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Abstract:

An anthropometrical nutrition study was performed in order to identify poor nu-
trition due to excess calorie intake among six to eleven year-old school children in
Aruba, and to identify the features of these dietary issues within the population
studied. It was found that 26.5% of the population was obese and 10.6% was
overweight. 124 children were found to be morbidly obese with a predominant
central distribution of body fat. The obese children were generally tall for their
age, which indicates that this characteristic in the population studied is related to
exogenous or secondary obesity resulting from low levels of moderate and in-
tense physical activity and poor dietary habits.
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Introduction

Obesity is a pandemic that affects various age groups, regardless of race, sex or
social status™’. Obesity has adverse consequences on body functions, which
causes alterations in various body subsystems3’4’5 and affects the morbidity and
mortality rates of a population by significantly increasing the incidence of type Il
diabetess, arterial hypertension7, cardiovascular and cerebrovascular diseases,
some types of cancer’, and obstructive sleep apnealo, among others. It should
receive special attention and care when found in children.

In recent years, the number of children suffering from this illness has increased at
an alarming rate, which means that diagnosis and treatment should be per-
formed as early as possible due to health conditions that may arise during child-
hood. Obesity is one of the principal causes of high blood pressure in children and
adolescents, and vascular complications in young adults; it is also a significant fac-
tor in the increased prevalence of adult obesity due to an increased number of
adipocytes, which lead to increased deposits of neutral fats in later stages of
life'**2,

The purpose of this study was to identify obesity in six to eleven year-old Aruban
school children, and determine the most important features of this illness in the
affected population.

Methodology

In order to determine the prevalence of poor nutrition due to excess calorie in-
take among the six to eleven year-old population in Aruba, an anthropometrical
nutrition study of 3952 school children was performed.

Measurements were made using the technique described in Weiner and Lourie’s
International Biological Program®™. Weight; height; tricipital, subscapular, and
suprailiac skin fold thicknesses; and arm, waist, and hip circumferences were
measured. Height/Weight, Weight/Age, Height/Age, Waist/Hip Ratios, Body Mass
Index, Areas of Fat and Muscle in the Arm, and Tricipital/Subscapular Skinfold Ra-
tios were calculated. The results of these measurements, except for waist/hip and
tricipital/subscapular skinfold ratios, were classified by comparison to reference
percentiles published by the WHO™ *°.

The results of all measurements and ratios were evaluated as a whole in order to
determine the nutritional state of each individual studied. These individuals were
then classified as obese, overweight, normal or healthy, or malnourished.

Results

Of the 3,952 Aruban school children studied, 179 (4.5%) were malnourished, 2309
(58.4%) were healthy, 418 (10.5%) were overweight, and 1046 (26.5%) were
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obese. A total of 1464 (37.0%) of these school children were overweight for their
age and sex. Of the 1046 children found to be obese, 468 (44.7%) were girls and
578 (55.2%) were boys. Table 1.

The proportion of obesity found among the research population, grouped by age
and sex, can be found in tables 2, 3, 4, 5, 6, and 7. 124 children were found to be
morbidly obese.

Discussion

In recent years, scientific literature has suggested that childhood obesity is one of
the most significant health problems found in practically all populations studied.
This was confirmed in a review of data provided by studies performed on 137,593
individuals from 34 countries, which underscores the need to understand the be-
havior of this scourge in order to work on protecting the health of the popula-
tion™®.

The results of this study are in agreement with the results given by other authors,
which point to an alarming increase in childhood obesity in both rich, industrial-
ized countries and poor or underdeveloped countries, even though the physiopa-
thogenic mechanisms of such increases differ'” 18,19,20,21, 22

It has been reported that the proportion of overweight and obesity among chil-
dren is between 25% and 42% in countries such as the United Kingdom, Portugal,
Greece, and America, among otherg®® 2021, 22,23, 24

Within the population used for this study, the proportion of obese children in-
creased with age, from 21.5% in six-year-olds to 33.7% in 11-year-old children.
This tendency has also been observed by other researchers, who express their
concern for the impact this problem can have on children’s health both during
childhood and later on in their lives as adolescents and adults; they also express
concern for these individuals' ability to eventually contribute to societal develop-
ment, due to the difficulty manifested by a significant number of obese children in
developing skills and abilities, especially during the more severe stages of the ill-
nessZS, 26, 27.

In the population of school-age children studied, the height index for the obese
and overweight subgroup (39.7% and 21.0%, respectively) was generally higher
than for the healthy and malnourished children (15.5% and 12.8%, respectively).
Table 8.

One of the most frequently studied aspects of childhood obesity is its influence on
growth and development. It has been suggested that an obese child will seem to
grow at a faster rate than a normal child and there has been much debate
whether sexual or bone maturation in obese children is accelerated®®.

A positive correlation has been found between adiposity (percentage of weight in
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fat) and the height of an obese child, while others point to early onset (before one
year) as the most significant factor, and it has been reported that individuals with
early onset obesity show increased lean mass, in addition to increased total body
mass, which means they will grow more®®?,

Obese children show more advanced skeletal and sexual maturation compared
with children of the same age group. Likewise, obese children have been observed
to be tall for their age, especially children whose obesity began in infancy.

The fact that an obese or overweight child is tall for his or her age confirms the
exogenous nature of the illness, which is also known as secondary obesity. Secon-
dary hyperinsulinism arising from exogenous obesity would result in an increased
hepatic somatomedin level, which leads to increased height due to its action on
growth cartilage. On the other hand, primary obesity, which is caused by genetic
or neuroendocrine factors, would be characterized by short stature®.

Of the 1,046 obese school-age children, 509 (49.6%) were found to have central
obesity, based on the definition of central obesity using the tricipital and sub-
scapular skinfold ratio. By the same definition, of the 418 overweight children, 86
(20.5%) also suffered from central obesity. The high proportion of school-age chil-
dren with a greater central distribution of body fat was also confirmed using the
waist-hip ratio. Based on this measurement, 272 (65%) of the overweight children
and 734 (70.1%) of the obese children had central obesity. This should stand as a
reminder of the high risk of cardiovascular disease faced by these children, since
factors known as atherogenic factors are thought to be closely related to a con-
centration of body fat in the central regions of the body”.

Scientific literature suggests that central obesity (visceral or android) tends to
cause metabolic complications, determined by the characteristics of the central or
visceral adipocytes, which can also become a risk factor for lipid disorders, disor-
ders of carbohydrate metabolism, and high blood pressure. Central obesity is
characterized by reduced lipolysis and reduced oxidation of free fatty acids, both
of which are processes involving insulin. It has been suggested that the activity of
hormone-sensitive tissue lipase is decreased, or its active form does not reach the
bioavailability required to increase the hydrolysis of neutral fats previously stored
in adipocytes. At the same time, capture and oxidation of plasma free fatty acids
at the hepatic level would be reduced, all of which seems to be due to an in-
creased Km (ap) in some of the enzymes involved in initiating the process of en-
ergy derivation from such fats, or due to changes in the insulin receptors on the
cytoplasmic membrane of liver cells*> %2,

Approximately 50% of these fatty acids do not undergo direct oxidation, but are re
-esterified in the liver cells. By increasing their bioavailability in the liver cells,
VLDL-cholesterol synthesis is also increased, which, when its catabolism is also
decreased, will lead to hypertriglyceridemia—one of the most common lipid disor-
ders in obese individuals. The high level of free fatty acids can be a factor in tissue
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insulin resistance, because these fatty acids inhibit glucose metabolism in muscle
cells. They are also a contributing factor in the onset of hyperinsulinemia, as they
reduce the liver's capacity to remove insulin®.

These indications are supported by the fact that intraabdominal adipose tissue is
metabolically more active than peripheral fat due to its greater blood flow and the
high surface density of beta-adrenoreceptors that mediate lipolysis, in contrast
with the lack of receptors that inhibit lipolysis, characteristic of subcutaneous adi-
pose tissue. The high rate of triglyceride and free fatty acid turnover and the in-
creased production of tumor necrosis factor (TNF alpha) by adipocytes would both
play a role in insulin resistance®.

Many of the aspects stated here are in agreement with the differences pointed
out by some researchers, which overweight and obese individuals show in relation
to specific enzyme activity, bioavailability, or response to certain internal, neuro-
genic, or chemical stimuli involved in the storage, mobilization, and utilization of
neutral fats and the free fatty acids derived from them***>.

High proportions of morbid obesity have also been reported among children. In
the Aruban study, morbid obesity was defined as 2 standard deviations above the
95" percentile for body mass index for a particular age, which further serves to
demonstrate the extreme level of obesity found. These school children face the
greatest risk and the poorest prognosis--they are very likely to suffer metabolic
syndromes, together with all the complications arising from such health problems.
They exhibit a significant accumulation of fat in the two large compartments re-
served for adipose tissue by the body: the subcutaneous compartment and the
visceral compartment®.

Of the 3,952 school-age children who participated in this study, 124 (3.1%) were
found to have morbid obesity; however, the rate of morbid obesity tended to in-
crease with age, from 13 (2.2%) of a total of 571 six-year-old school children, to 37
(5.1%) among the 11-year-olds. In relation to sex, it was found that 87 (4.2%) of
the 2,038 boys and 37 (1.9%) of the 1,914 girls were morbidly obese.

Of the 124 morbidly obese school-children, 21 (16.9%) were found to have high
blood pressure, based on a single measurement, which reinforces the fact that
this health problem is related to childhood obesity. In this particular case, follow-
up high blood pressure studies become mandatory, due to the fact that morbid
obesity responds very little, if at all, to current therapeutic procedures.

Risk factors for morbid obesity were studied in 53 (42.7%) of the 124 morbidly
obese individuals found, which revealed that those individuals exhibited an exces-
sive and unbalanced intake of food energy (over 120% of that required), and in
addition, 48 (38.7%) showed a significantly sedentary lifestyle; in other words, a
significant reduction in energy expenditure. This may explain the results, at least
in part, of an energy imbalance significantly deviated to the right, possibly as the
result of hormonal failures of the adipose tissue itself: excessive synthesis and
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secretion of leptin and a decrease in adiponectin, as well as an abnormal response
to melanocortin, which is related to the regulation of food energy intake. It is
known that the latter works by promoting the mobilization of neutral fats from
adipose tissue, and increases the utilization of glucose and free fatty acids as en-
ergy SOUFCES31' 37, 38, 39, 40, 41.

The failure of the adipose tissue to secrete hormones, and/or in the response of
the effectors or target sites to those hormones suggests that morbid obesity may
have molecular origins or may be due to a fault in the individual’s genotype. This
shows the importance of detecting such issues as early as possible, while simulta-
neously applying appropriate therapeutic procedures. Unfortunately, the result of
the above is that, as has been mentioned previously, the mandatory treatment for
morbid obesity is surgery, and the chances for success are low*> ***.

The existence of morbid obesity in the 124 school-age children diagnosed as such
was confirmed by observing the statistics of their fat areas™>--all were above the
95" percentile for their ages, which indicates that all had very high energy re-
serves.

Of the 124 morbidly obese children, 112 (90.3%) were found to have muscle areas
and heights above the 90th percentile for their ages. These statistics are in agree-
ment with the definition of individuals with exogenous or secondary obesity; such
individuals are characterized by excess intake of food energy in relation to the
physical activity they perform, which raises their blood glucose levels, stimulating
the hypothalamic secretion of the growth hormone release factor by the adeno-
hypophysis during childhood, which causes compensatory hyperinsulinism, in-
creases development of adipose tissue, promotes accelerated growth and preco-
cious puberty. In other words, the excess food energy that causes exogenous obe-
sity also creates the conditions, not only for increased adipose tissue develop-
ment, but also for the development of muscle and bone systems, among others,
unlike endogenous or primary obesity, in which genetic factors and neuroendo-
crine disorders promote the growth of adipose tissue, but not bone and muscle
development, which means that individuals with this disorder are short and may
even exhibit hypogonadism® 2> ** 44748,

It is important to point out that obese individuals, especially morbidly obese indi-
viduals, also show substantial cardiorespiratory problems that may significantly
affect the individual's biological health, even from the early stages of life. The
prevalence of asthma and other respiratory tract illnesses is extremely common
among obese individuals, including obstructive upper airway problems and con-
comitant left ventricular hypertrophy, as well as reduced lung development. Such
disorders jeopardize the lungs' functional ventilation capacity and the capacity to
reach the cardiac output necessary to meet the oxygen needs of the tissues and
organs throughout the body. Along these lines, it has been suggested that these
functional cardiorespiratory limitations prevent the increases in height, bone
mass, and total adipose tissue mass from going as high as they could. It is a sort of
braking effect caused by the reduced oxygen supply to the body’s tissues and or-
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gans, even though the final result is a greater development of height, bone, and
muscle in obese individuals, compared with healthy individuals, despite the above
limitations™*°.

These data show that the obesity found in the school-age children studied seems
to be fundamentally caused by consumption of food energy greater than that ex-
pended in physical activity.

Conclusions

High proportions of childhood obesity have been found in the school-age children
studied, which reveals that they are facing a significant health problem.

The characteristics of the obesity found are similar to the characteristics of obe-
sity caused by external factors, such as poor dietary habits and a sedentary life-
style.
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Tablel: Nutritional State Percentages by Sex for School-age Children from 6 to 11

Years.
Nutri- SEX TOTAL humat
tional
State MALE FEMALE
No. | % L s | Nno. | % LI s | Nno. | % Ll LS
Malnour- | 89 | 44 | 34 [ 53 ] 90 | 47 | 37 | 57 [ 179 | 45 | 38 | 5.2
ished
Healthy | 113 | 55. | 53. | 58. | 117 | 61. | 59. | 63. | 230 | 58. | s56. | 0. honestidad
8 8 7 0 1 1 0 4 9 4 9 0
Over- 233 [ 11. | 10. | 12. | 185 | 9.7 | 83 | 11. | 418 | 10. | 9.6 | 11.
weight 4 0 8 0 6 5
Obese 578 | 28. | 26. | 30. | 468 | 24. | 22. | 26. | 104 | 26. | 25. | 27.
4 4 3 5 5 4 6 5 1 9
Total 203 | 100 | - - | 191|100 | - - | 395 | 100
8 4 2 [
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Table 2: Nutritional State Percentages by Sex for 6-year-old School Children.

AGE 6 SEX TOTAL
MALE FEMALE
No. % LI LS No. % LI | LS | No. % LI LS
Malnour- 11 3.9 1.4 6.3 12 4.2 1.7 6.7 | 23 4.0 2.3 5.7
ished
Healthy 149 52.3 |43.3] 583 189 66.1 |160.4]171.7|338| 59.3 55.1 |63.3
Overweight | 52 18.2 |13.6] 229 35 12.2 | 83 |16.2| 87 | 152 | 12.2 |18.3
Obese 73 25.6 |20.41] 30.9 50 17.5 |12.9]122.11123| 215 18.1 | 25.0
Total 285 100.0 - - 286 100.0 - - 5711 100.0 - -

Table 3: Nutritional State Percentages by Sex for 7-year-old School Children.

AGE 7 SEX TOTAL
MALE FEMALE
No. % LI LS No. % LI LS | No. % LI LS
Malnour- 20 5.8 3.2 8.4 15 4.6 221 7.0 35 5.2 34| 7.0
ished
Healthy 232 67.5 |62.3| 72.5 217 66.2 |60.9|71.4]449 | 66.8 |63.2] 70.5
Overweight| 31 9.0 5.8 | 12.2 28 8.5 5.4 111.7| 59 8.8 6.6 | 11.0
Obese 61 17.7 |13.6] 21.9 68 20.7 |16.2|25.3] 129 19.2 |16.1| 22.2
Total 344 100.0 - - 328 100.0 - - 672 | 100.0 - -

Table 4: Nutritional State Percentages by Sex for 8-year-old School Children.

AGE 8 SEX TOTAL
MALE FEMALE
No. % LI LS No. % LI LS No. % LI LS
Malnour- 11 3.1 1.2 5.1 22 7.3 42 11041 33 5.0 3.3 ] 6.8
ished
Healthy 195 55.2 149.9| 60.6 214 709 |65.6|76.2 409 | 62.5 |58.7] 66.2
Overweight 20 5.7 3.1 8.2 11 3.6 1.4 5.9 31 4.7 30| 64
Obese 127 36.0 [30.8] 41.1 55 18.2 | 13.7]22.7 | 182 | 27.8 |24.3]31.3
Total 353 1100.0 - - 302 100.0 - - 655 | 100.0 - -
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Table 5: Nutritional State Percentages by Sex for 9-year-old School Children.

AGE 9 SEX TOTAL
MALE FEMALE
No. % LI LS No. % LI LS | No. % LI LS
Malnour- 16 44 22| 6.6 13 43 18] 6.7 | 29 43 27| 59
ished

Healthy 201 55.2 |50.0| 60.5 178 58.4 |52.7]|64.1]379| 56.7 |52.8]|60.5

Overweight 43 11.8 | 8.4 | 153 30 9.8 6.3 1133 73 109 | 85| 133

Obese 104 28.6 |23.8| 334 84 27.5 |22.4132.7|188 | 28.1 |24.6]316

- - 669 | 100.0 - -

Total 364 1000 | - - 305 | 100.0

Table 6: Nutritional State Percentages by Sex for 10-year-old School Children.

SEX TOTAL

AGE 10
MALE FEMALE

No. % LI LS No. % LI LS | No. % LI LS

Malnour- 11 33 1.2 5.4 18 5.4 28 | 79 | 29 4.4 2.7 | 6.0

ished
Healthy 213 | 64.4 | 59.0| 69.7 | 175 | 52.3 | 46.7

26 7.8 48 | 109 | 41 122 | 86 | 159 | 67

57.7 | 388 | 58.2 | 544|621
10.1 7.7 | 12.4

Overweight
Obese 81 245 | 19.7 1293|101 | 30.1 | 251|352 182 | 27.3 | 23.9]30.8
Total 331 | 100.0 - - 335 | 100.0 - - 666 | 100.0 - -

Table 7: Nutritional State Percentages by Sex for 11-year-old School Children.

AGE 11 SEX TOTAL
MALE FEMALE
No. % LI LS No. % LI LS No. % LI LS
Malnour- 20 5.5 3.0 8.0 10 2.8 09| 46 | 30 4.2 26| 5.7
ished
48.1 |44.4|51.8

41.0 |35.8| 46.2 198 55.3 | 50.0 60.6 | 346

Healthy 148
12.9] 209 40 11.2 7.8 1146|101 | 14.0 |11.4] 16.7

Overweight 61 16.9
36.6 |31.5]| 41.7 110 30.7 |25.8]35.6] 242 | 33.7
100.0 - - 358 | 100.0 - - 719 | 100.0| - -

Obese 132 30.1137.2

Total 361
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Table 8. Height/Age (H/A) Ratio Tendencies for School Children Studied

Nutritional Classification No. of Children High H/A Ratio
Malnourished 179 24 (12,8%)
Healthy 2309 336 (15,5%)
Overweight 418 88 (21%)
Obese 1046 416 (39,7%)
Total 3952 864 (22%)

Gréfico 1: Porcentaje de escolares segun
estado nutricional y edad
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