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ABSTRACT

OBJECTIVE: To determine neck circumference (NC) and waist-to-height ratio (WHtR) cut-off
points as predictors of obesity and cardiovascular risk in adolescents.

METHODS: Cross-sectional study developed with a subsample of 634 adolescents aged 18
and 19 years belonging to the third phase of the “RPS” cohort (Ribeirdo Preto, Pelotas and Séo
Luis) carried out in 2016. The area under the ROC curve (AUC) was identified to assess the
predictive capacity of NC and WHtR in relation to the percentage of body fat (%BF), obtained
by air displacement plethysmography (ADP), and the cardiovascular risk estimated by the
Pathobiological Determinants of Atherosclerosis in Youth (PDAY).

RESULTS: The prevalence of obesity by %BF was 7.6% in males and 39.4% in females
(p-value <0.001), and the high PDAY risk was 13.8% and 10.9%, respectively. For males, NC
cut-off point was 44.0 cm and the AUCs were 0.70 (95%C1 0.58-0.83) to predict obesity and 0.71
(95%CI 0.62-0.80) to predict high cardiovascular risk; for females, NC cut-off point was 40 cm
and the AUCs were 0.75 (95%CI 0.69-0.80) and 0.63 (95%CI 0.53-0.73), respectively. WHtR cut-off
point was 0.50 for both sexes; for males, the AUCs to predict obesity and high risk according
to PDAY were 0.90 (95%CI 0.80-0.99) and 0.73 (95%CI 0.63-0.82), respectively; for females, they
were 0.87 (95%CI 0.83-0.90) and 0.55 (95%CI 0.45-0.65), respectively.

CONCLUSION: WHtR and NC are good discriminators to assess obesity and cardiovascular
risk in adolescents, especially in males.

DESCRIPTORS: Adolescent. Waist-Height Ratio. Neck. Anthropometry. Heart Disease Risk
Factors. Obesity.
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INTRODUCTION

In the last decades, overweight and obesity have shown substantial growth and are
cause of concern worldwide, since have relevant outcomes on public health'.

Most critical periods for the development of excess body fat occur in early childhood and
adolescence; however, the accumulation of fat in adolescence tends to remain in adulthood?.

It is a consensus in the literature that obesity, especially central obesity, predisposes
individuals to chronic noncommunicable diseases (NCDs), which can be explained by being
related to specific metabolic conditions that favor the occurrence of dyslipidemia, arterial
hypertension, insulin resistance, and diabetes®*.

Those conditions have become a worldwide epidemic®. Faced with this challenge, the
World Health Organization (WHO) established as global goal for 2025 the reduction of
premature mortality from NCDs by 25% and, for this this to occur, one of the axes is to
stop the increase in obesity prevalence®. In this perspective, it is important to carry out the
diagnosis of obesity based on the use of simple and accurate instruments to assess excess
body fat.

Several studies propose anthropometric indicators to determine the association
between obesity and cardiovascular risk. Most of them used traditional indicators
and methods, including Body Mass Index (BMI) and Waist Circumference (WC),
in order to compare the performance of these indicators in detecting general body fat and
cardiovascular risk™.

Recently, other indicators began being studied, including waist-to-height ratio (WHtR)
and neck circumference (NC)°. WHtR is considered an important tool for identifying body
fat and risk of cardiovascular diseases®'*', and has gained prominence in population
studies in different age groups'®'!. Furthermore, when compared to other indicators, the
determination of a single WH(R cut-off point value is suggested as an advantage as a good
anthropometric indicator in public health'? In national and international studies, there
is a small variation in WHtR cut-off points with the objective of predicting obesity and
cardiovascular risk in children, adolescents and adults, although the determined values
are close or equal to 0.50%"",

With regard to NC, it should be noted that the neck fat is essentially subcutaneous’,
which would explain its correlation with cardiovascular risk and insulin resistance', as
there is greater lipolytic activity in this fat compartment, especially in obese individuals®.
Although new, this indicator has the following advantages: good performance in determining
obesity in childhood and adolescence; quick and simple measurement’, and lack of influence
from postprandial abdominal distension or respiratory movements®.

However, there are few studies that have evaluated its capacity to predict obesity and
cardiovascular risk, especially in adolescents.

Considering the importance of identifying the predictive capacity — based on methods that
are considered the gold standard - of anthropometric indicators to identify obesity and
cardiovascular risk in adolescents and that can be used in health care, this study aimed
to determine NC and WHtR cut-off points using air displacement plethysmography (ADP)
to predict obesity and cardiovascular risk in adolescents.

METHODS

Study Design and Sample

Cross-sectional study carried out with data from the RPS Birth Cohort Consortium
produced by three Brazilian cities (Ribeirdo Preto, Pelotas and Sdo Luis) and approved
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by the University Hospital Research Ethics Committee of the Federal University of
Maranhéo (CEP/HU-UFMA) (Opinion No. 1.302.489).

Participants in the cohort from the city of Sdo Luis were evaluated in three stages of life: 1*
phase - birth; 2" phase - childhood (7 to 9 years old), and 3" phase — adolescence (18 and
19 years old). The detailed methodology can be found in the study by Braganga et al.*". For
this work, only data from the 3" phase were used.

The 3" phase of the cohort was carried out in 2016, with individuals aged 18 and 19
years, and aimed to assess nutritional outcomes, chronic diseases, mental health, and
human capital. In this phase, 2,515 adolescents were evaluated, 654 belonging to the
birth phase (1* phase) and 1,861 adolescents born in 1997 in Séo Luis, MA, who were
included to increase the sample power and predict future cohort losses. Teenagers were
included in the 3" phase from selection at the four Army Recruiting Centers on the island
of Sdo Luis (MA); at high schools based on data from the 2014 school census, and at
universities. These adolescents were submitted to the same tests and instruments applied
to adolescents in the birth phase. A questionnaire was also applied to mothers to collect
perinatal data.

Regarding the 2,515 adolescents evaluated in the 3 phase, only those who had their NC,
WHtR and (%BF) measured were included in this study. After applying these criteria,
634 adolescents were eligible to compose the final sample. Figure 1 illustrates the study
sampling plan.

Data Collection and Analysis

Data were obtained by a trained team by applying questionnaires and using equipment,
and recorded on the Research Electronic Data Capture (Redcap®)* software.

The following socioeconomic and demographic data were used: sex (male and female);
age (18 and 19 years old); socioeconomic class, according to Economic Classification
in Brazil (CEB) (A/B, C and D/E); currently studying (‘yes’ and no’); currently working
(‘yes’ and no’); self-declared skin color (black, brown, and white); schooling (elementary
school, high school, high school technical education, technical education, higher
education in progress, pre-college entrance exam courses, EJA/PEJA), and smoking
(‘'yes and o).

The anthropometric data of interest were body weight, height, WC, and NC. To measure
weight (in kg), the ADP scale was used, on which the adolescents were positioned
standing, in the center of the equipment, barefoot, wearing tight-fitting Lycra clothes,
with gym top for females and shorts for both sexes. Height (cm) was measured using an
Alturexata® stadiometer, with the adolescents barefoot and standing in the center of
the equipment, with hands along the body, upright posture, face facing forward, in the
Frankfurt Plane, and observing a fixed point. NC and WC (in cm) were obtained from the
three-dimensional body image using a 3-Dimensional Photonic Scanner (3DPS-([TC] Labs,
Cary, United States). Waist-to-height ratio was calculated using the ratio between WC
and height.

BMI was used to assess the adequacy of weight to height. This was obtained through the
ratio of body weight (kg) to height (m?), classified in Z-score, according to sex and age. The
following criteria were used: underweight (< Z-scores -2); normal weight (> Z-Scores -2 and
< Z-Scores +1); overweight (> Z-score +1 and < Z-score +2), and obesity (> Z-score +2)**. NC
and WH(R were used to evaluate abdominal fat.

The PDA technique was used to verify body adiposity using the Cosmed Bod Pod® Gold
Standard device (Rome, Italy). At the time of the test, the adolescents were wearing
the same clothes as in the anthropometric measurements, and a cap was provided
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1st phase:
2,542
births
(1997-1998)

2nd phase:
926 individuals
aged 7-9 years

(1997-1998)

673 (72.7%
participation
rate ot the
2nd phase)

3rd phase:
3rd phase: addition of 1,861
654 adolescents teenagers by

aged 1‘{3‘—19 Sinasc, volunteers
|d’entm.ed in schools and
(2016) universities

Total: 2,515
evaluated
adolescents

Study
sample:
subsample of
634 individuals
with measured
NC

Sinasc: Live Birth Information System; CP: neck circumference.

Figure 1. Flowchart of the study sample.

to compress their hair during ADP. The plethysmograph was calibrated daily with a
known 50-liter volume. Based on the measured body volume and body mass, the device
calculated body density, which was used in Siri equation to determine the adolescents’
fat mass **.

Regarding body fat percentage, the adolescents were classified as obese (> 25% for
males and > 30% for females) and non-obese (< 25% for males and < 30% for females) by
Williams et al.®.

Blood pressure was checked using the oscillometric method with an Omron® HEM-
7221NT automatic blood pressure monitor. Cuffs of an appropriate size regarding
arm circumference were used and the mean of the three systolic and diastolic blood
pressure measurements taken was considered, after one minute of rest, in the sitting
position, with the dominant arm resting on a support so that the radial artery was at the
same level as the heart.
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The biochemical markers used were postprandial glycemia, total, HDL and LDL
cholesterol levels, measured from the individuals’ blood analysis.

The serum was separated and stored in an Eppendorf at -80°C until analysis. At the time
of blood collection, the adolescents were not fasting and were not asked about the time of
their last meal. The samples were analyzed in the laboratory of the School of Dentistry of
the Federal University of Maranhdo (UFMA), using the Milliplex MAP Human Cytokine
Kit, manufactured by Merck (Darmestddio, Germany).

Cardiovascular risk was assessed using the Pathobiological Determinants of Atherosclerosis
in Youth (PDAY), which is a global risk algorithm with multiple cardiovascular risk
factors, and has the advantage of estimating the probability of early atherosclerotic
lesions in adolescents and young adults®. This was developed based on the Framingham
Risk Score (FRS) and establishes the premise that risk factors for cardiovascular disease
are associated - decades before the cardiovascular outcome - with the initial and
advanced phases of atherosclerotic lesions during adolescence and early adulthood.
Risk stratification by PDAY is obtained by adding the values attributed to modifiable
factors such as non-HDL cholesterol, HDL cholesterol, smoking, blood pressure, BMI,
fasting glucose (FG) and glycosylated hemoglobin (HBAlc), as well as demographic
factors (age, sex). If the result of the sum obtained is greater than zero, the probability
of atherosclerotic lesions is estimated; therefore, cardiovascular risk*"2%.

Thus, considering these stratifications, PDAY was obtained in this study from the
variables and their respective scores: age (in years, from 10-19 = 0; 20-24 = 5; 25-29 = 10;
30-34 = 15 points); sex (male = 0; female = -1 point); non-HDL cholesterol (in mg/dL,
< 130 = 0; 130-159 = 2; 160-189 = 4; 190-219 = 6; > 220 = 8 points); HDL cholesterol
(in mg/dL, < 40 = 1; 40-59 = 0; > 60 = -1 point); smoking (no = 0; yes = 1 point); blood
pressure (normal = 0; high = 4); obesity (assessed by BMI, non-obese = 0 and obese = 6 for
males; non-obese and obese = 0 for females), and hyperglycemia (postprandial glucose
< 140mg/dL = 0 and glucose in fasting > 140mg/dL = 5 points). From the sum of the
scores of each variable, cardiovascular risk was classified as low (score = 0), intermediate
(score = 1 and < 4), and high (score > 5 points).

Statiscal Analysis

Sociodemographic, nutritional and cardiovascular risk variables were described using
absolute and relative frequencies. Only the age variable was described using mean and
standard deviation. To verify the normality of the age variable, the coefficient of asymmetry
and coefficient of kurtosis were calculated and Shapiro-Wilk test was performed.

The Receiver Operating Characteristic (ROC) curve was used to analyze the predictive
validity of NC and WHtR in discriminating obese adolescents, in relation to the %BF
obtained by ADP, and with high cardiovascular risk, in relation to PDAY. AUC and
confidence intervals were determined, and NC and WHtR values with the best balance
between sensitivity and specificity were identified.

The ROC curve is a graphical method used to evaluate, organize, and select diagnostic
and/or prediction systems. AUC describes the probability of identifying correctly
individuals who are true positives and those who are not. These values are statistically
significant when the lower limit of the 95%Cl is greater than 0.50. AUC values are considered
excellent when between 0.90-1.00; good, between 0.80-0.90; reasonable, between 0.70-0.80,
and poor, between 0.60-0.7029 ».

Data were exported from Redcap® for analysis on STATA® version 14 software. A 5%
significance level and a 95% confidence interval (95%CI) were adopted.
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RESULTS

Atotal of 634 adolescents were evaluated: the mean age was 18.5+0.5 years and the majority
was female (54.4%), single (98.0%), self-declared brown (61.4%), and belonging to class C
(43.7%). Of these, 35.2% reported taking pre-college entrance exam courses or being in
higher education (Table 1).

According to the BMI diagnosis, obesity was noted only in males: 3.8%. Through ADP,
there was an obesity prevalence of 7.6% in males and 39.4% in females (p-value < 0.001). The
prevalence of adolescents with high cardiovascular risk, assessed by PDAY, was higher in
males (13.8% versus 10.9%; p<0.001) (Table 2).

NC and WHtR AUC-ROC for prediction of obesity are shown in Figure 2 and Table 3. For
males, NC AUC was 0.70 (95%CI 0.58-0.83) and WHtR AUC was 0.90 (95%CI 0.80-0.99),
while, for females, NC AUC was was 0.75 (95%CI 0.69-0.80) and WHtR AUC was 0.87
(95%CI 0.83-0.90). The anthropometric indicators evaluated showed a statistically
significant predictive capacity to identify obese individuals in both sexes.

Figure 3 and Table 3 show NC and WHtR AUC-ROC to predict high cardiovascular
risk. For males, NC AUC was 0.71 (95%CI 0.62-0.80) and WHtR AUC was 0.73

Table 1. Socioeconomic and demographic characteristics of adolescents in the RPS birth cohort (Third
phase), Sdo Lufs, Maranhao, Brazil, 2016.

Variables n %
Sex
Male 289 45.6
Female 345 54.4

Marital status

Single 621 98.0
Common-law marriage 13 2.0
Skin-color
White 133 21.0
Black 106 16.7
Brown 389 61.4
Yellow 2 0.3
Ignored 4 0.6
Schooling
Elementary School 1 0.2
Technical Education 30 4.7
Higher education in progress 223 35.2
Pre-college entrance exam courses 223 35.2
EJA/PEJA 11 1.7
Ignored 146 23.0

Socioeconomic classP

A/B 203 32.0
C 277 43.7
D/E 98 15.5
Ignored 56 8.8
Total 634 100.0

* EJA/PEJA: Youth and Adult Education Program.
b According to Economic Classification in Brazil (CEB).
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Table 2. Nutritional status and cardiovascular risk of adolescents in the RPS birth cohort (Third phase),
Sao Luis, Maranhao, Brazil, 2016.

Variables Total M?,Ie Fenlale p-value
n (%) n (%) n (%)
BMI 0.001
Underweight 26 (4.1) 10 (3.5) 16 (4.6)
Normal Weight 505 (79.7) 235(81.3) 270 (78.3)
Overweight 92 (14.5) 33 (11.4) 59 (17.1)
Obesity 11 (1.7) 11 (3.8) 0(0.0)
%BF, by ADP <0.001
Not obese 476 (75.1) 267 (92.4) 209 (60.6)
Obese 158 (24.9) 22 (7.6) 136 (39.4)
Cardiovascular risk, by PDAY < 0.001
Low 398 (61.4) 149 (51.4) 249 (69.6)
Intermediate 171 (26.4) 101 (34.8) 70 (19.6)
High 79 (12.2) 40 (13.8) 39 (10.9)

BMI: body mass index. %BF: percentage of body fat. ADP: air displacement plethysmography. PDAY:
Pathobiological Determinants of Atherosclerosis in Youth.
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Figure 2. Area under the Roc curve and 95%Cl of NC and WHIR with obesity, assessed by air displacement plethysmography (ADP), in
adolescents of both sexes in the birth cohort RPS (third phase), Sdo Luis, Maranhao, Brazil, 2016.
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Figure 3. Area under the Roc curve and 95%Cl of NC and WHR with cardiovascular risk, assessed by Pathobiological Determinants of
Atherosclerosis in Youth (PDAY), in adolescents of both sexes of the birth cohort RPS (third phase), Sdo Luis, Maranhao, Brazil, 2016.

(95%CI 0.63-0.82), while, for females, NC AUC was was 0.63 (95%CI 0.53-0.73) and
WHtR AUC was 0.55 (95%CI 0.45-0.65). Only WHtR did not show a statistically
significant predictive capacity to identify adolescents with high cardiovascular risk.

To predict obesity and high cardiovascular risk, one identified the NC cut-off points of 40.0
cm for females (64.7% sensitivity and 72.2% specificity for obesity, respectively; and 61.8 %
and 59.2% for cardiovascular risk, respectively) and 44.0 cm for males (68.2% sensitivity
and 65.9% specificity for obesity, respectively; and 63.2% sensitivity and 63 .8% specificity
for cardiovascular risk, respectively). A WHtR cut-off point of 0.50 was identified for both
sexes to predict obesity (90.9% and 78.7% sensitivity; 75.3% and 79.4% specificity males and
females, respectively) and high cardiovascular risk (63.2% and 50.0% sensitivity; 72.5% and
55.9% specificity for males and females, respectively) (Table 3).
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Table 3. Sensitivity and specificity of the cutoff points of NC and WHIR in relation to the measure of high
body adiposity obtained by the ADP, and the cardiovascular risk assessed by the PDAY, of adolescents
from the birth cohort RPS(third phase), Sdo Luis, Maranhao, Brazil, 2016.

Variables AUC Cl95% NC Sensitivity Specificity
Male sex
%BF
NC (cm) 0.70 0.58-0.83 44.0 68.2% 65.9%
WHtR 0.90 0.80-0.99 0.50 90.9% 75.3%
PDAY
NC (cm) 0.71 0.62-0.80 44.0 63.2% 63.8%
WHtR 0.73 0.63-0.82 0.50 63.2% 72.5%
Female sex
%BF
NC (cm) 0.75 0.69-0.80 40.0 64.7% 72.2%
WHtR 0.87 0.83-0.90 0.50 78.7% 79.4%
PDAY
NC (cm) 0.63 0.53-0.73 40.0 61.8% 59.2%
WHItR 0.55 0.45-0.65 0.50 50.0% 55.9%

ADP: air displacement plethysmography. %BF: percentage of body fat. AUC: area under the Roc curve. Cl:
confidence interval. NC: neck circumference. WHIR: waist-to-height ratio. PDAY: Pathobiological Determinants
of Atherosclerosis in Youth.

DISCUSSION

In this study, the NC and WHLtR predictive capacity to diagnose obesity in Brazilian
adolescents was evaluated, using the %BF obtained by ADP, and also to predict
cardiovascular risk by means of PDAY. The NC cut-off points were 44.0 cm and
40.0 cm for males and females, respectively, and the WHtR cut-off point was 0.50 for
both sexes.

The main result observed was the possibility of detecting obesity in adolescents of both
sexes using the WHtR and NC. WHtR, especially, performed well when compared to
NC, which performed reasonably well. In addition, to predict early cardiovascular risk,
the two indices showed a reasonable ability for males, while both showed lower abilities
for females.

According to BMI, the obesity prevalence among adolescents was observed only in males.
This anthropometric index is considered better to discriminate excess body fat in males
than in females®'. Despite this, this prevalence was lower than that described in the national
literature for this stage of life, which is around 8.4%®. Nevertheless, through ADP, higher
prevalence was noted: 7.6% males and 39.4% females were obese.

Using anthropometry and anthropometric indicators in the obesity assessment is simple,
fast, and inexpensive, and can be applied to a large number of individuals. In addition,
BMI is the most used and recommended by the WHO to assess the adolescents’ nutritional
status as well, but it is not capable of measuring or differentiating lean mass and fat mass
as other methods (ADP, for example) do***'.

Therefore, new indicators have been proposed for the prediction of central adiposity and,
consequently, related to cardiovascular risk, including WHtR and NC, since they have been
shown to be useful in the diagnosis of obesity in adolescents®.

With regard to the WHtR cut-off points defined for the analyzed adolescents, the
cut-off point with the best diagnostic performance for obesity was 0.50, in both sexes,
and presented an AUC of 0.87 and 0.90 for females and males, respectively, which is
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considered good/great. Most studies with adolescents indicate WHtR values equal to or
close to 0.50. Dumith et al.”* identified 0.46 and 0.48 as cut-off points; Choi et al.'® referenced
0.50 and 0.48; Zhou et al.'”determined 0.47 and 0.45; Marrodan et al.”, 0.51 and 0.50, for
males and females, respectively; and Brannsether et al.** reported 0.50 for both sexes. This
cut-off point convergence identified in the studies makes WHtR safer and more valid as a
good discriminator of obesity.

In this study, the NC cut-off points were 40 cm for females and 44 cm for males,
and showed an obesity predictive capacity classified as moderate (9 AUC 0.75 and
95%CI 0.69-0.80; & AUC 0.70 and 95%CI 0.58-0.83). This measure had less variability
described in national and international studies regarding the WHtR cut-off point
for adolescents, as well as AUC, with values > 0.80 (considered moderate/good) and
sensitivity and specificity greater than 80%, which are considered good in terms of
predictive performance.

The scientific discussion of these data obtained in the studies is complex, since the methods
used to predict obesity from anthropometric indicators are different, as in international
studies that determine the NC cut-off points for obesity or cardiovascular risk through the
analysis of NC percentiles and not by the ROC curve®*.

International studies have determined the NC cut-off points based on the ROC curve, such
as that by Lou et al.?%, which presents values from 27.4 to 31.3 cm for males and 26.3 to 31.4
cm for females; in turn, Hatipoglu et al.** identified 32.5 cm and 31 cm in the pubertal phase
for males and females, respectively. In those studies, children and adolescents were evaluated
jointly and results showed AUC = 0.75, sensitivity and specificity > 70% - predictive values
considered good, corroborating the findings of this article.

In Brazil, there are few studies that determined predictive NC values in adolescence.
Souza et al.*” evaluated a robust sample of adolescents aged 12 to 17 years (n = 1474) and
the NC cut-off points performed well to identify obesity and cardiometabolic risk (between
15 and 17 years, the cut-off point was 38.4 cm for males and 35.8 cm for females, with AUC
> 0.80 for both). Ferreti et al.*® evaluated 1,668 adolescents aged 10 to 17 years from public
schools and identified the NC cut-off points, based on BMI, of 32.6 cm and 37.9 cm and AUC
0£0.80 and 0.93 for males and females, respectively. Both studies used BMI to classify obesity.

Probably, the variation in the observed cut-off values is attributed to the difference in
age groups, since this study evaluated adolescents aged 18 and 19 years, while the others
evaluated a broader age group. Housseni et al.*® point out that there is a growing tendency
for the increase in NC with age.

Another possible explanation for this variation would be the difference in the way of
measuring NC and obesity in the studies. This study used the photonic scanner to measure
NC, which do so from the three-dimensional body image, while in the cited studies an
inelastic tape was used; and ADP to evaluate the %BF, while the others used less accurate
methods, such as BMI, skinfolds and bioimpedance. Finally, the ethnic differences of the
individuals evaluated in the studies are highlighted as an important factor.

With regard to cardiovascular risk, 12.2% adolescents in this study were classified as
high risk according to PDAY, which, although not widespread, estimates the probability
of early atherosclerotic lesions in adolescents and young adults, since it consists of an
algorithm of global risk with multiple cardiovascular risk factors*. Among the risk factors
included in the algorithm are the following: altered biochemical tests; high blood pressure;
diagnosis of obesity, smoking; age, and sex.

However, all this information is not always accessible for the assessment of adolescents
at high cardiovascular risk, and the identification of a simple, low-cost, and accessible
anthropometric indicator for health care, such as NC and WHtR, could help in nutritional
screening. In this study, to predict high cardiovascular risk, the same cut-off points
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were identified for NC, of 44 cm (AUC:0.71; 95%CI 0.62-0.80) for males and 40 cm
(AUC:0.63;95% C10.53-0.73) for females, and for WHtR, of 0.50 for both sexes (FAUC:0.73;
95%CI 0.63-0.82; and @ AUC:0.55, 95%CI 0.45-0.65).

In general, both anthropometric indicators showed good predictive capacity, but WHtR
was not statistically significant to identify adolescents with high cardiovascular risk (lower
limit of the 95%CI of AUC < 0.50).

Only one study was identified in the literature that evaluated the cardiovascular risk
predictive capacity of NC using PDAY, and suggested the cutoff points of 35.6 cm for
females and 36.6 cm for males in post-pubertal adolescents®. Furthermore, national and
international studies - such as the one by Oliveira et al.* - identify relationships between
NC and WHItR only as isolated cardiovascular risk factors.

It is known that there is still no consensus on the anthropometric parameter that best
correlates with metabolic changes and cardiovascular risk in adolescence. WHtR is
considered simple to calculate and interpret, besides being an excellent non-invasive clinical
screening tool*, recognized for having a strong correlation with cardiovascular outcomes
and mortality®; in this study, however, it was not significant to detect cardiovascular risks
in female adolescents.

NC is a relatively new indicator and, although more studies are needed to propose the
identification of its cut-off points, it is considered a good predictor of obesity in children and
adolescents'®*?, as well as of metabolic risk factors and cardiovascular diseases*. Because
it is not influenced by postprandial abdominal distension or respiratory movements'®,
it becomes advantageous in the service performance and was a good predictor of the
outcomes listed in the study.

The fact that the study was consisted of a non-random subsample can be considered a
limitation. However, the size of the subsample obtained does not differ from the studies
available in the literature, and it is sometimes larger than some of these. In turn, the
following positive aspects are listed: use of ADP, a method considered equivalent to the gold
standard to identify obesity; the fact that it was the first Brazilian study to determine NC
cut-off points to predict obesity in adolescents using ADP, and the use of PDAY to assess
early cardiovascular risk, a global risk algorithm with multiple cardiovascular risk factors.

CONCLUSION

There was high obesity prevalence in adolescents, especially in females, when evaluated
by the %BF using PDA, a highly accurate method. NC of 40 cm and 44 c¢m for females and
males, respectively, and WHtR of 0.50 for both sexes were determined as cut-off points to
detect obesity and high cardiovascular risk.

The results of this study highlight WHtR and NC as good discriminators to assess obesity
and cardiovascular risk in adolescents, especially males. Nevertheless, WHtR was limited
in predicting cardiovascular risk in adolescents.

The study contributed by proposing WHtR and NC cut-off points as capable of predicting
obesity and cardiovascular risk in adolescents, helping to screen these clinical conditions
early, simply, and with low cost; besides, it can be used in the health promotion and health
care services.

REFERENCES

1. World Health Organization. Obesity and overweight. Geneva (CH): WHO;
2021 [cited 2020 Nov 12]. Available from: http://www.who.int/mediacentre/factsheets/fs311/en/

https://doi.org/10.11606/51518-8787.2023057004349



http://www.who.int/mediacentre/factsheets/fs311/en/

RSP

NC, WHIR, obesity and cardiovascular risk ~ Carvalho WRC et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Nascimento CA, Araujo PES, Fonseca-Junior J. Prevencdo do sobrepeso e da obesidade na

escola e nas aulas de educacdo fisica: uma revisio sistemdtica da literatura. Rev UNIABEU.
2017;10(24):220-30.

Ministério da Sadde (BR). Digite Brasil 2016. Brasilia, DF; 2017.

. Guimaraes Junior MSG, Fraga AS, Aratjo TB, Tenério MCC. Fator de risco cardiovascular:

a obesidade entre criangas e adolescentes nas macrorregides brasileiras. Rev Bras Obes Nutr
Emagrecimento. 2018;12(69):132-42.

. Reis, GMS, Aradjo SM, Medeiros JMB, Menezes AFA. Razao cintura/estatura e indicadores

antropométricos de adiposidade. BRASPEN ] .2018;33(4):435-9.

World Health Organization. Global Action Plan for the Prevention and Control of
NCDs 2013-2020. Geneva (CH): WHO; 2013 [cited 2020 Nov 12]. Available from:
http://www.who.int/nmh/events/ncd_action_plan/en/

Magalhdes EIS, Sant’Ana LFR, Priore SE, Franceschini SCC. Perimetro da cintura,
relagdo cintura/estatura e perimetro do pescogo como parametros na avaliagdo
da obesidade central em criancas. Rev Paul Pediatr. 2014;32(3):273-82.
https://doi.org/10.1590/0103-0582201432320

Bloch KV, Szklo M, Kuschnir MCC, Abreu GA, Barufaldi LA, Klein CH, et al.
The study of cardiovascular risk in adolescents - ERICA: rationale, design and
sample characteristics of a national survey examining cardiovascular risk
factor profile in Brazilian adolescents. BMC Public Health. 2015;15:94-103.
https://doi.org/10.1186/512889-015-1442-x

. Lins PRM. Andlise e utilizagio do indicador antropométrico razdo cintura estatura na avaliagdo

do risco metabdlico em adolescentes brasileiros [tese]. Jodo Pessoa, PA: Universidade Federal da
Paraiba; 2019.

Zhou D, Yang M, Yuan ZP, Zhang DD, Liang L, Wang CL, et al. Waist-to-height ratio: a simple,
effective and practical screening tool for childhood obesity and metabolic syndrome. Prev Med.
2014;67:35-40. https://doi.org/10.1016/j.ypmed.2014.06.025

Haun DR, Pitanga FJG, Lessa |. Razdo cintura/estatura comparado a outros indicadores
antropométricos de obesidade como preditor de risco coronariano elevado. Rev Assoc Med
Bras. 2009;55(6):705-11. https://doi.org/10.1590/50104-42302009000600015

Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-height ratio as
a screening tool for the prediction of cardiovascular disease and diabetes:

0.5 could be a suitable global boundary value. Nutr Res Rev. 2010;23(2):247-69.
https://doi.org/10.1017/50954422410000144

Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is a rapid and
effective global indicator for health risks of obesity and how its use could simplify the
international public health message on obesity. Int ] Food Sci Nutr. 2005;56(5):303-7.
https://doi.org/10.1080/09637480500195066

Pitanga FJG, Lessa I. Razdo cintura-estatura como discriminador do risco coronariano de adultos.
Rev Assoc Med Bras. 2006;52(3):157-61. https://doi.org/1 0.1590/S0104-42302006000300016

Dumith SC, Muraro MFR, Monteiro AR, Machado KP, Dias M, Oliz MM, et al. Propriedades
diagnésticas e pontos de corte para predigdo de excesso de peso por indicadores
antropométricos em adolescentes de Caracol, Piaui, 2011. Epidemiol. Serv Saude.
2018;27(1):e201715013. https://doi.org/10.5123/s1679-49742018000100013

Choi DH, Hur YI, Kang JH, Kim K, Cho YG, Hong SM et al. Usefulness of the waist
circumference-to-height ratio in screening for obesity and metabolic syndrome among Korean
children and adolescents: Korea National Health and Nutrition Examination Survey, 2010-2014.
Nutrients. 2017;9(3):256. https://doi.org/10.3390/nu9030256

Marrodan MD, Martinez-Alvarez JR, Gonzalez-Montero De Espinosa M, Lépez-

Ejeda N, Cabafias MD, Prado C. Precisién diagndstica del indice cintura-talla para la
identificacién del sobrepeso y de la obesidad infantil. Med Clin (Barc). 2013;140:296-301.
https://doi.org/10.1016/j.medcli.2012.01.032

Torriani M, Gill CM, Daley S, Oliveira AL, Azevedo DC, Bredella MA. Compartmental neck fat
accumulation and its relation to cardiovascular risk and metabolic syndrome. Am J Clin Nutr.
2014;100(5):1244-51. https://doi.org/1 0.3945/ajcn.114.088450

https://doi.org/10.11606/51518-8787.2023057004349



https://doi.org/10.1016/j.ypmed.2014.06.025
https://doi.org/10.1017/S0954422410000144
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372919/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5372919/
https://dx.doi.org/10.3390%2Fnu9030256
https://doi.org/10.1016/j.medcli.2012.01.032
https://doi.org/
https://dx.doi.org/10.3945%2Fajcn.114.088450

RSP

NC, WHIR, obesity and cardiovascular risk ~ Carvalho WRC et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Liang J, Teng F, Liu X, Zou C, Wang Y, Dou L, et al. Synergistic effects of neck circumference and
metabolic risk factors on insulin resistance: the Cardiometabolic Risk in Chinese (CRC) study.
Diabetol Metab Syndr. 2014;6(1):116. https://doi.org/10.1186/1758-5996-6-116

Lou DH, Yin FZ, Wang R, Ma CM, Liu XL, Lu Q. Neck circumference is an accurate and simple
index for evaluating overweight and obesity in Han children. Ann Hum Biol. 2012;39(2):161-5.
https://doi.org/10.3109/03014460.2012.660990

Braganca MLBM, Oliveira BR, Fonseca JM, Batalha MA, Bogea EG, Coelho CCNSC, et al.
Avaliagdo do perfil de biomarcadores sanguineos em adolescentes classificados pelo indice de
massa corporal e percentual de gordura corporal. Cad Saude Publica. 2020;36(6):e00084719.
https://doi.org/10.1590/0102-311X00084719

Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic

data capture (REDcap): a metadata-driven methodology and workflow process for
providing translational research informatics support. ] Biomed Inform. 2009;42(2):377-81.
https://doi.org/10.1016/).jbi.2008.08.010

Ministério da Satde (BR), Secretaria de Atencao a Salide, Departamento de Atencao Basica.
Orientagdes para a coleta e analise de dados antropométricos de satide: Norma Técnica do
Sistema de Vigilancia Alimentar e Nutricional — SISVAN. Brasilia, DF; 2011.

(Série G. Estatistica e Informacdo em Saude).

Siri WE. Body composition from fluid spaces and density: analysis of methods. 1961. Nutrition.
1993;9(5):480-91.

Williams DP, Going SB, Lohman TG, Harsha DW, Srinivasan SR, Webber LS, et al.
Body fatness and risk for elevated blood pressure, total cholesterol, and serum
lipoprotein ratios in children and adolescents. Am J Public Health. 1992;82(3):358-63.
https://doi.org/10.2105/ajph.82.3.358

PDAY Research Group. Relationship of atherosclerosis in young men to serum lipoprotein
cholesterol concentrations and smoking: a preliminary report from the Pathobiological
Determinants of Atherosclerosis in Youth (PDAY) Research Group. JAMA. 1990;264(23):3018-24.
https://doi.org/10.1001/jama.1990.03450230054029

Gastaldelli U, Basta L. Ectopic fat and cardiovascular disease: what is the link? Nutr Metab
Cardiovasc Dis. 2010;20(7):481-90. https://doi.org/10.1016/j.numecd.2010.05.005

Saunders TJ, Chaput JP, Tremblay MS. Sedentary behaviour as an emerging risk factor
for cardiometabolic diseases in children and youth. Can J Diabetes. 2014;38(1):53-61.
https://doi.org/10.1016/j.jcjd.2013.08.266

Swets JA. Measuring the accuracy of diagnostic systems. Science. 1988;240(4857):1285-93.
https://doi.org/10.1126/science.3287615

World Health Organization. Physical status: the use and interpretation of anthropometry:
report of a WHO Expert Committee. Geneva (CH): WHO; 1995.
(WHO Technical Report Series; n° 854).

Pelegrini A, Silva DAS, Silva JMFL, Grigollo L, Petroski EL. Indicadores antropométricos
de obesidade na predicdo de gordura corporal elevada em adolescentes. Rev Paul Pediatr.
2015;33(1):56-62. https://doi.org/10.1016/j.rpped.2014.06.007

Silva CC, Zambon MP, Vasques ACJ, Rodrigues AMB, Camilo DF, Antonio MARGM, et al.
Neck circumference as a new anthropometric indicator for prediction of insulin
resistance and components of metabolic syndrome in adolescents:

Brazilian Metabolic Syndrome Study. Rev Paul Pediatr. 2014;32(2):221-9.
https://doi.org/10.1590/0103-0582201432210713

Brannsether B, Roelants M, Bjerknes R, Juliusson PB. Waits circumference and waist-to-height
ratio in Norwegian children 4-18 years of age: reference values and cut-off levels. Acta Paediatr.
2011;100(12):1576-82. https://doi.org/10.1111/j.1651-2227.2011.02370.x

Katz SL, Vaccani JP, Clarke J, Hoey L, Colley RC, Barrowman NJ. Creation of a
reference dataset of neck sizes in children: standardizing a potential new

tool for prediction of obesity-associated diseases? BMC Pediatr. 2014;14:159.
https://doi.org/10.1186/1471-2431-14-159

Hosseini M, Motlagh ME, Yousefifard M, Qorbani M, Ataei N, Asayesh H, et al. Neck
circumference percentiles of Iranian children and adolescents: The Weight Disorders
Survey of CASPIAN IV Study. Int ] Endocrinol Metab. 2017;15(4):e13569.
https://doi.org/10.5812/ijem.13569

https://doi.org/10.11606/51518-8787.2023057004349



https://doi.org/
https://doi.org/
about:blank
https://doi.org/10.1016/j.numecd.2010.05.005
http://dx.doi.org/10.1016/j.rpped.2014.06.007
https://doi.org/10.1016/j.rpped.2014.06.007
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hosseini M%5BAuthor%5D&cauthor=true&cauthor_uid=29344032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Motlagh ME%5BAuthor%5D&cauthor=true&cauthor_uid=29344032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yousefifard M%5BAuthor%5D&cauthor=true&cauthor_uid=29344032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qorbani M%5BAuthor%5D&cauthor=true&cauthor_uid=29344032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ataei N%5BAuthor%5D&cauthor=true&cauthor_uid=29344032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asayesh H%5BAuthor%5D&cauthor=true&cauthor_uid=29344032
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5750675/

RSP NC, WHIR, obesity and cardiovascular risk ~ Carvalho WRC et al.

36. Hatipoglu N, Mazicioglu MM, Kurtoglu S, Kendirci M. Neck circumference: an additional
tool of screening overweight and obesity in childhood. Eur J Pediatr. 2010;169(6):733-9.
https://doi.org/1 0.1007/s00431-009-1104-z

37. Souza MFC. Identificagdo de pontos de corte da circunferéncia do pescogo para determinacdo
dos niveis excesso de peso e predigdo do risco cardiometabdlico em adolescentes [tese].
Aracaju, SE: Universidade Federal de Sergipe; 2016.

38. Ferretti RL, Cintra IP, Passos MAZ, Ferrari GLM, Fisberg M. Elevated neck circumference
and associated factors in adolescents. BMC Public Health. 2015;15:208.
https://doi.org/1 0.1186/s12889-015-1517-8

39. Oliveira LFL, Costa CRB. Educagao fisica escolar e a obesidade infantil. Rev Cient Multidiscipl
Ndcleo Conhecimento. 2016;10(1):87-101.

40. Jamar G, Almeida FR, Gagliardi A, Sobral MR, Ping CT, Sperandio E, et al.
Evaluation of waist-to-height ratio as a predictor of insulin resistance in non-diabetic
obese individuals: a cross-sectional study. Sao Paulo Med J. 2017;135(5):462-8.
https://doi.org/10.1590/1516-3180.2016.0358280417

41. Millar SR, Perry 1), Phillips CM. Surrogate measures of adiposity and cardiometabolic risk — why
the uncertainty? A review of recent meta-analytic studies. ] Diabetes Metab. 2013;511:004.
https://doi.org/10.4172/2155-6156.511-004

Funding: National Council for Scientific and Technological Development (CNPq). Foundation for Research
and Scientific and Technological Development of Maranhéo (Fapema). Coordination for the Improvement of
Higher Education Personnel (Capes - Finance code 001). Department of Science and Technology of the Ministry
of Health (DCIT).

Authors’ Contribution: Study conception and planning: WRCC, AKTCF, AMS. Data collection, analysis and
interpretation: WRCC, AKTCF, AMS. Manuscript elaboration or revision: WRCC, AKTCF, AMS, LLP, EGB. Final
version approval: WRCC, AKTCEF, LLP. Public responsibility for article content: WRCC, AKTCF.

Conflict of Interests: The authors declare no conflict of interest.

https://doi.org/10.11606/s1518-8787.2023057004349 H



about:blank
https://doi.org/10.1590/1516-3180.2016.0358280417

