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Abstract:

Objective: to evaluate the prevalence of obesity and the body fat topography in children and
adolescents from both sexes aged 6 to 19 years old with Down syndrome, residents in the city
of Campinas, São Paulo. Methods: there were nine anthropometric measurements taken, including
weight, height, and tricipital, bicipital, subscapular, suprailiac, abdominal, thigh, and calf skin
folds. The fat percentage was determined by employing the prediction equations from Slaughter
et al. Statistical analysis was performed using the computer package R Commander 1.6-3, with
the descriptive statistics (median and 25th and 75th percentiles), the Mann-Whitney test, and
the t-test for comparison between age groups, at the 5% (p > 0.05) level.  Results: most subjects
had excess body fat, with the higher values being found among the females. The obesity was
not a prominent characteristic among the boys, unlike the other age groups who had
manifestations of elevated obesity. Regarding the body fat topography, most showed higher
concentration of fat in the thigh, and smaller deposits in the biceps region. In the transition from
childhood to adolescence, it was verifiable that boys and young men differ in the amounts of
adipose tissue. However, no significant differences were observed among the girls, and the
young women. Conclusion: the assessment of the prevalence of obesity and subcutaneous fat
topography are important resources to support researchers, and practitioners who work directly
on improving the quality of life of children and adolescents with Down syndrome.
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INTRODUCTION

It is known that excess body fat is
associated with heart disease, diabetes,
hypertension, and certain types of cancer1-3. Since
the 80s, studies have shown a higher prevalence
of obesity among the various populations in
developed and developing countries4.

In children and adolescents with Down
syndrome (DS), high obesity levels were also
recorded from the 80’s to the present days5,6.
Thus, care with the obesity control in children and
adolescents with DS should be redoubled,
because excess body fat is one of the
characteristics of the syndrome, which can
seriously contribute to the increased incidence of
several diseases.

Therefore, the study of the body fat
behavior through the assessment of the body
composition, occupies an important space in the
identification of the levels of obesity in various

populations, especially in children and
adolescents with Down syndrome. Body
composition is usually conceptualized as a
designation given to represent the set of physical
components, which make up the human body. In
evaluative terms, generally, the physical
components of children and adolescents are
interpreted through the bi-compartmental model;
i.e., the fat body mass is determined by fat
percentage (BF %), and lean body mass (LBM),
based on the development of equations for
estimating body fat7.

There are fewer methods for estimating
body fat in children and adolescents compared
to the number of existing methods for adults,
since ethical issues prevent the use of certain
methods with this population. Among them, the
photon absorption technique exposes the
individual to radiation, the densitometry requires
the individuals to be fully adapted to the liquid
medium, the gamma ray spectrometry is
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impractical due to the high costs associated with
the equipment, and the hydrometry requires an
extended amount time for the determination of
the body water contents. Moreover, there are
other means that require more sophisticated
technology, such as ultrasound, x-rays, computed
tomography, creatinine excretion, bioelectric
impedance, the total body electrical conductivity,
the near infrared interactance, and the nuclear
magnetic resonance8.

Given the inherent difficulties of applying the
above methods of body fat estimation; the
anthropometry tries to solve this problem,
especially in the research involving populational
surveys. Thus, the body fat estimate can be
achieved by using equations involving skin fold
thickness measurements. This method have being
widely used in children and adolescents, (Durnin
and Rahaman, Brook, Durnin and Womersley,
Johnston and Slaughter et al.,)9. In DS children
and adolescents, the Slaughter et al.,7 equation
was the most accurate for determining the total
body fat, because it was highly correlated with
the air displacement method, employing the
plestimographic wave9.

The measurement of the subscapularis
and the tricipital skin fold thickness, are basic
gauges for the total body fat determination. In
addition, for the pattern analysis of the fat
distribution on the various body parts, the
measurements at various segments of the upper
and lower body are essential10. Besides the
obvious benefits of the skin fold measurements
in determining BF %, there is also the possibility
of obtaining information regarding the body fat
topography; specifically directed to the study of
fat distribution in the different regions of the body;
thus, consolidating it as one of the most relevant
techniques in the understanding of the body
composition11.

 Therefore, the objective is to estimate the
prevalence of obesity in Down syndrome children
and adolescents.

METHODS

The sample comprised 41 children and
adolescents aged 6 to 19 years with DS, enrolled
in specialized institutions located in the
municipality of Campinas - SP. The convenience
sampling was chosen because of the unknown
characteristics of the sampled population. The
selection included the largest available number
of children and adolescents, from institutions
agreeable to the research, in the age group
established by the World Health Organization4.
In healthy individuals (free of the Down
syndrome), the most significant changes in the
percentage of body fat start occurring around the
twelve years of age12. Additionally, the early
childhood and the puberty represent the most
critical periods for changes in the adipose tissue13.
Therefore, the sample was divided into two
separated age groups (children: 6-12 years, and
adolescents: 13-19 years).

The individual inclusion in the study followed
these parameters: guardian’s permission,
acceptance during the measurements, and most
of all, no health problems that could cause harm
to the physical, or the psychological well-being of
the volunteers. The study was approved by the
Research and Ethics Committee from the School
of Medical Sciences (FCM), at the State University
of Campinas (opinion #1027/2009).

All data were collected with the
accompaniment of a professional attached to the
institution or, when such professional was
unavailable, the parents were invited to stay
during the entire process. Under no
circumstances, the measurements were taken
without the presence of a responsible party.

Measurements were performed by an
experienced evaluator, preceded by the technical
standards11. A Harpenden® skin fold caliper with a
0.2 mm resolution unit was employed in the skin
fold measurement. The BMI was determined by
dividing the body mass by the square of the
height (Kg/m2). The body weight was achieved
through a Plenna anthropometric scale with 100g

Prepubescent: % BF = 1,21 (X1) - 0,008 (X1)² - 1,7
Male (Sum d” 35mm) = Pubescent: % BF = 1,21 (X1) - 0,008 (X1)² - 3,4

Postpubescent: % BF = 1,21 (X1) - 0,008 (X1)² - 5,5
Male (Sum > 35mm) = % G = 0,783 (X1) + 1,6
Female (Sum d” 35mm) = % G = 1,33 (X1) – 0,013 (X1)

2 – 2,5
Female (Sum > 35mm) = % G = 0,546 (X1) + 9,7
X1: Sum of skin folds TR e SS.

of accuracy. The height was obtained using a
stadiometer constructed from rigid PVC, containing
a retractable steel measuring tape, with
measuring length of 220 cm with exact scale of
0.1 cm, made by Seca. The percentage of body
fat was determined by measuring the skin fold
thickness of both the tricipital and the

subscapular regions, using the proposed
equations7.

The criteria used for the total body fat were
set higher than 20% for the boys, and 30% for
the girls, respectively for the classification of
obesity14. The regional distribution of fat was
analyzed by measuring seven skin folds (triceps
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- TR, biceps - BC, subscapular - SS, suprailiac - SI,
abdomen - AB, thigh - T, and calf - C).

Statistical analysis were performed with the
computerized package 1.6-3 R Commander
(Rcmdr) from the R plus software, version 2.12.1.
The possibil ity of using parametric or
nonparametric tests was analyzed with the
Shapiro-Wilk normality test. The t test or Mann-
Whitney test was used to check for differences
between the sexes in terms of age, weight,
height, BMI, skin folds, sum of seven folds and
fat percentage, at 5% (p d” 0.05), being used

Table 1:  Median and 25th and 75th percentiles of each variable by sex and age group of 41
individuals with Down syndrome

                      Cheldren (n = 20)                        Teenagers (n = 21)Age Group Male  (n = 14) Female (n = 6) p Male (n = 13) Female (n = 8) p

Age (years) 9,50 11,00 0,423 13,00 15,50 0,292
9,00 - 10,92 9,50 - 11,00 13,00 - 15,00 15,00 - 17,25

Height (cm) 126,05 126,80 0,545 151,80 142,45 0,000*
117,58 - 132,50 118,18 - 139,70 148,80 - 154,80 139,80 - 143,35

Weight (Kg) 25,55 39,55 0,104 52,00 52,10 0,576
23,20 - 35,90 31,25 - 47,55 49,5 - 66,60 44,30 - 61,63

BMI (Kg/m²) 16,75 23,18 0,011* 23,48 25,51 0,210
16,13 - 20,34 21,16 - 23,65 22,52 - 28,10 23,16 - 31,55

% BF 16,18 34,93 0,000* 26,71 36,84 0,130
13,43 - 21,60 31,05 - 37,01 17,60 - 35,27 31,25 - 40,56

TR (mm) 9,20 23,00 0,005* 14,40 21,50 0,015*
7,20 - 10,35 15,05 - 23,75 9,80 - 15,20 16,10 - 24,13

BC (mm) 4,00 8,00 0,004* 5,60 8,50 0,006*
3,05 - 4,45 6,25 - 12,00 4,20 - 7,00 6,20 - 12,40

SS (mm) 7,80 24,50 0,002* 18,00 27,40 0,203
5,50 - 11,35 22,05 - 25,75 11,80 - 29,00 21,50 - 32,50

SI (mm) 7,60 34,20 0,003* 27,40 40,00 0,097
5,35 - 12,70 30,00 - 38,85 17,00 - 40,00 29,85 - 43,50

AB (mm) 8,40 27,50 0,002* 23,00 26,00 0,133
4,65 - 13,05 25,50 - 29,50 16,00 - 31,00 24,50 - 35,00

T (mm) 15,80 42,00 0,005* 23,20 45,00 0,053*
12,30 - 17,50 34,25 - 43,75 20,00 - 33,00 35,25 - 55,05

C (mm) 10,00 23,30 0,006* 12,00 22,10 0,009*
8,40 - 11,60 17,90 - 25,70 10,00 - 17,60 17,95 - 30,25

Σ Folds** 66,90 188,50 0,002* 125,00 201,60 0,043*
49,45 - 81,25 158,80 - 198,70 86,20 - 172,60 139,50 - 221,68

* p < 0,05.
* * Sum of the seven skin folds.

median values, 25th and 75th percentiles, and
percentage frequencies.

RESULTS

In the 6-12 age groups, there were
statistically significant differences with the BMI,
the BF %, all skin folds, and the sum of the seven
folds, with the higher values being observed in
the females. In the 13-19 age groups, females
had significantly lower height, while the tricipital,
bicipital, thigh, and calf skin folds, and the total

 

Figure 1: Skin fold thickness by sex and age group of 41 individuals with Down syndrome. *p < 0,05
between the sexes and age group.
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subcutaneous fat in the thigh; with the exception
of males in the 13-19 groups, who demonstrated
a greater accumulation of fat in the trunk,
specifically in the suprailiac skin fold, and the
smallest tendencies to subcutaneous fat reserves
occurred in bicipital fold in all the age groups.

Overall, females in both age groups showed
an increased amount of subcutaneous fat (Figure
2). Notably, the sum of seven folds appeared
higher in the females. A lower amount of fat was
verified among the 6-12 years old males. No
significant differences were present among the
females.

DISCUSSION

There were established cutoff points
concerning the amounts of body fat relative to
the body weight, which could lead to health risks,
such as changes in blood pressure and
dyslipidemia, with limits of 20% and 30% set for
males and females, respectively14.

Based on the benchmarks suggested for the
body fat percentages, an extremely high
prevalence of obesity was observed among the
individuals in all age groups, but for the male
children. Similar results were found in other
studies, with the prevalence of obesity in this
population5.

These results may be explained with the
analyzes of factors influencing the inadequate
accumulation of body fat. Genetic, physiological,
and environmental dysfunctions can lead DS

children and adolescents to show a greater risk
of becoming obese.

On the genetic aspect, studies point to the
importance of the genes linked to mechanisms
involving the accumulation of body fat15. The
relationship between estrogen receptor gene (ER
α) associated with the Pvull and Xbal
polymorphisms, and the obesity in children with the
syndrome indicates the genotype involvement with
a predisposition to acquire high levels of fat tissue
in this population16.

As for physiological changes, individuals
with DS are at a higher risk of suffering cardiac
and thyroidal alterations, protein hormone (leptin)
dysfunctions, insulin resistance, low
concentrations of zinc, high levels of triglycerides,
and decreased basal metabolic rate17.

The environment plays a significant role as
well. Specifically in relation to inadequate food
consumption, parental attitudes toward good
nutrition, and low levels of physical activity18. It is
known that there is a strong relationship between
obesity and energy imbalance, as evidenced by
the association between caloric supply, from high
calories foods, and the energy expenditure
through physical activity19.

As for male children, most are not presented
with high obesity. Some hypotheses can be raised
from this observation, especially in relation to the
physiological aspects, such as the absence of
metabolic, cardiac and endocrine disorders.
Another indication refers to the environmental
aspect, mainly the with largest attendance in

sum total of the seven folds were significantly
higher (Table 1).

Regarding the prevalence of obesity in the
6-12 age groups, 29% of the males, and 67% of
the females were classified as obese. Among the

13-19 years old, 69% of the males and 88% of
the females were obese.

Figure 1 shows the fat topography in the
6-12, and the 13-19 years old groups. All age
groups showed a higher concentration of
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Figure 2:  Sum of the seven skin folds of children and teenagers with Down syndrome
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physical activity programs, and better eating
habits compared to other age groups.

In regard to the topography of the
subcutaneous fat in DS children and adolescents,
the thigh region was predominant, with the
greatest accumulation of fat cells in all age groups,
except for the males adolescents. The bicipital
skin fold reached the lowest fat index,  compared
to the other regions in all groups.

Regarding the trend of fat accumulating in
the thigh area, there are indications of increased
activity of the lipoprotein lipase in the adipose
tissue, and of lipidic storage in the subcutaneous
regions of the thighs and buttocks in females;
thus, resulting in adipocyte hypertrophy, and the
consequent predominance of fat in the lower
body12. Moreover, there were no scientific
evidence explaining the higher amounts of thigh
subcutaneous fat in male children.

Costa20 conducted a study on body
proportion in children and adolescents with DS,
and with the application of the Cormic Index (CI)
found that the lower limbs were proportionately
shorter in relation to the trunk. Similarly,
Velásquez-Meléndez et al.,21 demonstrated that a
greater disproportionality verified with the CI, may
represent a risk factor for increased deposition to
subcutaneous fat; however, they did not specify
the exact region with the greatest accumulation.
Other studies verified a lower rate of lower limbs
growth in fetuses with Down syndrome through
tests conducted during prenatal testings,
especially in the abnormal linear development of
the femur; thus, becoming an object of study by
several researchers22. Given these findings, it is
arguable that greater amounts of subcutaneous
fat located in the thigh can be explained by
abnormalities in the linear growth of the femur in
the DS population.

Regarding the adiposity in male
adolescents, there was higher concentrations in
the suprailiac region, indicating a slight centripetal
tendency of body fat in young men. Studies seem
to express greater concern regarding the central
fat distribution patterns, because of the high
correlation with diseases caused by metabolic and
cardiovascular disorders23. In children and
adolescent females, the suprailiac skin fold
became the second region with the highest
concentrations of adipose tissues, followed by the
abdominal region. All age groups showed similar
skin fold values for both the suprailiac, and the
abdominal regions.

By comparing the folds values between the
trunk and the limbs, the subscapular, suprailiac,
and abdominal folds were balanced in children of
both sexes and in female adolescents, as well as
in the tricipital and calf regions.

In contrast, an analysis related to the sum
of five skin folds located on the trunk (pectoral,
subscapular, mid-axillary, abdominal and suprailiac),
and in five folds of the limbs (triceps, biceps, forearm,

thigh and calf) in healthy children and adolescents
of both sexes, revealed that the sum of the skin
fold located in the limbs was higher than those of
the trunk in all age groups. When compared
between the sexes, the differences were higher in
the limbs than in the trunk12. In the present study
sample, the differences between the sexes were
also observed, and higher skin fold thickness values
were found for all regions in female children. As for
the teenagers, the adipose tissue behavior in the
females resulted in larger amounts, only in relation
to the tricipital and calf folds compared to the males.

Regarding the distribution of fat
investigated in other studies, it was found that
DS girls showed higher amounts of fat and lean
mass in the trunk, compared to healthy girls; thus,
suggesting a higher risk for developing
cardiovascular disease. The males had higher
levels of body fat, and lower amounts of lean mass
in the upper and lower body5.

With respect to the transitional fat periods
between childhood and adolescence, with the
exception of the triceps and calf, all folds suffered
statistically significant increases of subcutaneous
fat in males. However, in relation to the females,
despite the observed changes in the fat’s
composition, statistical tests did not show
significant increases during the transition to
puberty. Thus, the greatest concern resides in the
extremely high levels of fat in females during
childhood, with a lasting effect throughout the
adolescence. It is known that to prevent obesity
in the adulthood, it is vital to control the body fat
during childhood, through adequate intakes of
food, physical activity, and access to basic health
services 7.

According to Guedes and Guedes13, there is
a critical period of the adipose tissues
development in children and adolescents, and
with the early childhood, and puberty
representing the major development periods. The
greatest accumulation of body fat in healthy
people can also be evidenced during pregnancy
and the first months of life, beyond the early
childhood and the puberty24. Unfortunately, few
studies have investigated the critical periods of
increased susceptibility to the accumulation of
body fat in people with DS.  According to Rogers
et al.,25, the obesity observed in children with the
syndrome, was a common problem evident from
the age of two.

In general, girls and young women showed
higher amount of body fat than boys and young
men. By analyzing individual folds and observing
the behavior of the sum of the seven folds, it
was verified a higher sum in the females.
Similarly, in the transition from childhood to
adolescence, the sum of the skin folds behaved
the same way in relation to the regional analysis,
showing no significant differences between girls
and young women. This information agrees with
the results observed in DS chi ldren and
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adolescents from other studies, with higher
values of total body fat and the sum of the
abdominal, calf, thigh, suprailiac, subscapular,
triceps and biceps skin folds in females compared
to males6.

The adaptations in the adipose cells, the
energy imbalance, the age at which this occurs,
and the persistence of excess fat, are factors that
may contribute to the increase in adipose tissue
during the critical periods24.

The reasons that induce excess fat in
childhood affect the social, psycho-emotional,
metabolic and functional outcome, which lead
children and adolescents to inadequate food

intake, and decreased physical activity; thus,
contributing to the increase in obesity13.

Given the high prevalence of obesity, and
the associat ion between the exacerbated
accumulat ion of subcutaneous fat,  and
metabolic and cardiovascular diseases observed
in children and adolescents. The findings from
this study suggest the development of new
researches to analyze not only the behavior of
the body fat, but also the relationship of the
adipose tissue values with other variables
related to the health, involving growth,
maturing, motor performance, and physical
activity levels in DS individuals.


