expenditure properly [52]. Adiponectin,
on the other hand, plays a role in insulin sensitivity and glucose metabolism. In obe-
sity, the production of adiponectin is often decreased, leading to a decrease in insulin
sensitivity and an increase in blood sugar levels [69].

Overall, adipose tissue dysfunction plays a significant role in the development
of obesity-related metabolic dysfunctions. Treatment strategies for obesity-related
metabolic dysfunctions often involve lifestyle modifications, such as diet and exer-
cise, as well as pharmacological interventions that target adipose tissue function and
inflammation [70].

3.6 Overview of the concept of adipokines and their role in obesity

Adipokines are a group of bioactive molecules that are secreted by adipose tissue
and play an important role in the regulation of energy metabolism, inflammation,
and immune function. Adipokines can have both pro-inflammatory and anti-
inflammatory effects, depending on the specific adipokine and the context in which it
is secreted [71].

In obesity, adipose tissue becomes dysfunctional, leading to alterations in the
secretion of adipokines. Dysregulated adipokine secretion can contribute to the
development of obesity-related metabolic disorders, such as insulin resistance,
dyslipidemia, and cardiovascular disease [72]. Leptin is one of the most well-known
adipokines and is primarily secreted by adipocytes [18].

Adiponectin is another important adipokine that plays a role in insulin sensitivity
and glucose metabolism. Adiponectin levels are typically decreased in obesity, con-
tributing to insulin resistance and an increase in blood sugar levels [73]. Other adipo-
kines, such as TNF-alpha, IL-6, and resistin, have been implicated in the development
of inflammation and insulin resistance in obesity [74, 75]. TNF-alpha and IL-6 are
pro-inflammatory cytokines that are secreted by adipose tissue and can contribute to
the development of chronic inflammation, while resistin has been shown to impair
insulin signaling [75]. On the other hand, adipokines such as omentin, visfatin, and
adipolin have been shown to have anti-inflammatory effects and can improve insulin
sensitivity [76].

Overall, the dysregulated secretion of adipokines in obesity plays a critical role in
the development of metabolic dysfunctions. Understanding the mechanisms by which
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adipokines contribute to obesity-related disorders can help in the development of new
therapeutic strategies for the prevention and treatment of obesity and its associated
complications [66].

4. Dyslipidemia: pathophysiology and consequences
4.1 Pathophysiology of dyslipidemia, including the role of lipoproteins

Dyslipidemia is a common metabolic disorder characterized by an abnormal level
of lipids (cholesterol and triglycerides) in the blood. It is a major risk factor for the
development of cardiovascular disease, which remains the leading cause of morbid-
ity and mortality worldwide. The pathophysiology of dyslipidemia is complex and
involves an imbalance in the production and clearance of lipoproteins [9].

Lipoproteins are complexes of lipids and proteins that play a critical role in the
transport of lipids in the bloodstream. They are classified into several types based on
their density and size. The main types of lipoproteins include chylomicrons, very-low-
density lipoproteins (VLDL), intermediate-density lipoproteins (IDL), low-density
lipoproteins (LDL), and high-density lipoproteins (HDL) [77].

Chylomicrons are formed in the intestine and transport dietary triglycerides to
the liver and peripheral tissues [78]. VLDL is synthesized in the liver and transports
endogenous triglycerides to peripheral tissues [79]. IDL is a remnant of VLDL
metabolism, and LDL is a remnant of IDL metabolism. LDL is often referred to as
“bad” cholesterol because it can accumulate in the arterial wall and contribute to the
development of atherosclerosis, a condition characterized by the buildup of plaque
in the arteries. In contrast, HDL is often referred to as “good” cholesterol because it
can remove excess cholesterol from peripheral tissues and transport it to the liver for
elimination [80].

The pathophysiology of dyslipidemia involves an imbalance in the production
and clearance of lipoproteins [81]. In insulin resistance and obesity, the liver pro-
duces an excess of VLDL, leading to elevated triglycerides in the blood. Elevated
VLDL can also lead to an increase in LDL levels as VLDL is converted to LDL [82].
In addition to the overproduction of VLDL, dyslipidemia can also be caused by
a decrease in LDL clearance. LDL particles can become modified, making them
more prone to accumulate in the arterial wall and contribute to the development of
atherosclerosis [83].

HDL levels are also affected in dyslipidemia. In insulin resistance and obesity,
there is a decrease in HDL levels, which can contribute to the development of ath-
erosclerosis [84]. HDL can become dysfunctional, losing its ability to remove excess
cholesterol from peripheral tissues [85]. Overall, the dysregulation of lipoprotein
metabolism in dyslipidemia plays a critical role in the development of atherosclerosis
and cardiovascular disease [77].

Dyslipidemia is a complex metabolic disorder that is characterized by an abnormal
level of lipids in the blood [86]. Lipoproteins, which are complexes of lipids and
proteins, play a critical role in the transport of lipids in the bloodstream [78]. The
pathophysiology of dyslipidemia involves an imbalance in the production and clear-
ance of lipoproteins, leading to the accumulation of lipids in the arterial wall and the
development of atherosclerosis [87]. Understanding the role of lipoproteins in dyslip-
idemia can help in the development of new therapeutic strategies for the prevention
and treatment of cardiovascular disease [88].
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4.2 Consequences of dyslipidemia on cardiovascular health, liver function, and
other organs

Dyslipidemia is a significant risk factor for the development of cardiovascular
disease, which remains the leading cause of morbidity and mortality worldwide. The
consequences of dyslipidemia on cardiovascular health, liver function, and other
organs are numerous and can be severe.

Consequences of dyslipidemia on cardiovascular health: Dyslipidemia can lead to the
development of atherosclerosis, a condition characterized by the buildup of plaque in
the arteries [77]. The accumulation of plaque can narrow the arteries, reducing blood
flow to the heart and other organs. In severe cases, atherosclerosis can lead to the for-
mation of blood clots that can block the arteries, leading to heart attacks, strokes, and
other cardiovascular events [89]. Dyslipidemia is also associated with the development
of hypertension, which is another significant risk factor for cardiovascular disease [90].

Consequences of dyslipidemia on liver function: The liver plays a critical role in the
metabolism of lipids. In dyslipidemia, the liver can become overwhelmed by an excess
of triglycerides and cholesterol, leading to the accumulation of fat in the liver (hepatic
steatosis) [91]. Hepatic steatosis can progress to nonalcoholic steatohepatitis (NASH),
a more severe form of liver disease that is associated with inflammation, fibrosis, and
cirrhosis [92]. NASH can lead to liver failure and an increased risk of liver cancer [93].

Consequences of dyslipidemia on other organs: Dyslipidemia can also affect other
organs, such as the pancreas, kidneys, and brain. In the pancreas, dyslipidemia
can lead to the development of insulin resistance and type 2 diabetes mellitus [94].
Dyslipidemia is also associated with the development of chronic kidney disease,
which can lead to kidney failure [95]. In the brain, dyslipidemia is associated with
cognitive decline, dementia, and Alzheimer’s disease [96].

4.3 Importance of managing dyslipidemia in the context of overall health

The management and prevention of dyslipidemia involve lifestyle modifica-
tions, such as a healthy diet, regular exercise, weight loss, and smoking cessation.
Medications, such as statins, fibrates, niacin, and cholesterol absorption inhibitors,
are also commonly used to lower lipid levels in the blood. The treatment of dyslipid-
emia can reduce the risk of cardiovascular disease and improve liver function, kidney
function, and other organ health.

Dyslipidemia is a significant risk factor for the development of cardiovascular
disease, liver disease, and other health complications. The consequences of dyslip-
idemia on cardiovascular health, liver function, and other organs can be severe and
life-threatening. The management and prevention of dyslipidemia involve lifestyle
modifications and medications. Early detection and treatment of dyslipidemia can
reduce the risk of cardiovascular disease and improve overall health outcomes.

5. Leptin and dyslipidemia: mechanisms and interactions

5.1 Impact of leptin on lipid metabolism, including lipogenesis, lipolysis, and
fatty acid oxidation

Leptin acts on various tissues in the body, including the liver, muscle, and adipose
tissue, to influence lipid metabolism.
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* Impact of leptin on lipogenesis: Leptin inhibits lipogenesis, the process of synthe-
sizing new fatty acids from glucose. Leptin accomplishes this by suppressing
the activity of enzymes that are involved in the synthesis of fatty acids, such as
acetyl-CoA carboxylase and fatty acid synthase. Leptin also increases the activity
of enzymes that are involved in the breakdown of fatty acids, such as hormone-
sensitive lipase, thereby promoting lipolysis [97].

* Impact of leptin on lipolysis: Leptin promotes lipolysis, the process of breaking
down triglycerides in adipose tissue into fatty acids and glycerol. Leptin accom-
plishes this by activating hormone-sensitive lipase, an enzyme that is involved
in the breakdown of triglycerides in adipose tissue. The resulting increase in
circulating fatty acids can be used as a source of energy by various tissues in the
body, including muscle and liver [98].

* Impact of leptin on fatty acid oxidation: Leptin also promotes fatty acid oxidation,
the process of using fatty acids as a source of energy. Leptin accomplishes this by
increasing the expression of genes involved in fatty acid oxidation, such as peroxi-
some proliferator-activated receptor alpha (PPARa) and carnitine palmitoyltrans-
ferase I (CPT1). PPAR« is a transcription factor that regulates the expression of
genes involved in fatty acid oxidation, while CPT1 is an enzyme that transports fatty
acids into the mitochondria, where they can be oxidized for energy production [99].

In summary, leptin plays a critical role in lipid metabolism by inhibiting lipogen-

esis, promoting lipolysis, and increasing fatty acid oxidation. Dysregulation of leptin
signaling can contribute to the development of dyslipidemia, obesity, and related
metabolic disorders. Understanding the impact of leptin on lipid metabolism may
lead to the development of new therapies for the treatment of metabolic disorders.

5.2 Leptin’s role in regulating hepatic lipid metabolism

Leptin acts on the liver to influence lipid metabolism, including lipogenesis,

lipolysis, and fatty acid oxidation.
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* Role of leptin in hepatic lipogenesis: Leptin inhibits hepatic lipogenesis, the
process of synthesizing new fatty acids from glucose. Leptin accomplishes this
by suppressing the activity of enzymes that are involved in the synthesis of fatty
acids, such as acetyl-CoA carboxylase and fatty acid synthase [100]. In addition,
leptin also reduces the expression of sterol regulatory element-binding protein
1c (SREBP-1c), a transcription factor that regulates the expression of genes
involved in lipogenesis [18].

* Role of leptin in hepatic lipolysis: Leptin promotes hepatic lipolysis, the process
of breaking down triglycerides stored in the liver into fatty acids and glycerol.
Leptin accomplishes this by activating hormone-sensitive lipase, an enzyme that
is involved in the breakdown of triglycerides in adipose tissue [11]. The resulting
increase in circulating fatty acids can be used as a source of energy by various
tissues in the body, including the liver.

* Role of leptin in hepatic fatty acid oxidation: Leptin also promotes hepatic fatty
acid oxidation, the process of using fatty acids as a source of energy. Leptin
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accomplishes this by increasing the expression of genes involved in fatty acid
oxidation, such as peroxisome proliferator-activated receptor alpha (PPAR«)
and carnitine palmitoyltransferase I (CPT1). PPARa is a transcription factor that
regulates the expression of genes involved in fatty acid oxidation, while CPT1 is
an enzyme that transports fatty acids into the mitochondria, where they can be
oxidized for energy production [100].

Leptin resistance, a condition where the body is resistant to the effects of leptin, is
associated with dysregulation of hepatic lipid metabolism. In individuals with leptin
resistance, the liver may continue to produce and store fatty acids, leading to the
development of hepatic steatosis, a condition characterized by the accumulation of
fat in the liver [101]. Over time, hepatic steatosis can progress to nonalcoholic steato-
hepatitis (NASH), a more severe form of liver disease that can lead to liver fibrosis,
cirrhosis, and hepatocellular carcinoma [102].

Leptin plays an essential role in regulating hepatic lipid metabolism by inhibit-
ing lipogenesis, promoting lipolysis, and increasing fatty acid oxidation [103].
Dysregulation of leptin signaling can contribute to the development of hepatic
steatosis and related liver disorders. Understanding the impact of leptin on hepatic
lipid metabolism may lead to the development of new therapies for the treatment of
liver diseases [104].

5.3 Influence of leptin resistance on lipid metabolism and dyslipidemia

Leptin resistance is a condition where the body is less sensitive to the effects of
leptin. It is commonly seen in individuals with obesity and is thought to contribute
to the development of dyslipidemia, a condition characterized by abnormal levels of
lipids in the blood [105]. Leptin resistance can lead to dysregulation of lipid metabo-
lism in several ways.

Firstly, leptin resistance can result in increased lipogenesis, the process of synthe-
sizing new fatty acids from glucose. This is because leptin normally inhibits lipogen-
esis in the liver, but when leptin resistance occurs, this inhibitory effect is diminished
[106]. As a result, the liver may continue to produce and store fatty acids, leading to
the development of dyslipidemia.

Secondly, leptin resistance can contribute to decreased lipolysis, the process of
breaking down stored triglycerides into fatty acids and glycerol. Leptin normally
promotes lipolysis by activating hormone-sensitive lipase, an enzyme involved in
the breakdown of stored triglycerides. However, when leptin resistance occurs, this
activation is reduced, leading to decreased breakdown of stored triglycerides and a
buildup of triglycerides in the blood [107].

Thirdly, leptin resistance can lead to decreased fatty acid oxidation, the process of
using fatty acids as a source of energy. Leptin normally promotes fatty acid oxidation
by increasing the expression of genes involved in fatty acid oxidation, such as peroxi-
some proliferator-activated receptor alpha (PPARa) and carnitine palmitoyl transfer-
ase I (CPT1). However, when leptin resistance occurs, this up regulation is reduced,
leading to decreased fatty acid oxidation and a buildup of fatty acids in the blood
[108]. All of these changes in lipid metabolism can contribute to the development
of dyslipidemia, including increased levels of triglycerides, LDL cholesterol, and
decreased levels of HDL cholesterol. Dyslipidemia is a major risk factor for cardio-
vascular disease, and therefore, leptin resistance can increase the risk of developing
cardiovascular disease.
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Leptin resistance is a condition that is commonly seen in individuals with obesity
and can contribute to dyslipidemia by affecting lipid metabolism in several ways.
Understanding the role of leptin resistance in dyslipidemia may lead to the develop-
ment of new therapies for the treatment of dyslipidemia and its associated cardiovas-
cular risks [75].

5.4 Interactions between leptin and other adipokines in the context of
dyslipidemia

Leptin has been shown to interact with several other adipokines, including adiponec-
tin, resistin, and visfatin [109]. Adiponectin is a protein hormone that is also secreted by
adipose tissue and is known to have insulin-sensitizing and anti-inflammatory effects.
Adiponectin has been shown to improve lipid metabolism by increasing fatty acid oxida-
tion and decreasing lipogenesis. Additionally, adiponectin has been shown to inhibit
the formation of foam cells, which are a key component of atherosclerotic plaques that
contribute to the development of cardiovascular disease [110]. Leptin has been shown
to have an inhibitory effect on adiponectin production, which may contribute to the
dysregulation of lipid metabolism seen in individuals with leptin resistance [111].

Resistin is another adipokine that has been implicated in the development of dys-
lipidemia. Resistin is thought to contribute to the development of insulin resistance
and dyslipidemia by decreasing insulin sensitivity and increasing lipolysis. Leptin has
been shown to have a stimulatory effect on resistin production, which may further
exacerbate the effects of resistin on lipid metabolism [112, 113].

Visfatin, also known as nicotinamidephosphoribosyltransferase (NAMPT), is
another adipokine that has been shown to play a role in the regulation of lipid metab-
olism. Visfatin has been shown to increase lipolysis and decrease fatty acid oxidation,
which can contribute to the development of dyslipidemia. Leptin has been shown to
have a stimulatory effect on visfatin production, which may further contribute to the
dysregulation of lipid metabolism seen in individuals with leptin resistance [114].

Interactions between leptin and other adipokines, such as adiponectin, resistin,
and visfatin, are thought to play an important role in the development of dyslip-
idemia. Dysregulation of these interactions, particularly in the context of leptin
resistance, may contribute to the development of dyslipidemia and its associated
cardiovascular risks. Understanding the complex interplay between these adipokines
may lead to the development of new therapies for the treatment of dyslipidemia and
its associated complications.

6. Clinical implications and management

6.1 Clinical significance of leptin and dyslipidemia in obesity-related health
outcomes

Leptin and dyslipidemia are two important factors that are associated with
obesity-related health outcomes, and their clinical significance cannot be overstated.
Leptin, as a hormone that is secreted by adipose tissue, plays a key role in regulating
energy metabolism and appetite. In obesity, however, individuals often develop a
resistance to leptin, which can lead to dysregulation of energy balance and metabolic
dysfunction. This can lead to a range of health outcomes, including insulin resistance;
type 2 diabetes mellitus, and cardiovascular disease [64, 75, 77, 90].
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Dyslipidemia, on the other hand, refers to abnormalities in lipid metabolism,
including elevated levels of cholesterol and triglycerides. Obesity is a major risk
factor for dyslipidemia, as excess adipose tissue can lead to increased production of
triglycerides and decreased clearance of cholesterol. Dyslipidemia can lead to the
development of atherosclerosis and cardiovascular disease, which are major causes of
morbidity and mortality in individuals with obesity [9, 10, 87, 88].

The clinical significance of leptin and dyslipidemia in obesity-related health
outcomes can be seen in numerous studies [115-117]. For example, studies have
shown that individuals with leptin resistance are at increased risk of developing type
2 diabetes, cardiovascular disease, and non-alcoholic fatty liver disease. Similarly,
dyslipidemia has been linked to an increased risk of cardiovascular disease and other
metabolic disorders in individuals with obesity [64, 70].

Treatment of leptin resistance and dyslipidemia is an important aspect of manag-
ing obesity-related health outcomes. Lifestyle modifications, such as dietary changes
and increased physical activity, can improve both leptin resistance and dyslipidemia
[118]. Medications, such as statins for dyslipidemia and leptin sensitizers for leptin
resistance, may also be used in some cases [119, 120].

Leptin and dyslipidemia are both clinically significant factors in obesity-related
health outcomes. Understanding their role in the development of metabolic dysfunc-
tion and cardiovascular disease is important in developing effective prevention and
treatment strategies for individuals with obesity [121].

6.2 Diagnostic evaluation and assessment of dyslipidemia in the context of leptin
and obesity

The diagnostic evaluation and assessment of dyslipidemia in the context of leptin
and obesity typically involves a combination of clinical evaluation, laboratory testing,
and imaging studies.

Clinical evaluation may include a detailed medical history and physical examina-
tion, which can help identify risk factors for dyslipidemia and cardiovascular disease.
This may include a history of obesity, diabetes, hypertension, and family history of
cardiovascular disease.

Laboratory testing is also an important component of the diagnostic evaluation
for dyslipidemia. This typically includes a lipid profile, which measures levels of
total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides in the blood. In
individuals with obesity and/or leptin resistance, these levels may be elevated [122].

Imaging studies, such as computed tomography (CT) or magnetic resonance
imaging (MRI), may also be used to assess the extent of fatty infiltration in the liver,
which is a common complication of dyslipidemia in the context of obesity and leptin
resistance [123].

In addition to these standard tests, assessment of leptin levels and leptin resistance
may also be considered in individuals with obesity and dyslipidemia. This may involve
measurement of circulating leptin levels, as well as assessment of leptin receptor
expression and signaling in adipose tissue [105].

Overall, the diagnostic evaluation and assessment of dyslipidemia in the context
of leptin and obesity should be tailored to the individual patient and may involve a
multidisciplinary approach involving primary care physicians, endocrinologists, and
cardiologists. The goal of this evaluation is to identify and address underlying meta-
bolic dysfunctions in order to prevent or manage complications such as cardiovascular
disease and non-alcoholic fatty liver disease.
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6.3 Management approaches for dyslipidemia in obese individuals

The management of dyslipidemia in obese individuals typically involves a
combination of lifestyle modifications, pharmacotherapy, and bariatric surgery,
depending on the severity of the dyslipidemia and the presence of other risk factors
for cardiovascular disease.

Lifestyle modifications: Lifestyle modifications are the first line of treatment for
dyslipidemia in obese individuals. This may include dietary changes such as reducing
intake of saturated and trans fats, increasing fiber intake, and reducing overall caloric
intake. Regular physical activity is also important, with a goal of at least 150 minutes
of moderate-intensity exercise per week. Weight loss through caloric restriction and
increased physical activity can also improve dyslipidemia in obese individuals [119].

Pharmacotherapy: In some cases, lifestyle modifications may not be enough to
manage dyslipidemia in obese individuals. In these cases, pharmacotherapy may be
necessary. The most commonly used medications for dyslipidemia are statins, which
work by inhibiting the production of cholesterol in the liver. Other medications such
as ezetimibe, niacin, and fibrates may also be used alone or in combination with
statins [124].

Bariatric surgery: Bariatric surgery, such as gastric bypass or sleeve gastrectomy,
may also be considered in obese individuals with severe dyslipidemia who have not
responded to lifestyle modifications and/or pharmacotherapy. Bariatric surgery can
improve dyslipidemia by promoting weight loss and improving insulin sensitivity.
However, it is important to note that bariatric surgery is a major surgical procedure
and is not without risks [125].

It is important to note that the management of dyslipidemia in obese individuals
should be individualized and tailored to the specific needs and medical history of
the patient. Close monitoring of lipid levels, as well as any potential side effects of
medications, is also important in ensuring effective management of dyslipidemia in
this population.

7. Future directions and emerging therapies targeting leptin and
dyslipidemia in obesity

Leptin and dyslipidemia are both complex metabolic conditions that are closely
related to obesity. While current treatments, including lifestyle modifications,
pharmacotherapy, and bariatric surgery, can be effective in managing dyslipidemia in
obese individuals, emerging therapies targeting leptin and dyslipidemia hold promise
for improving outcomes [126]. One potential approach involves targeting leptin
resistance directly. Leptin sensitizers, such as the drug metreleptin, have been shown
to improve insulin sensitivity and lipid metabolism in patients with leptin deficiency
[127]. More research is needed to determine whether these drugs could be effective in
treating leptin resistance in obese individuals.

Another approach involves targeting specific adipokines that play a role in dyslip-
idemia. For example, the drug adipotide, which targets the adipokine adiponectin,
has been shown to reduce body weight and improve insulin sensitivity in animal
models. Clinical trials are currently underway to determine whether adipotide could
be effective in treating obesity-related conditions in humans [128].

Other emerging therapies include gene therapy, stem cell therapy, and microbiome-
based therapies. Gene therapy approaches involving the introduction of genes
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regulating lipid metabolism into adipose tissue are being explored. These strategies aim
to address dyslipidemia in obesity by directly targeting adipose tissue. Further research
is needed to evaluate the efficacy and safety of gene therapy in managing dyslipidemia
[129]. Stem cell therapy may involve using stem cells to regenerate healthy adipose tis-
sue or to promote lipid metabolism. This approach aims to address dyslipidemia in obe-
sity by leveraging the regenerative capabilities of stem cells [130]. Microbiome-based
therapies, which involve manipulating the gut microbiota, have shown promise in
promoting healthy lipid metabolism. These approaches seek to modulate dyslipidemia
by targeting the gut microbiome. Further research is needed to determine the efficacy
and mechanisms of microbiome-based therapies in managing dyslipidemia [131].

Overall, the development of new therapies targeting leptin and dyslipidemia in
obesity is an active area of research. While these therapies are still in the early stages
of development, they hold promise for improving outcomes for individuals with
obesity-related metabolic conditions.

8. Conclusion

Dyslipidemia is a condition characterized by abnormal levels of lipids, such as
cholesterol and triglycerides, in the blood. It is a major risk factor for cardiovascular
diseases, including atherosclerosis, heart attack, and stroke. Leptin, a hormone
primarily produced by adipose tissue, has been found to play a significant role in
dyslipidemia.

One of the key mechanisms through which leptin affects lipid metabolism is by
inhibiting the synthesis of fatty acids in adipose tissue. Leptin reduces the activity
of an enzyme called fatty acid synthase, which is responsible for converting excess
glucose into fatty acids for storage in adipose tissue. By inhibiting this enzyme, leptin
helps to reduce the accumulation of fatty acids in adipose tissue and prevent the
development of obesity.

Leptin also plays a role in regulating lipid transport in the blood. It has been shown
to increase the clearance of triglycerides from the blood by enhancing the uptake
and metabolism of triglyceride-rich lipoproteins by the liver. Leptin also promotes
the breakdown of triglycerides stored in adipose tissue, releasing fatty acids into the
blood to be used as an energy source by other tissues.

Furthermore, leptin has been found to have anti-inflammatory effects, which
can have a positive impact on dyslipidemia. Leptin reduces the production of pro-
inflammatory cytokines in adipose tissue and liver, which are known to contribute to
the development of insulin resistance and atherosclerosis.

Leptin also stimulates the production of anti-inflammatory cytokines, which
can help to reduce inflammation and improve lipid metabolism. However, in condi-
tions of obesity; leptin resistance can develop, leading to decreased sensitivity to the
effects of leptin. This can result in an imbalance in lipid metabolism and contribute to
dyslipidemia.
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Chapter 4

The Effect of a Walking Training
Program at the LIPOXmax Point on
the Body Mass Index in Male Type II
Diabetes in the 40-60 Age Group

Rafik Hadj Aissa, Aissa Bait and Mohamed Guettaf

Abstract

The study aims to identify the effect of a training program by walking to the point
LIPOXmax on the BMI of male diabetics (type II); we relied on the experimental
approach because of its adequacy with the study, while the study sample was composed
of 12 people with type II, which were randomly selected from the study population. We
used the pre- and post-measurement of the training program using an impedancem-
etry device to measure the body mass index, as well as calculating the LIPOXmax
walking rhythm, which varies from one patient to another. Finally, the results of the
study showed that walking to the point LIPOXmax positively affects the reduction in
the body mass index in men with type II diabetes in age group 40-60 years old.

Keywords: training program, type II diabetes, LIPOXmax, walking sport, body mass
index (BMI)

1. Introduction

The health level of the people is one of the most important indicators of the
advancement and progress of countries. That is why many developed countries seek
to provide various services to their members, including providing health care, for all
ages, in an effort to make money and effort. They are sure that this will bring benefits
to them in the short- and long-term. Where human health can be likened to a regres-
sion line that tends from top to bottom, when the whole life of the individual is activ-
ity, vitality and happiness; this means that health is located at a point above the line,
but when health is at a point on the line and in the direction down, most of his daily
activities may stop [1]. The underlying relationship between the behavior of individu-
als and health, led to major transformations in the last three decades of the twentieth
century, in the understanding and development of health, and the possibility of its
impact on the individual level. Therefore, health education is one of the most impor-
tant areas of modern public health, and is considered an essential part of any public
health program [2]. For this reason, studying and understanding behavioral practices
belonging to health, in its various directions, is the first step towards the process of
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planning for them and finding ways to develop them, which ultimately reflects on
healthy growth, and this is in line with what the World Health Organization (WHO)
advocates. In the same context, this organization was confirmed by the report of

Dr. Alaa Alwan: Efforts must be focused on the prevention and treatment of classes
of global killers, including diabetes mellitus [3]. The prevalence of diabetes for the
last 30 years has been considered a significant increase among the world’s popula-
tion to the extent that it has become a real danger [4]. The global prevalence of
diabetes in adults (aged 20-79 years) will be 6.4%, affecting 285 million adults in
2010, and will rise to 7.7% and 439 million adults by 2030. Between 2010 and 2030,
there will be a 69% increase in the number of adults with diabetes in developing
countries and 20% in developed countries [5]. According to some predictive stud-
ies, which conclude: a 2010 study, which concluded that the prevalence of diabetes
in adults globally (ages 2079 years) is 6.4%, and may affect 285 million adults in
2010, and could increase to 7.7%, or 439 million adults by 2030. Between 2010 and
2030, there will be a 69% increase in the number of adults with diabetes in develop-
ing countries and 20% in developed countries [5]. According to another study, the
prevalence of diabetes for all age groups worldwide was estimated at 2.8% in 2000
and 4.4% in 2030. It is also expected that the total number of people with diabetes
will increase from 171 million in 2000 to 366 million in 2030 [4]. On September 16,
2022, the World Health Organization announced on its official website: The number
of people with diabetes increased from 108 million in 1980 to 422 million in 2014. In
high-income countries [6], this meant that the current stats far exceeded what was
expected. According to the World Diabetes Federation, which states in 2021 that 537
million adults (20-79 years) suffer from diabetes, 1in 10 people, and this number is
expected to reach 643 million by 2030. According to the same source, about 2 million
people suffer from diabetes. Diabetes in Algeria, according to the 2021 report of the
International Diabetes Federation (FID) and published in the framework of World
Diabetes Day [7]. That diabetes mellitus is a health problem that affects the life of an
insulin-dependent person. While there is general agreement on the value of physical
activity in the prevention and management of many diseases, it is considered among
the therapeutic tools in daily medical practice. It is also difficult to convince long-
term inactive patients to engage in regular physical activity [8]. Walking is one of the
practices that have emerged to achieve a better lifestyle, as it reflects the safety of the
heart and lungs, and walking is among the sports recommended by the World Health
Organization [7]. Up to the age of 65, the activity practiced can be of a moderately
intense aerobic nature (aerobic exercise, cycling, and running), but practiced regu-
larly. For example, it is possible to program 150-300 min per week if the effort is of
moderate intensity [7]. Classification of physical activities: light intensity between 25
and 30% VO2 max, moderate intensity between 40 and 50% VO2 max [9]. There are
many methods of treatment to reduce the level of sugar in the blood, such as reducing
some materials rich in fats and some drugs that work to reduce the level of glucose

in the blood, as well as walking briskly, which are considered among the means of
treatment, and are easy to implement and do not have side effects such as medicines.
Medium-intensity physical activity helps reduce body fat, and with very simple steps,
the body can burn approximately 60 calories per 1.2 km compared to burning calories
in the normal state of the body, but if the speed increases by 2.8 km in 30 minutes,
the body will burn 200 calories [10]. The walking rhythm of LIPOXmax is also used
in training when weight loss is necessary for overweight people, to adjust exercise
intensity and load in diabetic patients [11]. The LIPOXmaxcorresponds to the inten-
sity of exercise for which the oxidation of lipids is maximal. This metabolic index is
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determined by calorimetry during a progressive stress test. LIPOXmax can be used as
a training target in various pathologies, including obesity and diabetes [12]. A [13] in
2002, under the title: Determining the intensity of exercise that leads to maximum fat
oxidation, the aim of this study was to develop a test protocol to determine the inten-
sity of exercise in which the rate of fat oxidation is at. Eighteen moderately trained
cyclists performed a graded-fatigue exercise test, with 5-minute phases in 35-watt
increments, four to six continuous prolonged (CE) tests performed at constant work
rates, corresponding to GE test work rates were applied on separate days. Seven

other subjects were given three different GE tests to exhaustion. Lipid oxidation was
measured using indirect calorimeters, (indirect calorimetry). It is concluded that a
protocol with phases (3 min) per phase and 35 W increments of work rate can be used
to determine (maximal) fat oxidation. Fat oxidation rates are high over a wide range
of intensity (LIPOXmax). However, with high-intensity (maximum) exercise, fat
oxidation rates are significantly reduced [13]. An exercise intensity of 40%, VO2 max
is sometimes used to target LIPOXmax training [12]. The body mass index, (IMC)
“Indice de Masse Corporelle” formerly called the (Quenelle) index, is a measure of
indicating nutritional status in adults, defined as a person’s weight (kg) divided by the
square of a person’s height in meters (kg/m?)), and the mathematical equation is as
follows:

BMI = weight (kg)/ height (m)’ 1)

BMI is based on the effect of excess body fat and is highly associated with obesity.
BMI was developed as an indicator of disease risk. With an increase in BMI, some
of the common conditions related to overweight and obesity include cardiovascular
disease, high blood pressure, and diabetes, etc. [14].

Many studies have dealt with the subject of studying walking and its relationship
to health in patients with diabetes and obesity on different samples, including:

A study Mohammed Zerf, in 2019, under the title: Effects of walking training per-
formed using continuous and interval methods on weight loss as effective strategies
among postpartum women, to estimate the effect of walking intensity (interval train-
ing vs. traditional cardio) on postpartum weight loss. Materials and methods: A total
of 39 postpartum women participated in this study. Moderate obese BMI and high-
risk waist circumference, first births at the same school and social status. Subjects
participated in this study to lose excess weight within three months of giving birth.
Results: Our results indicate that interval training with brisk walking is a powerful
tool for developing effective weight loss management strategies. Conclusions: That
postpartum woman, who use walking to amplify their weight loss, use the follow-
ing exercise program: at least three sets of 400 m (wf =~ SR) x 5 per day, nine 400 m
(wf = SR) x 5 sets per week, and 36 sets of 400 m (wf ~ SR) x 5 per month [15].

A study Achten. ], Gleeson. M, Jeukendrup. A.E in 2002, under the title:
Determining the intensity of exercise that leads to maximum fat oxidation. The aim
of this study was to develop a test protocol to determine the intensity of exercise in
which the rate of fat oxidation is at methods: Eighteen moderately trained cyclists
performed a graded-fatigue exercise test, with 5-minute phases in 35-watt incre-
ments, four to six continuous prolonged (CE) tests performed at constant work
rates, and corresponding to GE test work rates were applied on separate days. Seven
other subjects were given three different GE tests to exhaustion. Lipid oxidation
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was measured using indirect calorimeters, (indirect calorimetry). Conclusions: It
is concluded that a protocol with phases (3 min) per phase and 35 W increments of
work rate can be used to determine (maximal) fat oxidation. Fat oxidation rates are
elevated over a wide range of intensity (LIPOXmax). However, with high-intensity
(maximum) exercise, fat oxidation rates are significantly reduced [13].

A study Monique Mendelson, Michel Guinot, Anne Favre-Juvin, Bernard Wuyam,
and Patrice Flore, in 2014, under the title: Methodological aspects of LIPOXmax
measurement: Application conditions for people with metabolic pathologies. Lipoxmax
corresponds to the exercise intensity for which lipid oxidation is maximal. This meta-
bolic index is determined by calorimetry during a progressive stress test. Lipoxmax
can be used as a training target in various pathologies, including obesity and diabetes.
The objective of this review of question is to state the methodological aspects of the
measurement of the LIPOXmax by paying a particular attention to the validity of the
gaseous exchanges, the particularities of the protocol of determination, and the factors
of variability and reliability. Secondly, the interest and feasibility of adapted physical
activities targeting LIPOXmax in people with metabolic disorders will be explored [12].

2. Theoretical framework
2.1The problem statement

Despite the importance of walking for diabetes, we noticed patients resorting to
medicines directly, and through the results of previous studies, we need field studies
for different societies, to highlight the benefit of walking, to be a scientific addition
that can benefit this group of patients, as well as access to Experimental facts regard-
ing this type of adapted program. Therefore, the problem of the study is:

Can walking exercise at (LIPOXmax) point contribute to the effect on body mass
index (BMI) in patients with type II diabetes (40-60 years)?

2.2 The significance of the study

The importance of the study was also represented in the fact that individuals do not
feel danger to their health except when they pass the danger stage of body weight, but this
is not very important if we know that the major problem is the increase in the percentage
of fat in our bodies, which appears on the morphology of our bodies after large accumu-
lations, and because of its symptoms Negative effects on the health of the individual, the
causes of which are due to laziness, lethargy, lack of physical activity, and malnutrition.

2.3 Study objectives

Among the objectives of the study is to identify the physical activity represented
by the activity of walking, which has a physical and psychological health impact, as
this activity is suitable for different ages and for both sexes, and it can be performed
at any time and in all available spaces, and at a lower cost so that anyone can reap the
benefits and fruits of sports. Health through a simple and easy program that ensures
moving many parts of his body on a regular basis and for a specific period. Providing
a precisely tuned program for practicing physical activities for this group, and adjust-
ing the correct rhythm for each patient, when practicing walking, and this is accord-
ing to the characteristics of each individual.
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3. Methodology
3.1 Exploratory study

The association which monitors diabetics at the level of the wilaya of Laghouat
was contacted, in order to tap into the database of patients registered at the level of
the municipality of Laghouat. When the study population has been identified (all
patients with type II diabetes) for the purpose of determining the study sample,
which comprises 10% of the total study population.

Subsequently, we contacted the patients, in order to persuade them to practice
physical activity, in particular walking, without specifying or explaining the main
objective of this study (in order to exclude psychological effects on the sample of the
study).

Since the nature of the subject determines the choice of the method used and
based on the subject of our study, we must follow the experimental method.

3.2 Research group and sample

The population studied consisted of all diabetic patients (type II) residing in the
municipality of Laghouat. Their number was determined by the social association
of the wilaya of Laghouat of diabetics, and they are about 120 patients with type II
diabetes, whose age varies between (40-60 years).

The sample members consist of people with diabetes mellitus (type II), as we
selected the sample in a simple random way represented by 10% of the population,
which included 12 men, whose ages ranged between (40-60 years old).

At the end of the study, the results of the subjects who underwent pre- and
post-tests were taken into account, and they did not miss the sessions of the adapted
program. Where the researchers applied the program to (20) patients from the study
community, but at the end of the program (08) individuals were excluded due to their
interruption of the program several times, that is. more than (03) absences whose
results are not taken into account in the study. As for the control sample, its presence
brings a positive methodological complement, which testifies to the results of the
experimental sample, but it was not retained for the following reasons:

The psychological pressures experienced by diabetics and the difficulty in con-
vincing them to participate in this type of study. The comparison of the results of
the pretest and the posttest of the experimental sample can give a clear picture of the
results of the pilot program and be sufficient for approval.

3.3 Fields of study

This experiment extended for a period of 3 months from 01/01/2019 to
31/03/2019, starting from conducting the pretests up to the posttest.

This study was carried out at the level of the municipal stadium of Laghouat
(Abdelkader Ben Hamid).
3.4 Data collection tools

Used devices:

* Tanita Impedancemeter BC-545 N.
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* It measures body mass index and other measurements.
* Heart rate monitor (cardiofréquencemeétre KHALANIJI).

* Calculating the walking pace at (LIPOXmax), an exercise intensity of 40%, VO2
max was used to target LIPOXmax training [12].

This experiment extended for a period of 03 months from 01/01/2019 to
31/03/2019, starting from conducting the pretests up to the posttest.

The measures proposed in the study were presented to a group of specialists (from
sports training, biomedical aspect of sport, and doctor), and they agreed on the rele-
vance of the measures and the method of their application, as well as how to implement
the program proposed for this category in order to achieve the objectives set without
exposing the health of the members of the sample to loads that could affect their health.

Test programming: We conducted the pre-measurements one day before apply-
ing the program, where the sample members were collected, and how to make the
measurements and the application of the program were explained, and the same
measurements were applied to all sample members (12 patients), and the sample
members were subjected to the same post-measurements one day after the end of the
program, that is. after 03 months.

3.5 Program time and content

See Table 1.

Progressive intermediate cycle.

Weeks Tuesday = Wednesday = Thursday  Friday Saturday Sunday = Monday
01/01/2019 Mesures anthropométriques

S1 47 mn 47 mn 47 mn
S2 50 mn 50 mn 50 mn
S3 43 mn 43 mn 43 mn 43 mn
S4 48 mn 48 mn 48 mn 48 mn
S5 53 mn 53 mn 53 mn 53 mn
S6 58 mn 58 mn 58 mn 58 mn
S7 58 mn 58 mn 58 mn 58 mn 58 mn
S8 54 mn 54 mn 54 mn 54 mn 54 mn
S9 58 mn 58 mn 58 mn 58 mn 58 mn
S10 58 mn 58 mn 58 mn 58 mn 58 mn
S11 58 mn 58 mn 58 mn 58 mn 58 mn
S12 52 mn 52 mn 52 mn 52 mn 52 mn 52 mn

24/03/2019 Mesures anthropométriques

Source: Authors, 2022.

Table 1.
The time for the suggested walking sessions in terms of weeks.
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Program time: The proposed walking training program was applied for a period
of (12 weeks), meaning a period of 03 months, from Tuesday 01/01/2019 to Sunday
24/03/2019, between (03 training units per week) and (06 training units per week). This is
according to the requirements of the program, as well as the characteristics of the patients.
Between 150 and 300 minutes per week of moderate intensity were programmed.

Note: Follow the muscle stretches for (10 minutes) after each walking session.

Statistical tools: In order to verify the hypotheses, the study conducted a statistical
study using the SPSS program, through which the obtained data were processed, as it
included: the arithmetic mean, the standard deviation, and the T-test.

4. The applied aspect
See Table 2.
4.1 Analysis and discussion

From the results in Table 2, we note that the arithmetic mean of the pre-measurement
scores, the body mass index measurement in the body is (24.31) with a standard devia-
tion of (1.94). The arithmetic mean value of the post-measurement for the same group
is (27) with a standard deviation of (1.82) and the value of the difference between the
arithmetic mean between the pre- and post-measurements was (2.69), and this indicates
that there are differences between the two measurements, and this is justified by the
value of the T-test, whose value amounted to (-22.5) at the significance level of (0.00),
which is less than the value (0.05), and this result proves that there are statistically
significant differences between the scores of the pre-measurement and the scores of the
post-measurement of the BMI of the experimental group.

Walking exercise at (LIPOXmax) had a positive effect on the body mass index
of patients with type II diabetes (40-60 years), where the results of the statistical

Body mass index measurement.

Experimental sample
Pretest Posttest
Number 12 12
Arithmetic mean 2431 27.00
Standard deviation 1.94 1.82
Difference between the averages 2.69
T-value -22.5
Significance level 0.00
Degrees of freedom 22
Statistical significance Significant

Source: Authors, 2022.

Table 2.
Significance of differences in measuring body mass index between the pretest and the posttest for the experimental

group.
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analysis showed that there were statistically significant differences between the
pre-and post-measurement of the body mass index. This indicates that the decrease
in BMI could be due to the content of the walking activity program applied to this
sample, which is mainly based on walking exercises at LIPOXmax. This explains the
possibility of the LIPOXmax walking program affecting the percentage of fat in the
body. And from it, it is the one that affected the body mass index, and this is consis-
tent with the study [10], which shows that regular walking leads to the prevention
of obesity in patients with obesity. Diabetes reduces relative weight and improves
body mass index levels in the age group 30-50 years. It also agrees with the study of
[13], whose results concluded that the rates of fat oxidation rise over a wide range of
LIPOXmax intensity, by using a special protocol to control this intensity.

It also agrees with the study [16], which says that physical activity in patients with
diabetes (type II) with a diet leads to an improvement in cardiorespiratory fitness and
a decrease in body mass index. A study [17] showed that walking in diabetic patients
has a positive effect on the health of patients through a decrease in biological blood
values, and it also improves flexibility, endurance, heart work, and weight reduction,
in addition to a decrease in body mass index.

And from it, we can say that we have answered the study’s question, the practice
of walking at the “LIPOXmax” point has a positive effect on the body mass index of
patients with type II diabetes (40-60 years).

Through the results of the study, we concluded that brisk walking is the optimal
pace to reach the appropriate intensity at the LIPOXmax point for a group (40—

60 years old) of diabetic patients who do not practice physical activity. It is the lack of
regular physical activity that explains the observed elevation of the heart rate at the
slightest movement or physical activity, especially if it is associated with weight gain,
which elevates the heart rate at rest compared to people practicing physical activity
on a regular basis. Walking at LIPOXmax represents the values of maximum heart
rate and resting heart rate, and from this the study sample, based on the movements
resulting from brisk walking, which stimulate the body to reach LIPOXmax and thus
burning the greatest percentage of body fat. Unlike regular exercisers, who may need
a little more effort to reach the fat oxidation peak, that is. the LIPOXmax point.

5. Conclusions

From what we have found, we can say that the application of an adapted program
accompanying this group of patients, which focuses on walking at the “LIPOXmax”
point, has proven effective in helping diabetics in reducing body fat percentage and
thus controlling excess body weight. The study showed that it is enough to practice
walking alone without the need for fast running, or high-intensity physical activities,
or anaerobic activities, to control the complications resulting from excess body fat in
patients with type II diabetes.

From it, it can be said that the first goal that we seek is to promote a healthy lifestyle to
combat the effects of type II diabetes and to benefit from the dissemination of sports cul-
ture with scientific standards, especially for those with diabetes who have excess weight.
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Chapter 5

Obesity Center and Weight Control

Mahcube Cubukcu and Nur Simsek Yurt

Abstract

Obesity is a multifactorial disease resulting from the complex interaction of
genetic, metabolic, behavioral, and environmental factors. Obesity centers, which
provide a multidisciplinary approach, play an important role in the implementation
of appropriate and sustainable obesity management. The primary objective of obesity
centers is to help individuals develop healthy lifestyle skills, achieve, and maintain
their target weight, and change their environmental and social habits.

Keywords: obesity, obesity center, body mass index, weight control, treatment

1. Introduction

The World Health Organization (WHO) defines obesity as the abnormal and
excessive accumulation of fat in the body to such an extent that it may present a risk
to and impair human health [1]. Body mass index (BMI), calculated as body weight in
kilograms divided by the square of height in meters, is a simple index commonly used
to classify overweight and obesity. For adults, current guidelines issued by the United
States Center for Disease Control and Prevention (CDC) and WHO define a normal
BMI range as 18.5-24.9, indicating BMI >25 kg/rn2 as overweight, BMI >30 kg/rn2 as
obesity, and BMI >40 kg/m” as severe obesity [1, 2]. According to this simple defini-
tion, obesity is a multifactorial disease that results from a chronic positive energy
balance, i.e., when dietary energy intake exceeds energy expenditure. It results from
the complex interaction of multiple genetic, metabolic, behavioral, and environmen-
tal factors, which are thought to be the primary reasons for the significant increase in
the prevalence of obesity [3, 4]. Excess energy is converted into triglycerides, which
are stored in adipose tissue, which expands, increasing body fat and causing weight
gain. The globalization of food systems, which encourages passive overconsumption
of more processed and affordable foods and energy-dense, nutrient-poor foods and
beverages, has been identified as a major contributor to the epidemic of obesity [5].
Reduced physical activity associated with modernized lifestyles is also a significant
factor [6, 7].

2. The prevalence of obesity

Obesity can occur at any age. Previous studies assessing trends in obesity have
reported that the prevalence of obesity is increasing in both adults and children of
all ages, regardless of geographic region, ethnicity, or socioeconomic status [8]. In
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low-income countries, obesity is particularly prevalent among middle-aged adults
(especially women) from wealthy and urban backgrounds, whereas in high-income
countries it affects both sexes and all age groups [5]. The global prevalence of
overweight and obesity has doubled since 1980, with around a third of the world’s
population now classified as overweight or obese [8]. According to the World
Health Organization’s 2019 data, Turkey is the 17th most obese country in the world,
with 32.1% of the population in Turkey scoring a BMI above 30 [1]. The increasing
prevalence of obesity not only affects individuals but also places a significant burden
on healthcare systems. In the USA, the healthcare costs incurred by a single obese
individual were estimated at USD 1901 per year in 2014, with a national estimate of
USD 149.4 billion [9]. The total direct and indirect costs attributable to overweight
and obesity in Europe are equivalent to 0.47-0.61% of gross domestic product
(GDP) [10].

3. Approach to treatment of obesity

Obesity, which has evolved into a major public health problem affecting physical
and mental health, is the second leading cause of preventable death after smoking
[11]. Approximately 3 million people die from obesity every year [12]. Obesity is a risk
factor for a wide range of medical conditions, including type 2 diabetes, some types
of cancer, cardiovascular diseases, and musculoskeletal disorders [12-14]. In addition
to these health risks, adverse effects on quality of life and impaired quality of life have
been reported to be associated with the degree of obesity [15]. Obese patients have
an elevated risk of body image disturbance, low self-esteem, depression, and anxiety
[16, 17]. Obese patients cannot lose weight effectively because they do not make diet
and exercise indispensable habits of their lifestyles, and even if they manage to lose
weight, they cannot maintain their weight. Throughout this long process, patients
have a greater chance of success thanks to a multidisciplinary team [18].

Lifestyle intervention and weight loss programs for adults often report disap-
pointing results and diminishing effectiveness associated with low participation
and compliance rates [19]. Obese people have been demonstrated to adopt inhibited
attitudes toward behavioral change [20]. Therefore, the implementation of lifestyle
changes necessary to achieve treatment goals can be extremely challenging [19].

One of the most common behavioral strategies used in weight loss interventions
is to help patients identify barriers to behavior change and generate solutions [21].
Perri et al. defined a problem-solving model that recommends active problem-solv-
ing for everyday problems for obese people and reported that people who completed
problem-solving training lost more weight in the long term [22]. In addition to
studies reporting that patients with improved or enhanced problem-solving skills
are more likely to adhere to treatment and lose weight, recent meta-analysis reports
show that such interventions have significant effects on session attendance and
physical activity [19, 23].

Treatment of obesity can be planned according to the clinical characteristics of
the patient and may include diet, exercise, medical and surgical treatment [2]. For the
diagnosis and assessment of obesity in clinical practice, new approaches have been
proposed [3, 4, 24]. Although BMI is commonly used to assess and classify obesity,
it has not been proven to be an accurate tool for identifying complications associated
with adiposity [4]. Waist circumference is independently associated with increased
cardiovascular risk but is not a strong indicator of visceral adipose tissue on an
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individual basis [25]. Incorporating both BMI and waist circumference into the clini-
cal assessment may identify a higher-risk phenotype. In addition to BMI and waist
circumference measurements, a thorough history, appropriate physical examination,
and relevant laboratory investigations to identify the root causes of obesity will help
identify those who will benefit from treatment [26].

4. Obesity centers and weight control

Obesity centers have been in operation in Turkey to implement appropriate and
sustainable obesity management and to treat obese patients using a multidisciplinary
approach model [27]. These centers are mission-driven centers that help people who
are overweight or obese to reach and maintain their ideal weight [7, 28, 29]. Patients
with a BMI of 30 kg/m? and above are admitted to obesity centers. Obesity centers
have experienced teams that offer a holistic approach to patients. These teams include
doctors, dieticians, physiotherapists, psychologists, and nurses [17, 18].

Age, sex, educational level, social and marital status, reading culture, work
and adaptation to the center, economic status, residential and daily life status data,
attendance at the center, and additional disease information of the patients apply-
ing to the obesity center are being collected and recorded. Laboratory tests include
complete blood cell count parameters, fasting plasma glucose (FPG), electrolytes,
kidney and liver function tests, high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), total cholesterol
(TC), and thyroid function tests. Patients receive a total of twelve training sessions at
the center at least 3 days a week during the first month, a total of at least six sessions
during the second month, and a total of at least three sessions during the third month.
Patients who are required to attend training sessions will be categorized according
to whether they attend these sessions. Patients who do not attend half of the twelve
training sessions during the first month, those who do not attend half of at least six
training sessions during the second month, and those who do not attend at least one
of the three training sessions during the third month are considered as not attend-
ing training [29]. Individualized diet and exercise programs and a medical approach
under the supervision of a doctor are planned to achieve the target weight. The aim
is to ensure that people who have reached their target weight maintain their healthy
lifestyle and weight, change their environmental and social habits, and maintain
their weight permanently. If the target weight is lower than the weight to be lost, the
program is repeated and the target weight is reset and the time to start losing weight
again is planned [28]. Studies have revealed that patients who regularly attend obesity
centers lose weight more easily and exhibit significant improvements in serum lipid
parameters [29].
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Chapter 6

Comparison of BMI Indicators in
Participants in Special Olympics
and Non-Sporty Children with
Intellectual Disability

Jitka Kampasovd and Hana Vilkovd

Abstract

The goal of the study is to compare BMI indicators in children who regularly do
sports, participating in the Special Olympics (SO) with non-sporty children, show
the trend of BMI indicators, and to find out whether the 2-month of summer holidays
have any effect on BMI indicators. An InBody device was used. Participants are
children and adolescents with intellectual disability (ID). In total, four measurements
of children were carried out over the course of 2 years. Total participants SO is n = 14,
n=18,n=18,and n = 13 (13.6 + 2.8 aged). Non-sporty childrenisn = 35, n = 37,

n =38,and n = 46 (12.5 + 3.1 aged). Participants SO have 1.48 lower BMI values, 1 kg
more muscle mass, and 1.3 kg less fat. During the summer holidays, participants SO
have an increase in muscle mass (BMI and fat remain unchanged). For non-sporty
children, all indicators decrease over the summer holidays (BMI, muscle mass, and
fat). Participants SO have better results in all BMI indicators compared to non-sporty
children. The results clearly show the great importance of sports and the positive
effects of physical activities for children and adolescents with ID.

Keywords: BMI, muscles, fat, SO participants, non-sporty children, InBody, trends

1. Introduction

Overweight and obesity in children are the most significant public health problems
and deserve attention in the health care system [1, 2]. Over the past 40 years, the
number of obese children and adolescents worldwide has increased 10x (from 11
million to 124 million) [2].

Increased body weight (especially in adolescents) is more common in people with
intellectual disability (ID), which is a risk factor for various other diseases [3, 4].
About 47% of adults with ID are obese, and their physical activity levels are insufficient
to prevent the disease [5-7].

The situation is similar for children with ID. Children and adolescents with ID
are highly prone to obesity, and they often suffer from obesity of the first and second
degree [8, 9] and, compared to children without ID, they have far more health
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problems, which include autism, Down syndrome, epilepsy, cerebral palsy,
motor problems, constipation, osteoporosis [10-12], delayed child development,
speech problems, and behavioral problems [13].

The risk of overweight and obesity decreases with increasing severity of intel-
lectual disability [14]. In the adult population with ID, women, people with Down
syndrome, and people with mild ID have a higher prevalence of obesity [14, 15]. Up to
80% of obese children will be obese as adults [16].

In France, 26% of children with ID are obese and overweight [17]. In Romania,
the prevalence of overweight and obesity in adolescents with ID is similar for boys
and girls. Twenty-eight percent of boys are obese and 19% of boys are overweight,
and 16% of girls are obese and 40% of girls are overweight [18]. In Taiwan, BMI in
children and adolescents with ID was found to be related to age, but not to gender,
diseases, or prescribed medications. The prevalence of obesity there is 18% [1].

In boys with ID, obesity is associated with early adolescence and with a mild and
moderate ID, while in girls, obesity is associated with middle adolescence and with a
mild ID [19]. Among the four groups of children, children without ID, children with
mild ID, children with severe ID and children with Down syndrome, no statistically
significant differences were found in relation to BMI in any category. The BMI of
children with ID ranges from 18.5 to 24.9 [20].

When analyzing BMI among Special Olympics (SO) participants from different
countries, it was found that participants from the USA have the highest prevalence of
obesity who are three times more likely to be obese or overweight compared to partici-
pants from other countries [21, 22]. In North America, 30% of children and adolescents
who regularly compete in Special Olympics are overweight or obese. The prevalence
rate is highest among girls, as 54% of girls are overweight or obese. Increasing age
is associated with a higher probability of being overweight and obese. Both age and
gender are significant factors for obesity in children with ID [23].

The prevalence of obesity also varies by housing type. Among persons with ID in
the USA, the lowest rates of obesity are those living in an institution and the highest
rates of obesity are those living in their families [4, 15]. The situation in Europe is
similar for children and adolescents with ID. The children who live in the children’s
home are not obese, but they are normal weight or underweight. Children who live in
their own family are obese or normal weight. That is children who live in a children’s
home have a healthier diet compared to children who live in their family [24].

The level of physical activity is low in children and adolescents with ID [25]. Only
half of children with ID have sufficient physical activity [26, 27], which is 12,000
steps per day [28, 29]. At the same time, the positive aspects of sports are therefore far
more important for children with ID than for children without disabilities [30, 31].
Physical activity leads to physical and mental health [32], improves aerobic capacity
of the lungs, motor skills, and coordination, and also contributes to the visibility and
increase of the social status of the person, thereby increasing satisfaction in children
and adolescents with ID who regularly do sports [33, 34].

2. Materials and methods

The study took place for 2 years at two elementary schools in the Czech Republic and
was part of the nationwide Czech Healthy Community Project, which was financed as
part of the Special Olympics by the Golisano Foundation (USA). It is a completely new
longitudinal research in BMI indicators in children and adolescents with ID.
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BMI indicators were measured at each school a total of four times, each time
in June and September, in order to find out if the 2-month summer holiday (July,
August) has any effect on children’s BMI indicators.

2.1 Goal of the study

The first goal of the study is to compare BMI indicators in children who regularly
do sports, participating in the Special Olympics (SO) with non-sporty children.

The second goal of the study is to show the trend of BMI indicators and to find out
whether the 2-month summer holidays have any effect on BMI indicators in children.

2.2 Study participants

The study participants are children aged 6-20 years (boys and girls together). In
Table 1, we see the average age of all participants. SO participants have a mean of
13.6 years and a standard deviation of +2.8 years, and non-sporty children have a
mean of 12.5 years and a standard deviation of +3.1 years.

The participants are from two elementary schools in the Zlin Region in the Czech
Republic. (Both schools cooperate with the Czech Special Olympics Movement).
Children have mild or moderate ID. Three children with severe ID were excluded from
the study.

The number of SO participants (Table 2) was around 18 in each measurement,
and the number of non-sporty children was around 40. In total, over 50 children
participated in each measurement.

SO participants are children who regularly do sports in the selected sport or sports
which are organized by the Czech Special Olympics Movement (CHSO) in the given
region. Sporty children also regularly participate in sports competitions organized
by the Czech Special Olympics Movement. Throughout the year, the CHSO allows

Age SO Participants Non-sporty Children
Mean S. deviation Mean S. deviation
June 2017 14.3 2.8 122 32
September 2017 137 3.0 12.0 2.8
June 2018 133 31 13.0 29
September 2018 133 23 12.9 35
Average of four measurements 13.6 2.8 12.5 31
Table1.

Characteristics of the vesearch group according to the age of the participants.

June 2017 September 2017 June 2018 September 2018
SO participants 14 18 18 13
Non-sporty children 35 37 38 46
Total 49 55 56 59

Table 2.
Characteristics of the examined group according to the number of participants.
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children to play sports and compete both in summer sports, e.g. athletics, swimming,
bowling, football, floorball, cycling, etc., and in winter sports, e.g. downhill skiing,
cross-country skiing, and snowboarding.

All participants in the study have, as part of the compulsory education at their
elementary school, the subject of physical education, which has a time allowance of
2-4 hours per week (children with moderate ID have a higher number of hours of
physical education at each school, which is usually in the range of 3—4 hours per week).

2.3InBody device

The InBody 230 device was used to determine BMI indicators (Figure 1). InBody is
a very accurate device that has eight touch electrodes and measures the body segment
by segment. Using this device, it is possible to determine the exact composition of the
body (proportion of muscle mass and body fat), the recommended minimum caloric
intake, and energy expenditure in various sports.

BMI or body mass index is defined in kg (a person’s weight) per m” (the square
of a person’s height). It was developed as an indicator of disease risk because as BMI
increases, so does the risk of certain diseases. With the help of BMI, we can classify
every adult into one of the following categories:

* Underweight: under 18.5

* Normal weight: 18.5-24.9

Figure 1.
Measurements on the InBody device.
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* Overweight: 25-29.9

* Obesity first degree: 30-34.9

* Obesity second degree: 35-39.9
* Obesity third degree: over 40

BMI is also used in children and adolescents (aged 5-19 years), where the mea-
sured BMI value is compared based on the child’s gender and age with the Z-score
table created by the World Health Organization (WHO), separately for boys and
separately for girls. This places the child in one of the following categories: severe
underweight, underweight, normal weight, overweight, and obesity [35, 36].

2.4 Project management

Before the start of the study, a personal meeting was held with the principals
of the cooperating schools and a Cooperation Agreement was signed with them.
Consents for children’s participation in the study were then prepared for their parents,
and subsequently the consents were distributed to their parents for signature. The
study was also approved by the ethics committee of the Faculty of Sports Studies
(FSpS) in Brno.

The management of the implementation of the study continued to ensure the dates
of the measurements at the schools, to arrange a team of volunteers who went to the
schools to help with the measurements and to arrange the borrowing of the InBody
device from the FSpS (arranging a single date to suit everyone—it was not easy). As
part of the management of the entire project, it was necessary to ensure: uniform
T-shirts for volunteers, transport for volunteers, refreshments for all measurement
participants (which was a great motivation for the children to participate in the study),
and advertising banner with the sponsor’s logo. Forms for measurements and other
small things (disinfection, writing accessories, tape measure, etc.) were also provided.

Before the actual measurement, the station was being prepared. That is, InBody
had to be near an electrical outlet, at another station a meter was placed on the wall
to measure the children’s height, another station consisted of a table with chairs—the
entrance interview with the children took place there, etc.

Measuring children on the InBody was not easy at all, both for the children and
for the trained person operating the device (volunteer). It was very difficult for the
children to stand still for about 30 seconds on the electrodes of the device and to hold
the handles of the device in the given places with their hands. Often the children only
measured themselves on the second or third attempt.

2.5 Data analysis

The analysis and evaluation of the data were in program Statistica and Excel.
Using normality tests, we found that these are nonparametric data. That is, the data
do not fit a Gaussian normal distribution, and therefore, the median (a nonparamet-
ric quantity) is presented in the results instead of the arithmetic mean (a parametric
quantity that does not fit this data).

Analysis of variance, specifically Friedman’s ANOVA, was used to detect statisti-
cally significant differences at the 5% significance level (four measurements were
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Category Friedman ANOVA
P
BMI—SO participants 0.69859
BMI—non-sporty children 0.26948
MUSCLES—SO participants 0.43215
MUSCLES—non-sporty children 0.01066
FAT—SO participants 0.29574
FAT—non-sporty children 0.85901
Table 3.

Analysis of variance—Friedman ANOVA.

carried out at each school, on the same group of participants, so these are dependent
data). In Table 3, we can see that there is a statistically significant difference only
between the data in the muscle category in non-sporty children.

Due to the longitudinal research, data analysis (BMI, muscle, and fat) is also car-
ried out in terms of development trends.

3. Results
3.1 Comparison of BMI values in SO participants and non-sporty children

In Figure 2, we can see that SO participants have lower BMI values than non-
sporty children throughout the research period. Therefore, SO participants have a
slimmer figure.

SO participants have a convex trend where they have a different BMI value in
each measurement. Summer holidays therefore have no effect on the BMI value.

Trends in BMI in SO Participants and Non-sporty

children
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Figure 2.
Comparison of trends in BMI
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Non-sporty children have an unbalanced trend. They always have a lower BMI
value in September (in September 2017, they have 18.4 and in September 2018 they
have 20), i.e. summer holidays cause a decrease in BMI. And this change is not
statistically significant (see Table 3).

If we compare the children’s BMI according to their age (Table 1) with the WHO
tables created for children (both with the table for boys and with the table for girls),
we find that all participants are in the normal-weight category throughout the
research period.

When comparing the descriptive statistics (Table 4), we see a larger range in BMI
values for non-sporty children, as the minimum measured BMI values are around
12.30 and the maximum around 101. For SO participants, the minimum BMI values
are around 13.10 and the maximum values around 32. Here, we see a big difference in
the maximum measured values.

Non-sporty children have a higher BMI value of 0.25 to 2.05. During the entire
period of the 2-year research, SO participants have a clearly lower BMI value of 1.48
on average compared to non-sporty children.

3.2 Comparison of MUSCLES values in SO participants and non-sporty children

SO participants have an unbalanced trend (Figure 3). They always have a
higher muscle value in kg in September (in September 2017, they have 19.5 kg and
in September 2018 they have 18.5 kg of muscle), i.e. summer holidays cause an
increase in muscle mass. And this change is not statistically significant
(see Table 3).

Non-sporty children have an unbalanced trend. They always have a lower mus-
cle value in kg in September (in September 2017, they have 16.6 kg and in September
2018 they have 18.5 kg of muscle), i.e. summer holidays cause a loss of muscle mass.
And this change is statistically significant (see Table 3).

When comparing the descriptive statistics (Table 5), we see that non-sporty
children have less muscle by 2 kg (June 2017) and 2.85 kg (September 2017) in the

Trends in MUSCLE in SO Participants and Non-sporty

children
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Figure 3.
Comparison of trends in muscle.
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Trends in FAT in SO Participants and Non-sporty children
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Figure 4.
Comparison of trends in fat.

first two measurements. In the third measurement, non-sporty children have 3.40 kg
more muscles, and in the last measurement, both groups have the same amount of
muscle.

From the point of view of the measured minimum values and also according to
the standard deviation, we see a greater range of muscle mass in sports children. SO
participants have on average 1 kg more muscles than non-sporty children.

3.3 Comparison of FAT values in SO participants and non-sporty children

In Figure 4, we see that SO participants (blue color) have lower body fat values
than non-sporty children in three out of four measurements.

SO participants have a convex trend where they have a different amount of fat in
kg at each measurement. Summer holidays have no effect on body fat.

Non-sporty children have an unbalanced trend. They always have a lower fat
value in kg in September (in September 2017 they have 9.3 kg and in September 2018
they have 10.4 kg of fat), i.e. summer holidays cause body fat loss. And this change
is not statistically significant (see Table 3).

When comparing the descriptive statistics (Table 6), we see that non-sporty
children have more fat by 1.25 to 5.40 kg in the first three measurements. In the last
measurement, non-sporty children have 0.80 kg less fat.

From the point of view of the maximum and minimum values and also accord-
ing to the standard deviation, we see a greater range of body fat in non-sporty
children. SO participants have an average of 1.3 kg less fat than non-sporty
children.

4, Discussion

The results clearly show that SO participants have a lower BMI value of 1.48, and
they also have 1 kg more muscle and 1.3 kg less fat compared to non-sporty children.
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Sports and physical activity are therefore important factors for children with ID in
shaping their body composition. A number of authors agree on the positive effects
of sport for children with ID, but they describe the effects of sport rather gener-

ally, i.e. that sport in children leads to physical and psychological health [32], to the
improvement of functional indicators such as increasing the aerobic capacity of the
lungs, lowering the heart rate, and lowering the blood pressure. Furthermore, as a
result of adaptation to physical stress, tendons become stronger, muscles grow, and
bones become stronger. In the psychological field, sport leads to an increase in self-
confidence, visibility, and higher subjective satisfaction of a person [33, 34, 37]. Itis
also proven that regular exercise has an effect on daily life in children with ID—on the
area of self-care, i.e. progress was found in food, clothing, personal hygiene, and also
communication [38].

For non-sporty children, their BMI values decrease during the summer holidays.

It follows that during the summer holidays (when children do not have to sit in school
desks for several hours every day), children have much more physical activities, which
have a positive effect on their body composition. At the same time, it seems that the
children only engage in spontaneous movement and not targeted sports activities,
because their muscle mass and amount of fat decrease during the summer holidays.
(Regular physical activity would be a prerequisite for an increase in muscle mass in
children).

Both SO participants and non-sporty children are in the normal-weight category
according to BMI throughout the 2-year research period. Czech children are not
obese. Obesity is agreed upon by a number of foreign authors, according to which
roughly 20-50% of children with ID have obesity [8, 9, 18, 21, 22].

In the Czech Republic (CR), the school system for children with ID is well set up,
as even non-sporty children are in the normal-weight category. The 2 to 4 hours of
physical education per week that all children have at school is therefore sufficient for
them. The whole range of activities that teachers and children engage in throughout
the school year is also important. Part of the regular education includes, for example,
self-service training, preparation of simple meals, various school trips during the
year, music therapy, snoezelen (a specially designed room to support the perception
of all the senses contains, for example, a water cylinder, starry sky, water bed, aroma
lamp, etc., to calm down and reduce stress and tension), canistherapy, basal stimula-
tion, etc. Another important factor is that only trained teachers who understand their
work can work in schools in the CR, and children therefore have professional teaching
in all subjects.

5. Conclusions

SO participants have a convex trend in BMI, with summer holiday having no effect
on their BMI. Non-sporty children have an unbalanced trend in BMI, and summer
holidays cause their BMI values to decrease. During the entire period of the 2-year
research, SO participants have a clearly lower BMI value of 1.48 on average compared
to non-sporty children.

SO participants have an unbalanced trend in their muscles, and the summer holi-
days cause an increase in their muscle mass. Non-sporty children also have an unbal-
anced trend in their muscles, and summer holidays cause a decrease in their muscle
mass, and this change is statistically significant. SO participants have on average 1 kg
more muscles than non-sporty children.
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SO participants have a convex trend in fat, with summer holiday having no effect
on their fat. Non-sporty children have an unbalanced fat trend, and summer holidays
cause their body fat to decrease. SO participants have an average of 1.3 kg less fat than
non-sporty children.

Overall, children with ID in the Czech Republic have very good results in BMI
indicators, as both sports and non-sporty children have a normal weight. Czech
children have much better results in BMI indicators than children abroad.

The results clearly show the great importance of sports and physical activities for
children with ID, as well as the well-established school system in the Czech Republic
and its cooperation with the Czech Special Olympics Movement, which enables chil-
dren to do sports all year round. The current trend of education and the Czech Special
Olympics Movement should be maintained in the future.
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Chapter7

Weight Loss through Aquatic
Exercise

Fariba Hossein Abadi

Abstract

Obesity is one of the main causes of unwanted health-related issues. Obese
people have a more limited ability to keep fit although they are seriously willing to do
exercise and improve their physical fitness. While there are numerous methods and
programs to reduce weight through land-based exercises, there still exist reluctance,
discomfort and risks of injury during exercise for obese people. However, an effective
exercise program should plan at a moderate intensity level with low-perceived exer-
tion for obese people. Then aquatic exercise can be purposed as a convenience exercise
without joint strain and high impact. Considering the physical properties of water,
aquatic aerobic exercise not only can increase metabolic demand and burn calories
but immersing the body in water provides a non-weight bearing exercise option.
Consequently, the relevant knowledge about aquatic exercise assists to provide proper
exercise programming as well as consideration of physical fitness programs for obese
who are unwilling to do land-based exercise. As a background of obesity prevalence is
presented in this chapter, there are focuses on aquatic exercise definition and its ben-
efits as well the exercise prescription for weight loss. Then, a perspective of aquatic
exercise for obese people and concise guidelines are reviewed in this chapter.

Keywords: aquatic exercise, weight loss, obesity, obese people, aqua exercise
prescription

1. Introduction

This chapter will explain weight loss through aquatic exercise. This section focuses
on a concise of obesity prevalence, aquatic exercise definition, and its benefits for
obese people. Besides that, this chapter will explain the aquatic exercise prescription
designed for weight loss, as well. Hence, this chapter creates an opportunity to extend
the superiority of aquatic aerobic exercise as a convenient and effective exercise train-
ing method to lose weight and improve physical fitness components, which led to the
reduction of the health risk factors for different overweight and obese groups.

1.1 Obesity definition and BMI

Obesity is commonly defined as having great body mass. Then, Body Mass Index
(BMI) is a term that is mostly applied to determine the weight in link to stature or height.
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Basically, BMI is particularly computed as an individual’s weight in kilograms divided by
the square of height in meters which shows via kg:m unit. Commonly, the American
College of Sports Medicine (ACSM) guidelines define the overweight class as a BMI of
>25, the obese class as a BMI of 230 kg.m’z, and the extremely obese class as a BMI of
>40 kg.m™ [1], while Suissa et al., based on WHO report in 2020, have displayed the dif-
ferent BMI values for adult men and women across the globe [2]. In this regard, there are
different BMI values for different countries worldwide, for example in South East Asia
BMI of >28 kg.m ™ is defined as obesity class. In addition, another accurate definition

by WHO [3] considers abdominal obesity through a waist-to-hip ratio (WHR) which in
men is more than 0.90 and for women, it’s a ratio of 0.81 or more.

1.2 Obesity prevalence

In general, overweight and obesity are caused by additional accumulated fat
in adipose tissues which is the main cause of unwanted health-related issues. It is
approximately half a century (since 1975) that obesity has almost tripled globally.
Alam, and Agrawal [4] stated according to WHO report [5], more than 1.9 billion
adults in the age of 18 years and older, were categorized as overweight class, while
650 million of those were in the obese class (BMI =30 kg.m’z) [4]. In addition, right
before the COVID-19 pandemic (in 2019), it was estimated that 38.2 million children
(<5 years old) were in the classes of overweight or obese. Even though previously
overweight and obese were tabled as a problem in the high-income country, currently
being overweight and obese are on the rise in low- and middle-income countries,
specifically in urban settings [6]. However, the evidence displayed since 2000, the
number of overweight children (<5 years old) has augmented by nearly 24% in
Africa. Approximately half of these overweight or obese children (<5 years old) were
in 2019 and lived in Asian countries. In 2020, also, there were 39 million children
(<5 years old) were classified as overweight or obese. Meanwhile, Afshin et al., in
the study entitled “Health effects of overweight and obesity in 195 countries over 25
year” stated the World Health Organization estimated that till 2018, 39% of adults
were overweight and 13% of them were obese in the world. They also stated in 2015,
there were overall 107.7 million obese children and 603.7 million obese adults, which is
expected to rise in the future [7].

Nowadays, it is well-documented that obesity is a complicated health problem and
it is outcomes from contributing several factors, such as genetics, individual behav-
iors (e.g., physical activity and dietary habits), the cultural and community environ-
ment. It also can be the result of the effect of disease or medications. In other words,
physical inactivity, daily anxiety stressors, increasing sitting time and unhealthy food
intake result in overweight and obesity. However, the rate of sitting time and seden-
tary lifestyle most likely will lead to obesity which indirectly can affect dramatically
on cardiorespiratory health [8].

However, excess fat impairs the organs and body systems function, leading to mul-
tiple health problems and even decease. Heart disease, diabetes, hypertension, hypertri-
glyceridemia and some forms of cancers are altogether related to obesity and can be fatal.
Meanwhile, other health disparities conditions such as low-back pain, osteoarthritis,
sleep disorder, psychological impairments, and reproductive issues are also common
although not life-threatening. Then, overweight and obese people need to access superior
knowledge to manage their weight to an ideal and healthy condition. However, obese
people need to do lifestyle modification and significantly target three key components
including a healthy diet, regular exercise, as well as behavior therapy [1].
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Hence, to avoid the epidemic of high cardiovascular risk conditions and the rel-
evant diseases, such as obesity, diabetes, and hypertension people must change their
sedentary lifestyles toward a physically active lifestyle. In that, engaging in physical
activities such as aerobic exercise programs have been a popular choice among the
obese community. Then, obese people are required to improve their health and fitness
and nowadays in modern life which is more vital and valuable during their young ages.

However, metabolic demands can greatly rise during and after exercise. It is obvi-
ous these increases result in superior caloric expenditure which is highly dependent
primarily on the type of exercise. On this point, particularly aquatic aerobic exercise
as a convenience, non-weight bearing exercise for individuals who are obese or over-
weight can be recommended as a significant intervention program not only for weight
loss but for the betterment of cardiovascular fitness also.

2. Aquatic exercise program for obese people

Although several research studies were directed to reduce weight and enhance
well-being through exercise programs carried out on land, there still exist difficulty,
discomfort and risks of injury when performing programmed exercise for obese
people. Besides, the obese population has also shown reluctance to exercise due to
being ashamed of their body feature.

It should be considered that the exercise programs are challenging due to the
limited ability of obese people to perform the exercise more effectively without joint
strain, high impact, injury risk, and the overall discomfort associated with land
exercise [9]. Then, water-based exercises are also highly beneficial to overweight or
obese individuals.

Meanwhile, previous studies suggested that an exercise program with moderate
intensity levels and low perceived exertion should be proposed for the obese as an
effective exercise program, particularly for obese people with poor mood status and
low self-efficacy. Therefore, water-based exercises are a suitable alternative form of
exercise for the overweight and obese population. The following sections focus on
aquatic exercises and their benefits for obese people.

2.1 What is aquatic exercise?

The aquatic exercise consists of an exercise program that is performed in water.
According to Aquatic Exercise Association, water-based exercise or aquatic exercise
programs were first developed by the National Arthritis Foundation YMCA [10], for
therapeutic medium and health care services [11]. In the past four decades, a variety
of specific aquatic exercises have developed to achieve rehabilitation and fitness
purposes for people with difficulty in physical exercise on land. In addition, several
studies verified aquatic exercise not only can enhance the health-related fitness
components including cardiovascular fitness, muscle strength and muscle endurance,
flexibility and balance, but it can decrease quickly the body fat percentage of obese
patients with arthritis and also among disabled population and elder people. It has also
a significant multiple health outcomes and positive physical and psychological effects
[11]. Moreover, an aquatic exercise program which is also entitled water aerobics, aqua
aerobics, shallow or deep-water walking/jogging/running or aqua biking/spinning
exercise, or similar heading names. It is reported that they are safer than land-based
exercise to decrease the risk of injuries and difficulty of exercising [12].
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All types of the aquatic exercises require water-immersed and typically are per-
formed as aerobic exercises in shallow water media like a swimming pool. The aquatic
exercise is mostly performed vertically, without swimming strokes skills and typically
in waist-deep, chest-deep or deeper water a type of resistance training.

However, any apparent restrictions like obesity, low levels of physical fitness,
locomotion difficulties caused by aging, and some disabilities, or diseases can limit
the ability of people to exercise [13]. In that, due to this limitation, aquatic exercises
can be offered as a suitable alternative compared to land-based exercises.

2.2 Relevant terms for aquatic exercise

Aquatic exercise as an alternative exercise program is also called:

Water exercise programs, Water-based exercise, Aqua/water aerobics, Shallow or
Deep water walking/running exercise, Aqua aerobic exercise, Water-based exercise,
Aqua fitness, Aqua Yoga, Aqua Zumba, Aqua cycling, Aqua spinning and so on [1].

3. Benefits of aquatic exercise for obese people

There are several advantages of aquatic exercise for the obese population including
the following:

* High energy demanding (easy to burn calories)

* Improved cardiovascular stamina

* Increases vital energy

* Low impact exercise; weightless (Perceived rate of exertion is less)
* Lessens of the gravity effect

* Lessens heart disease risk factors

* Hydrostatic pressure to assist venous return

* Easier to adhere to do exercise (due to cool media, comfortable, relaxing and

hidden the fatness and body shape)
* Great place to start water walking (Xiphoid depth)
* Self-selected speed
* Emphasize safety
* Provide relaxation; feel weightless
* Less fear of falling or injuring self in the water

* Mental aspects of water; reduces anxiety, depression, ...
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3.1 Aquatic exercise and energy expenditure

Physical properties of water allow it to be a valuable tool in physical conditioning
and exercise. The density of water is determined nearly 800 times of air. Then,
workout in the water media provides high level of demanding and expending energy
with less essential effort to the body to burn calories in order to losing weight [9].
Furthermore, numerous studies have examined the impact of different aqua aerobic
exercises on obesity and cardiovascular risk factors. They revealed the significant
heightening in health advantage in elderly people similar to aerobic exercise on land
[14, 15]. A previous study conducting a program of aquatic exercise (12 weeks, 3 days
weekly, 70 minutes) showed significant enhancement in cardiorespiratory fitness.
The study also revealed a decrease in body fat percentage (8% reduction in skin-fold
thickness), an increase in peak VO, (12%), muscular strength, and a diminish in total
cholesterol in older-adult women [16].

Furthermore, several types of research clearly indicated that obese people
are effectively able to expend energy or burn calories in a vertical position of aquatic
workouts. It seems that the resistance of the water makes up for the reduced workload
associated while there is non-weight bearing in the buoyant media [1]. The most
effective variables that increase the burning calories as energy expenditure during
aquatic exercise in vertical immersion in the water include the following:

* Depth of water that effect on weight bearing, movement control, and the
resistance quantity.

* Movement speed that acts on the quantity of dragging propulsion and resistance.

* Amount of force which act against the water resistance (e.g., workout intensity;
more calories you burn if the work is harder).

* Length of the individual limbs, which affects the amount of resistance which
encountered during moving against the water.

* Environmental aspects such as water temperature of water and air, humidity and
chemicals.

Table 1 Shows the comparison of energy expenditure of the exercising in the
land-based versus the water-based exercise. The energy expenditure estimated for
30 minutes workout for a person with 70 kg with xiphoid level of immersion (tolerate
of 25% of total weight).

Land-based (calories) Water- based (calories)
Walking: 102 Walking: 220
Jogging: 230 Jogging: 340
Aerobic: 175 Aerobic: 240
Table 1.

Comparing energy expenditure of aerobic activities on land vs. water (estimation for a person with 70 kg and
30 minutes workout).
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C7: 10%

Xiphoid: 25%
ASIS: 50%

Figure 1.
Depth of water immersion and weight bearing.

3.2 Depth of immersion on weight bearing

There are numerous studies that investigated the influence of body immersion
levels and the intensity of aquatic exercises. Firstly, the rate of perceived exertion
(RPE; 0-10 scale; exercise intensity) is higher at the hip level immersion compared
to immersion up to the chest. The increased scale of RPE may be due to the higher
intensity of drag forces acting in the lower limbs, as compared to those acting in the
trunk and upper limbs when partially immersed. Secondly, shallow water reduces the
buoyancy and increases ground reaction force and then the changes in the neuromus-
cular pattern of active muscles at different levels of the body in the water.

When comparing shallow-water versus deep-water exercises, the physiological
demand seems to be lower for deep-water exercises which are helpful for individuals.
In total immersion position, weight-bearing is affected by the water depth owing to
buoyancy as well. As Figure 1. shows, in general, weight-bearing is depending on
water immersion level which determined at the seventh cervical vertebral level (C7),
the xyphoid, and the anterior superior iliac (ASIS) approximately 10, 25, and 50% of
their body weight, respectively [12].

Then, decreasing depth of water is one way to progress lower extremity weight
bearing. However, the depth of immersion can reflect static weight bearing, and
effect on the speed of movement like fast or slow walking or running in water. In that,
exercising in water makes feel about 90% lighter while viscosity of water creates a
resistance exercise atmosphere. In another words, this condition makes water exer-
cise, with low impact, an ideal activity for obese people. In summary, aquatic aerobic
exercise will increase energy expenditure while the body immersing in water and
weigh up to 90% (neck-line) less than on land and it is non-weight bearing nature
[12]. Meanwhile, although a few aquatic studies reported there was no improvement
in weight loss, those planned appropriate aquatic exercise programs (e.g., frequency,
duration, intensity and study length) have clearly resulted in weight loss [1].

4, Precautions and contraindications

In spite of aquatic exercise program can effortlessly assist to lose weight, and
improve quality of life among obese population, many obese still have limitation
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and difficulty to join the aquatic exercise. Therefore, while the advantages of aquatic
exercise are considerable, the potential risks also should be determined to create
appropriateness of aquatic exercise program. In that, the policies and procedures
should be specified basis of the precautions and contraindications [1, 12]. Some of the
special precautions and contraindications include the following:

* Fear of water (water phobia)

* Neurologic disorders

* Uncontrolled Seizures

* Cardiac/respiratory dysfunction

¢ All infections and open wounds

* Contagious skin rashes

* Kidney disease (inability of urine output)

* Chlorine or bromine allergy

* Unstable blood pressure

* Uncontrollable bowel/bladder

* Non-tunnel catheters

* Epilepsy (problems with glare)

* Aspiration

* Severe impulsivity

* The danger of bleeding or hemorrhage
4.1 Warning signs

It is important to monitor the obese individual either during exercise time, or while
they relax at a normal water temperature. It is not only essential to start the aquatic
exercise program with 50-55% of intensity, but the below warning signs are always
considerable during each session:

* Light-headedness

* Nausea

¢ Headache

¢ Dizziness
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* Increased pain
» Agitation

* High fever

5. Aquatic exercise as fitness and weight loss program

While a variety of physical activity and exercise program has provided health
and weight management program, in the past four decades, aquatic exercise training
became an alternative and favorable program for fitness and rehabilitation purpose for
obese or people who have physical difficulty exercising on the ground [9]. In addition,
proper breathing technique consists of controlling time of inhale, exhale, and hold-
ing breath during exercising significantly improve the capability of cardiorespiratory
fitness (CRF) and some cardio metabolic biomarker [17]. While the risk of cardio-
vascular disease increases progressively when blood pressure (BP) indicates above
115/75 mmHg [18] among obese people, water-based exercise is as an effective method
of physical activities and exercise to decrease stress and high blood pressure [19, 20].

Typically, water applies as a resistance for similar exercises that normally are
done on land, such as jogging or jumping jack. It is mostly performed with individu-
als who are not skilled in swimming strokes. Additionally, aquatic exercise offers
equal benefits as other types of exercise, but it provides a lower risk of injuries to the
muscles and joints while recovering cardiorespiratory fitness, muscular fitness, body
composition, agility, flexibility, and also blood lipids in obese populations and older
adults [12].

Besides, water-based exercise, also called aqua aerobics, aqua exercise, aquatic
dance exercise, water workouts, or hydro aerobics, is an activity that can leave
participants feeling exhilarated. Water exercise often performed to music, provides a
workout for the heart and lungs, as well strengthening and toning muscles [11]. It is
obvious that being free from the effects of gravity makes movement easier in water.
Interestingly, anyone can have fun in a water exercise class. Individuals do not have to
be able to swim and do not need previous experience to achieve success. Some aquatic
classes use music during the workout. Obese participants in water aerobics classes
(at least 30 minutes) can effortlessly burn about 300 calories. Many workouts in the
aquatic classes include stretching exercises, kicking, jumping, squats, dance move-
ments and warm-ups, a cool-down or relaxation period.

Aquatic aerobics exercise is commonly more low-impact than land-based exercises,
while participants have higher energy expenditure due to the resistance of water. Also,
movements tend to perform with slower speed because of the water viscosity.

5.1 Aquatic aerobics exercise programs

Aquatic aerobics exercise, as one of the modern forms of exercise, is becoming
more and more popular among the public, specially for obese women. It is a type of
resistance training in the water. Aqua aerobic exercise supports the body weight to
reduce the risk of injury to the joints and muscles. During stretching the legs in the
water, the buoyancy force gives less stress on the joints, which allowed maximum
range of motion in water. Aquatic exercise can also improve physical and mental
health and overall, the quality of life.
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In any aquatic program format, all elements of the program including the needs
and abilities of participants, the purpose of the session, the size and shape of the pool,
equipment availability, water temperature, and the environment must be considered.
According to the American College of Sports Medicine [21] recommendations, the
components of training sessions for aquatic exercise are also included a warm-up,
conditioning or specific sport-related exercise, and finally stretching and relaxation
as a cool-down [1, 11].

Warming-up: An aquatic exercise session warm-up involves a thermal warm-up,
pre-stretch, and cardiorespiratory activity continuing at a minimum of 5 minutes.
This section will be instructed in a variety and creative ways based on the specific
objectives of the aquatic program.

Conditioning phase: in general, the conditioning phase consists of the primary
exercise mode such as cardiorespiratory or aerobic training, muscular strength and
endurance, stability, flexibility and neuromotor exercise. A conditioning phase in any
session can purposively be the combination of these exercise modes.

Cooling-down: Even though, cooling-down can be optional in a session of aquatic
exercise, in most aquatic fitness programs, it still consists of two parts including
the cardiorespiratory cool-down and the post-stretch. In this part, stretching, deep
breathing technique, relaxation movement and self-care and free activity in the water
also can usefully be recommended.

5.2 General recommendations

Even though water is a lenient and versatile exercise medium, sometimes older
adults, elderly, and obese people will not able to safely perform movements exactly
as instructed or intended. Then, the participants’ ability, the movement purpose,
the class purpose, and the modifications possibility or optional movement should be
considered when planning aquatic exercise programs. Using general recommenda-
tions for any section of the class and various formats can be attractively designed to
keep aquatic classes engaging, provide training variety and motivate obese partici-
pants. Therefore, to get started and adhere to aquatic exercise till the ideal weight the
following are suggested:

* Exercise with music
* Listen to your body respond
* Take time to conduct periodic assessments

* Record your activities regularly

If any health problem arises, visit a physician
5.3 Programming considerations

* Safety

Steps, ramps, and ladders may serve as access for safe entry and safe exit at the
pool. Participants should be reminded to wear shoes and be aware of clothing to
prevent slips or falls and chafing.
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* Programming

Exercises that cause discomfort shall be avoided, specifically for those with
musculoskeletal considerations, who might need to have an alternative program
with low-impact intensity in shallow water. However, to plan an appropriate aquatic
exercise program the below factors are considerable:

* Leadership skills
* Suggest the option of wearing aquatic that makes them feel more comfortable.

* Equipment and the knowledge of the usage of each aid-assistant. For example,
drag resistance is most suitable for training progression and buoyancy resistance
like hand bars may compromise body control.

6. Aquatic exercise guidelines
6.1 Aquatic exercise prescription

According to ACSM [21], a reduction of 3-10 percent of initial weight over
3-6 months by an aerobic exercise program at a moderate intensity level with resis-
tance training is recommended. Then, obese people need to do exercise a minimum
of 5 days per week. In other words, the goal of weekly exercise activity should be
300 minutes per week, or approximately 60 minutes per day to burn 500-600 kcal as
shown in Table 2 [1, 7].

6.2 Aquatic exercise intensity

It is essential to monitor aquatic exercise intensity levels to achieve a significant
weight loss result. In addition, the ACSM [21] guidelines advise obese people to start
aquatic exercise somewhat easily and continue the workout with moderate exercise
for along time. Based upon the Borg Rating of Perceived Exertion (RPE) the Aquatic
Exercise Intensity Scale for weight loss purposes is recommended as below:

Start with ~50-55% Aquatic HR: Somewhat easy RPE level. At this intensity level,
you feel that you can continue exercising for hours. You can still easily speak in full
sentences and have conversations while the breathing and heart rates are slightly
increased.

Intensity Type Frequency & ~kcal Example of
duration movement

Low to moderate- Aerobic interval 3 sessions weekly, 500-600 2 minutes of hard

with resistance (1:1 ratio) 60 minutes skier jumping jack

extension (work):
2 minutes steady
wide walk/jogs
(recovery)

Table 2.
A summary of aquatic exercise prescription.
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Continued with ~60-65% Aquatic HR: Moderate RPE level. At this intensity level,
you could do the exercise for a long time. Your breathing and heart rates will notice-
ably start to rise. Your body is sweating, which reminds you of going beyond a normal
exercise level as the muscles feel contractions and start working. Then, at this level, you
could continue the activity for a while before having to rest or stop. The proper example
to compare this moderate intensity is a brisk walk or like walking up a slight incline. In
this condition, you are still able to say four to five words before taking a breath [1].

6.3 Determination of aquatic heart rate

Firstly, stand out of the pool for 3 minutes, and after that determine the heart rate
(HR) for 1 minute. Then, similarly, determine a one-minute HR after 3 minutes of
standing in the water (submerging at the axillary level of depth). The aquatic HR is
determined by subtracting the standing HR in the water from the standing HR out of
the water. It should be mentioned that this deduction will be used via the Karvonen
formula to determine the target heart rate [1].

However, it is obvious that environmental conditions, medication, caffeine, exces-
sive activity, or unnecessary movement can affect heart rate response once entering
the pool. Then, proper supervision should be considered to minimize these factors
[11]. However, important factors that influence aquatic exercise Heart Rates (HR) are
shown in Table 3. In that, carefully applying a proper heart rate is always advisable.

6.4 Immersion level

The buoyancy of the water not only allows it easily to modify high-impact
activities, but the immersion in water also reduces the risk of side movements. It also

Factors Effect

Water temperature Water is more efficient to cool the body than air. This cooling reduces the impact
of heat stress during exercise and allows lowered heart rate response. Then, cooler
aquatic media does not allow the heart to work as hard to drive out the produced
excess heat during exercise.

Gravity The water buoyancy lessens the gravity effect on body mass.
Bloodstream from extremity limbs assists the heart with less effort, resulting in a
lowered heart rate.

Compression Water acts on all body systems (vascular system) such as compressors and it causes
areduced venous load to the heart than equivalent land-based exercise. In that, the
heart with lesser working returns blood from the extremities.

Partial pressure A molecule of gas under pressure more readily enters a liquid. Oxygen isa gas and
blood is a liquid. So, a gas transfer might occur more efficiently due to the pressure of
water. This better gas exchange results in a reduction of the requirement of increasing
heart rate and bloodstream and finally leads to a lesser workload for the heart.

Hydrostatic pressure While an individual horizontally floating (prone or supine position), hydrostatic

and immersion pressure aids in returning fluid and blood to the heart and lymphatic fluid return.
It also makes lower working heart rate and affects respiration (HR is 13-17 bpm on
average lower in the water) which consequence in increased vital capacity.

Reduced body mass Since you weigh less in the water, a reduction in body weight might be partly
responsible to have lower aquatic HR.

Table 3.
Influence factors on aquatic heart vates (HR) during exercise.
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supports weight for single-limb activities which are too challenging on land. Weight-
bearing is affected by the depth of water owing to buoyancy as well. In general, for
obese participants, immersion level is recommended on the xiphoid and the anterior
superior iliac (ASIS) level with approximately 25% of the body weight [12].

6.5 Water temperature

The water temperature range is suggested to be set between 27 and 30°C (80-86°F)

for overweight and obese participants as well as the tempo of the exercise [9].

6.6 Aquatic program formats
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* Circuit training:

Circuit training is often an instructor-guided program referred to as station train-
ing with any combination and various stations.

* Interval training:

Interval training is implicated in a series of training cycles where the ratio of work-
rest sets the basis for training.

* Dance-oriented programs:

The dance-oriented program includes A variety of dance classes with specific
styles of dance, like hip-hop, ballet, ballroom, or traditional and ethnic rhythms
dances.

* Stride training (Walk and Jog):

Stride training can be designed through striding patterns such as forward and
backward walk/jog, and sidewalk/jog. It is also incorporated in different water
depths as a warm-up or cool-down format for other aquatic exercise programs also.
Walking and jogging training is carried out on treadmill, also.

* Aqua cycle program:

Aqua cycle program or aquatic cycling can be designed with a circuit-training
workout or interval training for the improvement of cardiorespiratory fitness.
Aquatic cycling can also focus on muscle conditioning also.

* Aqua-step:

An aquatic step program can be set up for the improvement of cardiorespiratory
training, muscular fitness, or neuromotor activities. A step (a proper bench or a
platform) to step up and down is needed during a class.

* Aqua-pole:

Aqua-Pole exercise format can focus on various health, fitness and rehabilitation
protocols. The training program is designed to improve not only overall fitness,
but posture, muscular strength, and toning, and also included choreographic
techniques to challenge agility, coordination and cardiorespiratory endurance.
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* Aqua-trampoline:

Mini trampoline as the elastic nature can offer for unique workout at a low-impact
exercise option in water media. In addition, during all movements core muscles
need to actively be involved since trampoline surface is unstable.

* Muscular conditioning programs:

This type of training focuses mainly on muscular fitness. It is also offered as a sta-
tion of a circuit training program for muscle conditioning with specific segments.

* Martial arts programs:

Martial arts—style classes are performed by assigning movement patterns and
techniques such as kicks, punches, and blocks into the water. It is carried out with
a high-intensity, highly resistive, while it is still an option with a lower-impact
exercise [1].

7. Summary

The aquatic exercise program is a non-weight bearing exercise that increases
energy expenditure while the body is immersed in water. Aquatic exercise not only
can be recommended as a desirable body composition and weight loss for obese
people but as an overall health-related fitness component, also. Water-based exer-
cises, specifically aquatic aerobics, can easily help to promote fat loss. As well, the
body can build lean tissue or muscle mass while working against the three-dimen-
sional resistance of the water (viscosity). The most effective aquatic exercise program
formats for weight loss are comprised of striding (walking/jogging) in shallow or
deep depths of water, aquatic step, martial arts style, aquatic dance, aquatic cycling
or spinning, and circuit and interval training in shallow water. The training ses-
sions include warm-up, conditioning, stretching and relaxation as a cool-down. The
immersion level is mostly recommended on the xiphoid level with approximately
25% of the body weight and the water temperature should be set between 27 and
30°C. For all aquatic exercise programs, obese people should preferably exercise a
minimum of 5 days per week for 60 minutes per day at a moderate intensity level with
resistance training. Carefully determining aquatic heart rate in order to exercise with
an appropriate heart rate and moderate intensity is always advisable. Considering the
advantages of aquatic exercise programs, the limitations and potential risks for obese
people also should be determined and all special precautions and contraindications
need to be thought out.
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for their body. A healthy body and ideal weight can be achieved with proper nutrition
and lifestyle, starting from childhood and even infancy. Therefore, it is important for
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