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Aim: To propose cutoff points for anthropometric indicators for high blood pressure (HBP) screening in adolescents and to identify, among these indicators, those more accurately for boys and girls.

Methods: This cross-sectional study was carried out in the city of São José, SC, Brazil with 634 adolescents aged 14 to 19 years. Blood pressure levels were measured using a digital oscillometric sphygmomanometer and adolescents were classified as having HBP or not. Anthropometric indicators were calculated based on anthropometric measurements such as body mass (BM), height, waist circumference (WC), hip circumference (HC) and triceps, subscapularis, suprailiac, and midcalf skinfold thickness (SF). The Receiver Operating Characteristic Curve (ROC) was used to analyze the predictive capacity of anthropometric indicators in the identification of HBP.

Results: Higher values of Area Under the Curve (AUC) were for the anthropometric indicators BM (0.67; 95%CI: 0.62–0.72), body mass index (BMI) (0.67; 95%CI: 0.62–0.72), and WC (0.67; 95%CI: 0.62–0.71) for males. For females, no anthropometric indicator had discriminatory power for HBP screening. The cutoff points for the anthropometric indicators with discriminatory power for HBP screening in males were BM > 64.80 Kg, BMI > 21.76 Kg/m2, fat percentage (FP) > 15.75, waist height to ratio (WHtR) > 0.41, WC > 73.00 cm, and HC > 92.25 cm.

Conclusion: Anthropometric indicators of body adiposity had greater discriminatory power of HBP screening in males. For females, caution is suggested because the anthropometric indicators showed AUC values (95%CI) below 0.60.
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INTRODUCTION

Blood pressure is an important indicator of cardiovascular and metabolic health. Children and adolescents with high blood pressure levels are highly likely of becoming hypertensive adults. Therefore, early diagnosis and treatment can prevent long-term adverse cardiovascular events (1). Recently, a study has shown that high blood pressure (HBP) at younger ages (6 to 12 years old) may be associated with damage targeting organs such as the heart, brain, kidneys, retina, and blood vessels (2).

Epidemiological studies have shown differences between countries in the prevalence of HBP such as Africa 12.7%, China 7.7%, India 7.6%, United States 13.6%, and Brazil 14.3% (3–7). The southern region of Brazil is one of the regions with the highest prevalence of BPH in adolescents (7). Data on the prevalence of overweight in the same population is worrying, such as Mediterranean region 25.0% (2 to 13 years old), Atlantic region 19.3% (2 to 13 years old), in China, overweight is 13.2% and obesity 9.3% (adolescents aged 12–18 years), the United States, overweight prevalence is 38.7% (adolescents aged 12–15 years) and 41.5% (adolescents aged 16–19 years), and in Brazil, overweight prevalence is 17.5% and obesity is 11.7% (8–11). The southern region of Brazil has the highest prevalence of overweight adolescents in the country (18.2%) (12).

In this sense, studies have pointed out that excess weight (overweight and obesity) in the pediatric population is associated with higher blood pressure values (3, 4, 6, 13). Therefore, when body mass index (BMI) reaches the 85th percentile (overweight) in adolescents over 10 years of age, the risk of developing arterial hypertension in adulthood increases (14, 15). Furthermore, during childhood, excess weight can cause endothelial damage, consequently atherosclerosis and less arterial stiffness (16–18).

Obesity is already considered the cardiovascular risk factor with the greatest association with HBP (19). Previous studies have identified that anthropometric indicators such as BMI, waist circumference (WC), waist-to-height ratio (WHtR), waist-to-hip ratio (WHR), body adiposity index (BAI), conicity index (C), skinfolds (SF), and adiposity body shape index (ABSI) are effective in diagnosing body fat and are associated with HBP in children and adolescents (6 to 19 years old) (20–28).

However, different cutoff points have been used to classify anthropometric indicators and there is no standardization regarding HBP screening in adolescents. This is evident when verifying the different methodological procedures used such as the various protocols for assessing and measuring blood pressure, different instruments used, high range of age groups analyzed, intervals between measurements, number of incongruent measurements, and lack of consensus regarding the best cutoff point for each anthropometric indicator for HBP screening in children and adolescents (5 to 19 years old) (23, 28–36). In addition, some studies do not show diagnostic accuracy measures such as positive predictive values (PPV), negative predictive values (NPV), positive likelihood ratio (LR+), negative likelihood ratio (LR-), and area under the curve (AUC), which could provide more accurate information about cutoff points to identify the target condition or the individual's health (37).

Considering the relationship between overweight and obesity with HBP in adolescents, the use of anthropometric measures of body adiposity to identify a possible association with HBP in the pediatric population may be an effective and applicable strategy for health professionals to identify risk factors for cardiovascular diseases (13). In addition, our investigation proposes to estimate a greater number of measures of diagnostic accuracy to determine cutoff points of anthropometric indicators of body adiposity for HBP screening. This is important because the literature will have more detailed information on the cutoff points and the reader will be able to choose the anthropometric indicator that best suits the population of interest. Therefore, this study aimed to propose cutoff points for anthropometric indicators for HBP screening in adolescents and to identify, among these indicators, those more accurately for boys and girls.



MATERIALS AND METHODS


Research Characterization

This is an observational study with a cross-sectional design using data from the school-based population research macro-project entitled Brazilian Guide for the Assessment of Physical Fitness and Health-Related Life Habits – Stage II.



Ethical Aspects

The ethics committee in research approved this study with human beings of the Federal University of Santa Catarina, under protocol No. 3.523.470 of August 21, 2019. All adolescents who participated in the research signed the consent form and, for those aged <18 years, parents/guardians signed the Free and Informed Consent Form.



Study Location

The study was carried out in the city of São José, located in the state of Santa Catarina, southern Brazil. The Municipal Human Development Index (MHDI) of São José was 0.809 in 2010. The percentage of young people aged 15 to 17 years with the complete elementary school was 70.94%, with a life expectancy of 77.81 years, per capita income of R$ 1.157,43, GINI index (income concentration of a given region) of 0.44, and low-income percentage of 1.36% (38).



Eligible Population and Sample

The target population of this research was adolescents aged 14 to 19 years enrolled in state high schools in the city of São José, SC, Brazil. The sampling process was determined in two stages: stratified by state public high schools and cluster of classes considering study shift and grade. State schools with Youth and Adult Education (EJA) that received adolescents with some type of intellectual disability were not eligible for this study.

Based on these criteria and according to the information from the State Department of Education, the municipality had 11 eligible schools, totaling 5,411 students enrolled in the first half of 2019, and for every six students in the day shift (morning, afternoon, full-time), one student was enrolled in the night shift. In the first stage, the school density was adopted as a stratification criterion (size: small, with <200 students; medium, with 200–499 students; and large, with 500 students or more). Thus, schools that predominated according to size were randomly selected, totaling seven schools. In the second stage, study shift and grade were considered.

To determine the sample size of the macro-project that resulted in different subprojects, it was decided to calculate the sample size for prevalence studies (39). A confidence level of 1.96 (95% confidence interval), tolerable error of 3.5 percentage points, prevalence of 50% (unknown outcome), and design effect of 1.5 were adopted (39). To minimize possible losses and refusals, 20% were added (40). With these parameters, the required sample size was 1,233 students. Due to cluster sampling, all students belonging to classes were invited to participate in the research.

The sample size of day shift students was 606 and 28 students for the night shift. Regarding the grades of education, 276 students from the first year of high school, 200 students from the second year of high school, and 158 students from the third year of high school were evaluated.



Eligibility Criteria

Adolescents who refused to participate in the study, those with a physical disability that prevented them from performing physical tests, and those who did not return the Free and Informed Consent Form signed by parents or guardians (aged <18 years) or by themselves (aged ≥ 18 years) were excluded from the research.



Data Collection

Data collection was performed using a self-administered questionnaire composed of demographic, socioeconomic, lifestyle, and sexual maturation sections. In addition, anthropometric measurements (body mass, height, perimeters, and skinfolds) and blood pressure (systolic and diastolic blood pressure) were performed.

Undergraduate and graduate Physical Education and Nutrition students with availability to carry out fieldwork were selected. Study coordinators carried out the selection and training of the team. To minimize evaluation errors in anthropometric measurements, the intra- and inter-evaluator technical measurement error (TME) of research anthropometrists was calculated during training, having as reference measurements performed by anthropometrists with level 3 certification of the International Society for the Advancement of Kinanthropometry (ISAK) (measurements used as a reference for comparisons) (Supplementary Material 1). All TME values were considered adequate, as recommended in the literature (41).



Dependent Variable

The dependent variable of the present study was blood pressure (systolic—SBP and diastolic—DBP), considering the average of two measurements performed on each adolescent (one at the beginning of data collection and another between 10 and 15 min after the first measurement) (42). However, if there was a difference <10 mmHg for SBP and/or DBP between the two measurements, a third measurement was performed, adopting the mean of the lowest blood pressure measurements and excluding the highest (43). The rest time before the first measurement was at least 10 min, also for the third measurement, if necessary. Blood pressure was measured on the right arm supported on a table at heart level and with palm facing up. To perform this measurement, the subject was seated, legs uncrossed, and feet on the floor (44). Electronic arm sphygmomanometers with a digital reading system (Omron® model HEM 742, Kyoto, Japan), previously and adequately validated for Brazilian adolescents (45), were used to measure blood pressure levels. Individuals were recommended not to smoke, drink coffee, and ingest black tea and alcoholic beverages, not to perform physical activities of moderate to vigorous intensity 12 h before, and to empty bladder before blood pressure measurement (44).

Blood pressure was continuously and dichotomously analyzed (HBP: yes/no). Adolescents aged 13 to 17 years with SBP values ≥ 120 and/or DBP ≥ 80 mmHg and adolescents aged 18 to 19 years with SBP values ≥ 140 and/or DBP ≥ 90 mmHg were considered to have HBP (44).



Independent Variables

The body mass (BM), height, two perimeters, and skinfolds (SF) measurements were performed: WC and hip circumference (HC), triceps, subscapularis, suprailiac, and mid-calf SFs according to literature recommendations (46) (Supplementary Material 2), and the following anthropometric indicators were calculated: BMI, fat percentage (FP), WHtR, WC, C Index, BAI, WHR, and ABSI.

BMI was calculated through BM and height measurements. FP was calculated from height and WC measurement through the equation: FP = 64–[20 x (Height (m)/WC (m)] + (12 x Sex), with zero (0) for males and one (1) for females (47).

Using WC, HC, and height measurements, WHtR and WHR indicators were calculated. The conicity index (C index) was calculated through WC, BM, and height measurements: C index = WC (m) / 0.109 x [√BM (Kg) / height (m)] (48). In addition, from HC and height values, the body adiposity index (BAI) was calculated (49). ABSI was calculated through WC, BMI, and height measurements using the equation: ABSI = WC (m) / (3√(BMI2) x √height) (22). Furthermore, SF was continuously analyzed by the sum of SFs.



Sample Characterization Variables

The characterization variables of this study were: sociodemographic indicators (economic level and skin color), physical activity, eating habits, cigarette use, sleep quality, and sexual maturation, collected through a self-administered questionnaire.

The economic level was estimated using a questionnaire from the Brazilian Association of Research Companies (50). This questionnaire estimates the purchasing power of households. This questionnaire estimates the purchasing power of families based on different items that are present in adolescents' homes (bathroom, automobiles, microcomputer, dishwasher, refrigerator, freezer, washing machine, DVD, microwave, motorcycle, and clothes dryer). From the answers, the economic level can be categorized as decreasing level of purchasing power (from A to E). In the present study, the economic level was dichotomized into “high” (level A and B) and “low” (level C, D, and E). Skin color was assessed by the Brazilian census methodology that uses the words white, brown, black, yellow and indigenous to classify people's skin color or race. The following classification was adopted: “white” and “brown, yellow, indigenous and black”.

Physical activity was assessed using the question “During the last 7 days, on how many days were you physically active for at least 60 minutes a day?” from the Youth Risk Behavior Surveillance System (YRBSS) questionnaire used in the United States, translated and validated for Brazil (51). The questionnaire had a Kappa agreement index for the Brazilian population of 68.6% and the question used in the present study had a Kappa agreement index of 37.2% (51). Responses were categorized as “physically active” when active for 7 days and “not physically active” when active <7 days a week (52).

Eating habits were assessed using the question “Do you eat a balanced diet?” of the Fantastic Lifestyle questionnaire (53), translated and validated for the Brazilian population (54). The questionnaire had a Kappa agreement index for the Brazilian population of 68.6% and the question used in the present study had a Kappa agreement index of 72% (54). The instrument's response options were categorized into “inadequate” (option 0 – almost never; option 1 – rarely; and option 2 – sometimes), and “adequate” (option 3 – relatively often; and option 4 – almost always), as explained in the questionnaire itself (55).

Cigarette use was assessed using the question “Do you smoke cigarettes?” from the Fantastic Lifestyle questionnaire (53), with the question showing 86% of the Kappa agreement index in the Brazilian population (54). The instrument's response options were categorized into: “currently smoke” (option 0 – more than 10 per day; and option 1 – 1 to 10 a day) and “do not currently smoke” (option 2 – none in the last 6 months; option 3 – none in the past year; and option 4 – never smoked).

Sleep quality was assessed using the question “Do you sleep well and do you feel rested?” from the Fantastic Lifestyle questionnaire (53). This question had a Kappa agreement index of 55% for the Brazilian population (54). The instrument's response options were categorized into “adequate” (option 3 - relatively often; and option 4 - almost always) and “inadequate” (option 0 – almost never; option 1 – rarely; and option 2 – sometimes), according to study that evaluated the same variable (56).

For the self-assessment of sexual maturation, we used Tanner's scales (57), validated and reproduced for the Brazilian population with an agreement of 60.9 to 71.3% (58). Sexual maturation stages were indicated by self-assessment (figures) based on pubic hair development (males and females). Stage 1 represents the pre-pubertal stage, stages 2, 3, and 4 represent puberty, and stage 5 the post-pubertal stage. Adolescents were classified as pre-pubertal, pubertal, and post-pubertal, similarly to another study (59).



Statistical Analysis

Initially, data were entered with a double entry in the Epi Data 3.0 software. From there, descriptive statistics (mean, standard deviation, and frequencies) were performed. Differences between sexes and ages were analyzed using the Student's t-test for independent samples. Data normality was verified using the Shapiro–Wilk test and, if data did not present normal distribution, the non-parametric Mann–Whitney's test was performed.

The chi-square test was used to verify differences in prevalence between sexes and the physical, sociodemographic, and lifestyle characteristics of male and female adolescents. The ROC curve (Receiver Operating Characteristic Curve) was used to analyze the predictive capacity of anthropometric indicators to identify high SBP and DBP and to find the best cutoff points that identify this association (60). For the present study, the cutoff points for anthropometric indicators of obesity were those with sensitivity above 70% to avoid the maximum number of false-negative results (61).

AUC >0.6 was considered sufficient, regardless of p-value, and AUC >0.7 was considered to have good diagnostic accuracy (37). In addition, sensitivity, specificity, PPV, NPV, LR+, and LR- values were calculated for all cutoff points of anthropometric indicators to identify high SBP and DBP values to interpret such cutoff points. Analyses were performed stratified by sex (male and female) and the significance level was set at 5%. Analyses were performed using the MedCalc 19.5.3 statistical software and Statistical Package for the Social Sciences software (SPSS Statistics, Chicago, USA), version 17.0.




RESULTS

A total of 634 adolescents aged 14 to 19 years completed all assessments of the present study. Most adolescents were male (62.5%). Significant differences were observed between sexes, with higher BM, height, WHR, ABSI, C Index, WC, and SBP values for male adolescents and higher FP, BAI, triceps, subscapularis, suprailiac, calf SFs, and sum of SFs and DBP values for female adolescents (Table 1).


Table 1. General characterization of the sample (n = 634) adolescents from São José, SC, Brazil, 2019.
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Yellow/brown/indigenous/black skin color students were more frequent in males (48.2%), when compared to female adolescents (38.6%). Male adolescents had higher prevalence of HBP (29.8%) when compared to female adolescents (11.3%) (p-value = 0.00) (Table 2).


Table 2. Physical, sociodemographic, and lifestyle characteristics of public school students in São José, SC, Brazil.
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For male adolescents, anthropometric indicators BM, BMI, FP, WHtR, WC, and HC showed sufficient AUC (95%CI of AUC > 0.60), ranging from 0.65 to 0.67, with 95%CI ranging from 0.60 to 0.72. Likewise, LR+ values were >1, demonstrating that individuals are more likely of having the disease with a positive result, and with LR- values lower than 50, demonstrating that an individual with a negative result is 50% less likely of having the disease, for example, an adolescent with BM >64.8 kg is 1.73 times more likely of having HBP than an adolescent with BM <64.8 kg and an adolescent with BM <64.8 kg is 47% more likely of having HBP (Table 3).


Table 3. Area under the curve, cutoff point, sensitivity values, specificity values, positive likelihood ratio, negative likelihood ratio, positive predictive values, and negative predictive values of anthropometric indicators for high blood pressure screening in male adolescents (n = 396).
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Table 3 presents PPV and NPV, with an emphasis on NPV, demonstrating that the use of cutoff points of anthropometric indicators mentioned above presents an 80% chance of not having the disease when the test is negative, that is, if BM <64.8 kg, the adolescent is 83% more likely of not having HBP (Table 3). Anthropometric indicators such as BAI, triceps skinfold, subscapularis skinfold, supra iliac skinfold, calf skinfold, and sum of skinfolds, despite having AUC >0.60, showed 95%CI <0.60. In addition, these anthropometric indicators showed LR- ≤ 50%, demonstrating that an individual, even with a negative result, has a more than 50% chance of having the disease (Table 3).

Regarding cutoff points of anthropometric indicators with better accuracy for HBP screening, BM had cutoff point of >64.8 kg, BMI >21.76 kg/m2, FP >15.75%, WHtR >0.41, WC >73.00 cm, and HC >92.25 cm. Furthermore, both anthropometric indicators showed sensitivity >70%, indicating that for every 100 adolescents evaluated, 70 have HBP. However, the same cannot be said about specificity, which presented values <60%, indicating that for every 100 adolescents evaluated, <60 are diagnosed as healthy, and the others are diagnosed with HBP (Table 3).

For female adolescents, BM and height presented AUC >0.60, however, with 95%CI <0.60. The cutoff points for anthropometric indicators with the best accuracy to identify HBP in female adolescents were BM >54.10 kg and height >158.50 cm (Table 4). Both anthropometric indicators showed sensitivity >70%, demonstrating that for every 100 adolescents evaluated, 70 have HBP; however, with specificity <43%, indicating that for every 100 adolescents evaluated, only 43 are diagnosed healthy, and the other 57 have HBP even though they are below the cutoff point (Table 4).


Table 4. Area under the curve, cutoff point, sensitivity values, specificity values, positive likelihood ratio, negative likelihood ratio, positive predictive values, and negative predictive values of anthropometric indicators for high blood pressure screening in female adolescents (n = 238).
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In addition, LR+ values were >1, demonstrating that individuals are more likely of having the disease with the positive result; however, 95%CI presented by BM was between 0 and 1, indicating that the chances of disease are equal between individuals with and without the disease and with LR- value ≥50, demonstrating that an individual with a negative result is 50% more likely of having the disease. Unlike height, which presented LR+ >1 and LR– values close to zero, demonstrating that individuals with the negative result are less likely of having the disease, for example, an adolescent with a height >158.50 cm is 1.54 times more likely of having HBP that an adolescent with height <158.50 cm and, in the same way, an individual with height <158.50 cm with 26% chance of having HBP. Both anthropometric indicators showed high NPV, demonstrating that the use of cutoff points showed a probability of more than 90% of not having the disease when the test is negative, that is, an adolescent with a height <158.50 cm is 90% more likely of not having HBP (Table 4).

The other anthropometric indicators (BMI, FP, WHtR, WHR, BAI, ABSI, C index, WC, HC, triceps skinfold, subscapularis skinfold, supra iliac skinfold, calf skinfold, and sum of skinfolds), which did not show sufficient AUC (95%CI AUC <0.60), also showed LR+ values close to 1 or below 1, demonstrating that individuals who presented a positive test result would have the same chances of having the disease when compared to those who presented a negative result (Table 4).



DISCUSSION

In the present study, the predictive capacity and proposition of cutoff points of anthropometric indicators to identify HBP in male and female adolescents were investigated. For males, indicators BM, BMI, FP, WHtR, WC, and HC presented sufficient AUC (i.e., 95%CI AUC > 0.60). For females, no anthropometric indicator had discriminatory power for HBP screening. This study is not intended to replace the clinical diagnosis, but to allow the identification, in a simple way, of adolescents who are more likely of having HBP in the initial screening and who would need further care and follow-up.

High values in anthropometric indicators of body adiposity are associated with HBP in adolescents (1, 2, 13, 21–23), and this association is justified by the high concentration of fatty acids in subjects with high body fat. This condition (i.e., high concentration of fatty acids) causes insulin resistance and may induce the renal system to retain more sodium. This retention increases activation of the sympathetic nervous system, which results in increased activity of the renin-angiotensin system and increases blood pressure (62).

This study proposed to update cutoff points of anthropometric indicators for HBP screening in Brazilian adolescents and added more anthropometric indicators for the debate with literature, such as FP, ABSI, triceps, subscapular, suprailiac, calf SFs, and sum of SFs, which were not present in studies published with Brazilian adolescents, in which the use of BMI, WHtR, and WC prevailed (21, 23, 63, 64). Furthermore, previous Brazilian studies have shown sensitivity and specificity values (21, 23, 63, 64), and in two studies (23, 63), the 95%CI sensitivity of anthropometric indicators was below 0.60, and in one study (23), LR+ and LR– values were not presented as 95%CI. AUC allows evaluating the performance on the test, in this case, the performance of anthropometric indicators for HBP screening in adolescents. If the AUC is less than 0.60, the accuracy of the diagnostic test is considered poor, random (37), and may or may not identify HBP in adolescents.

In the present study, for males, anthropometric indicators BM, BMI, FP, WHtR, WC, and HC presented AUC (95%CI >0.60), demonstrating sufficient accuracy for HBP screening (37). The BMI cutoff point for HBP screening in males in the present study was >21.76 kg/m2, which is lower than cutoff points in other studies (21, 23, 65, 66). If compared to the BMI cutoff proposed by the World Health Organization (67) to identify obesity in adolescents [14 years (21.8 kg/m2), 15 years (22.7 kg/m2), 16 years (23.5 kg/m2), 17 years (24.3 kg/m2), 18 years (24.9 kg/m2), and 19 years (24.9 kg/m2)], the cutoff point of the present study was lower, which may have occurred due to the following factors: data from the World Health Organization are longitudinal population-based with the participation of several countries and stratified by age, while the present study has a cross-sectional design, carried out in a certain geographic region of Brazil, without stratification by age, and using the average age of adolescents. Although the cutoff point is considered low compared to other studies, this was one of the indicators that showed good accuracy for HBP screening in male adolescents in the present study, since it had an LR+ value close to two, demonstrating that an individual with a positive result is more likely of having the disease, LR– of 0.50, that is, an individual with a negative result is 50% more likely of having the disease and NPV of 82.50 (95%CI: 77.80–86.40).

Regarding the cutoff point for WHtR (>0.41) identified in this study for HBP screening in males, another study presented the same cutoff point of 0.41 (68). The cutoff point of 0.41 for WHtR is below cutoff points in other studies (21, 23, 63, 65, 66, 69–71). Since 1995 (72), the year of the creation of anthropometric indicator WHtR, a universal cutoff point (0.50) has been established to identify overweight individuals from those with normal weight and to be considered a risk factor for cardiovascular diseases, among them, hypertension, which can be used for both sexes and different age and ethnic groups (72, 73). However, this cutoff point of 0.50 was not created from AUC, therefore without diagnostic tests. Furthermore, WC measurement was performed on the umbilical line and not on the smallest portion of the trunk, which could therefore generate differences with the standardization used in the present study (72). In addition, different protocols for measuring WC were used by studies (21, 65, 66), which may interfere with the WHtR results and, consequently, with cutoff point values proposed by these studies.

The present study also identified other anthropometric measures and indicators with good accuracy for HBP screening in male adolescents, namely BM, FP, and HC. BM in the present study presented a sensitivity value of 72.88 (95%CI: 63.90–80.70), LR+ close to two, LR– <0.50, and NPV of 83.40 (95%CI: 78.60–87.30), demonstrating good accuracy for HBP screening in male adolescents, with a cutoff point of >64.80 kg. The other studies in the literature only used BM measurement to calculate other anthropometric indicators. In this sense, this study presents this anthropometric measurement, which is easy to be performed by any professional, as a strategy to be used for the initial HBP screening.

In the present study, HC was analyzed in isolation and showed good accuracy for HBP screening in male adolescents, when high, with a cutoff point of >92.25 cm. In addition, it was used in conjunction with WC and height to calculate other anthropometric indicators, such as WHR and BAI, but without showing good AUC accuracy to identify HBP in male and female adolescents. In other studies, HC was not analyzed in isolation, only in conjunction with other anthropometric measures to calculate BAI (23) and WHR (69) indicators. The study that used BAI showed good accuracy for HBP screening in male and female adolescents and the study that used WHR, carried out only with female adolescents, showed good accuracy for HBP screening, and both studies adopted AUC (95%CI >0.50), different from the present study that adopted AUC (95%CI >0.60) (23, 69).

In the present study, FP, calculated using two anthropometric measurements (height and WC), presented an AUC of 0.65 (95%CI: 0.60–0.70) and a cutoff point of >15.75%. A study carried out with Turkish adolescents aged 11 to 17 years also verified the accuracy of FP for HBP screening in adolescents; however, it was not clear how FP was calculated and, unlike the present study, AUC >0.60 was not identified for this indicator (65). FP calculated by height and HC has not yet been validated for Brazilian adolescents (74); however, this index showed better agreement with dual-energy x-ray absorptiometry (DXA) of 0.83 and 0.86 for female and male adolescents, respectively, compared to BMI and tri-ponderal mass index (TMI), which use is recommended in health care services and the school environment (47). In addition, it presented 3.45 (95%CI: 3.26–3.63) and 3.35 (95%CI: 3.22–3.49) as mean square errors for female and male adolescents aged 15 to 19 years, respectively (47). Furthermore, FP calculated through skinfolds (triceps and subscapularis) (75) is valid for up to the age of 18 years and still depends on constants for ethnicity, which is unnecessary for the calculation of FP with the equation used in the present study that differentiates only between the sex of adolescents and presents a direct estimate of FP (47).

For female adolescents, BM and height presented AUC >0.60; however, with 95%CI <0.60, demonstrating low accuracy to identify HBP in this population. In other studies (21, 23, 63, 64, 69, 70, 76), AUC >0.60 was identified for some anthropometric indicators, such as BMI, HC, WHtR, BAI, and C Index, demonstrating good accuracy for HBP screening in female adolescents. Of these, two studies presented more diagnostic accuracy measures (LR+ and LR–) (23), PPV and NPV (69). The present study did not present anthropometric indicators with good accuracy to identify HBP in female adolescents, which can be explained by the low prevalence of HBP (11.3%), which was below other studies carried out with Brazilian adolescents (7, 77).

A debate in the literature that deserves to be highlighted is the recommended AUC values for diagnostic tests and/or screening. As the present study aimed to propose cutoff points for anthropometric indicators to perform HBP screening among Brazilian adolescents, we chose to use a reference for classifying AUC values >0.60 as sufficient to identify the disease risk (37). There are other references for satisfactory AUC values, such as > 0.70 (78, 79). As there are still debates in the literature with no conclusions on which recommendations to use, it was decided to use AUC values >0.60 aiming at an early screening of the risk of HBP.

This study had strengths and limitations. As a strong point, the fact that 16 anthropometric indicators were investigated and calculated through eight anthropometric measurements is highlighted, enabling verifying the accuracy of the HBP screening in adolescents aged 14 to 19 years. In addition, this study presented measures of diagnostic accuracy not present in other studies, providing additional information to the literature. Finally, this research calculated the technical error of measurement among anthropometrists and used a blood pressure monitor validated for adolescents (80), which demonstrates care during data collection and analysis.

As limitation, the size of the sample collected was smaller than the calculated one, which limits inferences of the study. In addition, despite the measurement of sexual maturation, it was only used to characterize adolescents and did not enter as adjustments in anthropometric indicators. Another limitation of this research was the cross-sectional design, making it impossible to establish a cause-and-effect relationship.



CONCLUSION

Based on the results, it could be concluded that anthropometric indicators BM, BMI, FP, WHtR, WC, and HC have good accuracy for HBP screening in male adolescents. However, for female adolescents, anthropometric indicators did not present good diagnostic characteristics for HBP screening. Thus, it is suggested that, in a school environment, the use of anthropometric measurements is a simple, low-cost, and easy-to-apply method, which can be performed by the Physical Education teacher, being an effective strategy to contribute to obtaining information about adolescents' health.

This study is not intended to replace the clinical diagnosis of HBP through cutoff points found, but to demonstrate that male individuals with high BM, BMI, FP, WHtR, WC, and HC values should be referred for further clinical tests to verify the presence or absence of the disease.
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058
(0.40-0.80)
064
(0.50-0.90)
0.63
(0.50-0.90)
0.67
(0.50-0.90)
065
(0.50-0.90)

PPV

42.40
(38.10-46.70)
32.30
(29.80-34.90)
42.60
(38.10-47.10)
39.40
(35.90-43.00)
39.40
(35.90-43.00)
33.70
(31.40-36.00)
35.00
(31.50-38.70)
32.70
(29.50-36.10)
32.80
(20.60-36.20)
42.40
(38.10-46.70)
39.80
(36.50-43.30)
36,60
(33.10-40.20)
35.00
(31.60-38.40)
35.10
(31.80-38.60)
34.10
(30.70-37.70)
35.30
(31.80-39.00)

NPV

83.40
(78.60-87.30)
77.10
(69.30-83.40)
82.60
(77.90-86.40)
84.40
(78.90-88.60)
84.40
(78.90-88.60)
82.30
(74.20-88.20)
78.00
(72.30-82.80)
75.40
(69.00-80.70)
75.50
(69.30-80.90)
83.40
(78.60-87.30)
85.80
(80.30-90.00)
80.40
(74.70-85.00)
78.70
(72.70-83.60)
78.80
(72.90-83.70)
78.40
(72.80-83.20)
7830
(72.60-83.00)

95%C}, confidence interval at 95%; AUC, area under the curve (with lower bound C195% > 0.60); LR+, Positive likelihood ratio; LR-, Negative likelihood ratio; PPV, Positive predictive
values; NPV, Negative predictive values; BM, Body mass; BMI, Body mass index; FF, fat percentage; WHIR, waist-to-height ratio; WHR, Waist-to-hip ratio; BAI, Body adiposity index;
ABSI, body shape index; C Index, conicity index; WG, waist circumference; HC, hip circumference.
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Variable

BM (kg)

Height (om)

BMI (kg/m?)

P

WHR

WHR

BAI

ABSI

GCindex

WG (om)

HC (cm)

Triceps skinfold (mm)
Subescapularis skinfold
(mm)

Supra liac skinfold
(mm)

Calf skinfold (mm)

Sum of skinfolds (mm)

AUuC
(95%C1)

0.62
(0.55-0.68)
0.64
(0.58-0.70)
057
(050-0.63)
0.53
(0.46-0.59)
053
(0.46-0.59)
052
(0.45-0.58)
0.50
(0.44-0.57)
051
(0.44-0.57)
053
(0.46-0.59)
0.57
(0.50-0.63)
0.58
(0.51-0.64)
0.54
(0.48-0.61)
0.50
(0.44-0.57)
053
(0.46-0.59)
057
(0.50-0.63)
052
(0.46-0.59)

p-value  Cut off point

0.07

0.01

028

0.69

0.69

0.79

0.98

0.94

0.67

0.32

0.22

051

0.98

0.68

0.33

0.74

>54.10

>15.50

>20.13

>24.75

>0.39

>0.69

>26.43

>0.067

>1.03

>64.20

>93.25

>15.40

>9.80

<23.00

>18.77

>52.20

Sensitivity

70.37
(49.80-86.20)
88.89
(70.80-97.60)
70.37
(49.80-86.20)
70.37
(49.80-86.20)
7037
(49.80-86.20)
70.37
(49.80-86.20)
70.37
(49.80-86.20)
7037
(49.80-86.20)
7037
(49.80-86.20)
7037
(49.80-86.20)
7037
(49.80-86.20)
70.37
(49.80-86.20)
7037
(49.80-86.20)
70.37
(49.80-86.20)
70.37
(49.80-86.20)
7037
(49.80-86.20)

Specificity

43.13
(36.30-60.10)
42.18
(35.40-49.20)
34.60
(28.20-41.40)
23.70
(18.10-30.00)
23.70
(18.10-30.00)
2275
(17.30-29.00)
27.96
(22.00-34.50)
27.96
(22.00-34.50)
25.12
(19.40-31.50)
29.86
(23.80-36.50)
43.13
(36.30-50.10)
39.34
(82.70-46.30)
27.96
(22.00-34.50)
19.43
(14.30-25.40)
39.34
(82.70-46.30)
29.86
(23.80-36.50)

LR+

1.24
(0.90-1.60)
1.54
(1.30-1.80)
1.08
(0.80-1.40)
0.92
(0.70-1.20)
092
(0.70-1.20)
091
(0.70-1.20)
098
(0.80-1.30)
098
(0.80-1.30)
0.94
(0.70-1.20)
1.00
(0.80-1.30)
1.24
(0.90-1.60)
1.16
(0.90-1.50)
098
(0.80-1.30)
0.87
0.70-1.10)
1.16
(0.90-1.50)
1.00
(0.80-1.30)

LR-

0.69
(0.40-1.30)
026
(0.09-0.80)
0.86
(0.50-1.60)
125
(0.70-2.30)
1.25
(0.70-2.30)
1.30
(0.70-2.50)
1.06
(0.60-2.00)
1,08
(0.60-2.00)
1.18
(0.60-2.20)
099
(0.50-1.80)
069
(0.40-1.30)
0.76
(0.40-1.40)
1.06
(0.60-2.00)
1.52
(0.80-2.90)
0.76
(0.40-1.40)
099
(0.50-1.80)

PPV

13.60
(10.70-17.10)
16.40
(14.10-18.90)
12.10
(9.50-15.10)
10.50
(8.30-13.20)
1050
(8.30-13.20)
10.40
(8.20-13.00)
11.10
(8.80-13.90)
11.10
(8.80-13.90)
10.70
(8.50-13.40)
11.30
(9.00-14.20)
13.60
(10.70-17.10)
12.90
(10.20-16.20)
11.10
(8.80-13.90)
10.00
(7.90-12.50)
12.90
(10.20-16.20)
11.30
(9.00-14.20)

NPV

92.00
(86.20-95.40)
96.80
(91.00-98.90)
90.20
(83.30-94.40)
86.30
(77.00-92.20)
86.30
(77.00-92.20)
85.80
(76.20-91.90)
88.10
(79.90-93.20)
88.10
(79.90-93.20)
86.90
(78.10-92.60)
88.80
(81.00-93.60)
92,00
(86.20-95.40)
91.20
(85.10-95.00)
88.10
(79.90-93.20)
83.70
(78.00-90.70)
91.20
(85.10-95.00)
83,80
(81.00-93.60)

95%Cl, confidence interval at 95%; AUC, area under the curve (with lower bound 95%CI = 0.60); LR+, Positive likelihood ratio; LR-, Negative likelihood ratio; PPV, Positive predictive
values; NPV, Negative predictive values; BM, Body mass; BMI, Body mass index; FF, fat percentage; WHIR, waist-to-height ratio; WHR, Waist-to-hip ratio; BAI, Body adiposity index;
ABSI, body shape index; C-Index, conicity index; WC, waist circumference; HC, hip circumference.
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Variables Male (1 =396, Female (1=238,  p-value

62.5%) 37.5%)
Mean (SD) Mean (SD)

Age (years old) 16.63(1.02) 16.62 (1.06) 092
BM (Kg) 68.11(13.52) 5863 (12.31) <001
Height (cm) 173.62(7.16) 160.55 (5.82) <001
BMI (Kg/m?) 2258 (4.29) 22.72 (4.58) 068
P 17.30 (4.91) 29.41 (5.86) <001
WHIR 0.43 (0.05) 0.44 (0.06) 0.46
WHR 078 (0.04) 0.72(0.06) <001
BAI 24.10 (4.04) 29,50 (4.65) <0.01
ABSI 0,072 (0.003) 0.069 (0.004) <0.01
Clndex 1.10 (0.04) 1.07 (0.06) <001
WG (cm) 75.17 (8.60) 70.09(9.85) <0.01
HC (om) 96.158.73) 96.49 (8.96) 064
Triceps skinfold (mm) 11.18(5.16) 17.88 (5.72) <0.01
Subescapularis skinfold 10.72 (6.02) 14.55 (6.92) <0.01
(mm)

Supra iliac skinfold 13.91 (7.30) 17.50 (6.74) <0.01
(mm)

Calf skinfold (mm) 9.91 (4.85) 17.17 6.86) <001
Sum of skinfolds (mm) 45.73 (20.49) 67.10 (23.19) <0.01
SBP (mmHg) 10078 (21.71)  102.76 (15.62) <001
DBP (mmHg) 65.21 (8.08) 67.35 8.71) <0.01

n, sample size; %, percentage; t-test for independent samples; Mann-Whitney's non-
parametric test; SD, standrd deviation; BM, Body mass; BMI, Body mass index; FF, fat
percentage; WHIR, waist-to-height ratio; WHR, waist-hip ratio; BAI, body adiposity index;
ABSI, adjposity body shape index; C-index, conicity index; WC, waist circurference;
HC, hip circumference; SBR systolic blood pressure; DB, diastolc biood pressure; the
p-value in bold means a staisticall significant difference (o < 0.05) between males
and females.
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Variables

Maturation
Pre-pubertal
Pubertal
Post-pubertal
Economic level
High

Low

Skin color
White

Brown/yellow/indigenous/black

Physical activity level

Physically active

Not physically active
Balanced diet
Adegquate
Inadequate

Smoke cigarettes
Not currently smoker
Currently smoker
Sleep quality
Adequate
Inadequate

HBP

No

Yes

n=618

n=1634

n=620

n=634

General (n = 634)

Male

n =396 (%)

40(10.7)
250 (66.7)
85 (22.7)

260 (65.7)
136 (34.9)

200 (51.8)
186 (48.2)

23(6.0)
360 (94.0)

68(17.2)
328 (82.8)

370 (96.1)
15(3.9)

147 (37.9)
241 (62.1)

278(702)
118 (298)

Female

n =238 (%)

16(7.2)
158 (70.9)
49 (22.0)

148 (62.2)
90 37.8)

143 (61.4)
90 (38.6)

147)
224(95.9)

35 (14.7)
203(85.3)

219(94.8)
12(5.2)

7934.1)
153 (65.9)

211(88.7)
27 (11.3)

p-value

033

<0.05

0.48

0.42

045

0.34

<0.01

n, sample size (number of students with information about the variable); %, percentage;
Chi-square test; HBP. High blood pressure; the p-value in bold means a statistically
significant difference (o < 0.05) in the skin color and HBP between males and females.
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