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ABSTRACT
Introduction. Obesity is associated with a wide
range of cardiovascular and metabolic diseases.
Objective. To establish an association between
the nutritional status of 6-10 year old boys and
girls and blood pressure.
Population and Methods. A cross-sectional, analytical study was conducted in 6-10 year old
schoolboys and schoolgirls. Outcome measures
and indicators studied included nutritional status as per body mass index; presence of central
fat mass distribution estimated by waist circumference; and blood pressure (height, age
and gender tables). Differences in mean values
were analyzed using a Student’s t test. The relationship between outcome measures was estimated using Pearson’s correlation coefficient.
Linear regression models were adjusted for systolic blood pressure and diastolic blood pressure
using the following explanatory outcome measures: z scores for body mass index, age, gender
and waist circumference.
Results: Five hundred and fifty five male and
female children were evaluated; they were all
younger than 11 years old. A total of 26.3% was
overweight and 15.1% was obese. The prevalence of hypertension was 1.08%. Results show
a positive linear relationship between systolic
and diastolic blood pressure, and age and waist
circumference, and a trend is observed between
systolic blood pressure and the body mass index
z score (p= 0.068).
Conclusion. Overweight and obesity were the
most common nutritional disorders in schoolaged children in the studied district; there is an
association between age, waist circumference,
and systolic and diastolic blood pressure, and
between systolic blood pressure and the body
mass index z score.
Key words: children, nutritional status, obesity,
overweight, prevalence, hypertension.
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INTRODUCTION
Malnutrition, either caused by
deficiencies or excesses, is a key indicator to recognize health and development of the population.
Childhood obesity is a serious public health problem in Argentina.1 A
remarkable increase in the prevalence of weight excess has been reported

in Latin America and the Caribbean.2
The highest overweight and obesity
rates are observed in the United States
and Europe, but this increasing trend
is generalized in countries as varied as
China and Brazil.2
In the National Survey on Nutrition and Health in Argentina (ENNyS,
for its acronym in Spanish) carried out
by the Ministry of Health of Argentina, it is reported that the national
mean prevalence of obesity was 4.4%
(95% CI 3.8-5.1) in male and female
children aged 6-72 months old as per
the Sociedad Argentina de Pediatría
(SAP) curves. However, if we use the
World Health Organization (WHO)
curves, the prevalence of obesity was
10.4% (95% CI 9.3-11.5) in children
aged 6-60 months old.3 In our country, in girls aged 10-14.9 years old, the
prevalence of overweight and obesity
was 23.5% and 5.8%, respectively, according to the body mass index (BMI)
indicator.3
SAP’s Consensus on cardiovascular disease risk factors in pediatrics
considers the prevalence of obesity in
children of different age groups;4 in
addition, it points out that there are a
few studies in 6-10 year old children.
A study conducted in 6-13 year old
schoolchildren in the City of Buenos
Aires, not representative of the general population, showed a prevalence of overweight and obesity of 29%
and 12.3%, respectively.5 In a different
study conducted in Santa Teresita,
Province of Buenos Aires, in children
aged 6-10 years the overall prevalence
of overweight and obesity was 34.6%
and 17.9%, respectively.6
In childhood, the interaction between genetic, biological, psychological, socio-cultural and environmental
factors is clear. 7 In a child under 3
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years old, if his/her father is obese, the odds ratio
(OR) of that child to develop obesity at adulthood
is 3, but if both parents are obese, the OR is more than 10. Before 3 years old, parent´s obesity
is a stronger predictor of adult obesity than the
child’s weight.7
National and international publications have
shown an association between the nutritional status and cardiovascular risk. Recent publications
in Argentina have shown that obese children and
adolescents are more likely to have hypertension.6,8 Other countries have published the same
findings regarding a positive association between
obesity and hypertension.9,10
In pediatrics, the increase in obesity has led to
hypertension being more frequent during childhood, affecting 1-9% of children and up to 10% of
adolescents.5-10
These observations have significant implications for the identification of such risk and the
need to approach this issue by means of guidelines aimed at preventive healthy routines, regarding both feeding and healthy physical activity
patterns.
Treatments may help control childhood obesity in the short term, but since long term weight
control is difficult, prevention is still the best therapeutic tool.6
The objective of this study was to examine the
nutritional status of a 6-10 year old population
of male and female children attending schools
in the district of Olavarría, Province of Buenos
Aires, Argentina, and to establish its relation to
blood pressure.
POPULATION AND METHODS
Design: Cross-sectional, analytical study.
Study location: The district of Olavarría is located in the Province of Buenos Aires, Argentina
(37° S, 60° W). There, the percentage of population with unmet basic needs is 8.31%. The percentage of the population with a sewer system
is 46.7% and with access to drinking water 71%.
The percentage of illiteracy is 0.68% and that of
unemployment reaches 11.3%. The total number
of students enrolled in first to fifth grades in primary schools is 27 056.
Inclusion criteria: 6-10 year old male and
female children attending public and private
schools who accepted to participate in the study.
Exclusion criteria: presence of acute or chronic diseases.
In order to estimate the prevalence of obesity
with a 3.2% accuracy and a 95% confidence level,

and considering that the expected prevalence of
obesity was less than 20% based on previous studies, it was determined that the required sample
size would be approximately 600 children.
Six sports facilities where public and private
school children play sports were randomly selected from different parts of the city. All children
attending such facilities were examined on the
scheduled visit day to determine whether they
met the inclusion and exclusion criteria. Visits
took place in March 2009.
Outcome measures
Nutritional status
Nutritional status indicators
All indicators were evaluated as per WHO’s
tables using the AnthroPlus software. Z scores
were estimated as follows: height for age (z-HA),
weight for age (z-WA) and body mass index (zBMI). Weight and height measures were taken by
a single observer using the technique and procedures recommended for the age.11 Participants were weighted wearing trousers and a T-shirt, with
no shoes on. The weight of clothes was then subtracted to obtain the body weight value. A digital
electronic ASPEN scale with a 100 g range was
used. For measuring height, a CAM infantometer
with a 1 mm accuracy was employed.
Presence of overweight and obesity
Indicator: body mass index (BMI) (weight/
height2). Overweight: z-BMI between +1 and +2,
obesity: z-BMI >+2.12
Presence of underweight
Indicator: weight/age (W/A), underweight: zBMI <-2.12
Presence of chronic growth retardation (CGR)
Indicator: height/age (H/A), chronic growth
retardation: z-HA <-2.12
Waist circumference (WC) was measured by
the same observer, as per the recommendations,13
using an unstretchable tape, with the child standing in an anatomical position and both arms on
the sides, at the end of an exhalation.
Presence of central fat mass distribution.
Indicator: WC, with central obesity defined as
a WC ≥90th percentile.13
Blood pressure
Blood pressure (BP) was measured according
to the American Heart Association guidelines,14
using an Omron® automatic blood pressure monitor with 8/9 cm and 10/12 cm cuffs.
Presence of hypertension
Indicator: blood pressure; risk for hyperten-
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sion was defined as the presence of a blood pressure value >90th percentile, and hypertension as a
value >95th percentile, as per age, height, gender
and blood pressure tables.14
Statistical analysis
Data were analyzed using the SPSS software. Differences in means were analyzed using
Student’s t test. The relationship between outcome measures was estimated using Pearson’s correlation coefficient.
Linear regression models were adjusted for
systolic blood pressure (SBP) and diastolic blood
pressure (DBP) using z-BMI, age, gender and
waist circumference as explanatory outcome measures.
Ethical considerations
The protocol was approved by the Institutional Research Protocol Review Committee of the
Pediatric Research and Development Institute
(Instituto de Desarrollo e Investigaciones Pediátricas,
IDIP) Prof. Dr. Fernando Viteri, Hospital de Niños
Sor María Ludovica, of La Plata.
The School Board of Olavarría and the authorities of the schools where the exams were conducted provided their authorization for the study.
Informed consent forms were completed and signed by parents, and children older than 8 years
old gave their informed assent.
RESULTS
A total of 555 children (F: 259; M: 296) under
11 years old attending first-fifth grade in a primary school were evaluated.
In the studied population, underweight was
present in 0.4% (z-WA <-2) and 5.8% had chronic
growth retardation (z-HA <-2). The nutritional
status of the studied population as per the BMI
indicated that 57.3% were normal, 1.3% had some degree of malnutrition, 26.3% was overweight,
and 15.1% was obese.
Hypertension had developed in 1.08% of the
population.
Table 1 shows the waist circumference according to age in boys and girls.
Positive correlations were found between
SBP and DBP and z-BMI or waist circumference. The values of the Pearson’s correlation
coefficient were as follows: for z-BMI and SBP,
r = 0.245 (p < 0.001); for z-BMI and DBP, r = 0.167
(p < 0.001); for SBP and waist circumference,
r = 0.494 (p < 0.001), and for DBP and waist circumference, r = 0.325 (p < 0.001).

Once linear regression models for SBP were
adjusted, the gender outcome measure was not
statistically significant. In the adjusted linear regression model for SBP (R2= 0.40), the coefficient
for age was 2.75 (p= 0.000); for waist circumference, 0.288 (p= 0.000) and for the z-BMI, 0.61
(p= 0.068). This shows that the mean SBP increases with age approximately 2.75 mmHg each year,
but a higher waist circumference or z-BMI are also
related to an increase in mean SBP.
Once linear regression models for DBP were
adjusted, the gender and z-BMI outcome measures
were not statistically significant. The adjustment
in this DBP model was smaller (R2= 0.148), and
the coefficient was 1.095 (p= 0.000) and 0.204
(p = 0.000) for the age and waist circumference
outcome measures, respectively.
Table 2 shows a comparison between mean
SBP and mean DBP in children with and without
central obesity. Both SBP and DBP were higher in
children with central obesity (p = 0.001 and 0.002,
respectively). The difference in the mean DBP value between both groups was 2.7 mmHg.
Central obesity distribution was 15.1% in girls
and 13.2% in boys.
DISCUSSION
Results found in the studied population of
6-10 year old children show that the most common nutritional disorders are overweight (26.3%)
and obesity (15.1%), and these involved over 40%
of our sample. National studies have described si-

Table 1. Waist circumference by age in boys and girls
Age
5 years old
6 years old
7 years old
8 years old
9 years old
10 years old
Total

Girls
n
55.76 ± 5.07
34
57.59 ± 6.95
49
61.23 ± 7.32
52
64.76 ± 9.26
42
62.12 ± 7.45
54
65.32 ± 7.01
28
61.02 ± 7.97
259

Boys
n
55.52 ± 6,08
44
57.75 ± 6.05
49
60.28 ± 8.26
46
59.10 ± 6.02
39
64.71 ± 8.84
89
68.42 ± 10.03
28
61.10 ± 8.68
295

Results are expressed as mean ± standard deviation.
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milar tendencies, both in the results published by
the ENNyS3 and the studies conducted in different cities or provinces.15 A few studies focused
on poverty and carried out over the last decade
used national curves as reference and indicated
highly variable prevalence figures of overweight
and obesity in school-aged children, reaching 9%
and 13%.16-18
The study conducted by the WHO/PAHO revealed an increasing obesity trend in developing
countries, especially in urban areas.19 The results
for both Brazil and Chile were similar to those
found in our population,20,21 with a high prevalence of hypertension of 1.08% in our sample, which
was also similar to that reported in publications
regarding the United States population.14 Hypertension has a low prevalence in childhood (1-2%),
but increases significantly during adolescence and
is particularly associated with overweight and
obesity.14,22-24
Our results show that SBP and DBP depend on
age, nutritional status and waist circumference.
In the Bogalusa study, overweight children
had 4.5 and 2.4 more chances of having high SBP
and DBP, respectively, than non-overweight children.25 In a screening conducted by Sorof, et al. in
an adolescent population of eight public schools
in Texas (USA) a three times higher prevalence of
high blood pressure was observed in obese adolescents.26
The same risk was observed in children and
adolescents studied in Canada.27 Hirschler, et
al. proved that waist circumference may help
identify overweight and obese children at risk of
metabolic and cardiovascular complications.5 Genovesi, et al. found a strong association between
hypertension and increased weight and waist circumference,28 while Maffei, et al. observed a positive correlation between the increase in mean
waist circumference, insulin resistance and hypertension.29
Table 2. Systolic blood pressure and diastolic blood
pressure by presence or absence of central obesity

SBP
DBP

Children with
central obesity
(n = 78)
Mean ± SD
98.52 ± 9.97
61.11 ± 6.45

Children without
central obesity
(n = 477)
Mean ± SD
94.93 ± 8.91
58.41 ± 7.36

SBP: systolic blood pressure.
DBP: diastolic blood pressure.

P-value
0.001
0.002

Our results demonstrate a positive correlation
between central obesity as estimated by waist circumference and blood pressure.
In Sweden, Ruiz, et al. analyzed the association between BMI, waist circumference and
blood pressure in an ergometric study conducted
in 873 children aged 9-10 years old. Results indicated that an increase in central fat accumulation
was positively associated with high blood pressure and reduced exercise cardiorespiratory performance and endurance.30
Other studies have related obesity, BMI, waist
circumference and blood pressure with biochemical indicators of the metabolic syndrome. Though
this was not the aim of our study, it is interesting
as a warning regarding other complications inherent to obesity in children and its impact in adult
life, and it provides more scientific evidence for
an active intervention, towards the prevention of
these complications.31-33
According to our results, central obesity in the
studied children has a significant impact on SBP
and, to a lesser extent, on DBP. However, DBP
was significantly higher in children with central
obesity.
In a very important population study conducted in the United States in an adult 35-64 year old
population, authors reported that a reduction of
2 mmHg in mean DBP may lead to a decrease in
the prevalence of hypertension of approximately 17%, a reduction in the risk of heart diseases
of approximately 6%, and a reduction in the risk
of stroke and ischemic transient attacks of about
15%. This means that a small decrease in the distribution of mean DBP may have a great impact
on public health in relation to the number of cardiovascular diseases.34
Our results showed differences in DBP in
school-aged overweight or obese children and this
demonstrates the need to implement preventionrelated interventions at an earlier age in childhood
in order to promote a healthier lifestyle, which
depends on the development of health education
activities by government agencies and on food industry cooperation. Overweight and obesity in
children can be detected with simple, accessible
and low-cost methods, which can be easily implemented in primary healthcare.
Conclusion. Our results indicate that the
most common nutritional problem in our studied population is overweight (26.3%) and obesity
(15.1%), that SBP linearly depends on age, z-BMI
and waist circumference, and that DBP linearly
depends on age and waist circumference. n
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