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ABSTRACT

Objective: To predict metabolic syndrome in adolescents using anthropometric, metabolic and hemodynamic indicators based
on analysis of sensitivity and specificity. Methods: Cross-sectional study carried out from July 2015 to March 2016 with 186
adolescents from eight private schools in the municipality of Picos, Piaui, Brazil. The data were individually collected using a
form adapted with information on anthropometric, metabolic and blood pressure measures in a room reserved for such within the
premises of the schools. After a 12-hour overnight fast, venous blood was collected for further biochemical analysis. The T-test
was used for comparison of means in independent samples with significance level of p < 0.05. Cut-off scores were selected based
on the receiver operating characteristic (ROC) curves using the values with sensitivity and specificity closest to each other and
not below 60%. Results: There was a predominance of women (61.8%; n= 114), age between 15 and 19 years (57.5%; n=106)
and syndrome in 2.7% (n=5) of the sample. When the area under the curve (AUC) was analyzed, conicity index (AUC=0.83),
high-density lipoprotein (AUC= 0.88), systolic blood pressure (AUC=0.86) and mean arterial pressure (AUC=0.84) were found
to be significant predictors of the syndrome in the total sample. Conclusion: The indicators analyzed proved to be predictors
of metabolic syndrome, particularly conicity index, high-density lipoprotein, systolic blood pressure and mean arterial pressure.

Descriptors: Metabolic Syndrome; Anthropometry; Adolescent; Dyslipidemia; Blood Pressure; Abdominal Obesity.

RESUMO

Objetivo: Predizer a sindrome metabdlica em adolescentes a partir de indicadores antropométricos, metabdlicos e hemodindmicos
por analise de sensibilidade e especificidade. Métodos: Estudo transversal, realizado entre julho de 2015 e margo de 2016,
com 186 adolescentes de oito escolas particulares do municipio de Picos, Piaui, Brasil. Coletaram-se os dados por meio de um
formulario adaptado com informagbes sobre medidas antropométricas, metabdlicas e pressao arterial nas dependéncias das
escolas de forma individual em sala reservada para tal. Apés um jejum noturno de 12 horas, realizou-se uma coleta de sangue
venoso para posterior analise bioquimica. Utilizou-se o teste T para amostras independentes para compara¢do de médias dos
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indicadores com nivel de significancia de p < 0,05. Para sele¢do dos pontos de corte, adotaram-se as curvas receiver operating
characteristic (ROC), utilizando-se os valores com sensibilidade e especificidade mais préximos entre si e ndo inferiores a 60%.
Resultados: Houve prevaléncia do sexo feminino (61,8%; n= 114), idade entre 15 a 19 anos (57,5%, n=106) e da sindrome
em 2,7% (n=5) da amostra. Quando analisada a area sob a curva (AUC) ROC, encontraram-se como preditores significativos
da sindrome na amostra total o indice de conicidade (AUC = 0,83), a lipoproteina de alta densidade (AUC = 0,88), a pressé@o
arterial sistdlica (AUC = 0,86) e a presséo arterial média (AUC = 0,84). Conclusao: Os indicadores investigados demonstraram-
se preditores da sindrome metabdlica, merecendo destaque o indice de conicidade, a lipoproteina de alta densidade, a presséao
arterial sistélica e a presséao arterial média.

Descritores: Sindrome Metabdlica; Antropometria; Adolescente; Dislipidemias; Pressao Arterial; Obesidade Abdominal.

RESUMEN

Objetivo: Predecir el sindrome metabdlico en adolescentes a partir de los indicadores antropométricos, metabélicos y hemodinamicos
por el andlisis de sensibilidad y especificidad. Métodos: Estudio transversal realizado entre julio de 2015 y marzo de 2016
con 186 adolescentes de ocho escuelas privadas del municipio de Picos, Piaui, Brasil. Se recogieron los datos a través de un
formulario adaptado con informaciones sobre las medidas antropométricas, metabdlicas y presion arterial en las escuelas de
manera individual en clase reservada para ello. Después de un ayuno nocturno de 12 horas se realizé una colecta de sangre
venosa para posterior analisis bioquimico. Se utilizé el test T para muestras independientes para la comparacién de medias de
los indicadores con el nivel de significacién de p < 0,05. Para la eleccién de los puntos de corte, se adoptaron las curvas receiver
operating characteristic (ROC), utilizandose los valores con sensibilidad y especificidad mas cercanos entre si y no inferiores
al 60%. Resultados: Hubo prevalencia para el sexo femenino (61,8%; n= 114), edad entre 15y 19 afios (57,5%; n=106) y del
sindrome en el 2,7% (n=5) de la muestra. Se han encontrado como predictores significativos para el sindrome en la muestra
total el indice de conicidad (AUC = 0,83), la lipoproteina de baja densidad (AUC = 0,88), la presion arterial sistélica (AUC = 0,86)
y la presion arterial media (AUC = 0,84) a partir del analisis del area bajo la curva (AUC) ROC. Conclusién: Los indicadores
investigados se han demostrado predictores del sindrome metabdlico con especial importancia para el indice de conicidad, la
lipoproteina de alta densidad, la presion arterial sistélica y la presion arterial media.

Descriptores: Sindrome Metabdlico; Antropometria; Adolescente; Dislipidemias; Presion Arterial; Obesidad Abdominal.

INTRODUCTION

Adolescence is the period of life in between childhood and adulthood. In this period, the individual experiences
a growth spurt for weight and height, the development of secondary sex characteristics, menarche marking the
beginning of the reproductive cycle in women, and complex transformations in the process of cognitive development
that will influence the discovery of new intrapersonal, interpersonal and environmental relationships(".

This period is critical for the development of personal skills and the acquisition of decision-making skills. Therefore,
it is important to develop strategies targeted at the health of adolescents with a focus on reducing preventable diseases
and strengthening ties in order to develop their autonomy to maintain health and quality of life(".

The metabolic syndrome (MS) is an aggregation of cardiometabolic problems and is considered a complex
disorder represented by a set of cardiovascular risk factors usually related to fat deposition and insulin resistance®.

The syndrome implies an association of risk factors capable of predisposing the individual to the development of
cardiovascular diseases and type 2 diabetes mellitus, thus representing a serious public health problem nowadays,
with a significant impact on morbidity and mortality of the population®® and accounting for 7% of global deaths®.

The risk factors for the syndrome are the aggregation of excess weight or central adiposity, hypertension, high
triglyceride levels, low HDL (High Density Lipoprotein) and glucose intolerance®. Its prevalence rate in Brazil is 2.6%
in adolescents and its mainly caused by physical inactivity and inadequate diet, thus demonstrating the need for
interventions to improve such situation and tackle this public health problem in adolescence®.

Considering that the early onset of MS components increases the risks of disease in adult life, the identification
of simple and low cost noninvasive anthropometric measurement methods that correlate with these factors in healthy
adolescents is of great use for the prevention of noncommunicable diseases in current and future life®".

Thus, there is a need to explore health promotion strategies to broaden the health-disease process horizon. The
dissemination of information and knowledge leads the human being to a critical reflection on reality, thus favoring the
experience of healthy attitudes and behaviors that can guarantee the optimization of self-care actions®.
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Given that, the objective of this study was to predict metabolic syndrome in adolescents using anthropometric,
metabolic and hemodynamic indicators based on analysis of sensitivity and specificity.

METHODS

A cross-sectional study was carried out between July 2015 and March 2016 with 186 adolescents from eight
private schools in the city of Picos, Piaui. Picos is a city in South Central Piaui, which is located 321 km away from the
capital, Teresina. The city had an estimated population of 78,002 people in 2018, with a land area of 577,304 km>2®),

The study sample was obtained from a sample calculation using the formula for cross-sectional studies with
finite population, which involves: sample size, confidence coefficient, population size, absolute sampling error,
complementary percentage and proportion of occurrence of the phenomenon under study!'?.

Parameters were 95% confidence coefficient (1.96), sampling error of 3%, population of 2250 adolescents (10
to 19 years old) (N=2250) regularly enrolled in urban schools, and MS prevalence rate of 5% (p=0.05)("".

The sample was randomly selected by means of a random sampling software (True Random Generator®) in
which all adolescents had the same chance of being selected as long as they met the inclusion criteria (age between
10 and 19 years and regular enrollment and attendance to classes) and exclusion criteria (previous cardiopathy,
adopted children, failure to fast for 12 hours).

The adolescents were selected with a probability proportional to the number of students enrolled in each participating
school. The study was carried out in private schools because previous research has shown(? that cardiometabolic
risk factors (excess body weight and sedentary lifestyle) are even more pronounced among adolescents of high
socioeconomic status. Therefore, health promotion and disease prevention actions and early detection of these
changes should be targeted at this population group.

Data were individually collected on school premises in a room reserved for that purpose on a single day. Blood
samples were not collected on the same day as it required previous fasting.

This study included anthropometric indicators (body mass index (BMI), waist circumference (WC), waist-to-
height ratio (WHtR), conicity index (Cl) and neck circumference (NC), metabolic indicators (triglycerides (TG), total
cholesterol (TC), Low Density Lipoproteins (LDL)-cholesterol, High Density Lipoproteins (HDL)-cholesterol, insulin and
homeostatic model assessment (HOMA)) and hemodynamic indicators (systolic, diastolic and mean arterial pressure).

Weight and height were measured using a G-Tec® scale with digital display and a Seca® stadiometer, respectively.
BMI was calculated using the formula: peso (kilogram-Kg) / height? (meter-m). WC and NC were measured using
an inelastic flexible measuring tape of 150 centimeters (cm) accurate to one decimal place. WC was measured with
the individual standing upright on a flat and smooth surface with abdomen relaxed, arms along the body and feet
together. The measuring tape was placed around the narrowest part of the trunk between the last rib and the iliac
crest. NC was measured at mid-neck height(®). Measurements were performed three times and the arithmetic mean
of the values obtained was used in the study. WHtR was measured as the quotient of WC (cm) divided by height
(cm)™, The conicity index (CI)"® was calculated using an equation that involves: waist circumference, body weight
and height.

Blood pressure was measured using the classic auscultatory method and an instrument tested for the study.
Blood pressure measurement followed the procedures recommended by the VII Brazilian Guidelines on Hypertension
(2016)("®. Appropriately sized cuffs were used for children and adolescents and we developed a protocol to measure
blood pressure which considered the means of two measurements of systolic blood pressure (SBP) and diastolic
blood pressure (DBP) measured in the adolescent after 5 minutes of rest. If the difference between the first and
second measurements of the SBP or DBP was greater than 5 millimeters of mercury (mmHg), a third measurement
was taken and the mean between the second and third measurements was calculated!"”. Mean arterial pressure
(MAP) was also calculated as it represents SBP and DBP in a single variable based on the following formula: MAP
= [(SBP-DBP/3) + DBP](®).

Venous blood was collected on school premises for further biochemical analysis after a 12-hour overnight fast.
The samples were stored into vacuum tubes with separator gel and without anticoagulants'®. TG and blood glucose
were measured by enzymatic colorimetric kit processed in Autohumalyzer A5 (Human-2004)(°), Insulin was measured
using an Automated Chemiluminescence System ACS-180 (Ciba-Corning Diagnostic Corp. 1995, USA)©,
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The diagnosis of MS in the study sample was confirmed based on the occurrence of three or more of the following
criteria: obesity (WC = 90™ percentile for sex and age), dyslipidemia (TG > 130 mg/dl, HDL-cholesterol < 40 mg/dl),
high blood pressure (blood pressure = 90" percentile for sex, age and height) and impaired fasting glucose (glucose
= 110 mg/dl)@",

The analyses were categorized by age group and sex. Age group was divided into early adolescence (10 to 14
years of age) and late adolescence (15 to 19 years of age)?, and sex was divided into men and women.

Initially, the independent samples t-test was used to compare the means of the indicators among adolescents
with and without MS, with a significance level set at p<0.05. All the indicators that presented a significant relationship
(p<0.05) were selected.

In order to select cut-off points, the analysis was performed using the receiver operating characteristic (ROC)
curves technique®. The values with sensitivity and specificity closest to each other and not below 60% were used®?.
The statistical significance of each analysis was checked using the area under the ROC curve (AUC) and a 95%
confidence interval (95%CI). In this study, the indicator was considered a good predictor when it presented an area
under the ROC curve greater than 0.50. The statistical analysis of the data was performed using the Statistical
Package for the Social Sciences (SPSS) version 20.0.

Parents/legal guardians gave written informed consent authorizing the participation of the adolescents. In addition,
adolescents also gave written informed consent. The results of the tests were given to the adolescents with written
guidelines on the implementation of healthy life habits were provided. The adolescents who presented changes in
the parameters analyzed were referred to the primary health care center that covers the region where they live. The
research project was approved by the Research Ethics Committee of the Federal University of Piaui (Universidade
Federal do Piaui) under Approval No. 353.372.

RESULTS

The study was carried out with adolescents from the Piaui semi-arid region. There was predominance of women
(61.8%, n=114) and individuals aged 15 to 19 years (57.5%, n=106). MS was found in 2.7% (n=5) of the sample as
depicted in Table I.

Table | - Characterization of adolescents aged 10 to 19 years in private schools. Picos, Piaui, Brazil, 2015.

Variables n %
Sex
Men 71 38.2
Women 115 61.8
Age (in years)
10-14 79 42.5
15-19 107 57.5
Metabolic syndrome
Yes 5 2.7
No 181 97.3

n: Absolute number; %: Percentage

The results regarding MS and the anthropometric, metabolic and hemodynamic indicators of adolescents are
shown in Table II. WC, TC, HDL-cholesterol, insulin, HOMA index, SBP and MAP were found to be significantly
correlated with the presence of MS.

The areas under the ROC curve and their respective Cl related to the anthropometric, metabolic and hemodynamic
indicators of MS are described in Table lII.

Regarding the total sample, BMI, WC, WHtR, TC, LDL, insulin and HOMA index did not demonstrate a significant
discriminatory power to detect MS (LL-CI < 0.50). On the other hand, the analysis of the area under the ROC curve
showed that the anthropometric indicator Cl proved to be a significant predictor of MS (AUC = 0.83). In addition, the
metabolic indicator HDL (AUC = 0.88) and the hemodynamic indicators SBP (AUC = 0.86) and MAP (AUC = 0.84)
were found to have significant discriminatory power to predict MS (LL-CI = 0.50).
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The results regarding MS and the anthropometric, metabolic and hemodynamic indicators of adolescents are
shown in Table II. WC, TC, HDL-cholesterol, insulin, HOMA index, SBP and MAP were found to be significantly
correlated with the presence of MS.

Table I - Metabolic syndrome and anthropometric, metabolic and hemodynamic indicators in adolescents in private
schools. Picos, Piaui, Brazil, 2015.

Metabolic syndrome

Indicators

Total sample Yes No p-value’
Anthropometric, mean (standard deviation)
BMIt 20.94 (3.52) 23.95 (7.30) 20.86 (3.36) 0.399
Waist circumference 69.66 (10.02) 79.88 (12.99) 69.38 (9.82) 0.021#
Waist-to-height ratio 0.43 (0.06) 0.47 (0.07) 0.43 (0.05) 0.099
Conicity index 11.02 (1.14) 11.67 (0.16) 11.00 (1.15) 0.198
Neck circumference 31.40 (4.42) 31.00 (11.54) 31.41 (4.13) 0.939
Metabolic, mean (standard deviation)
Triglycerides 82.37 (44.88) 95.38 (38.63)  82.01 (45.08) 0.513
Glucose 72.49 (9.93) 76.44 (23.99) 72.38 (9.39) 0.725
Total cholesterol 154.02 (30.16) 123.06 (20.84) 154.87 (29.96) 0.020*
HDLS 48.25 (8.53) 37.62 (3.15) 48.54 (8.44) 0.004#
LDL! 89.18 (27.28) 66.36 (17.39)  89.81 (27.27) 0.058
Insulin 16.04 (15.19) 36.56 (36.32) 15.47 (13.99) 0.002%
HOMAT 2.84 (3.01) 8.28 (10.65) 2.69 (2.44) 0.001**
Hemodynamic, mean (standard deviation)
Systolic blood pressure 108.51 (10.65) 124.60 (11.48) 108.07 (10.30) 0.001**
DBPtt 69.93 (8.77) 76.40 (10.04) 69.75 (8.69) 0.095
Mean arterial pressure 82.79 (8.12) 92.46 (5.63) 82.52 (8.02) 0.007+#

‘p-value; 1BMI: Body mass index; *Student t-test; SHDL: High Density Lipoprotein; ILDL: Low Density Lipoprotein; THOMA:
Homeostatic model assessment; **p < 0.001; *DBP: Diastolic blood pressure; #lp < 0.05

Table Il - Area under the ROC* curve and 95%CI' for anthropometric, metabolic and hemodynamic indicators and
MS in the sample. Picos, Piaui, Brazil, 2015.

Metabolic syndrome Area under the ROC* curve (95%CI)t total sample
Anthropometric
BMI* -
Waist circumference 0.73 (0.43-1.00)
Waist-to-height ratio -
Conicity index 0.83 (0.76-0.90)8
Metabolic
Total cholesterol 0.18 (0.15-0.35)
LDL! 0.22 (0.06-0.39)
HDLT 0.88 (0.82-0.94)8
Insulin 0.69 (0.44-0.94)
HOMA™** 0.66 (0.40-0.92)
Hemodynamic
Systolic blood pressure 0.86 (0.70-1.00)8
Diastolic blood pressure -
Mean arterial pressure 0.84 (0.74-0.95)

*ROC: Receiver Operating Characteristic; 195%CI: 95% confidence interval; *BMI: Body mass index; $: Area under the ROC
curve showing discriminatory power to detect metabolic syndrome (LL-CI = 0.50); 'LDL: Low Density Lipoprotein; THDL: High
Density Lipoprotein; **HOMA: Homeostatic model assessment; %:Percentage
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Among male adolescents aged 10 to 14 years, only MAP (AUC = 0.81; CI=0.74-0.95) was a good predictor of
MS. Among students aged 15 to 19 years, SBP (AUC = 0.96, CI=0.90-1.00) and MAP (AUC = 0.96, CI=0.90-1.00)
had a significant discriminatory power to predict MS (AUC and LL-CI = 0.50).

The points with the highest sensitivity and specificity in the total sample were: 11.56 cm for Cl, 39.05 mg/dI for
HDL, 121.5 mmHg for SBP and 89.0 mmHg for MAP. The cut-off points for female adolescents aged 15 to 19 years
were: 27.10 kg/m? for BMI, 0.53 cm for WHtR and 124 mmHg for SBP (Table V).

As shown in Table V, cut-off points for MAP was 89.0 mmHg among male adolescents aged 10 to 14 years and
94.66 mmHg among male adolescents aged 15 to 19 years.

Table IV - Cut-off points, sensitivity and specificity of anthropometric, metabolic and hemodynamic indicators to
predict metabolic syndrome (MS) in the sample. Picos, Piaui, Brazil, 2015.

CP- total S (%) total Sp (%) total CP-15to S (%) 15 to Sp (%) 15 to

S sample sample sample 19 years 19 years 19 years
Anthropometric
BMI* NPt - - 27.10 100.0 98.5
WHItR NPt - - 0.53 100.0 100.0
Conicity index 11.56 80.0 81.2 NPT - -
Metabolic
HDL* 39.05 100.0 82.9 NPt - -
Hemodynamic
SBP 121.5 80.0 88.4 124.0 100.0 98.5
MAP 89.0 80.0 79.6 NPt - -

MS: Metabolic syndrome; CP: Cut-off point; S: Sensitivity; Sp: Specificity; *BMI: Body mass index; WHtR: Waist-to-height ratio;
TNP: Nonpredictive; *HDL: High Density Lipoprotein; SBP: Systolic blood pressure; MAP: Mean arterial pressure; %: percentage

Table V - Cut-off points, sensitivity and specificity of anthropometric, metabolic and hemodynamic indicators to
predict metabolic syndrome (MS) in students in private schools. Picos, Piaui, Brazil, 2015.

MS CP-10 to 14 S(%)10to14 Sp(%)10to CP-15t019 S (%)15to Sp (%) 15to

years years 14 years years 19 years 19 years
Anthropometric NP* - - NP* - -
Metabolic NP* - - NP* - -
Hemodynamic
DBP NP* - - 81.5 100.0 92.1
MAP 89.0 100.0 79.3 94.66 100.0 92.1

MS: Metabolic syndrome; CP: Cut-off point; S: Sensitivity; Sp: Specificity; DBP: Diastolic blood pressure; MAP: Mean arterial
pressure; *NP: Nonpredictive; %: Percentage

DISCUSSION

The prevalence rate of metabolic syndrome in the study population was 2.7% (n=5). This result is similar to that
found in the Study of Cardiovascular Risks in Adolescents (Estudo de Riscos Cardiovasculares em Adolescentes
— ERICA), the first Brazilian school-based study on the issue that found a prevalence rate of 2.6%, which is slightly
higher than that found in Teresina, Piaui (1.9%)“%. However, in other studies, prevalence rates ranged from 4.1%?2
to 14.1%%%, In a study carried out in Guatemala with 302 children/adolescents, MS prevalence rate was 2.0%;
however, at least one component of MS was found in approximately 54% of the participants®). In a study carried
out in Korea with 1554 adolescents aged 10 to 19 years, MS prevalence rates were 2.3% in the total sample, 2.8%
in overweight adolescents and 23.7% in obese adolescents®®.

The heterogeneity of definitions and cutoff points for the components of MS may explain, at least in part, the
different prevalence rates reported in the literature. Nevertheless, it is acknowledged that these rates have been
increasing in both developed and developing countries®”. In addition, MS prevalence rates increase significantly
(p<0.05) among overweight and/or obese adolescents, with prevalence rates ranging from 11.3% to 31.8% across
the Brazilian municipalities and 21.3% of Brazilian obese adolescents presenting MS®4. The findings of the present
study corroborate such information as BMI was found to be a good predictor of MS among female adolescents aged
15 to 19 years.
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The analysis of sensitivity and specificity using ROC curves not only allows the identification of the best cutoff
point, but also provides the area under the curve, which demonstrates the discriminatory power of an indicator for
a given outcome®®),

Studies have shown that WC is a good indicator of visceral abdominal fat and cardiovascular risk factors in
adolescents, and it may be a simple tool to identify MS(',

In the present study, both the Cl in the total sample and the WHtR in female students aged 15 to 19 years exhibited
good sensitivity and specificity for the prediction of MS with cut-off points of 11.56 cm and 0.53 cm, respectively. It
was also observed in the present study that adolescents with MS had lower mean HDL and higher mean TC, insulin
and HOMA index, and only HDL was a good predictor for screening MS in the total sample.

The increase in HDL reduces cholesterol concentration circulating in the blood and peripheral tissues. In addition,
it has antioxidant, anti-inflammatory and anticoagulant properties and promotes endothelial protection. In contrast,
low levels of HDL also increase the risk for the development of cardiovascular diseases®?.

The low levels of HDL in the present study can be explained by the nutritional transition process experienced
in Brazil, where most foods consumed are highly processed and high energy foods. Adolescents exhibit a high
consumption of stuffed biscuits, sausage, hot dogs, mortadella, sandwiches and salted snacks and a low consumption
of fruits and vegetables®?.

With regard to the hemodynamic indicators in the present study, SBP and MAP were good predictors of MS in the
total sample. After categorization by sex and age, SBP was a predictor in female students aged 15 to 19 years, MAP
was a predictor in male adolescents of both age groups, and DBP was a predictor in students aged 15 to 19 years.

Similar results were found in a study carried out with children and adolescents in Guabiruba, Santa Catarina®,
where students with MS presented high levels of systolic BP and diastolic BP in comparison with those without
MS (p<0.0001). In the ERICA study®”, the prevalence rate of high BP was 8.2% among the adolescents analyzed.
In addition, 57.6% of the adolescents with MS had high BP, which confirms BP as an important component to be
analyzed during adolescence.

Considering that systemic arterial hypertension (SAH) in adulthood can originate in childhood and adolescence,
preventive strategies, particularly those related to the identification of the various cardiovascular risk factors associated
with hypertension in this age group, should be adopted early in an attempt to reduce the late complications of this
disease®.

Given that, it should be noted that health promotion actions delivered by health professionals, particularly by
those working in primary health care, should be primarily focused on health promotion and encourage healthy habits
and environments. Such actions should be developed to assist children and adolescents in order to provide them
with conditions conducive to their healthy and full development©2.

The measurement of blood pressure is a limitation of the present study. Although it was measured in duplicate
and followed all the recommendations included in guidelines on hypertension, BP was measured in a single moment.
Therefore, further studies should be carried out to measure BP in three alternate days according to recommendations.

CONCLUSION

Anthropometric, metabolic and hemodynamic indicators were predictors of metabolic syndrome, mainly conicity
index, high density lipoprotein, systolic blood pressure and mean arterial pressure.
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