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ABSTRACT
BACKGROUND: Nutritional status and growth curves can affect cognitive development, increase the risk
of infection, and contribute to the development of chronic diseases. Its etiology is related to food, socio-
economic, and maternal conditions. However, to date, no data on these parameters exist in the state of
Goids, Brazil.
OBJECTIVE: To compare the nutritional status and growth curves of children and adolescents in the city
of Goiania, Goias, Brazil.
DESIGN AND SETTING: This was a cross-sectional study. A total of 529 individuals were recruited from a
primary health center in the municipality.
METHODS: To assess nutritional status, the sample was divided into three categories: 3-4, 5-10, and
11-19 years, with z-score classification considering body mass index for age. The classification of growth
curves was performed considering the median height values for age, assuming two references: (a) young
Brazilian population and (b) one recommended for international use. The independent sample T-test was
used to compare anthropometric variables.
RESULTS: The results showed that the classification of eutrophics represents a predominant percentage
between both sexes (men: 03-04 = 55.4%; 05-10 = 57.6%; 11-19 = 53.5 % and women: 03-04 = 53.5%;
05-10=63.9%; 11-19 = 56.9%), and growth curves showed differences in specific periods in both sexes.
CONCLUSIONS: It can be concluded that children and adolescents from the city of Goiania present as
predominance the eutrophic nutritional status, followed by the risk of overweight, underweight, obesity,
and malnutrition of both sexes.

INTRODUCTION
The World Health Organization (WHO) considers children people aged between 0 and 10 years,
and adolescents between 10 and 19 years of age.! The prevalence of children and adolescents in
Brazil is around 60 million people.? In this age group, several important changes occur over the
years, and for an adequate growth process, understanding the variables involved in this stage,
such as the factors associated with malnutrition, overweight, and obesity, is essential.?

Malnutrition is a nutritional status directly related to infant morbidity and mortality, with a
prevalence of up to 59% in certain regions such as Timor-Leste, Burundi, Niger, and Madagascar.*
This nutritional status can affect cognitive development, increase the risk of infections, and con-
tribute to the development of chronic diseases such as diabetes, hypertension and coronary dis-
eases.’ Its etiology is related to food, socioeconomic, maternal conditions, and health services®
and may even interfere with the negativity in the country’s economy.®

Although the risks associated with malnutrition are concerning, paradoxically, overweight
and obesity have become increasingly frequent among children and young people.”* This can
contribute to the early development of chronic diseases, such as cardiovascular and metabolic,’
and may reduce the life expectancy of this population.’

In a study conducted by Gordon-Larsen et al.,'" evidence was found that the transition
between adolescence and adulthood represents a period of risk for increased overweight and
obesity regardless of sex. Therefore, monitoring nutritional status during the growth period can

contribute to the prevention of these factors.
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Growth curves enable the observation of the growth patterns
of healthy individuals under environmental and social conditions
favorable to their development. Thus, this instrument makes it
possible to analyze and compare growth parameters in different
regions of Brazil and other countries, observing the health con-
dition of children and adolescents,'? not only the risks of malnu-
trition but also the prevalence of overweight and obesity in this
population.” These nutritional states may contribute to the early
development of chronic diseases, such as cardiovascular and met-
abolic,” and may reduce the life expectancy of this population.’

Growth curves are internationally accepted standards for observ-
ing differences between populations or subgroups in a given region
with regard to the health condition of children and adolescents.'

Therefore, the control of nutritional status and physical growth can
contribute to the prevention of diseases and the creation of govern-

ment actions to improve the quality of life of the general population.

OBJECTIVE
This study aimed to compare the nutritional statuses and growth
curves of children and adolescents in the cities of Goiania and

Goids, Brazil.

METHOD

To compare the nutritional status and growth curves, data were
collected from a primary center of public health care in the city
of Goiania, Brazil. Health centers are managed by the Brazilian
Unified Health System in Goiania, Brazil. Data were collected
between September and October 2011 from the medical records
of individuals aged 3-19 years old.

A priori sample analysis revealed that to achieve a 0.5 effect
size (ES) with a power of 0.95, a total of 210 participants would be
necessary. Therefore, 529 participants were recruited to account for
eventual attrition, which was approved by the Ethics Committee
in Human Research, Universidade Federal de Goias (CEP/
CAAE:64091717.0.0000.5083), on March 9, 2017. All procedures
were performed in accordance with the Declaration of Helsinki.

The sample was stratified into four categories for characteriza-
tion: 3-5,6-10, 11-15, and 16-19 years. Body mass and height were
measured using a scale and stadiometer (Filizola PL200, Sao Paulo,
Brazil) with accuracies of 100 g and 0.1 cm, respectively (Table 1).

The body mass index (BMI) was calculated by dividing the
weight in kilograms by height square into meters. For nutritional
status assessment, the sample was divided into three age categories
(2007): 3-4 (3 = age < 4 years), 5-10 (5 = age < 10 years), 11-19
(11 = age <19 years); as a classification parameter, the score-z was
adopted considering BMI for age (Table 2).

The classification of physical growth curves (Figures 1 and 2) was
performed by graphical comparison of the median values of height

for age, assuming two references: (a) the Brazilian young population

(Instituto Brasileiro de Geografia e Estatistica [IBGE])"* and (b) rec-
ommended for international use by the World Health organization."

The normality of age, body mass, height, and body mass index
data was analyzed using the Kolmogorov-Smirnov test. For com-
parison between variables, the t-test was used for independent sam-
ples for parametric data and the Mann-Whitney test for non-para-

metric data. Statistical significance was set at P < 0.05.

RESULTS

A total of 253 females (9.55 £ 5.36 years, 31.50 + 18.06 kg,
1.28 £0.25 m) and 276 males (8.42 £ 4.96 years, 29.66 * 19.43 kg,
1.24 £ 0.28 m) were evaluated.

Groups aged between 16 and 19 years (16 < 19 years)
demonstrated significant difference in body mass (54.3 £ 9.8
and 66.00 £ 16.5) (P = 0.003), as well as in height (1.7 £ 0.1 and
1.6 £ 0.1) (P = 0.000), between men and women, respectively
(Table 1). However, no significant differences were found in the
other variables.

The classification of nutritional status using the Z-score (Tables 2
and 3) showed that eutrophication represents a higher percentage
among groups of men (03-04 years = 55.4%; 05-10 years = 57.6%;
11-19 years = 53.8%) and women (03-04 years = 53.5%; 05-10 years
=63.9%; and 11-19 years = 56.9%). Despite the increased overweight
in men (17.3%) compared with women (12.1%) in the age group
between 11 and 19 years, overweight and obesity have higher per-
centages in women (13.8% and 5.2%, respectively), when compared

with men (7.7% and 3.8%, respectively). In this context, a higher

Table 1. Characterization of the participants

. Men Women
Variable n n P*
Mean (DP) Mean (DP)
Age (years)
03-05 109 3.9+09 86 40x0.8 0.376
06-10 69 78115 60 74+15 0.207
11-15 52 13.1+1.5 43 126+ 1.1 0.430
16-19 35 176+1.1 48 17.7+12 0.585
Body mass
03-05 109 15.7+3.5 86 15.6+29 0.848
06-10 69 249+7.1 60 23.2+6.6 0.221
11-15 52 4281+ 14.6 43 429+16.0 0.975
16-19 35 66.0+16.5 48 543+9.8 0.003
Stature
03-05 109 1.0£0.1 86 1.0+0.1 0.926
06-10 69 1.210.1 60 1.2+0.1 0.399
11-15 52 1.5+0.2 43 15+02 0525
16-19 35 1.7£0.1 48 1.610.1 0.000
Body mass index
03-05 109 157+1.8 86 153£1.8 0.241
06-10 69 16.2+25 60 15.7+23 0.502
11-15 52 18.9£4.0 43 19.6+4.8 0432
16-19 35 22.7+45 48 21.8+3.0 0.900



percentage of overweight and obesity was demonstrated in men
only between 3 and 4 years (12.2% and 5.4%, respectively) when
compared with women (8.6% and 1.7%, respectively).

However, thinness had a higher prevalence percentage in women
aged 3—4 years compared with men (12.1% and 5.4%, respectively);
In addition, in groups 11 and 19 years, men had higher percentages
of thinness than women (13.5% and 8.6%, respectively).

The growth curves between men and women (Figures 1 and
2) demonstrated differences between the sexes at 7 and 9 years,
as well as between 15 and 17 years, with higher values for men.
However, a decline in the curve for men aged 13 and 15 years was
demonstrated when compared with the IBGE and WHO data.

DISCUSSION
This study aimed to verify the nutritional status and growth curve

of children and adolescents in the city of Goidnia, Goids. The results

showed that male adolescents aged 16-19 years had greater heights
and body masses than female adolescents. Regarding nutritional
status, male and female children and adolescents had a higher
prevalence of eutrophy; however, overweight and obesity were
observed in all age groups. In addition, we found a significant dif-
ference between sexes in height and body mass in the age group of
16-19 years (P = 0.00 and P = 0.00, respectively).

Additionally, body mass, height, and nutritional status are
related. In a systematic review by Junior et al.”* that analyzed the
influence of these two factors on body fat in individuals aged
2-19 years, the results demonstrated a positive correlation between
these factors and body fat in both sexes (men, r = 0.975; women,
r =0.947). This demonstrates the importance of monitoring growth
curves during adolescence as a form of care for adults with obesity.

Regarding the growth curve, at the age of 19 years, a similar

curve was verified among men in our study with IBGE data from

Table 2. Classification of nutritional status of males based on the World Health Organization (2007)

Age (year) n ST TH

03-04 74 1.4% 5.4%
05-10 60 5% 7.5%
11-19 52 3.8% 13.5%

BMl-stature
ET ow OB SB
55.4% 20.3% 12.2% 5.4%
57.6% 22.5% 6.3% 1.3%
53.8% 17.3% 7.7% 3.8%

BMI = body mass index; ST = severe thinness; TH = thinness; ET = eutrophy; OW = overweight; OB = obesity; SB = severe obesity.

IBGE = Instituto Brasileiro de Geografia e Estatistica; WHO = World
Health Organization.

Figure 1. Comparison of the growth curves of men in Goiania
with Instituto Brasileiro de Geografia e Estatistica and World
Health Organization data.

IBGE = Instituto Brasileiro de Geografia e Estatistica; WHO = World
Health Organization.

Figure 2. Comparison of women'’s growth curves in Goiania
with Instituto Brasileiro de Geografia e Estatistica and World
Health Organization data.

Table 3. Classification of nutritional status of females based on the World Health Organization (2007)

Age (year) n ST TH

03-04 58 1.7% 12.1%
05-10 60 1.6% 8.2%
11-19 58 3.4% 8.6%

BMi-stature
ET ow OB SB
53.5% 22.4% 8.6% 1.7%
63.9% 23.0% 3.3% 0%
56.9% 12.1% 13.8% 5.2%

BMI = body mass index; ST = severe thinness; TH = thinness; ET = eutrophy; OW = overweight; OB = obesity; SB = severe obesity.



2009 (1.70 cm); however, the curve was lower than the WHO in
2007 (1.80 cm). However, women presented a lower growth curve
(1.55 cm) than that of the IBGE (1.58 cm) and WHO (1.60 cm)
criteria. This demonstrates that Goidnia adolescents present a
shorter stature compared with the two references adopted. This is
justified by the average height of the population of Goiania, which
is 1.75 cm for men and 1.78 cm for women, below those of the
IBGE and WHO.!**

Regarding the findings on the classification of nutritional
status, the results showed low percentages of obese adolescents
with overweight in men (3.8% and 7.7%) as well as in women
(5.2% and 13.8%), which do not corroborate with those of other
regions in the country. Geremia et al.,' estimated the prevalence
of overweight and obesity in adolescents with a mean age of
12.45 + 1.49 years in the city of Bento Gongalves, in the interior
of the state of Rio Grande do Sul, Brazil. Male adolescents have
levels of overweight and obesity of 16.3% and 12.2%, respectively.
However, female adolescents have levels of overweight and obe-
sity of 16.2 and 5.5%, respectively. Possibly, the factors inherent
in the higher percentage of obese and overweight individuals in
the south of the country may be cultural influences, as some of
the populations are Italian and German immigrants. Another fac-
tor contributing to the low rate of obesity and overweight among
adolescents is the level of physical activity. In our study, adoles-
cents in public education in Goids, children, and adolescents who
attend public schools have a higher level of physical activity than
those who attend private education.?

However, when we compared our results with those of
other Latin American countries, our results corroborate with
the study of Atalah et al.”” in Chile referring to the “eutro-
phic” nutritional status of adolescent men (55.4% and 62.18%,
respectively) and overweight (20.3% and 15.83%, respectively).
Additionally, the adolescent men in our study had a lower
percentage of obesity (3.8%) compared with those in Chile
(16.6%), which may be associated with the eating factors of
the country; in addition, this divergence may have been influ-
enced by the economic level and social differences, in which
the higher the socioeconomic level and the lower the inequal-
ity, the higher the obesity,”* which may justify the percent-
age results of obesity similar to the study (5.4%) reported by
Capanzana et al.’® on the Philippines, as this country has low
social status, coupled with natural disasters, such as tsunamis,
along with low investment in public policies.

In this context, despite similar results in other nutritional sta-
tuses, the study of Camarinha Graga e Nogueira," conducted in
Portugal, also reported percentage results of higher obesity (6.3%)
than that in our study, demonstrating that countries with higher
human development index (HDI) appear to favor the develop-

ment of obesity, which is an important finding for future research.

Interestingly, we found results contrary to this hypothesis in
the study by Ubesie et al.” in Africa, more specifically in south-
western Nigeria. Sixty-five percent of the children and adolescents
were eutrophic, and 2% were underweight. These values resem-
ble the nutritional status of young people in the city of Goi4nia
with the same age group: 63.9% eutrophic and 1.6% low weight.
However, although Nigeria has a smaller HDI than Brazil, south-
eastern Nigeria has a better level of existence than the rest of the
country, thus offering better living conditions for children and
adolescents in this region.”” Similar to the Nigerian study, chil-
dren and adolescents also have low socioeconomic levels, which
explains 1.6% of the population is underweight.”*

However, HDI also appears to reflect the growth curve, and
the study of Gomez-Campos et al.”* analyzed the growth curve
of children in Chile with a mean age of 11 years, noting a height
greater than that of Brazilian children in both sexes (men 1.45 cm
and women 1.35 cm). However, when we compared our findings
with countries, such as East Timor, which has high levels of mal-
nutrition and environmental disasters, as well as military conflicts,
we found lower results than those found in our study in male ado-
lescents (1.40 versus 1.60 cm) and females (1.30 versus 1.50 cm),
as well as in that of the WHO (1.70 and 1.60 cm, respectively).
This shows that the socioeconomic conditions in Brazil are better
than those in some African and Asian countries.

In this sense, we find differences in the growth curve of our
study compared with those of other countries in Europe. Riedlova
etal.” analyzed 960 male children born in the Czech Republic aged
12 years. The mean height was 1.81 cm, which is higher than our
findings (1.40 cm), as well as that of the WHO (1.79 cm). This dif-
ference may be related to the best living and feeding conditions of
European children compared with those of Brazilian children.”
In addition, genetic influences may also influence this variable.?*

Cultural aspects can also influence the growth curve as shown
in a study conducted by Bahchachi et al.® who analyzed the
growth curve of 7,772 Algerian adolescents of both sexes. The
results showed that female adolescents had an average of 1.57 cm
of height, whereas male adolescents had an average of 1.75 cm.
The Algerian study results are higher than that of the Goi4nia
male adolescents (1.70 cm); however, when compared with the
females, the growth curve of Brazilian adolescents were higher
(1.60 cm). In addition to Algeria, which had a high HDI (0.754),
such differences between sexes may be related to cultural aspects.
Algeria is a Muslim country where an explicit difference exists
between the sexes, in which female children and adolescents are
oriented to perform domestic services and take care of the family,
while the opposite sex has more opportunities to develop their
physical aspects, such as physical exercise and better feeding.”!
This demonstrates how much the physical and social environ-

ments influence nutritional status.?



Additionally, the comparison of growth curves between differ-
ent regions of Brazil showed similar results between the cities of
Campinas and Goiénia. Campos et al. analyzed the growth curve
of children and adolescents in the city of Campinas (SP). The results
were similar in adolescents of both sexes aged 18 years: women
presented an average height of 1.55 cm, whereas men, 1.70 cm.
These values corroborate the results of our study, demonstrating
that despite children and adolescents presenting a growth curve
lower than that of the IBGE, it resembles other Brazilian cities.

Monego e Jardim? conducted a population-based study with
3,169 students in eastern Goidnia and identified overweight and
obesity levels of 10.8% and 5.3% among male students and 11.3%
and 4.5% among girls, with an average of 10.7 years (10.72 for
boys and 10.76 for girls), presenting higher levels of overweight
and obesity when compared with the results of this study for the
age group of 5 to 10 years. The study by Monego e Jardim in 2006
was performed using data from students in 2001. Our study used
data from 2011. In 10 years, the percentage of children and ado-
lescents who were obese decreased, which is due to an increase in
the practice of activity mainly in schools and an improvement
in the population’s socioeconomic levels.?

Therefore, the differences in nutritional status and growth
curve are directly related to the culture of countries, socioeconomic
conditions, and public policies that each region implement within
its own state.?® Particularly at the end of adolescence and early
adulthood, a relationship exists between the response to adverse
events and weight changes.”” One manner to improve the growth
curve related to body mass may be the practice of physical exer-
cise. Adolescents who practice physical exercise have adequate
control of body weight; however, inadequate lifestyles can impair
this development.*® Our research has a significant sample and is an
original study. Not research has yet evaluated the growth curve of
children and adolescents in both sexes in the city of Goiania. As a
limitation, we did not assess the socioeconomic levels and levels
of physical activity. These results can contribute to the creation of
public policies in the city of Goiania and the region, which aim to
reduce the risk of overweight and obesity, in addition to improv-
ing aspects related to growth curves and consequently economic,
social and cultural development, through the investment of public

policies in the sectors inherent to these aspects.

CONCLUSION

Children and adolescents in the city of Goiania present a pre-
dominantly eutrophic nutritional status, followed by the risk
of overweight, underweight, obesity, and malnutrition in both
sexes. A trend of increasing BMI over time exists. Additionally,
the growth curve was lower than those of the WHO and IBGE
levels. Despite the optimistic results regarding the percentage

of eutrophication, the risk of being overweight is high among

men and women, which corroborates with some epidemiologi-
cal studies that demonstrated a prevalence relationship of over-
weight in developed regions when compared with less developed
regions, demonstrating that improving access to information
inherent to body mass control and general health is required.
Additionally, further studies should be conducted in other regions
of the state and country to verify the aspects inherent to the develop-

ment of the population, which directly reflects national development.
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