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Abstract

Objective: To identify the prevalence of hypertriglyceridemic waist (HTW) phenotype and its association with metabolic
abnormalities in schoolchildren.

Methods: A cross-sectional study, with a sample of 241 students aged 10 to 14 years from public schools (4 schools) and
private (2 schools) from Paranavai town, in Parana State, Brazil. Anthropometric variables (weight, height, waist
circumference) and levels of triglycerides, total cholesterol, HDL-C, non-HDL and LDL-C were analyzed. In statistical tests of
Pearson partial correlation and multivariate logistic regression, considering p<<0,05.

Results: The prevalence of HTW was 20,7% among schoolchildren, 14,1% in males and 6,6% among females with higher
proportions aged 10-12 years old. Multivariate analysis indicated that the students who attended private schools were
nearly three times more likely (95% Cl: 1,2-5,6), to be diagnosed with HTW compared with those who attended public
schools (p=0,006), and LDL-C was the only metabolic variable positively associated with the outcome (p =0,001), where the
students categorized with elevated serum levels had odds 4,2 times (95% Cl: 1,6-10,9) having the HTW compared to
students in appropriate levels.

Conclusion: This study showed higher prevalence of hypertriglyceridemic waist phenotype in students when compared to
prospective studies in Brazil and worldwide. It also showed that the only metabolic alteration associated with HTW
phenotype was LDL-C (low density lipoprotein).
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Introduction The excess body weight, mainly in the abdominal region,
. . ) besides being a major risk factor for cardiovascular disease, has
Obesity has become a major global health problem in recent been associated with metabolic abnormalities, hypertension, as

decades. Recent data have shown a substantial increase in cases of dyslipidemia, insulin resistance, hyperinsulinemia and diabetes

> i ! - < , ins S , s <
overweight and obesity in children and adolescents during the past 6,7]
7],

twenty years [1]. The increase in food intake and lack of physical
activity, associated with obesity contribute to at least 300,000
deaths per year in the United States. The leading cause of death
worldwide among adults are cardiovascular diseases, usually
progressive that have their roots in the early years of life [2,3].

The hypertriglyceridemic waist phenotype (HTW) is represent-
ed by the simultaneous presence of high waist circumference and
higher levels of serum triglycerides. That besides being an
indicator of visceral obesity and metabolic triad, has been
suggested as a predictor of the atherogenic metabolic triad
In Brazil these diseases are the leading cause of death in the (hyperinsulinemia, elevated apolipoprotein B levels and high

population in all regions [4]. Childhood and adolescence are concentrations of small and dense low-density lipoprotein (LDL-
important stages in this process, since it is a time of biological C), and the metabolic syndrome [8,9].

changes in the human body, and in addition, adolescents start
adopting standards and independent behavior that influence the
risk of these diseases [5].

The identification of metabolic abnormalities in the young
population is essential for the monitoring of those individuals to
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town, Parana state, Brazil, 2013.

Hypertriglyceridemic Waist in Schoolchildren

Table 1. Metabolic Characteristics according to hypertriglyceridemic waist (HTW) phenotype of schoolchildren from Paranavai

Average = DP

Variables HTW+ (n=50) HTW- (n=191) p-value
Age (years) 123%1,1 12,3+1,2 0,808°
Mass (kg) 68,8+9,5 492+11,3 <0,001%*
Height (cm) 1,62+0,1 1,58+0,1 0,128°
BMI (kg/m2) 26,14+2,7 19,67%3,31 <0,0015*
WC (cm) 92,6+7,3 713+9,4 <0,001°*
Glycemia 83,1+13,9 78,7+17,0 0,348°
Cholesterol 259,6+31,0 202,9+43,5 <0,001%*
HDL-C 482+74 49,4+6,8 0,634°
Non-HDL-C 211,4+29,8 153,4%41,6 <0,001%*
LDL-C 83,0+46,7 56,8+37,1 0,063°
Triglycerides 127,7+68,2 83,3%+38,5 <0,001°*

doi:10.1371/journal.pone.0111724.t001

prevent premature development of cardiovascular diseases and all
their related consequences.

Given the above and the few studies published in Brazil on
HTW phenotype in children and adolescents population, this
study aimed to identify the prevalence of HI'W phenotype and its
association with metabolic abnormalities in Brazilian schoolchil-
dren.

Methodology

This cross-sectional survey was conducted in the months of July
and August 2013. The sample, consisting of the school population
between 6th and 9th degrees aged 10 to 14 years, from public
schools (4 schools) and private (2 schools) from Paranavai town, in
Parana State, Brazil. The classes were chosen by systematic
random sampling in three stages: 1) drawing one school from each
region of the town; 2) drawing the classes in each school, 3)
mviting all schoolchildren from the drawn classes and explanations
about the study. Parents received a letter explaining the purpose of
the study and were asked for written consent for their child’s
participation.

The sample calculation resulted from the number of total
population analyzed (n=4,540). Specifically, to investigate the
HTW phenotype, the sampling design was defined based on the
prevalence of 7.2% of the outcome according to the latest study
published in Brazilian adolescents [10]; confidence level equal to
95% and sampling error of 3.5%, estimating the minimum
number of 215 students. The assessments were performed only on
those students who accepted to participate in the study and
presented the Statement of Consent signed by the respondents
(n=248). Seven of these subjects were excluded: 1) different age
from 10 to 14 years, 2) non-completion of all assessments. The
final sample consisted of 241 children and adolescents, being 136
boys and 105 girls. The margin of sampling error calculated
retrospectively, was 3.4% below the value set a priori (3.5%).

The assessments were conducted during school time by trained
assessors using calibrated equipment. Height was measured with
wall stadiometer (Wisod, Brazil) with a resolution of 0.1 cm, and
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Test t (a), Mann Whitney U Test (b); *p value<<0,001. HTW+: presence of phenotype; HTW-: absence of phenotype; BMI: body mass index, WC: waist circumference, HDL-
C: high density lipoprotein cholesterol, Non-HDL-C: non-high-density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol. HTW phenotype was defined
by the simultaneous presence of high waist circumference (=75th percentile for age and sex) and serum levels of high triglycerides (=100 mg/dL).

body mass using a digital balance (G-Tech) with a maximum
capacity of 150 kg and a resolution of 100 grams. The assessed
subject wore only school uniform, without coat or objects in
pockets. BMI (kg/m2) was used to classify schoolchildren with
appropriate weight and overweight [11]. Data from children with
low weight (0.3%, n=1) were included in the category of
appropriate weight.

Waist circumference was measured using an unstretched tape
meter (Gullikd, Brazil), without any pressure to body surface,
applied immediately above the iliac crests, and measurements and
recorded to the nearest 0.1 cm. For classification of abdominal
obesity (central), we used the cutoff point of P =75° for all ethnic
groups [12].

For biochemical analyzes were collected samples of 10 ml of
venous blood in the anti-cubital vein after fasting period of at least
10-12 hours between 8.00 and 9.30am in a clinical analysis
laboratory in town. The samples were properly collected and
analyzed on the same day of collection. Serum levels of total
cholesterol, high density lipoprotein cholesterol (HDL-C), non-
high-density lipoprotein cholesterol (non-HDL-C), low density
lipoprotein cholesterol (LDL-C), triglycerides and fasting glycemia
were determined by enzymatic methods with Gold Analisa kit,
according to specifications of the manufacturer. The values of total
cholesterol <150 mg/dL, LDL-C <100 mg/dL, HDL-C =
45 mg/dL, non-HDL-C <123 mg/dl, triglycerides <100 mg/
dL, fasting glycemia <100 mg/dl were considered adequate [13—
15]. The HTW phenotype was defined by the simultaneous
presence of abdominal obesity and elevated levels of serum
triglycerides (=100 mg/dL) [16].

In the statistical analysis, the test of Kolmogorov-Smirnov test
was used to identify the normality of data distribution. We used
the Mann-Whitney’s U test for non-parametric independent
samples and Student’s t test for parametric independent samples
to compare anthropometric and biochemical characteristics
between the groups with and without the hypertriglyceridemic
waist (HT'W) phenotype.
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TG

LDL-C

HDL-C Non-HDL-C

Glycemia
—0,09
0,33*%

BMI
—0,12
0,09

0,06

wc
0,87*
—0,07
—0,10

Table 2. Pearson Partial Correlation (r) for studied variables, with adjustment for age and gender, of Paranavai schoolchildren, Parana State, Brazil, 2013.

Variables
wc

BMI
Glycemia
HDL-C

0,16*
0,12
0,01

0,13
0,09

Non-HDL-C
LDL-C
TG

0,21*

-0,08
0,17*

0,06
0,12

0,22*

0,41*

0,16*

BMI: body mass index, WC: waist circumference, HDL-C: high density lipoprotein cholesterol, Non-HDL-C: non-high-density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol, TG: triglycerides. * Significant

correlations at p<0.001 level.

doi:10.1371/journal.pone.0111724.t002
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In order to analyze the relationship of biochemical and
anthropometric variables was performed Pearson partial correla-
tion test with adjustments for age and gender.

Multivariate logistic regression was performed determining the
odds ratio (OR) and respective confidence intervals (95%), in order
to examine the independent association of HTW phenotype
(dependent variable) and the independent variables. The criterion
for inclusion of independent variables in the multivariate model
was an association level of p=0.20 with the dependent variable, by
the chi-square test.

Analyses were performed using the Statistical Package for Social
Science (SPSS), version 20.0, considering p<<0.05. This study was
approved by the Ethics Committee in Research of the State
University of Maringa, under number 353.552 according to the
Declaration of Helsinki.

Results

Students diagnosed with HTW phenotype showed averages
significantly higher of body mass, body mass index, waist
circumference, cholesterol, non-HDL-C and triglyceride levels
than students without the presence of HIT'W (p<<0.001). The age,
height, blood glucose, HDL-C and LDL-C averages were similar
between all the groups (Table 1).

Analyzing the relationship between studied variables, it was
found that the two anthropometric indicators were strongly
correlated (r=0.87 p<<0.001), indicating collinearity between
them. The anthropometric variables showed very weak correla-
tions with all the biochemical variables, and the only significant
relationship was between waist circumference and triglycerides
(r=0.16 p<0.001). The biochemical variables showed weak to
moderate correlations with each other, with the values of the
coefficients ranging from -0.09 to 0.41 (Table 2).

In exploratory analysis of data, a higher proportion of male
schoolchildren (56.4%) was observed. Between the two age ranges
adopted in the study (10-12 and 13-14 years), 55.6% of the
sample matched the first classification. When checking the
presence of CHT phenotype in the sample, 20.7% (n=>50) had
a confirmed diagnosis. The isolated prevalence of CHT phenotype
components in students was 37.8% (n=091) for increased waist
circumference and 20.7% (n=>50) for high triglycerides serum
levels. The data referred to these results, can be found in Data S1.

Then, multivariate analysis by logistic regression showed that
the variables associated with the presence of the HTW were
gender (p=0.025) indicating that girls had 0.5 times more likely
(CI: 95% 0, 2 to 0.9) of having HTW compared to boys, age
(p=0.009), with students aged 13-14 years had 0.4 times more
likely (CI: 95% 0.2-0.8) in comparison to those of 10-12 years,
network (p=0.006) showed that students who attended private
schools were nearly three times more likely (95% CI: 1.2 to 5.6), to
be diagnosed with HI'W compared those who attended public
schools and finally LDL-C (p=0.001) indicated that students
classified with elevated serum levels had 4.2 times more likely
(95% CI: 1.6 to 10.9) to have the HT'W phenotype in relation to
students at appropriate levels. BMI, cholesterol and non-HDL-C
were not associated with the dependent variable (Table 3).

Discussion

This study is one of the first in Brazil that observed the HTW
phenotype in students of both genders in public and private
schools. The prevalence was 20.7% and 14.1% of the total cases
were identified in males and 6.6% among females, when the
percentage within the genders were analyzed, 25% of boys and
15.2% of girls showed the HT'W phenotype.
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The first national study of adolescents in Brazil conducted in
Minas Gerais [17] found a prevalence of 2.6% of HT'W phenotype
in female adolescents aged 14 to 19 years, a value far below that
the one seen in this study with the girls. In a recent survey of
teenagers of both sexes in the state of Bahia-Brazil [10] the
prevalence was 7.2% of the total sample, again showing that the
values are lower than those shown in school from Paranavai town,
in Parana State.

Other studies performed elsewhere as in Tehran [16] and Iran
[18] with the children and young population showed prevalence of
6.4% and 8.5% respectively of the approaching the prevalence
rates found by Brazilian studies published so far, but not with that
found in the present study. A likely explanation for the differences
found in the prevalence of HT'W phenotype would be because of
the cutoft points used being different for circumference. In this
study an international criterion for all ethnicities [12] which may
have been a limitation and bias in the study. Validation of national
cut points for this age group are necessary for greater reliability in
studies with Brazilian schoolchildren and for a better comparison
of results found in studies.

It is important the odds ratio (O.R) of HT'W phenotype being
higher among male students in the age group of 10-12. In
Brazilian study carried recently [10] there was no difference
between the sexes, but teenagers aged between 12 and 16 years
were twice as likely to have the diagnosis of HI'W contrasting the
results found in this study.

Another important factor that has been identified, concerns to
BMI anthropometric variable, that indicator although it was not
significantly associated with the prevalence of HTW, it was the
only variable strongly correlated with WC (r=0.87, p=<0.001).
Higher BMI indices may be related directly with excess body fat
due to the fact a likely lean mass not be very significant in this
population [5,19,20], this being an important primary measure
and easy to be taken in the school environment to diagnose
overweight and obesity among students.

PLOS ONE | www.plosone.org

Table 3. Prevalence of hypertriglyceridemic waist (HTW) phenotype and individual components of schoolchildren from Paranavai
town, in Parana State, Brazil, 2013.
Variables Adjusted Odds ratios (IC 95%)
Gender Boys 1
Girls 0,5 (0,2-0,9)*
Age 10-12 years 1
13-14 years 0,4 (0,2-0,8)*
Net Public 1
Private 2,7 (1,2-5,6)*
BMI Eutrophics 1
Overweight 1,2 (0,6-2,7)
Obesity 2,1(0,8-5,4)
Cholesterol Adequate 1
Inadequate 3,0 (0,3-30,2)
Non HDL-C Adequate 1
Inadequate 2,0 (0,6-6,3)
LDL-C Adequate 1
Inadequate 4,2 (1,6-10,9)*
BMI: Body Mass Index; Non-HDL-C:non-high-density lipoprotein cholesterol;LDL-C: low density lipoprotein cholesterol. *Significant values p=0,05.
doi:10.1371/journal.pone.0111724.t003

In the case of biochemical variables analyzed in the multivariate
model, only LDL cholesterol showed a significant association with
HTW phenotype, schoolchildren with inadequate levels had odds
4.2 times (CI: 1.6-10.9) regarding the ones classified as appropri-
ate, confirming the results found for the same variable in other
studies [10,16,18].

Total cholesterol was not associated with the phenotype CHT
probably due to the logistic behavior of data (high prevalence),
because 89.6% of the sample were with inappropriate values. This
percentage of cases (89.6%) is higher than those found in research
with children and adolescents in Brazil and in the world [21-23].
It is noteworthy that despite the lack of association, 49 of 50
students diagnosed with CHT phenotype were classified with
hypercholesterolemia. Besides being an important metabolic
marker, hypercholesterolemia is a major risk factor for cardiovas-
cular disease [24] and the leading cause of death worldwide [3].

Another important variable analyzed was the non-HDL
cholesterol, and the results showed no association with the
dependent variable, contrasting the only Brazilian study that did
similar analysis on this population [10]. Although not associated, it
was observed high prevalence (76.3%) of inadequate cases (non-
HDL cholesterol =123 mg/Dl) in the sample. This high
prevalence should be carefully monitored in view of the strong
relationship of this measure with the presence of atherogenesis and
increased chances of cardiovascular risk [25].

The measures of fasting glycemia and HDL-C (high density
lipoprotein cholesterol) were not included in the multivariate
model due to weak association seen in exploratory data analysis.
The lack of association of HDL-C contradicts the findings of other
studies that found a positive association with the HTW [10,16,18].
But fasting glycemia behaved in similar way with the research
conducted in Bahia and Iran [10,18]. The prevalence of fasting
glycemia was 1.7% (n=4), and this value, similar to what has been
observed in adolescents from different regions of Brazil [7,26].

Despite the low prevalence found in this study is important and
necessary to point out that hyperglycemia is related to obesity,
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especially visceral, identified from the analysis of the HTW
phenotype, it still is positively related to cardiovascular diseases
such as, high blood pressure, which in many cases is linked to
increased levels of triglycerides in the blood [23]. Thus, its
prevention and control is the best way to prevent the emergence of
future health complications, especially in metabolism, with the
onset of metabolic syndrome.

Given the above, this study showed higher prevalence of
hypertriglyceridemic waist phenotype in students when compared
to prospective studies in Brazil and worldwide. It also showed that
the only metabolic alteration associated with HI'W phenotype was
LDL-C (low density lipoprotein). Further studies are needed to
better clarify what are the metabolic variables related to the
phenotype, as there are some discrepancies in the literature. For
this, normative values for standardization of criteria and classifi-
cation of the phenotype in this population should be created so
that an accurate comparison between the conducted research is
possible.

References

1. Basiratnia M, Derakhshan D, Ajdari S, Saki F (2013) Kidney Diseases
Prevalence of Childhood Obesity and Hypertension in South of Iran.
Iran J Kidney Dis 7(4):282-9.

2. Word Health Organization (2007) Growth reference data for 5-19 years.
Geneva: World Health Organization.

3. World Health Organization (2011) World Health Statistics 2011. Geneva:
World Health Organization.

4. Government of Brasil (2010) Ministério da Satde. Indicadores e dados basicos.
Indicadores de mortalidade. Available: http://tabnet.datasus.gov.br/cgi/
idb2010/matriz.htm#mort. Accessed 2014 Oct 28.

5. Moser DC, Giuliano IdeC, Titski AC, Gaya AR, Coclho-e-Silva MJ, Leite N
(2013) Anthropometric measures and blood pressure. J Pediatr (Rio J) 89(3):243—
9.

6. Pergher RNQ, Melo ME, Halpern A, Mancini MC, Liga de Obesidade Infantil
(2010) Is a diagnosis of metabolic syndrome applicable to children? J Pediatr
(Rio J) 86(2):101-8.

7. Pereira PB, Arruda IK, Cavalcanti AM, Diniz Ada S (2010) Lipid profile of
schoolchildren from Recife, PE. Arq Bras Cardiol 95: 606-13.

8. Blackburn P, Lemieux I, Lamarche B, Bergeron J, Perron P (2012)
Hypertriglyceridemic waist: a simple clinical phenotype associated with coronary
artery disease in women. Metabolism 61: 56-64.

9. Lemieux I, Pascot A, Couillard C, Lamarche B, Tchernof A, Almeras N, et al.
(2000) Hypertriglyceridemic Waist: A Marker of the Atherogenic Metabolic
Triad (Hyperinsulinemia; Hyperapolipoprotein B; Small, Dense LDL) in Men?
Circulation 102(2):179-84.

10. Conceigao-Machado ME, Silva LR, Santana ML, Pinto EJ, Silva RdeC, et al.
(2013) Hypertriglyceridemic waist phenotype: association with metabolic
abnormalities in adolescents. J Pediatr (Rio J) 89(1):56-63.

11. Conde WL, Monteiro CA (2006) Body mass index cutoff points for evaluation of
nutritional status in Brazilian children and adolescents. J Pediatr (Rio J)
82(4):266-72.

12. Fernandez J, Redden D, Pietrobelli A, Allison D (2004) Waist circumference
percentiles in nationally representative samples of African-American, European-
American, and Mexican-American children and adolescents. J Pediatr 145:
439-44.

13. Back Guiliano IdeC, Caramelli B, Pellanda L, Duncan B, Moriguchi E, et
al.(2005) I Guideline for preventing atherosclerosis in clhildhood and
adolescence. Arq Bras Cardiol 85: 4-36.

PLOS ONE | www.plosone.org

Hypertriglyceridemic Waist in Schoolchildren

Supporting Information

Data S1 Additional data.
(XLS)
Acknowledgments

The authors thank the Araucaria Foundation (Fundacao Araucaria —
Brasil) for financial support. We also thank the Coordination of
Improvement of Higher Education Personnel - CAPES for the scholarship
provided.

Author Contributions

Conceived and designed the experiments: FRG CAMF RKNC WR.
Performed the experiments: FRG LJH MTMF. Analyzed the data: FRG
CAMF MTMF. Contributed reagents/materials/analysis tools: FRG LJH
RKNC WR. Wrote the paper: FRG CAMF IJH MTMF RKNC WR.

14. Srinivasan SR, Myers L, Berenson GS (2002) Distribution and correlates of non-
high-density lipoprotein cholesterol in children: the Bogalusa Heart Study.
Pediatrics 110(3):¢29.

15. American Diabetes Association (2011) Diagnosis and classification of diabetes
mellitus. Diabetes Care 34:562-9.

16. Esmaillzadeh A, Mirmiran P, Azizi F (2006) Clustering of metabolic
abnormalities in adolescents with the hypertriglyceridemic waist phenotype.
Am J Clin Nutr 83: 36-46.

17. Percira FP (2008) Medidas e localizagao da gordura corporal e fatores de risco
para doengas cardiovasculares em adolescentes do sexo feminino, Vigosa-MG.
Univ Fed Vigosa 146.

18. Alavian S, Motlagh M, Ardalan G, Motaghian M, Davarpanah A, et al. (2008)
Hypertriglyceridemic waist phenotype and associated lifestyle factors in a
national population of youths: CASPIAN Study. J Trop Pediatr 54: 169-77.

19. de Queiroz VM, Moreira PVL, de Vasconcelos THC, Vianna RPdeT (2010)
Artigo Original Prevaléncia e Preditores Antropométricos de Pressdo Arterial.
Arq Bras Cardiol 95(5):629-34.

20. Kuschnir MCC, Mendonga GA (2007) Risk factors associated with arterial
hypertension in adolescents. J Pediatr (Rio J) 83(4):335-42.

21. Bergmann MLDA, Bergmann GG, Halpern R, Rech RR, Constanzi CB, et al.
(2011) Colesterol total e fatores associados: estudo de base escolar no sul do
Brasil. Arq Bras Cardiol 97(1):17-25.

22. Rentfro AR, Nino JC, Pones RM, Innis-Whitechouse W, Barroso CS, et al.
(2011) Adiposity, biological markers of disease, and insulin resistance in Mexican
American adolescents, 2004-2005. Prev Chronic Dis 8(2):A40.

23. Hosseini-Esfahani F, Khameneh AMN, Mirmiran P, Ghanbaraian A, Azizi F
(2011) Trends in Risk Factors for Cardiovascular Disease Among Iranian
Adolescents: The Tehran Lipid and Glucose Study. J Epidemiol. 21(5):1999
2008.

24. Klag M, Ford D, Mead L, He J, Whelton P, et al. (1993) Serum cholesterol in
young men and subsequent cardiovascular disease. N Engl ] Med 238(5):313-8.

25. Rana JS, Boekholdt SM, Kastelein JJP, Shah PK (2012) The role of non-HDL
cholesterol in risk stratification for coronary artery disease. Curr Atheroscler
Rep. 14(2):130-4.

26. Rodrigues AN, Perez AJ, Pires JGP, Carletti L, Araujo MT, et al.(2009)
Cardiovascular risk factors, their associations and presence of metabolic
syndrome in adolescents. J Pediatr (Rio J) 85(1):55-60.

November 2014 | Volume 9 | Issue 11 | e111724


http://tabnet.datasus.gov.br/cgi/idb2010/matriz.htm#mort
http://tabnet.datasus.gov.br/cgi/idb2010/matriz.htm#mort
http://tabnet.datasus.gov.br/cgi/idb2010/matriz.htm#mort

