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� Body fat measurements: evaluating obesity and overweight in adolescents.  

� Obesity and overweight: their role in blood glucose and insulin levels in 
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Introdução: Nas últimas duas décadas a prevalência de excesso de peso e obesidade 

na Europa, em adultos triplicou. Esta tendência também se verifica em crianças e 

adolescentes, sendo que os países do Sul da Europa apresentam uma maior 

prevalência de excesso de peso quando comparados com outros países da Europa.  

Contudo, a inexistência de um consenso internacional sobre como medir excesso de 

peso e obesidade torna difícil a comparação entre dados de prevalência de diferentes 

estudos longitudinais, assim como a correta identificação das suas tendências. 

Os adolescentes com excesso de peso e obesidade apresentam maior morbilidade do 

que os que não têm excesso de peso, sendo que as patologias mais associadas ao 

excesso de peso são a insulinoresistência e a secreção diminuída de insulina. 

Objectivos: Este trabalho teve como objetivo estudar quais as medidas 

antropométricas que contribuem para o diagnóstico de excesso de peso e obesidade e 

o contributo destas medidas na identificação precoce de adolescentes com alterações 

do metabolismo da glicose. De acordo com os seguintes objetivos específicos: 

1) avaliar a capacidade de diferentes medidas de gordura corporal para identificar 

adolescentes de 13 anos com excesso de peso e obesidade, identificando quais 

os respetivos valores de corte;  

2) avaliar a capacidade de diferentes medidas antropométricas para identificarem 

adolescentes de 13 anos com valores elevados de glicose, insulina e HOMA. 

Métodos: A investigação foi realizada no âmbito da Coorte EPITeen (Epidemiological 

Health Investigation of Teenagers in Porto), constituída por adolescentes nascidos em 

1990 e inscritos nas escolas públicas e privadas da cidade do Porto durante o ano 

lectivo 2003/2004 foram recrutados e avaliados (proporção de participação de 78%). 

A informação foi recolhida através de dois questionários auto aplicados (um 

preenchido em casa e outro na escola), recolhendo informação sobre a história 

individual ou familiar de doença e características sociais, demográficas e 

comportamentais. Na escola, foi realizado também um exame físico, por uma equipa 

experiente de enfermeiros, nutricionistas e médicos. Para além do peso e da altura, o 

perímetro da cintura, as pregas cutâneas bicipital e tricipital foram também medidos. 

Foi colhida uma amostra de sangue após um jejum nocturno de 12h. Os valores de 

glicose plasmáticos foram avaliados usando os métodos enzimáticos habituais e a 

insulina foi medida pelo método de radioimunoensaio. A insulinoresistência foi 

calculada pelo método de modelo de homeostase (HOMA-IR), com base na glicemia 

de jejum e as concentrações de insulina: HOMA-IR=insulina(mU/ml)*glicose(mmol/ 

L)/22,5. 
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Na comparação de médias foi usado o teste de Wilcoxon-Mann-Whitney e para 

analisar as relações entre as diferentes medidas antropométricas e o Índice de Massa 

Corporal (IMC) assim como com a glicose, insulina e HOMA foi usado o coeficiente de 

correlação de Spearman. O valor diagnóstico das diferentes medidas de adiposidade 

foi calculado através da análise das curvas ROC (receiver-operating characteristic). A 

área por baixo da curva (AUC) também é apresentada. 

Resultados: Na nossa amostra a prevalência de excesso de peso (IMC≥85th) foi de 

11.9% nos rapazes e de 12.4% nas raparigas.  

O IMC correlacionou-se positiva e significativamente com todas as medidas 

antropométricas em ambos os sexos. Nos rapazes a correlação encontrada mais forte 

foi com o perímetro da cintura, quer nos adolescentes com IMC<85th quer nos 

adolescentes com IMC≥85th. Nas raparigas a correlação mais forte encontrada foi com 

a percentagem de massa gorda para as que têm IMC<85th [0.79(IC 95%: 0.77; 0.82)] 

e com o perímetro da cintura para as raparigas com IMC≥85th [0.71(IC 95%: 0.59; 

0.80)]. Usando o percentil 75 (P75) como valor de corte, o perímetro da cintura foi a 

medida antropométrica que melhor identificava adolescentes com IMC≥85th. A 

sensibilidade foi de 100% para os rapazes e de 97.6% (IC 95%: 94.9-100) para as 

raparigas. A especificidade foi de 85.5% (IC 95%: 83.1-87.9) e 85.5% (IC 95%: 83.5-

88.1). Quando se usou o rácio perímetro da cintura/altura estes valores foram de 

86.7% (IC 95%: 80.5-93.0); 86.3% (IC 95%: 80.2-92.3) para a sensibilidade, e 92.9% 

(IC 95%: 91.2-94.7); 94.8% (IC 95%: 93.3-96.2) para a especificidade. 

Em ambos os sexos todas as medidas antropométricas se correlacionaram de forma 

positiva e significativa com a insulina e HOMA. Para as raparigas a medida 

antropométrica que melhor identifica adolescentes com valores de insulina e 

HOMA≥P75 foi o rácio perímetro da cintura/altura: a sensibilidade foi de 66.7% (IC 

95%: 59.4-73.9) para a insulina e 60.2% (IC 95%: 52.7-67.8) para a HOMA; a 

especificidade foi de 59.2% (IC 95%: 54.8-63.6) e 60.7% (IC 95%: 56.4-65.1) 

respetivamente. Entre os rapazes a medida antropométrica mais precisa para 

identificar os que se encontravam ≥P75 foi o IMC: a sensibilidade foi de 66.4% (IC 95%: 

58.9-74.0) para a insulina e de 65.6% (IC 95%: 58.0-73.1) para a HOMA; a 

especificidade foi de 62.5% (IC 95%: 58.1-67.0) e 62.2% (IC 95%: 57.7-66.6) 

respectivamente. 

Conclusões: Para além do IMC, o perímetro da cintura demonstrou ser uma 

ferramenta específica na identificação de adolescentes com excesso de peso. 

Adicionalmente o uso do rácio perímetro da cintura/altura pode melhorar a 

especificidade desta medida. 
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O IMC, o rácio perímetro da cintura/altura e o perímetro da cintura revelaram-se 

também medidas precisas na identificação de adolescentes em risco de alterações do 

metabolismo da glicose. 
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Introduction: In Europe, the prevalence of overweight and obesity in adults has tripled 

in the last two decades. This trend is also observed in children and adolescents, having 

the countries of southern Europe a higher prevalence of overweight compared with 

other countries in Europe. 

However, the inexistence of an international consensus about how to measure 

overweight and obesity makes the comparison of cross-sectional prevalence data 

difficult, as well the clear identification of its trends. 

Overweight and obese adolescents have high morbidity than non-overweight 

adolescents, with insulin resistance and impaired insulin secretion being the most 

common pathologies associated to overweight.  

Objectives: This research aimed to study the anthropometric measures that can 

contribute to the evaluation of overweight and obesity, and the role of these measures 

identifying adolescents with alterations on the glucose metabolism through the 

following specific objectives: 

1) to evaluate the ability of different body fat measures to identify overweight and 

obesity in 13-year-old adolescents and to identify the best cut-offs of these measures; 

2) to evaluate the ability of different adiposity measures to identify 13 year old 

adolescents with high values of glucose, insulin and HOMA. 

Methods: Eligible participants were urban adolescents, members of the 

Epidemiological Health Investigation of Teenagers in Porto (EPITeen). The EpiTeen is 

a population-based cohort of adolescents born in 1990, which were recruited from 

private or public schools in Porto in the 2003/2004 school year (78% participation at the 

individual level). Data were collected using self-administered questionnaires, 

comprising information on clinical, behavioural, social and demographic characteristics. 

A physical examination was also performed at school, by a team of experienced 

nurses, nutritionists and physicians. Beyond weight and height, waist circumference 

and bicipital and tricipital skinfolds thickness were measured. A 12-hour overnight 

intravenous blood sample was taken from an antecubital vein. Blood glucose was 

measured using automatic standard routine enzymatic methods and insulin was 

measured by radioimmunoassay. Insulin resistance was assessed by the homeostasis 

model method (HOMA-IR), based on fasting glucose and insulin concentrations: 

HOMA-IR=Insulin (mU/ml)*glucose (mmol/L)/22.5. To compare means we used the 

Wilcoxon-Mann-Whitney and to examine relations between the different anthropometric 

measurements with BMI, and the relations between the anthropometric measures and 

glucose, insulin and HOMA we used Spearman correlation coefficient. The diagnostic 
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value of the different measures of adiposity was calculated through the receiver-

operating characteristic (ROC) curve analyses. The area under the curve (AUC) is also 

presented. 

Results: In our sample the prevalence of overweight (BMI≥85th) was 11.9% in boys 

and 12.4% among girls. 

BMI was positively and significantly correlated with all anthropometric measures, in 

both genders. In boys the stronger association was found with waist circumference, 

both in adolescents with BMI<85th and ≥85th. In girls, the stronger association was 

found with body fat percentage for those with BMI<85th [0.79(95% CI: 0.77; 0.82)] and 

with waist circumference among those with BMI≥85th [0.71(95% CI: 0.59; 0.80)]. Waist 

circumference, using the 75th percentile as cut-off, was the anthropometric measure 

that better identified adolescents with BMI≥85th percentile. Sensitivity was 100% in 

boys and 97.6% (95% CI: 94.9-100) in girls; specificity was 85.5 %( 95% CI: 83.1-87.9) 

and 85.8% (95% CI: 83.5-88.1). When the waist to height ratio was used those values 

were 86.7% (95% CI: 80.5-93.0); 86.3% (95% CI: 80.2-92.3) for sensibility, and 92.9% 

(95% CI: 91.2-94.7); 94.8% (95% CI: 93.3-96.2) for specificity. 

In both sexes all of the anthropometric measurements correlate positively and 

significantly with insulin and HOMA. Among girls, the best anthropometric measure to 

identify adolescents with values of insulin and HOMA above the 75th percentile was 

waist to height ratio: sensitivity was 66.7% (95% CI:59.4-73.9) for insulin and 60.2% 

(95% CI:52.7-67.8) for HOMA; specificity was 59.2% (95% CI:54.8-63.6) and 60.7% 

(95% CI:56.4-65.1), respectively. Among boys the best anthropometric measure to 

identify those above the 75th percentile was BMI: Sensitivity was 66.4% (95% CI:58.9-

74.0) for insulin and 65.6% (95% CI:58.0-73.1) for HOMA; specificity was 62.5% (95% 

CI:58.1-67.0) and 62.2 (95% CI:57.7-66.6), respectively. 

Conclusions: Beyond BMI, waist circumference demonstrated to be a sensitive and 

specific tool for the detection of overweight in adolescents. Additionally, the use of the 

waist to height ratio may improve the specificity of this measure. 

Furthermore, BMI, waist circumference and waist circumference to height ratio 

revealed to be accurate in the identification of adolescents at risk of alterations in the 

glucose metabolism. 
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OVERWEIGHT AND OBESITY 

 

 

Prevalence of overweight and progression over life time 

 

Obesity is an epidemic of the century, one of the most serious public health 

problems around the world and more worrisome than the classic questions such as 

malnutrition, and infectious diseases (1, 2). The prevalence of overweight and obesity 

has increased in adults in several countries (3, 4) and in school aged children since 

1980 (5). However in some countries the increase appears to stop, or even start 

decreasing, the burden is still very high. 

In Europe the prevalence of obesity and overweight in adolescents has tripled in 

the last two decades, with the prevalence at 13-years-old in 2001/2002 to 14.4% in 

boys and 9.3% in girls (6). 

Limited longitudinal data are available for children and adolescents. The Health 

Behaviour in School-aged Children (HBSC) presented a prevalence of overweight 

among adolescents since 1997 (7) and compared to those in 2005-2006 survey (8) 

showed a decrease in the prevalence of overweight among males and an increase 

among females. However, it is important to notice that in this study the prevalence of 

overweight is estimated based on self-reported weight and height (8). One study on 

children aged 7-9 years found that the prevalence of overweight according to IOTF cut-

offs was 20.3% and the prevalence of obesity 11.3% (9). Comparing these results with 

the results of two studies, one in 1970 (10) and other in 1992 (11) it is possible realize 

that Body Mass Index (BMI) of Portuguese children have been increasing in last 

decades.  

More data is available from cross-sectional studies. The Pro Children Survey, 

realized in 2003 on 11-year-old children, in Portugal was found an overweight 

prevalence of 26.5% among males and 17.7% among females and the prevalence of 

obesity was 2.2% among females and 6.2% among males (using the IOTF criteria) 

(12). Similar results were found in the first evaluation of the EPITeen project 

(Epidemiological Health Investigation of Teenagers in Porto), held in 2003-2004 

school-year, in which the prevalence of overweight in adolescents aged 13 years was 

18.8% among females and 20.8% among males and the prevalence of obesity was 

5.7% among females and 6.6% among males (13). In the evaluation of the HBSC held 

in 2005-2006 the prevalence of overweight in 13-year-old adolescents was, 
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respectively among males and females, 12.5% and 22.8% and in 15-year-old 

adolescents it was 14.3% and 20.8% (8). Higher values were found in 2008 from a 

population-based study of Portuguese adolescents (11-15 years) reported that the 

national prevalence of overweight was 28% and the estimate of obesity was 11% (14). 

This study also reported the northern region as having the highest prevalence of 

overweight (overweight + obesity), according with Center for Disease Control and 

Prevention (CDC) classification, however the difference for other regions did not reach 

statistical significance (14). 

Thus, despite the inexistence of systematic data on BMI in Portugal, the data 

available allow us to recognize that our country seems to present one of the higher 

prevalence of overweight/obesity in Europe (7, 8, 12) and apparently increasing. 

BMI levels track throughout lifetime (15) and the effects of childhood obesity are 

reflected in adulthood morbidity and mortality (2, 16, 17). Adolescence has been 

referred as a critical period for the development of co-morbidities related to obesity in 

both sexes (2, 6). 

As analysed by Guo and colleagues (18), the higher the BMI is in childhood, higher 

is the probability to be an obese adult. They analysed the probability of having a BMI ≥ 

30 kg/m2 at 35 years old, and the probability of becoming an obese adult increases as 

obesity tracks out to childhood. For girls at the 95th percentile during childhood to 

become obese as adults, increases from 40% at 3 years old to more than 60% at 12 to 

20 years old. In boys at the same percentile the probability increases from less than 

20% at 3 years old to more than 60 % from 17 to 20 years old. 

For overweight boys and girls (85h percentile) the probabilities of being obese 

adults were lower. For girls the probability varies from 20 to 39.9% from 4 to 18 years 

of age until 40-59.9 % after 18 years of age. In boys the probabilities vary from less 

than 20% from 3 to 17 years of age, until 20-59.9% after 18 years of age. This data 

suggest that if an individual in his adolescence has a moderately or high BMI, has a 

high probability of become an obese adult. 

The outcomes of childhood and adolescence overweight and obesity are several. 

They have been associated with increased health risks and morbidities, namely 

cardiovascular diseases, higher rates of mortality in adulthood, besides the adverse 

socioeconomic outcomes (19-23). 
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Adolescence as a critical period for overweight 

 

Throughout human development, there are four critical periods for the 

development of overweight and obesity: intrauterine, infancy, mid-childhood and 

adolescence (24). Also, in the last decades the hypothesis that factors acting in pre- 

and early postnatal life were associated with the occurrence of adult diseases, have 

emerged (2, 25) and a strong evidence was found regarding cardiovascular diseases, 

obesity and diabetes (26, 27). 

In infancy research made in children at risk of overweight revealed that this 

development was associated with an increased risk of Diabetes in childhood (28). Most 

of these results became from research on children who were small for gestational age 

at birth or suffered from intrauterine growth retardation. However, yet in children who 

had an appropriate birth weight for gestational age the rapid infant growth was 

significantly associated with higher risk for obesity and type II diabetes compared with 

children without a rapid growth (28, 29). 

During childhood, the amount of fat mass increases at the first year of life and then 

it decreases at about six years old to increase again in later childhood. The period 

when adiposity reaches the minimum value, which occurs at approximately 6 years of 

life, is known as “adiposity rebound” (30). An adiposity rebound earlier in the child 

development increases the risk of higher values of BMI in adolescence (30). 

Adolescence is the transitional period between childhood and adulthood that 

begins with puberty (2). In this period occur changes in body composition and body 

size. It is a development period with particular morphologic and physiological changes. 

Since what we intent classifying subjects as overweigh or obese is identify those with 

excess of body fat and none, classifying an adolescent as obese or overweight can be 

problematic because of the changes that occur at this stage, particularly in relation to 

sexual maturation, body composition and fat mass distribution. This problem became 

higher because we need to take in account the gender differences during this period of 

life. 

In adolescence the boy’s percentage of lean mass increases and the percentage 

of fat mass in the total weight diminishes, in contrast with girls (31). Fat distribution in 

boys suffers more changes between pre puberty and late puberty when compared with 

girls, with late pubertal boys having a more android fat distribution (32). While girls 

accumulate greater amounts of fat during adolescence, but less centralized pattern, 

with an enlargement of hips and a decrease in waist to hip ratio (33, 34). 
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Defining overweight and obesity 

 

Obesity and overweight are considered public health problems; they need to be 

monitored in children and adolescents. For adults cut off values for BMI from which we 

could define overweight and obesity are well defined. In children and adolescents this 

classification is not consensual worldwide, as there are several classifications in use (2, 

16, 35-38).  

Most of the classifications commonly use the BMI which relates the weight in 

kilograms to height in meters using the formula: BMI=weight/(height) 2. As weight and 

height are simple, non-invasive and almost inexpensive to obtain, the BMI became a 

simple and inexpensive index. 

In adults the cut-off points to classify them as overweight (25 kg/m2) or obese (30 

kg/m2) are widely accepted since they are based on the risk of disease associated with 

each BMI category. However, in children and adolescents, the negative consequences 

of overweigh frequently occurs later in life, namely during adulthood. So, the 

establishment of a clear cause-effect association is difficult. Thus the definitions of 

obesity in this age range are mostly based in statistical methods.  

The criteria of the CDC is based on percentile curves developed from a nationally 

representative survey of United States and used the 85th and 95th percentiles as cut off 

points for overweight and obesity (36). The criteria of the International Obesity Task 

Force consists of age and sex specific cut off points for BMI obtained from percentile 

curves drawn that at 18 years passed through the cut off points of 25 Kg/m2 and 30 

Kg/m2 for adult overweight and obesity (35). These curves were based on data from six 

nationally representative cross-sectional growth studies (Brazil, Great Britain, Hong 

Kong, Netherlands, Singapore and United states). Additionally, as a tentative to create 

a more generalizable data, in 2006 the World Health Organization (WHO) published 

WHO Child Growth Standards for children from 0 to 5 years (39) derived from a 

longitudinal follow-up from birth to 24 months and a cross-sectional survey of children 

aged 18 to 71 months, from widely cultural settings (Brazil, Ghana, India, Norway, 

Oman and USA), whose caregivers follow internationally recognized health 

recommendations. In 2007, WHO also published the growth references for school-aged 

children and adolescents, from 5 to 19 years (38) based in data from the 1977 National 

Center for Health Statistics (NCHS)/WHO growth reference (1-24 years), merged with 

data from the under-fives growth standards’ cross-sectional sample (18-71 months) to 
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smooth the transition between the two samples. So, we have at least three different 

and widely used criteria.  

Beyond the cut-off problem in the definition of overweigh and obesity, use BMI as 

measure to posterior classification adds additional problems since it  does not take into 

account if the rated weight is muscle mass or fat mass (15, 19) or distinguishes 

between different fat distributions. Additionally, by gender and throughout development 

there are considerable changes in BMI because of the substantial changes of body fat, 

making impossible identify a cutt-off value equal for all ages (2, 15, 19). 

Besides the problem of attributing the right cut off points, there is also a need to 

standardize the classification, some authors refer to overweight including obese and 

overweight individuals and others make this discrimination. So to avoid any 

misunderstandings in this paper when we refer to overweight adolescents we are 

including obese and overweight adolescents. 

 

The body fat distribution and the different health effects 

 

The outcomes of childhood and adolescence overweight and obesity are several. 

Studying the effects of overweight and obesity in childhood and adolescence is without 

any doubt an important subject of study. However, besides the fact of being overweight 

or obese is also important to take into consideration the fat distribution and its 

outcomes.  

In adults the role of fat distribution and the predisposition for diabetes, 

cardiovascular diseases and atherosclerosis (40, 41) is recognized, many studies 

report that body fat distribution is a best indicator of risk factors and mortality than BMI 

(42-44). Data from the Amsterdam Growth and Health Longitudinal Study refer that 

trunk fat is adversely associated with large arterial stiffness, while some degree of 

protection is conferred by peripheral fat and lean mass (45).  

Trunk accumulation of fat particularly is related with more adverse health related 

outcomes than peripheral fat (46). Moreover not all of the peripheral fat seems to have 

a protective role subcutaneous fat at the trunk seems to have an adverse effect on 

cardiovascular risk, increasing arterial stiffness (47). 

Visceral adipose tissue and subcutaneous adipose tissue are components of the 

abdominal obesity (48), it is known that these two components have morphological and 
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functional differences although the determinants of visceral adipose tissue in children 

are still being studied (32). 

Some authors report that in adolescence visceral adipose tissue represents less 

10% of the total abdominal fat, more than 90% is represented by subcutaneous 

adipose tissue (49). This could suggest that, at this stage of development, the impact of 

visceral fat deposition on metabolic parameters is likely to be small, but a large set of 

studies found abdominal fat as a cardiovascular risk factor and similarly to adults the 

deposition of visceral adipose tissue is known to increase with age (32). 

It was first described in the 20th century by Vague that individuals with a central fat 

distribution were at greater health risk when compared with those with peripheral fat 

(50). The risk of cardiovascular diseases seems to be equal for adults and adolescents, 

although BMI, as an indicator of total fat is also considered a predictor of 

cardiovascular diseases other anthropometric measures (waist circumference and 

waist to height ratio) seem to be able to identify adolescents at risk (51, 52). As 

measure of this type of fat, an increased waist circumference seems to be associated 

in children with abnormal blood pressure values, elevated serum levels of cholesterol, 

low-density lipo-protein, triglyceride and insulin, as well as lower concentrations of HDL 

(53, 54).  

The best way to access visceral adipose tissue in children is through computed 

tomography and Magnetic Resonance Imaging (MRI) (55). But these are expensive 

and not always easy to access methods for the determination of the deposition of 

visceral adipose tissue. 

Indirect measures to determine the deposition of visceral adipose tissue are the X-

ray absorptiometry dual radiation (DEXA) however this form of evaluation has the 

limitation of not distinguishing subcutaneous form intra abdominal fat mass (56). Waist 

circumference as been also referred as an indirect measure of visceral adipose tissue 

Bouchard (57) in the HEalth, Risk factors, exercise Training and Genetics (HERITAGE) 

Family Study and the Quebec Family Study stated that waist circumference is very 

strongly correlated with BMI (r 0.93) and fat mass (r 0.92). These results show that 

each of these indicators (BMI; waist circumference and fat mass) can be useful as an 

indirect measure of visceral adipose tissue. One other way to access indirectly visceral 

adipose tissue are the trunkal skinfolds as stated by Fox and colleagues (58) in 

children aged 11-13 years old, they reported that abdominal skinfold as an acceptable 

indicator of abdominal adiposity (r 0.54–0.70). 
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Caprio and colleagues (59) were ones of the firsts studying the relationship 

between visceral adipose tissue and adverse health outcomes in adolescents. In their 

sample of 18 girls aged 10-16 years old, they found that in obese girls (classified by the 

authors according to the First National Health and Nutrition Survey as ≥95th percentile), 

intra-abdominal fat but not BMI or waist-to-hip ratio was highly correlated with basal 

insulin (r=0.55, P<0.04), triacylglycerols (r=0.53, P < 0.03), and high-density-lipoprotein 

(HDL) cholesterol (r=-0.54, P<0.04). 

More recently Syme and colleagues (60) in their study involving a sample of 324 

adolescents, 12-18 years old in Canada, stated that among children being overweight 

or obese stated that visceral adipose tissue was significantly related to risk factors for 

the metabolic syndrome. However, such association was not observed in the case of 

subcutaneous adipose tissue as well as total fat mass (60).  

Subcutaneous adipose tissue depots occur frequently when there is a high caloric 

diet with limited physical inactivity. It acts as a metabolic deposit where excess free 

fatty acids and glycerol are stored as triglycerides in adipocytes (48). When there the 

storage capacity is exceeded, if there is chronic stress, or if there is some genetic 

predisposition that impair the ability to generate new adipocytes fat accumulates in 

other areas outside the subcutaneous tissue (61) inducing metabolic alterations that 

can lead to type 2 diabetes (62). 

Abdominal fat in adults is associated with inflammatory responses increasing the 

cardiovascular risk, in fact central fat seem to be more correlated with cardiovascular 

risks than peripheral fat ( as the fat depots in the limbs) (45, 63). 

Some authors report the same association in female adolescents; they report that 

the white blood cells count (inflammatory marker) is positively related to abdominal 

adiposity in female obese adolescents. This relationship was more distinguishable with 

subcutaneous than visceral adipose tissue (64). 

So there is a need to know which methods should one use to measure body fat in 

children and adolescents and which ones can help to estimate from an easy and 

inexpensive way the different forms of body fat distribution. 

 

Different methods to access body fat 

 

Several methods may be used to calculate body composition in adolescents: the 

underwater weights that measures body density, from witch fat and lean mass content 
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are estimated by assuming standard figures for the density of these components (65), 

the ultrasound, DEXA, are considered reference methods because of its precision (66, 

67). However, these methods are more expensive and difficult to access (68) than the 

assessment weight, height, skinfolds or even bio-electrical impedance (66). 

The evaluation of anthropometric measures and bio-electrical impedance are the 

most widely used methods in clinical settings when the population size is big, when 

there is a need of a quick and easy to access measurement and when there are few 

economic resources (66, 69). 

Bio-electrical impedance measures the opposition of body tissues to a small 

alternating current that is imperceptible to the subject. Its reliability is generally high an 

can approach for those that use height and weight (70). With the introduction of the 

foot-to-foot bio-electrical impedance that only require the children or adolescent to step 

on scales with electrode foot plates, this method has become more used because the 

children under evaluation do not need to lay quietly supine for the procedure. However 

there is still a lack of reference data and equations so that its use can be more 

accurate (71). 

BMI is the most common indicator used to identify obesity and overweight in most 

o f the settings (clinical, community based programs and public health). It is attractive 

to use BMI because it depends on the evaluation of two anthropometric measures, 

weight and height (BMI=weight/height2) that are the ones more commonly collected on 

children worldwide (71). 

In order to use BMI as a reliable indicator of body fat is also important to make an 

accurate measure of height and weight. If it is possible height should be measured at 

the nearest 0.1cm if possible with a stadiometer mounted on the wall or a portable 

stadiometer that allows to position properly the child or adolescent with the back 

against a vertical surface. Stadiometers attached to scales that do not allow the child or 

adolescent to be correctly positioned are not recommended. Weight should be 

measured by using a good quality scale to the nearest 100g. In a research setting, 

when choosing the equipment it should be one that allows maximum consistency over 

time and reliability between observers taking measurements. It should be always 

considered by the investigators the regular calibration of the equipment because with 

the repeated use and the transportation the equipments should be checked frequently 

(71). 

The accuracy of BMI varies substantially according to the degree of body fatness, 

among relatively fat children BMI is an good indicator of excess adiposity, but 
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differences in the BMIs of more thinner children can be due to differences in fat free 

mass (CDC percentile, BMI for age<85th) (15). 

Therefore the need to use other body fat measures arose. Most of the 

anthropometric measurements used assume the principle that the body has two 

different compartments, the fat mass and the fat-free mass. Anthropometric 

measurements should be fast and non-invasive (72). 

Skinfold thickness determination alone or in association with limb circumference 

measurements are frequently used to estimate the percentage of body fat. They 

estimate the size of subcutaneous fat depot; which in turn provides an estimate of total 

body fat.  The relationship between subcutaneous and internal fat is nonlinear, lean 

subjects have a smaller proportion of body fat deposited subcutaneously than obese 

subjects (72). 

The measurement of single skinfold or a set of skinfolds is an estimate of 

subcutaneous fat which in turn gives us an estimate of total fat mass (19, 72). They are 

non-invasive measures, relatively easy to apply in field studies, but they require a 

trained evaluator for the measurement to be reliable (15, 19). Skinfold thickness 

measurements are best when made by precision thickness callipers. The most 

commonly used sites are: triceps skinfold(is measured at the midpoint of the back of 

the upper arm), biceps skinfold( is measured on the front of the upper arm, directly 

above the centre of the cubital fossa, at the same level as the triceps skinfold); 

subscapular skinfold (is measured below and laterally to the angle of the shoulder 

blade); suprailiac skinfold  (is measured in the mid-axillary line immediately superior to 

the iliac crest) and the midaxillary skinfold (is picked up horizontally on the midaxillary 

line) (73).  

They can provide a more accurate measure of body fat, by identifying 

subcutaneous fat, better than BMI according to age (15, 74). However there is still 

small evidence that sustain the evaluation of skinfold thickness once BMI is known, 

because their evaluation seems to bring no additional information regarding total body 

fat or other risk factors (19) and they require a trained evaluator for the measurement 

to be reliable (15). 

From the existing anthropometric measures, there are measurements that allow 

estimating central and visceral fat like waist circumference or their derivate indices; it is 

believed to be an indicator of central, upper body adiposity. An accurate measure of 

waist circumference can be used in adults and children, an indicator of a deviation from 

normal weight and to health risks assessment (19, 75). Although the evaluation of waist 
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circumference may be influenced by spinal curvature and posture and the amount of 

abdominal musculature, this anthropometric measure seems to have a similar 

performance to BMI to access overweight and obese adolescents (67) and it is also 

inexpensive and easy to use. 

Comparisons between measurements of body fat made trough MRI report that 

waist circumference in children when compared with BMI can provide a better estimate 

of visceral fat (76). Especially for adolescents waist circumference can perform as an 

important predictive indicator of health risks (19). Nevertheless there is a need to 

identify waist circumference cut off points that can identify children and adolescents at 

risk of cardiovascular or metabolic problems that have already been classified as 

obese or overweight trough BMI (19). 

More recent studies also mentioned waist to height ratio as an index of abdominal 

obesity that seems to be correlated with various metabolic complications as it is BMI 

(77) furthermore the authors suggest that an single cutt-off point of 0.5 can be used to 

identify children and adults at increased risk (51). 

As there are several measures and the BMI is used widely to define obesity and 

overweight in children and adolescents, there is a need to evaluate how other body fat 

measurements complement the information given by BMI and improve the sensitivity 

and specificity to detect overweight and obesity in adolescence. And try to complement 

the existing information regarding cutt-off points that are more appropriate to identify 

children with the most visceral fat or greatest risk for cardiovascular and metabolic 

problems (19).  
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GLUCOSE METABOLISM 

 

 

Obesity and overweight as a risk factor for hyperglycemia and insulin levels 

in adolescents 

 

Children with high levels of BMI are more likely to become obese adults, when 

compared with thinner children (78). So overweight and obesity in childhood and 

adolescence have short term and long term consequences, high levels of BMI have 

been associated with cardiovascular risk factors such dyslipidemia, increased blood 

pressure and  insulin resistance (15, 79, 80). 

Metabolic syndrome is characterized by increased concentrations of triglycerides, 

decreased concentrations of low-density cholesterol (HDL), increased blood pressure, 

increased waist circumference and increased levels of glucose (81). When an 

individual appear associated with three of these five risk factors we can establish the 

diagnosis of metabolic syndrome (81, 82). 

Nowadays, it is known that this kind of aggregation starts early in life. However, in 

adolescents there is an additional difficulty finding the correct diagnostic cut off value of 

metabolic disorders, because of the variability that exists on values trough growth and 

development (83). 

These metabolic derangements predict type 2 diabetes and coronary artery 

disease (82) and in parallel with the increase of metabolic syndrome and obesity and 

overweight, there has been an increase in the prevalence of type 2 diabetes (84, 85). 

This disease was for several years considered a disease of adulthood but nowadays it 

occurs frequently in adolescents with BMI>30 kg/m2 (2). NHANES III found that in the 

U.S. the prevalence of type 2 diabetes in adolescents was more than the double than 

type 1. 

Type 2 diabetes ranges 90-95% of those with diabetes. This form of diabetes 

comprises individuals who have insulin resistance and usually have relative insulin 

deficiency. There are probably many different causes of this form of diabetes, most 

diabetic patients are obese or those who aren’t obese by traditional weight criteria have 

an increased percentage of body fat distributed predominantly in the abdominal region. 

Obesity itself causes some degree of insulin resistance (86). Many overweight children 

also have elevated insulin levels indicating an increase in insulin resistance (87). In 
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obese children insulin resistance and impaired insulin secretion contribute to the 

increase in glucose levels (88, 89). 

Insulin is considered the central regulator of glucose and lipid balance. Insulin 

decreases blood glucose concentrations by reducing hepatic gluconeogenesis and 

glycogenolysis and by enhancing glucose uptake into striated muscles and adipocytes. 

Insulin also plays a role in the lipid metabolism enhancing triglyceride synthesis in liver 

and adipose tissues, increases the breakdown of circulating lipoproteins by stimulating 

lipoprotein lipase activity in adipose tissues, and suppresses lipolysys both in adipose 

tissues and muscles (90, 91). 

If an adolescent has an increased insulin resistance, it can lead to increased 

hepatic synthesis of very-low-density lipoprotein, resistance of the action of insulin on 

lipoprotein lipase peripheral tissues, enhanced cholesterol synthesis, increased high 

density lipoprotein degradation, increased sympathetic activity, proliferation of vascular 

smooth muscular cells, and decreased reduction of plaque (2).  

Also, we know from adults that approximately 30% of patients with pre diabetes 

(Impaired Fasting Glucose or Impaired Glucose Tolerance) will convert to type 2 

diabetes mellitus within 5 years (92). Besides, children with pre diabetes have an 

increased risk for developing cardiovascular diseases before progressing to diabetes 

mellitus (93, 94). 

Cardiovascular diseases are a major cause of death in the U.S. and are increasing 

worldwide (2). In parallel with the increase of metabolic syndrome and obesity and 

overweight, there has been an increase in the prevalence of type 2 diabetes (84, 85). 

Data from the Bogalusa Heart Study proven that when insulin concentration are 

increased in childhood they tend to remain elevated in adulthood, and these adults 

tend to have increased rates of obesity, hypertension and dyslipdemia (95). 

Most of the consequences of overweight in adolescence happen only some years 

late. On the other hand, obesity is the single most obvious risk factor for type 2 

diabetes (88) and insulin resistance could be the trigger for the development of 

metabolic syndrome, their components or most of the cardiovascular diseases related 

with overweight. Glucose and their derivate indices that allow us to an indirect measure 

of insulin resistance could be used as surrogates of an increased risk of cardiovascular 

disease later in life. 
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This research aimed to study the anthropometric measures that can contribute to 

the evaluation of overweight and obesity, and the role of these measures identifying 

adolescents with alterations on the glucose metabolism through the following specific 

objectives: 

  

• To evaluate the ability of different body fat measures to identify overweight and 

obesity in 13-year-old adolescents and to identify the best cut-offs of these 

measures. 

• We intend to evaluate the ability of different adiposity measures to identify 13 

year old adolescents with high values of glucose, insulin and HOMA. 
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CHAPTER 1 

Body fat measurements: evaluating obesity and overweight in 

adolescents  
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ABSTRACT 

 

Aims: We aimed to evaluate the ability of different body fat measures to identify 

overweight and obesity in 13-year-old adolescents and to identify the best cut-offs of 

these measures. 

Design: Cross-sectional study in 13-year-old adolescents registered at public and 

private schools of Porto, Portugal (EPITEEN Study) 

Participants and methods: We have analyzed 1950 adolescents (51.5% of girls), we 

measured height, weight, waist circumference, tricipital and bicipital skinfold thickness. 

We also estimated body fat percentage using Tanita®. All anthropometric 

measurements were obtained with the subject standing, in light indoor clothes and no 

shoes, according to international guidelines. To compare means we used the 

Wilcoxon-Mann-Whitney and to examine relations between the different anthropometric 

measurements and BMI we used Spearman correlation coefficient. The diagnostic 

value of the different measures of adiposity was through the receiver-operating 

characteristic (ROC) curve analyses. The area under the curve (AUC) is also 

presented.  

Results: In our sample the prevalence of overweight (BMI ≥85th) was 11.9% in boys 

and 12.4% among girls. Body mass index was positively and significantly correlated 

with all anthropometric measures, in both genders. In boys the stronger association 

was found with waist circumference, both in adolescents with BMI <85th and ≥85th. In 

girls, the stronger association was found with body fat percentage for those with 

BMI<85th [0.79(95% CI: 0.77; 0.82)] and with waist circumference among those with 

BMI≥85th [0.71(95% CI: 0.59; 0.80)]. Waist circumference, using the 75th percentile as 

cut-off, was the anthropometric measure that better identified the adolescents with BMI 

≥85th percentile. Sensitivity was 100% in boys and 97.6% (95% CI: 94.9-100) in girls; 

specificity was 85.5% ( 95% CI: 83.1-87.9) and 85.8% (95% CI: 83.5-88.1). When the 

waist to height ratio was used those values were 86.7% (95% CI: 80.5-93.0); 86.3% 

(95% CI: 80.2-92.3) for sensibility, and 92.9% (95% CI: 91.2-94.7); 94.8% (95% CI: 

93.3-96.2) for specificity. 

Conclusions: Beyond BMI, waist circumference seems to be a sensitive and specific 

tool for the detection of overweight in adolescents. Additionally, the use of the waist to 

height ratio may improve the specificity of this measure. In contrast, skinfolds 

measurements have presented a very low accuracy to identify overweight in this group. 
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INTRODUCTION 

 

The World Health Organization (WHO) considers obesity as a major public health 

challenge for the XXI century. In Europe, the prevalence of overweight and obesity in 

adults has tripled in the last two decades (1).This trend is also observed in children and 

adolescents, being more evident in the countries of southern Europe with a higher 

prevalence of overweight compared with other countries in Europe (2, 3). So, there is a 

need to monitor and determine obesity risk status among children and adolescents, in 

order to plan measures of care and prevention (19). 

However, the inexistence of an international consensus about how to measure 

overweight and obesity makes difficult the comparison of cross-sectional prevalence 

data, as well the clear identification of its trends (19). 

The Body Mass Index (BMI), which relates the weight in kilograms with height in 

meters using the formula (BMI = weight / height2), is a measure commonly used to 

identify the overweight and obese subjects. However, this measure does not take into 

account the differences in weight regarding muscle mass or fat mass (4).  

There are other methods to access obesity and overweight that are based on a 

more accurate measure of body composition. The underwater weights, the ultrasound 

and the X-ray absorptiometry dual radiation (DEXA) are considered reference methods 

because of their precision (5, 6). However, these methods are expensive and difficult to 

use in a large sample (5, 7). 

Estimations based on measurements of circumferences, skinfold thickness and 

bioimpedance are less expensive, non-invasive, relatively easy to apply in field studies 

and allow taking into account the different components of the body which provide an 

estimate of the total body fat (4, 8-10). 

Additionally, visceral fat and subcutaneous fat have morphological and functional 

differences (11). It is accepted that obesity consequences, namely cardiovascular 

diseases, can be determined both by the amount of fat and its distribution (12). The 

measurement of skinfold thickness allows to estimate not only total fat but also 

subcutaneous fat, however, they require a trained evaluator for the measurement to be 

reliable (4, 9). 

Despite the difficulty in identifying the best measure of adiposity to be similar to 

various age groups, among children and adolescents the problem of the measurement 

of the overweight and obesity is greater since no consensual criteria has been defined. 

Though BMI is only an indirect measure of fatness, the International Obesity Task 
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Force and the WHO recommended it to classify overweight in children and adolescents 

(13, 14). On the other hand, this lack of definition increased the difficulty to determine 

the relationship between BMI (the more consensual criteria) and other measures of 

adiposity that may allow studying the effect of body fat distribution on health of children 

and adolescents. 

Thus, we aimed to evaluate the ability of different body fat measures (height, 

weight, waist circumference, tricipital and bicipital skinfold thickness and body fat 

percentage) to identify overweight in 13-year-old adolescents and to identify the best 

cut-offs of these measures. 

 

Participants and methods 

 

During 2003/2004 school year, participants were selected as part of the 

assembling procedure of the Epiteen Cohort (15), which intends to follow adolescents 

born in 1990 and registered at every public and private schools of Porto, a large urban 

center in the north-west of Portugal. We identified 2787 eligible adolescents (2126 in 

public and 661 in private schools). Forty-four children (1.6%) could not be reached 

(missing classes during the study period), 584 (20.9%) were considered refusals since 

no signed informed consent form was returned, and 2160 (1651 public and 509 private 

school students) agreed to participate and provided information at least for part of the 

planned assessment. This resulted in a 77.5% overall participation proportion, similar in 

public (77.7%) and private schools (77.0%, p=0.709). 

From the initial sample of 2160 adolescents, we exclude 210 adolescents with 

missing information in any of the anthropometric measures analyzed. The final sample 

included 1950 adolescents, with a girl’s proportion of 51.5%. 

The Ethical Committee of the Hospital of São João, Porto, approved the study. 

Parents and children received written information explaining the purpose and the 

design of the study. Additionally, the study steps were described in each school during 

special meetings arranged according to parents’ convenience. Written informed 

consent was obtained both from parents and children. 

The evaluation comprised two self-administered questionnaires (one completed at 

home, another at school), comprising information on demographic, social, and 

behavioral characteristics and a physical examination performed at school, by a team 

of experienced nurses, nutritionists and physicians.  
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We considered the practice of sport activities when the participant was engaged in 

some physical leisure time activity performed on a repeated basis, spending at least 30 

minutes a week and not included in the school curriculum. The parental education level 

was measured as the number of successfully completed years of formal schooling and 

we considered the parent with the highest education level.  

 

Anthropometric measures and related indices 

All measurements were obtained with the subject standing, in light indoor clothes 

and no shoes. 

A digital scale -(Tanita TBF-300) was used to measure the weight (in kilograms, to 

the nearest tenth) and the body fat percentage. The height was measured (in 

centimetres, to the nearest tenth) using a portable stadiometer.  

Skinfolds Thickness 

The skinfolds thickness was measured with a Harpenden calliper with a constant 

pressure of 10 g/mm2. We measured a vertical pinch at the level of the mid-point 

between acromial process and proximal end of the radius bone, on the posterior 

surface of the arm for the tricipital and on the anterior surface of arm for the bicipital 

skinfold thickness (8).  

Each skinfold was measured in the no dominant side of the body. We registered 

three measurements for each skinfold and considered the final result as the mean of 

them.  

For the analysis based on the literature criterion, we classified adolescents 

according to the percentiles described for Spanish and Portuguese population (6, 10), 

considering as overweight those adolescents with values of each skinfold were ≥75th 

percentile (6,10). 

Waist Circumference 

The circumferences were measured in centimetres (to the nearest tenth) with a 

flexible and non-distensible tape, avoiding exertion of pressure on the tissues and with 

the subject standing. The waist circumference was measured midway between the 

lower limit of the rib cage and the iliac crest, at the end of gentle expiration. The hip 

circumference was the maximal circumference over the femoral trochanters. The arm 

circumference was measured in the mid-point between acromial process and proximal 

end of the radius bone (17). 
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For the analysis based on the literature criterion, we classified adolescents 

according to the percentile described by other authors considering overweight 

adolescents with values of waist circumference were ≥75th percentile (16). 

Body Mass Index (BMI) 

Using the measured weight and height, BMI was calculated according to the 

formula (BMI = weight/height2). Then, according to the age- and sex-specific body 

mass index reference percentiles developed by the United States Centres for Disease 

Control and Prevention (13) participants were considered pre-obese if BMI was at or 

above 85th and below the 95th percentile, and obese if BMI was at or above the 95th 

percentile (14).  

In the article and for the statistical analysis we considered participants with BMI at 

or above 85th as overweight, assembling the two percentiles (≥85th and ≥ 95th), 

because the prevalence of obese participants (BMI ≥ 95th percentile) was low. 

Waist to height ratio 

Waist to height ratio (WHtR) was calculated using the formula WHtR = 

waist/height, and based on the literature the 0.5 was used cut-off point for classifying 

adolescents (12). 

 

Statistical Analysis 

Statistical analysis was performed using SPSS®, version 17.0 (SPSS Inc, Chicago, 

Illinois).. To compare averages we used the Wilcoxon-Mann-Whitney. A significant 

level of 0.05 was assumed.  

To examine relations between each anthropometric measurements and BMI we 

used de Spearman correlation coefficient.  

Receiver-operating characteristic (ROC) curve analyses were used to analyse the 

potential diagnostic accuracy of the different measures of adiposity to discriminate 

between normal weight and overweight assuming 85th percentile as cut-off. 

Sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV) and positive and negative Likelihood Ratio (PLR and NLR) of the different cut-

offs were calculated, , both with the cut-off referred in literature and regarding the cut-

off identify in our sample, that maximize sensibility and specificity. 

The area under the curve (AUC) is also presented. The AUC represents the ability 

of the anthropometric measure tested to correctly classify the adolescents with 

overweight (18). 
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RESULTS 

 

In our sample the prevalence of adolescents that reported practice sports was low, 

namely in girls. The prevalence of overweight was 11.9% in boys and 12.4% among 

girls. Except the waist to height ratio, all the other measures of body fat presented 

higher values among girls (Table1). 

Table 2 shows the correlation coefficients between biceps and triceps skinfolds, 

body fat percentage, waist to height ratio, waist circumference and BMI, among normal 

or underweight adolescents (BMI<85th) percentile and among overweight adolescents 

(BMI≥85th percentile). Body mass index was positively and significantly correlated with 

all anthropometric measures, in boys and girls. In boys the stronger association was 

found with waist circumference, both in adolescents with BMI <85th [ρ=0.83 (95%CI: 

0.81; 0.85)] and those with BMI ≥85th [ρ=0.76 (95%CI: 0.68; 0.83)]. In girls, the stronger 

association was found with body fat percentage for those with BMI <85th 

[ρ=0.793(95%CI: 0.77; 0.82)] and with waist circumference among those with BMI≥85th 

[ρ=0.711(95%CI: 0.59; 0.80)]. The associations with bicipital skinfolds were the 

weakest for boys and girls in both BMI classes. 

In Table 3 we present sensitivity, specificity, positive predictive value (PPV), 

negative predictive value (NPV) and positive and negative likelihood ratio (PLR and 

NLR) of each anthropometric measure considering the cut-offs described in the 

literature. Considering those cut-offs, the anthropometric measure that better identifies 

adolescents with BMI ≥85th percentile was the waist circumference, and, if combined 

with waist to height ratio the specificity is increased The anthropometric measures that 

presented the worst ability to identify overweight adolescents were the bicipital and 

tricipital skinfolds. 

We also identified the cut-off that presented the best ability to identify overweight 

adolescents in our sample (table 3). In general, the cut-offs identified were similar to 

those reported in the literature, although the difference was higher in boys than in girls. 

For all adiposity measures the cut-offs based on the literature presented a higher AUC 

than those based in our specific cut-offs. 
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DISCUSSION 

 

Our data showed that waist circumference was a sensitive and specific tool for the 

detection of overweight in adolescents. Additionally, the specificity of this measure may 

be improved by the use of the waist to height ratio. In contrast, skinfolds measurements 

presented a very low accuracy to identify overweight in this age group. 

BMI is the most practical and inexpensive tool to access overweight and 

obesity(19), it continues to be used in studies with large samples, like ours, because it 

is easy to use and it has a low cost (6, 20). Although some authors report that its 

accuracy in adolescents varies with the amount of fat mass (9), in our study BMI was 

also used as a “gold standard” measure to define overweight and obesity. We know 

that this can be considered a disadvantage because of the limitations of using BMI. 

However in children and adolescents it can be an excellent indicator of overweight and 

obesity that is sufficient for most clinical, and screening purposes (21).  

Similar results regarding the use of waist circumference has been mentioned by 

others authors (6, 21, 22). Although the evaluation of waist circumference may be 

influenced by spinal curvature and posture and the amount of abdominal musculature, 

this anthropometric measure seems to have a similar performance to BMI to access 

overweight and obese adolescents (6) and it is also inexpensive and easy to use. 

Additionally, since BMI does not distinguish different fat distribution and cannnot 

distinguish between fat mass, muscle mass an skeletal mass(9, 12) the use of waist 

circumference or waist to height ratio can complement the information adding 

information regarding body fat distribution (21).  

On the other hand, the bicipital and tricipital skinfolds presented a very low 

accuracy to identify overweight in this group. This result is in accordance with previous 

statements supporting that once BMI is assessed, skinfold thickness brings no relevant 

information to identify those with the higher percentage of body fat (4, 23). One other 

disadvantage of the bicipital and tricipital skinfolds is that they require a trained 

evaluator to be reliable (6, 8, 9). However, skinfolds may be useful to evaluate 

subcutaneous fat if the use of other more accurate measure, like DEXA, is not 

available (10).  

An interesting data from our results is that for all adiposity measures the cut-offs 

based on the literature presented a higher AUC than those based in our specific cut-

offs, supporting the use of the same cut-offs in different populations, allowing 

investigators to compare data from different cross-sectional prevalence studies. 
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Our study has as strengths the large sample size and its population-based nature. 

Since in Portugal at this age the school is compulsory, the use of schools as sample 

base allow us to believe in the representativeness of the sample. Also the 

measurements were done by a team of trained evaluators that allowed minimizing 

errors.  

The homogeneity of our sample regarding age could be considered a limitation 

because the restriction on extrapolations to other ages. This is also strength since 

during adolescence a large set of changes on body composition happens (24, 25) that 

could modify the ability of different measures to identify adiposity. Additionally, to take 

into account that variability, a very large sample would be necessary. 

It is known that the excess of fat in childhood brings a greater risk for adult disease 

without mentioning the impaired health during childhood (19). With this study we expect 

to bring a contribution to the standardization of cut-off points that help to identify 

overweight in adolescents, namely to the development of future investigations that 

aimed to evaluate the role of different types or distribution of body fat. 
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Table 1: Sample characteristics 

 Boys Girls  
 n (%) p-value 

Parents education (years) 
              0 – 6 
              7 – 9 
              10 – 12 
               >12 
           Missing 

 
        616 (34.6) 
        360 (20.3) 
        443 (25.0) 
        356 (20.1) 

105 

 
        684 (37.1) 

327 (17.7) 
432 (23.4) 
403 (21.8) 

175 

 
0.83 

 

Practice of sports activity  
               Yes 
               No 
         Missing 

 
482(61.6) 
300(38.4) 

164 

 
356(39.8) 
538(60.2) 

110 

 
<0.001 

 

Age at menarche (years) 
              8-10 
             11-12 
             13-14 
            Not Yeat 
            Missing 

 
----- 

 

 
83(8.7) 

546(57.2) 
178(18.6) 
148(15.5) 
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BMI (kg/m
2
) 

 <85
th 

percentile                                      
 85-95

th
 percentile 

 ≥95
th

 percentile 

 
833(88.1) 

93(9.8) 
20(2.1) 

 
880(87.6) 
100(10.0) 

24(2.4) 

 
0.004 

 

 Mean (standard deviation) p-value 

Biceps skinfold (mm) 6.7 (3.9) 8.2 (3.6) <0.001 

Triceps skinfold (mm) 11.5 (5.4) 15.1 (4.3) <0.001 

Waist circumference(cm) 73.1(9.4) 71.6(8.0) <0.001 

% Body fat 14.7 (7.3) 26.2 (7.7) <0.001 

Waist to height ratio 0.5 (0.1) 0.5 (0.1) 0.26 
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Table 2: Correlation coefficients between Biceps skinfold, Triceps skinfold, % Body fat, Waist to height ratio, Waist circumference 

and BMI according to BMI class 

 

 Boys  
Correlation coeficient (95% IC) 

BMI(Kg/m
2 

) Biceps skinfold Triceps skinfold % Body fat Waist to height ratio Waist circumference 

<85th 0.518 [0.47;0.57] 0.643 [0.60;0.68] 0.743 [0.60;0.77] 0.723 [0.69;0.75] 0.829 [0.81;0.85] 

≥85th 0.284 [0.11;0.45] 0.399 [0.23;0.54] 0.662 [0.54;0.75] 0.708 [0.60;0.79] 0.765 [0.68;0.83] 

 Girls 
Correlation coeficient (‘) (95% IC) 

<85th 0.463 [0.41;0.51] 0.662 [0.62;0.70] 0.793 [0.77;0.82] 0.716 [0.68;0.75] 0.734 [0.69;0.77] 

≥85th 0.136 [-0.04;0.31] 0.405 [0.25;0.54] 0.523 [0.38;0.64] 0.697 [0.59;0.78] 0.711 [0.59;0.80] 
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Table 3: Diagnostic value of the different measures of adiposity in detecting 
overweight, taking BMI as reference, according to sex 
 

 Cut-off from the literature   Cut-off defined in our sample  

 Girls Boys  Girls Boys 
Biceps Skinfold      
Cut-off (mm) 9.5(p75)* 8.1(p75)*  9.1 6.5 
Sensitivity (95% CI) 70.2 (62.1-78.2) 80.5 (73.2-87.8)  67.2 (60.8-73.2) 85.7 (80.7-89.8) 
Specificity (95% CI) 82.2 (79.6-84.7) 83.0 (80.5-85.5)  82.6 (79.7-85.2) 78.3 (75.1-81.3) 
PPV (95% CI) 35.7 (29.6-41.7) 39.1 (32.8-45.4)  54.1 (48.2-59.9) 58.0 (52.7-63.1) 
NPV (95% CI) 95.1 (93.6-96.7) 96.9 (95.6-98.2)  89.2 (86.7-91.4) 94.0 (91.8-95.8) 
PLR (95% CI) 3.9 (3.3-4.7) 4.7 (4.0-5.6)  3.9 (3.2-4.6) 4.0 (3.4-4.6) 
NLR (95% CI) 0.4 (0.3-0.5) 0.2 (0.2-0.3)  39.7 (32.9-47.8) 0.2(0.1-0.3) 
AUC 0.843 0.892  0.831 0.883 
Triceps Skinfold      
Cut-off (mm) 18.0(p75) * 16.7(p75) *  17.9 11.2 
Sensitivity (95% CI) 77.4 (70.1-84.8) 86.7 (80.5-93.0)  70.6 (64.4-76.4) 89.4 (84.8-92.9) 
Specificity (95% CI) 84.8 (82.4-87.1) 83.7 (81.2-6.2)  86.5 (83.8-88.8) 76.8 (73.5-80.0) 
PPV (95% CI) 41.7 (35.4-48.1) 41.9 (35.6-48.2)  61.5 (55.4-67.3) 57.3 (52.2-62.3) 
NPV (95% CI) 96.4 (95.1-97.7) 97.9 (96.8-98.9)  90.6 (88.2-92.6) 95.4 (93.3-97.0) 
PLR (95% CI) 5.1 (4.2-6.1) 5.3 (4.5-6.3)  5.2 (4.3-6.4) 3.9 (3.3-4.4) 
NLR (95% CI) 0.3 (0.2-0.4) 0.2 (0.1-0.3)  0.3 (0.3-0.4) 0.1 (0.1-0.2) 
AUC 0.893 0.935  0.875 0.915 
Percentage of Body Fat      
Cut-off (%) 31.1(p75)

 
� 18.4(p75)

 
�  30.0 15.9 

Sensitivity (95% CI) 93.5 (89.2-97.9) 92.9 (88.2-97.6)  88.1 (83.2-91.9) 91.8 (87.7-94.9) 
Specificity (95% CI) 85.1 (82.8-87.5) 85.0 (82.6-87.4)  86.0 (83.3-88.3) 86.3 (83.6-88.8) 
PPV (95% CI) 50.0 (40.7-53.2) 45.7 (39.2-52.1)  65.7 (60.2-70.9) 70.1 (64.8-75.0) 
NPV (95% CI) 98.9 (98.2-99.7) 98.9 (98.1-99.7)  95.9 (94.2-97.3) 96.8 (95.1-98.0) 
PLR (95% CI) 6.3 (5.3-7.4) 6.2 (5.2-7.3)  6.3 (5.2-7.5) 6.7 (5.6-8.1) 
NLR (95% CI) 0.1 (0.0-0.2) 0.1 (0.0-0.2)  0.1 (0.1-0.2) 0.1 (0.1-0.1) 
AUC 0.964 0.959  0.944 0.952 
Waist Circumference      
Cut-off (cm) 75.4(p75) 

# 77.9(p75)
#  72.5 75.5 

Sensitivity (95% CI) 97.6 (94.9-100) 100  94.5 (90.7-97.0) 90.6 (86.2-94.0) 
Specificity (95% CI) 85.8 (83.5-88.1) 85.5 (83.1-87.9)  81.5 (78.6-84.2) 90.2 (87.8-92.3) 
PPV (95% CI) 49.2 (42.9-55.4) 48.3 (41.9-54.7)  61.0 (55.8-66.0) 76.3 (71.0-81.0) 
NPV (95% CI) 99.6 (99.2-100) 100  98.0 (96.6-98.9) 96.5 (94.8-97.8) 
PLR (95% CI) 6.9 (5.8-8.1) 6.9 (5.8-8.1)  5.1 (4.4-6.0) 9.2 (7.3-11.6) 
NLR (95% CI) 0.0 (0.0-0.1) 0.00  0.1 (0.0-0.1) 0.1 (0.1-0.2) 
AUC 0.978 0.981  0.951 0.962 
Waist to Height ratio      
Cut-off  0.5�� 0.5��  0.48 0.46 
Sensitivity (95% CI) 86.3 (80.2-92.3) 86.7 (80.5-93.0)  85.5 (80.4-89.8) 89.4 (84.8-92.9) 
Specificity (95% CI) 94.8 (93.3-96.2) 92.9 (91.2-94.7)  91.8 (89.6-93.6) 88.7 (86.2-91.0) 
PPV (95% CI) 70.0 (62.7-77.2) 62.4 (54.8-69.9)  76.1 (70.5-81.1) 73.5 (68.1-78.4) 
NPV (95% CI) 98.0 (97.1-98.9) 98.1 (97.1-99.0)  95.4 (93.6-96.8) 96.0 (94.2-97.4) 
PLR (95% CI) 16.5 (12.4-22.1) 12.3 (9.5-15.9)  10.4 (8.19-13.3) 8.0 (6.4-9.8) 
NLR (95% CI) 0.1 (0.1-0.2) 0.14 (0.1-0.2)  0.2 (0.1-0.2) 0.1 (0.1-0.2) 
AUC 0.978 0.972  0.952 0.949 
PPV- Positive predictive value; NPV- Negative predictive value; PLR- Positive likelihood ratio; NLR- Negative likelihood 
ratio; AUC-Area under the curve 
*Sardinha LB, Going SB, Teixeira PJ, Lohman TG. Receiver operating characteristic analysis of body 
mass index, triceps skinfold thickness, and arm girth for obesity screening in children and adolescents. Am 
J Clin Nutr. 1999 Dec;70(6):1090-5. 
�Krebs NF, Himes JH, Jacobson D, Nicklas TA, Guilday P, Styne D. Assessment of child and adolescent 
overweight and obesity. Pediatrics. 2007 Dec;120 Suppl 4:S193-228. 
# Moreira C, Santos R, Vale S, Santos PC, Abreu S, Marques AI, et al. Ability of different measures of 
adiposity to identify high metabolik risk in adolescents. J Obes. 2011;2011:578106. Epub 2011 Jul 11. 
�� 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 Dec;23(2):247-69. Epub 2010 Sep 7 
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CHAPTER 2 

Obesity and overweight: their role in blood glucose and insulin levels in 

adolescents  
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ABSTRACT 

 

Aims: We intend to evaluate the ability of different adiposity measures to identify 13 

year old adolescents with high values of glucose, insulin and HOMA. 

Design: Cross–sectional study of adolescents born in 1990 and registered at every 

public and private schools of Porto, Portugal (EPITEEN Study). 

Participants and methods: We analysed 1248 adolescents, with a girl’s percentage of 

51.7%, after exclusion of participants with incomplete information on anthropometric 

data and analytic values. All anthropometric measurements were obtained with the 

subject standing, in light indoor clothes and no shoes. A 12 hour overnight intravenous 

blood sample was taken from an antecubital vein. We used the Wilcoxon-Mann-

Whitney to compare averages and to examine relations between the different 

anthropometric measurements and blood serum levels of insulin, glucose and HOMA 

we used de Spearman correlation coefficient. Receiver-operating characteristic (ROC) 

curve analyses were used to analyse the potential diagnostic accuracy of the different 

measures of adiposity to discriminate between low and high insulin, glucose and 

HOMA, assuming the 75th percentile as cut-off. The area under the curve (AUC) is 

also presented.  

Results: In our sample the prevalence of overweight (BMI ≥85thpercentile) was 12.5%. 

In both sexes all of the anthropometric measurements correlate positively and 

significantly with insulin and HOMA. Among girls, the best anthropometric measure to 

identify adolescents with levels of insulin and HOMA above the 75th percentile was 

waist to height ratio: sensitivity was 66.7% (95% CI:59.4-73.9) for insulin and 60.2% 

(95% CI:52.7-67.8) for HOMA; specificity was 59.2% (95% CI:54.8-63.6) and 60.7% 

(95% CI:56.4-65.1), respectively. Among boys, the best anthropometric measure to 

identify those adolescents with levels of insulin and HOMA above the 75th percentile 

was body mass index: sensitivity was 66.4% (95% CI:58.9-74.0) for insulin and 65.6% 

(95% CI:58.0-73.1) for HOMA; specificity was 62.5% (95% CI:58.1-67.0) and 62.2 

(95% CI:57.7-66.6) respectively. 

Conclusions: Beyond BMI, waist to height ratio and waist circumference revealed to 

be accurate in the identification of adolescents at risk of alterations in the glucose 

metabolism. 
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INTRODUCTION 

 

Adolescence has been referred as a critical period for development of obesity and 

co-morbidities associated with obesity in both sexes (1, 2), increasing the risk of 

mortality and morbidity in adulthood (2, 3). Body Mass Index (BMI) is the most common 

measure used to classify overweight. Nevertheless these classifications have to allow 

the identification of those adolescent in high risk to develop some diseases in a short or 

longer time. 

Since BMI did not allow distinguish the effect of different types of body fat or 

different fat distribution, and each of them may have different impacts on health (4), 

other kind of anthropometric measures may help to the identification of adolescents at 

higher risk 

In overweight and obese adolescents the most common pathology associated to 

overweight is insulin resistance and impaired insulin secretion (5, 6). Overweight and 

obesity are known risk factors for the increase of glycaemia and insulin resistance (7, 

8). Worldwide, and in parallel with the increase on overweight incidence, the number of 

children and adolescents with type 2 diabetes mellitus is increasing (9). According to 

some authors, insulin resistance is the first detectable change in normoglycemic state 

and the increase of insulin levels may lead to fasting hyperglycaemia and the diagnosis 

of diabetes mellitus (10).  

Abdominal obesity is associated with increased risk of metabolic disorders and 

insulin resistance (11-13). In adults, waist circumference, waist-to-height ratio and 

skinfold thickness seem to be good predictors of fasting plasma glucose and insulin 

(10, 14). 

However, for adolescents, there is still a lack of information with respect of which 

measure and which cut-off values of the several adiposity measures best identify 

adolescents at risk of metabolic disorders like the glucose metabolism. 

Thus, we intend to evaluate the ability of different adiposity measures to identify 

13-year-old adolescents with high values of glucose, insulin and HOMA. 

 

Participants and methods 

 

During 2003/2004 school year, participants were selected as part of the 

assembling procedure of the Epiteen Cohort (15), which intends to follow adolescents 
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born in 1990 and registered at every public and private schools of Porto, a large urban 

center in the north-west of Portugal. We identified 2787 eligible adolescents (2126 in 

public and 661 in private schools). Forty-four children (1.6%) could not be reached 

(missing classes during the study period), 584 (20.9%) were considered refusals since 

no signed informed consent form was returned, and 2160 (1651 public and 509 private 

school students) agreed to participate and provided information at least for part of the 

planned assessment. This resulted in a 77.5% overall participation proportion, similar in 

public (77.7%) and private schools (77.0%, p=0.709). 

From the initial sample of 2160 adolescents, we exclude 210 adolescents with 

missing information in any of the anthropometric measures analyzed. The final sample 

included 1950 adolescents, with a girl’s proportion of 51.5%. From this sample of 1950 

adolescents, there were 1248 adolescents, 51.7% of girls, that had complete 

information on anthropometric data and analytic values. 

The Ethical Committee of the Hospital of São João, Porto, approved the study. 

Parents and children received written information explaining the purpose and the 

design of the study. Additionally, the study steps were described in each school during 

special meetings arranged according to parents’ convenience. Written informed 

consent was obtained both from parents and children. 

The evaluation comprised two self-administered questionnaires (one completed at 

home, another at school), comprising information on demographic, social, and 

behavioral characteristics, and a physical examination performed at school, by a team 

of experienced nurses, nutritionists and physicians.  

We considered the practice of sport activities when the participant was engaged in 

some physical leisure time activity performed on a repeated basis, spending at least 30 

minutes a week and not included in the school curriculum. The parental education level 

was measured as the number of successfully completed years of formal schooling and 

we considered the parent with the highest education level.  

 

Anthropometric measures and related indices 

All measurements were obtained with the subject standing, in light indoor clothes 

and no shoes. 

A digital scale (Tanita TBF-300) was used to measure the weight (in kilograms, to 

the nearest tenth) and the body fat percentage. The height was measured (in 

centimetres, to the nearest tenth) using a portable stadiometer. 
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Skinfolds Thickness 

The skinfolds thickness was measured with a Harpenden calliper with a constant 

pressure of 10g/mm2. We measured a vertical pinch at the level of the mid-point 

between acromial process and proximal end of the radius bone, on the posterior 

surface of the arm for the tricipital and on the anterior surface of arm for the bicipital 

skinfold thickness (16).  

Each skinfold was measured in the no dominant side of the body. We registered 

three measurements for each skinfold and considered the final result as the mean of 

them. 

Waist Circumference 

The circumferences were measured in centimeters (to the nearest tenth) with a 

flexible and non-distensible tape, avoiding exertion of pressure on the tissues and with 

the subject standing. The waist circumference was measured midway between the 

lower limit of the rib cage and the iliac crest, at the end of gentle expiration. The hip 

circumference was the maximal circumference over the femoral trochanters. The arm 

circumference was measured in the mid-point between acromial process and proximal 

end of the radius bone (17). 

Body Mass Index (BMI) 

Using the measured weight and height, BMI was calculated according to the 

formula BMI=weight/height2. Then, according to the age- and sex-specific body mass 

index reference percentiles developed by the United States Centres for Disease 

Control and Prevention (18) participants were considered pre-obese if BMI was at or 

above 85th and below the 95th percentile, and obese if BMI was at or above the 95th 

percentile.  

In the article and for the statistical analysis we considered participants with BMI at 

or above 85th as overweight, gathering the two percentiles (≥85th and ≥ 95th), because 

the prevalence of obese participants (BMI ≥ 95th percentile) was low. 

Waist to height ratio 

Waist to height ratio (WHtR) was calculated using the formula WHtR=waist/height, 

and based on the literature the 0.5 was used cut-off point for classifying adolescents 

(11). 
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Blood Samples and Analyses 

A 12-hour overnight intravenous blood sample was taken from an antecubital vein. 

The fasting status was evaluated by the question “When was the last time you ate 

something?”  

Blood was drawn into four vacuum tubes, two containing heparin, one containing 

EDTA and one with no additives. In the laboratory, the specimen were centrifuged, 

serum and plasma were divided into aliquots, and stored frozen at –80ºC until analysis, 

as was the case for insulin. Glucose was measured no more than three hours after 

blood collection. Blood glucose was measured using automatic standard routine 

enzymatic methods in use at the central pathology laboratory of the University Hospital 

of São João, Porto. Insulin was measured by radioimmunoassay (Coat-A-Count®, 

Diagnostic Products Corporation, Los Angeles, California, USA). Insulin resistance was 

assessed by the homeostasis model method (HOMA-IR), based on fasting glucose and 

insulin concentrations: HOMA-IR=Insulin (mU/ml)*glucose (mmol/L)/22.5 (19).  

 

Statistical Analysis 

Statistical analysis was performed using SPSS®, version 17.0 (SPSS Inc, Chicago, 

Illinois). We used the Wilcoxon-Mann-Whitney to compare averages.  

To examine relations between each anthropometric measurements and serum 

levels of glucose, insulin and HOMA, we used the Spearman correlation coefficient. A 

significant level of 0.05 was assumed. 

Receiver-operating characteristic (ROC) curve analyses were used to analyse the 

potential diagnostic accuracy of the different measures of adiposity to discriminate 

between low and high insulin, glucose and HOMA, assuming the 75th percentile as cut-

off (20). 

The area under the curve (AUC) is also presented. The AUC represents the ability 

of the anthropometric measure tested to correctly classify the adolescents with values 

above the 75th percentile of insulin (11.46 for girls and 9.22 for boys), glucose (0.90 for 

girls and 0.91 for boys) and HOMA ≥75th percentile (0.43 for girls and 0.36 for boys) . 

We calculated the diagnostic value of the different measures of adiposity 

considering the cut-offs that maximized the sensibility and specificity, and then using 

the cut-offs that were previously determined, using BMI as reference for the 

identification of overweight. 
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RESULTS 

 

In our sample the prevalence of adolescents that reported to practice sports was 

low, namely in girls. The prevalence of overweight was 12.5%. There were not 

significant differences between participants and those excluded from the analysis, 

except for parent’s education (p<0.001), parents from the participant adolescents had 

more years of completed education than those from the excluded ones (Table 1). 

Table 2 shows correlation coefficients between biceps skinfolds, triceps skinfolds, 

body fat percentage, BMI, waist circumference and waist to height ratio, with insulin, 

glucose and HOMA, by gender. In both sexes all of the anthropometric measurements 

correlate positively and significantly with insulin and HOMA. The weakest correlation 

coefficients were found between glucose and the anthropometric measures evaluated 

for boys and girls. 

In Table 3 we present sensitivity, specificity, positive predictive value (PPV), 

negative predictive value (NPV) and positive and negative likelihood ratio (PLR and 

NLR) of each anthropometric measure to identify girls in the ≥75th percentile for the 

analytic values considered. Among girls, the best anthropometric measure to identify 

insulin and HOMA levels within or above this percentile was waist to height ratio. 

Sensitivity was 66.7% (95% CI:59.4-73.9) for insulin and 60.2% (95% CI:52.7-67.8) for 

HOMA; specificity was 59.2% (95% CI:54.8-63.6) and 60.7% (95% CI:56.4-65.1), 

respectively. In Table 4 we present sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and positive and negative likelihood ratio (PLR 

and NLR) of each anthropometric measure to identify boys in the ≥75th percentile for 

the analytic values considered. Among boys the best anthropometric measure was 

BMI; sensitivity was 66.4% (95% CI:58.9-74.0) for insulin and 65.6% (95% CI:58.0-

73.1) for HOMA; specificity was 62.5% (95% CI:58.1-67.0) and 62.2 (95% CI:57.7-

66.6), respectively. 

Considering the glucose levels, in both sexes all of the anthropometric 

measurements revealed lower sensitivity and specificity to identify it (table 3 and table 

4). The most accurate anthropometric measure to identify high glucose levels in 

adolescents was waist circumference; sensitivity was 63.4% (95% CI:56.2-70.6) and 

specificity was 37.8%(95% CI:33.5-42.2) among girls. Among boys sensitivity was 

56.2% (95% CI:48.3-64.1) and specificity was 50.7% (95% CI:46.0-55.3). 

When compared the sensitivity and specificity from the sample cut-offs with the 

ones calculated previously has the ones that identified overweight adolescents, the cut-
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offs previously defined were less sensitive, more specific and with lower values, than 

those from de sample. 

 

DISCUSSION 

 

Our data showed that waist to height ratio is a sensitive tool to identify girls with 

high levels (≥75th percentile) of insulin and HOMA. Its specificity can be enhanced by 

the evaluation of biceps skinfold for insulin and waist to height ratio for HOMA. 

Among boys the anthropometric measure that reveled to be most sensitive 

identifying participants with high levels of insulin and HOMA was BMI, and its specificity 

can be improved by the evaluation of the waist circumference and body fat percentage. 

Our data are in accordance with other studies waist circumference to height ratio, 

waist circumference and BMI to be accurate measures to identify adolescents with 

higher serum levels of insulin and HOMA (10, 11, 13, 21). 

Also skinfolds thicknesses were accurate measures to identify adolescents with 

worse metabolic risk profile (14, 21). However, the small increment in specificity 

balanced with the effort to perform the thicknesses and the necessity of a strong 

training to reduce error between interviewers, did not support the utilization of this kind 

of measures in studies with large sample sizes. Nevertheless they could be useful to a 

better understand the role of subcutaneous fat.  

Since our sample was population-based the prevalence of diabetes was low. 

Nevertheless, Diabetes’ related complications are a result of a continuous exposure to 

high plasma glucose values so, even those with impaired fasting glucose or impaired 

glucose tolerance have an increased risk of adverse outcomes and, since more young 

individuals develop this profile, greater is their propensity to develop those 

complications (22-23). So, we decided to use the 75th percentile to classify adolescents 

in higher risk to develop disease. This assumption can be conservative because some 

of the adolescents with values above this percentile and classified as in higher risk, 

have low risk to develop a disease. 

As weaknesses in our study we have the fact that glucose assays were only run 

once, not in duplicate: a systematic review which assessed the reproducibility of 

impaired fasting glucose in adults showed that the k coefficients indicated only a 

moderate agreement for impaired fasting glucose (0.44 and 0.56) (24). An oral glucose 

tolerance test could add some information. However, it would be impossible to perform 
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an oral glucose tolerance test on such a large sample and reduce the sample could 

affect the external validity.  

A major strength of our study is its relatively large sample size, which was taken 

from a nonclinical population. In Portugal, education is mandatory till 15-year-old, so 

recruiting 13-year-old adolescents from school gave us the better sample basis. 

Besides, we have a good rate of participation and there were almost no differences 

between those participants not considered in the analyses and those with complete 

information, which minimizes a possible selection bias. Therefore, we have a high 

confidence that our results give a good perspective of our teenage population. One 

other aspect is the homogeneity regarding age, since to take into account that 

variability, a very large sample would be necessary (25-26). 

In adolescents there is an additional difficulty regarding the identification of the 

correct diagnostic cutoff value of metabolic disorders, because of the variability that 

exists on expect normal values trough growth and development (27).  

With this study we expect to bring a contribution to the standardization of 

procedures to identify overweight adolescents and those at higher risk to develop 

obesity or some related consequences later in life. 
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Table 1: Sample characteristics according to subjects included and excluded 

from the analyses.   

 n(%)  
  p-value  Participants Excluded 

Parents education (years) 
              0 – 6 
              7 – 9 
              10 – 12 
               >12 
           Missing 

 
842(36.1) 
470(20.1) 
549(23.5) 
475(20.) 

160 

 
548(40.4) 
324(23.9) 
252(18.7) 
231(17.0) 

50 

 
<0.001 

Gender 
              Boys 
              Girls 

 
603 (48.3) 
645(51.7) 

 
344(48.9) 
358(51.1) 

 
0.83 

 

Practice of sports activity  
               Yes 
               No 

         Missing 

 
565(50.0) 
564(50.0) 

119 

 
273(50.3) 
275(49.7) 

154 

 
0.94 

BMI (kg/m2) 
 <85th percentile                                      
 85-95th percentile 
 ≥95th percentile 

 
1092(85.5) 
126(10.1) 
30(2.4) 

 
621(88.5) 
67(9.5) 
14(2.0) 

 
0.52 

 
Mean (standard deviation) 

 
p-value 

Biceps Skinfold (mm) 
              Average(sd) 

 
7.4±(3.74) 

 
7.5±(3.94) 

 
0.85 

Triceps Skinfold (mm) 
              Average(sd) 
                             
% Body Fat 
              Average(sd) 

 
13.4±(5.16) 

 
 

20.9±(9.47) 

 
13.3±(5.20) 

 
 

20.1±(9.39) 

 
0.48 

 
 

0.096 

Waist to Height Ratio 

             Average(sd) 

 
0.45±(0.05) 

 
0.45±(0.05) 

 
0.37 

Waist Circumference 

             Average(sd) 

 
72.5±(8.6) 

 
71.9±(8.9) 

 
0.14 

 

 

 

 

 



 

Table 2: Correlation coefficients between Biceps skinfolds, Triceps skinfolds, % Body fat, BMI, Waist circumference and Waist to 

height ratio, with insulin, glucose and HOMA by gender 

  Boys  

Correlation coeficient (95% IC) 

  Biceps skinfold  Triceps skinfold  % Body Fat  BMI  Waist circumference  Waist to height ratio 

Glucose 

Insulin 

HOMA 

 -0.04 

0.30 

0.29 

[-0.12;0.04] 

[0.23;0.37] 

[0.21;0.36] 

 -0.01 

0.28 

0.27 

[-0.01;0.07] 

[0.21;0.36] 

[0.19;0.35] 

 0.01 

0.31 

0.31 

[-0.07;0.09] 

[0.24;0.38] 

[0.23;0.38] 

 0.04 
0.33 
0.32 

[-0.04;0.12] 

[0.25;0.40] 

[0.25;0.39] 

 0.03 

0.33 

0.33 

[-0.05;0.11] 

[0.26;0.40] 

[0.25;0.40] 

  -0.01 

0.29 

0.28 

[-0.09;0.07] 

[0.21;0.36] 

[0.21;0.35] 

  Girls  
Correlation coeficient (95% IC) 

  Biceps skinfold  Triceps skinfold  % Body Fat  BMI  Waist circumference  Waist to height ratio 

Glucose 

Insulin 

HOMA 

 -0.04 

0.25 

0.24 

[-0.11;0.04] 

[0.18;0.32] 

[0.16;0.31] 

 -0.03 

0.19 

0.18 

[-0.11;0.05] 

[0.12;0.27] 

[0.11;0.26] 

 -0.01 

0.26 

0.23 

[-0.08;0.07] 

[0.17;0.38] 

[0.16;0.31] 

 -0.03 

0.27 

0.25 

[-0.10;0.05] 

[0.20;0.34] 

[0.18;0.32] 

 -0.01 

0.29 

0.28 

[-0.08;0.07] 

[0.22;0.36] 

[0.20;0.35] 

 -0.02 

0.29 

0.28 

[-0.09;0.06] 

[0.22, 0.36] 

[0.20;0.35] 
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Table 3: Diagnostic value of the different measures of adiposity in detecting high 
levels (≥75th percentile), of glucose, insulin and HOMA, for girls 
 

PPV- Positive predictive value; NPV- Negative predictive value; PLR- Positive likelihood ratio; NLR- Negative likelihood ratio; 
AUC-Area under the curve 

 

 

 Glucose  Insulin  HOMA 
 Previous cut-off Sample cut-off Previous cut-off Sample cut-off Previous cut-off Sample cut-off 

Biceps Skinfold       
Cut-off (mm) 9.1 7.2 9.1 7.9 9.1 7.9 
Sensitivity (95% CI) 27.4(20.8;34.8) 53.5(46.0;60.9) 45.0(37.1;53.0) 59.3(51.7;66.8) 41.3(33.5-49.3) 55.9(48.2;63.6) 
Specificity (95% CI) 70.1(66.5;74.9) 47.6(43.1;52.1) 76.7(72.7;80.4) 63.6(59.3;67.9) 75.5(71.4-79.3) 62.4(58.1;66.7) 
PPV (95% CI) 25.0(18.9;31.9) 27.1(22.3;31.8) 39.1(32.0;46.6) 35.3(29.6;41.0) 35.9(28.9-43.3) 33.1(27.5;38.7) 
NPV (95% CI) 73.3(69.0;77.3) 73.8(68.8;78.7) 80.7(76.8;84.3) 82.3(78.4;86.2) 79.4(75.4-83.0) 81.0(77.0;85.0) 
PLR (95% CI) 0.9(0.7;1.2) 1.0(0.9;1.2) 1.9(1.5;2.4) 1.6(1.4;1.9) 1.7(1.3-2.1) 1.5(1.2;1.8) 
NLR (95% CI) 1.02(0.9;1.14) 1.0(0.8;1.2) 0.7(0.6;0.8) 0.6(0.5;0.8) 0.8(0.7-0.9) 0.7(0.6;0.9) 
AUC 0.518 0.485 0.658 0.652 0.620 0.622 
Triceps Skinfold       
Cut-off (mm) 17.9 9.4 17.9 17.4 17.9 17.4 
Sensitivity (95% CI) 23.8(17.6;31.0) 54.9(47.0;62.8) 38.8(31.2;46.8) 52.5(44.8;60.2) 35.6(28.2-43.4) 52.2(44.5;59.9) 
Specificity (95% CI) 72.3(68.0;76.3) 47.1(42.5;51.7) 77.3(73.3;81.0) 61.7(57.4;66.0) 76.3(72.2-80.0) 61.6(57.2;65.9) 
PPV (95% CI) 23.4 (17.3;30.5) 26.1(21.3;30.9) 36.3(29.1;43.9) 31.5(25.9;37.0) 33.3(26.3-40.9) 31.1(25.6;36.6) 
NPV (95% CI) 72.8(68.5;76.7) 75.4(70.4;80.5) 79.1(75.2;82.7) 79.5(75.4;83.6) 78.1(74.1-81.8) 79.5(75.4;83.6) 
PLR (95% CI) 0.9(0.6;1.2) 1.0(0.9;1.2) 1.7(1.3;2.2) 1.4(1.1;1.7) 1.5(1.2-2.0) 1.4(1.1;1.6) 
NLR (95% CI) 1.1(1.0;1.2) 1.0(0.8;1.2) 0.8(0.7;0.9) 0.8(0.7;0.9) 0.8(0.7-1.0) 0.8(0.7;0.9) 
AUC 0.525 0.512 0.612 0.618 0.596 0.610 
Percentage of Body Fat       
Cut-off (%) 30 13.0 30.0 28.0 30.0 28.0 
Sensitivity (95% CI) 28.6(21.9;36.0) 52.3(44.4;60.2) 47.5(39.6;55.5) 53.7(46.0;61.4) 44.4(36.5;52.4) 52.8(45.1;60.5) 
Specificity (95% CI) 68.1(63.7;72.3) 51.1(46.5;55.7) 74.4(70.2;78.3) 62.7(58.4;67.0) 73.4(69.2;77.3) 62.4(58.1;66.7) 
PPV (95% CI) 24.1(18.4;30.7) 26.7(21.7,31.7) 38.2(31.4;45.3) 32.6(27.0;38.2) 35.7(29.0;42.8) 31.8(26.2;37.4) 
NPV (95% CI) 72.9(68.5;76.9) 75.9(71.1;80.7) 81.0(77.0;84.5) 80.2(76.1;84.2) 79.9(75.8;83.5) 79.9(75.9;83.9) 
PLR (95% CI) 0.9(0.7;1.2) 1.07(0.9;1.23) 1.9(1.5;2.3) 1.4(1.2;1.7) 1.7(1.3;2.1) 1.4(1.2;1.7) 
NLR (95% CI) 1.0(0.9;1.2) 1.0(0.8;1.1) 0.7(0.6;0.8)  0.7(0.6;0.9) 0.8(0.7;0.9) 0.8(0.6; 0.9) 
AUC 0.525 0.512 0.629 0.635 0.608 0.623 
Waist Circumference       
Cut-off (cm) 72.5 71.0 72.5 71.1 72.5 71.3 
Sensitivity (95% CI) 36.9(29.6;44.7) 56.2(48.3;64.1) 51.3(43.2;59.2) 58.6(51.1;66.2) 47.5(39.6;55.6) 54.0(46.3;61.7) 
Specificity (95% CI) 63.9(59.3;68.2) 50.7(46.0;55.3) 68.6(64.3;72.7) 61.1(56.7;65.4) 67.4(63.0;71.5) 61.2(56.8;65.5) 
PPV (95% CI) 26.6(21.1;32.8) 27.9(22.9;32.9) 35.2(29.1;41.7) 33.6(28.1;39.1) 32.6(26.6;39.0) 31.6(26.1;37.1) 
NPV (95% CI) 74.0(69.5;78.2) 77.3(72.5;82.1) 80.8(76.7;84.6) 81.5(77.5;85.5) 79.4(75.2;83.2) 80.0(75.9;84.1) 
PLR (95% CI) 1.0(0.8;1.3) 1.1(1.0; 1.4) 1.6(1.3;2.0) 1.5(1.3;1.8) 1.5(1.2;1.8) 1.4(1.2; 1.7) 
NLR (95% CI) 1.0(0.9;1.1) 1.0(0.7;1.1) 0.7(0.6;0.8) 0.7(0.6;0.8) 0.8(0.7;0.9) 0.8(0.6;0.9) 
AUC 0.505 0.526 0.656 0.655 0.631 0.638 
Waist to Height ratio       
Cut-off  0.48 0.4 0.48 0.5 0.48 0.5 
Sensitivity (95% CI) 22.6(16.5;29.7) 53.6(45.7;61.5) 42.5(34.7;50.6) 66.7(59.4;73.9) 39.4(31.8;47.4) 60.2(52.7;67.8) 
Specificity (95% CI) 74.6(70.5;78.5) 45.8(41.2;50.4) 81.3(77.5;84.7) 59.2(54.8;63.6) 80.2(76.4;83.7) 60.7(56.4;65.1) 
PPV (95% CI) 24.1(17.6;31.5) 25.2(20.4;29.9) 43.0(35.2;51.1) 35.4(30.0;40.8) 39.9(32.2;48.0) 33.8(28.3;39.3) 
NPV (95% CI) 73.1(68.9;77.0) 74.3(69.2;79.5) 81.0(77.2;84.4) 84.1(80.2;88.0) 79.9(76.1;83.4) 82.1(78.2;86.1) 
PLR (95% CI) 0.9(0.6;1.2) 1.0(0.8;1.2) 2.3(1.8;2.9) 1.6(1.4;1.9) 2.0(1.5;2.6) 1.5(1.3;1.8) 
NLR (95% CI) 1.0(0.9;1.1) 1.0(0.8;1.2) 0.7(0.6;0.8) 0.6(0.5; 0.7) 0.8(0.7;0.9) 0.7(0.5;0.8) 
AUC 0.517 0.506 0.668 0.661 0.638 0.641 
BMI       
Cut-off P≥85th 19.7 P≥85th 20.8 P≥85th 20.9 
Sensitivity (95% CI) 22.6(16.5;29.7) 55.6(47.7;63.4) 43.8(35.9;51.8) 57.4(49.8;65.0) 38.8(31.1;46.8) 54.0(46.3;61.7) 
Specificity (95% CI) 75.7(71.6;79.5) 45.1(40.5;49.7) 82.7(79.1;86.0) 60.5(56.1;64.8) 81.0(77.2;84.5) 60.5(56.2;64.9) 
PPV (95% CI) 24.9(18.2;32.5) 25.6(20.9;30.3) 45.8(37.7;54.0) 32.7(27.3;38.2) 40.5(32.7;48.7) 31.3(25.8;36.7) 
NPV (95% CI) 73.4(69.2;77.2) 74.9(69.7;80.1) 81.6(77.8;84.9) 80.9(76.8;84.9) 79.9(76.1;83.4) 79.8(75.7;83.9) 
PLR (95% CI) 0.9(0.7;1.3) 1.0(0.9;1.2) 2.5(1.9;3.3) 1.5(1.2;1.7) 2.0(1.6;2.7) 1.4(1.1;1.6) 
NLR (95% CI) 1.0(0.9;1.1) 1.0(0.8;1.2) 0.7(0.6;0.8) 0.7(0.6;0.9) 0.8(0.7;0.9) 0.8(0.6;0.9) 
AUC 0.508 0.520 0.632 0.649 0.599 0.623 
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Table 4: Diagnostic value of the different measures of adiposity in detecting high 

levels (≥75th percentile), of glucose, insulin and HOMA, for boys 

 Glucose  Insulin  HOMA 

 Previous cut-off Sample cut-off Previous cut-off Sample cut-off Previous cut-off Sample cut-off 

Biceps Skinfold       
Cut-off (mm) 6.5 5.2 6.5 5.9 6.5 6.0 
Sensitivity (95% CI) 41.6(33.6;50.0) 55.6(47.7;63.4) 60.4(52.1;68.3) 65.1(57.6;72.7) 59.1(50.7;67.0) 60.9(53.1;68.7) 
Specificity (95% CI) 61.2(56.6;65.8) 46.9(42.3;51.5) 67.5(62.9;71.8) 60.3(55.8;64.8) 67.0(62.5;71.4) 61.5(57.0;66.0) 
PPV (95% CI) 26.3(20.8;32.4) 26.2(21.4;31.0) 38.1(31.9;44.7) 35.6(30.0;41.2) 37.3(31.1;43.8) 34.6(28.9;40.3) 
NPV (95% CI) 76.0(71.2;80.3) 75.6(70.6;80.7) 83.7(79.5;87.4) 83.7(79.7;87.7) 83.1(78.9;86.9) 82.5(78.4;86.6) 
PLR (95% CI) 1.1(0.9;1.3) 1.1(0.9;1.2) 1.9(1.5;2.2) 1.6(1.4;1.9) 1.8(1.5;2.2) 1.6(1.3;1.9) 
NLR (95% CI) 1.0(0.8;1.1) 1.0(0.8;1.2) 0.6(0.5;0.7) 0.6(0.5;0.7) 0.6(0.5;0.7) 0.6(0.5;0.8) 
AUC 0.505 0.495 0.682 0.684 0.675 0.675 
Triceps Skinfold       
Cut-off (mm) 11.2 9.4 11.2 10.5 11.2 10.7 
Sensitivity (95% CI) 41.6(33.6;50.0) 54.9(47.0;62.8) 57.7(49.3;65.8) 65.1(57.6;72.7) 55.0(46.7;63.2) 60.3(52.5;68.1) 
Specificity (95% CI) 59.2(54.5;63.8) 47.1(42.5;51.7) 64.6(60.1;69.0) 60.5(56.0;65.0) 63.7(59.1;68.2) 60.4(55.9;64.9) 
PPV (95% CI) 25.3(20.0;31.2) 26.1(21.3;30.9) 35.1(29.1;41.4) 35.7(30.1;41.4) 33.5(27.6;39.8) 33.7(28.1;39.3) 
NPV (95% CI) 75.4(70.5;79.8) 75.4(70.4;80.5) 82.1(77.8;86.0) 83.7(79.7;87.7) 81.0(76.5;85.0) 82.0(77.9;86.1) 
PLR (95% CI) 1.0(0.8;1.3) 1.0(0.9;1.2) 1.6(1.4;2.0) 1.7(1.4;2.0) 1.5(1.3;1.8) 1.5(1.3;1.8) 
NLR (95% CI) 1.0(0.8;1.2) 1.0(0.8;1.2) 0.7(0.5;0.8) 0.6(0.5;0.7) 0.7(0.6;0.9) 0.7(0.5;0.8) 
AUC 0.506 0.512 0.672 0.680 0.655 0.659 
Percentage of Body Fat       
Cut-off (%) 15.9 13.0 15.9 13.5 15.9 13.8 
Sensitivity (95% CI) 36.9(29.2;45.2) 52.3(44.4;60.2) 57.8(49.4;65.8) 65.8(58.2;73.3) 55.0(46.7;63.2) 61.6(53.8;69.3) 
Specificity (95% CI) 66.4(61.8;70.7) 51.1(46.5;55.7) 73.3(68.9;77.3) 60.3(55.8;64.8) 72.4(68.0;76.5) 60.6(56.1;65.1) 
PPV (95% CI) 26.7(20.8;33.3) 26.7(21.7;31.7) 41.7(34.9;48.8) 35.8(30.2;41.5) 39.8(33.1;46.8) 34.3(28.7;40.0) 
NPV (95% CI) 76.0(71.5;80.2) 75.9(71.1;80.7) 83.9(79.9;87.4) 84.0(80.0;87.9) 82.9(78.8;86.5) 82.5(78.4;86.6) 
PLR (95% CI) 1.1(0.9;1.4) 1.1(0.9;1.2) 2.2(1.8;2.7) 1.7(1.4;2.0) 2.0(1.2;2.5) 1.6(1.3;1.9) 
NLR (95% CI) 1.0(0.8;1.1) 1.0(0.8;1.1) 0.6(0.5;0.7)  0.6(0.5;0.7) 0.6(0.5;0.8)  0.6(0.5;0.8) 
AUC 0.512 0.512 0.685 0.694 0.666 0.671 
Waist Circumference       
Cut-off (cm) 75.5 71.0 75.5 71.6 75.5 71.8 
Sensitivity (95% CI) 36.2(28.5;44.5) 56.2(48.3;64.1) 50.3(42.0;58.6) 66.4(58.9;74.0) 48.3(40.1;56.7) 64.2(56.6;71.9) 
Specificity (95% CI) 69.5(65.0;73.7) 50.7(46.0;55.3) 74.2(69.9;78.2) 60.3(55.8;64.8) 73.5(69.2;77.5) 60.2(55.7;64.7) 
PPV (95% CI) 28.3(22.0;35.2) 27.9(22.9;32.9) 39.3(32.3;46.6) 36.1(30.4;41.7) 37.7(30.8;45.0) 35.0(29.4;40.6) 
NPV (95% CI) 76.7(72.2;80.7) 77.3(72.5;82.1) 81.8(77.7;85.4) 84.2(80.2;88.2) 81.1(76.9;84.8) 83.4(79.4;87.5) 
PLR (95% CI) 1.2(0.9;1.5) 1.1(1.0; 1.4) 1.9(1.6;2.4) 1.7(1.4;2.0) 1.8(1.5;2.3) 1.6(1.4;1.9) 
NLR (95% CI) 0.9(0.8;1.1) 1.0(0.7;1.1) 0.7(0.6;0.8) 0.6(0.4,0.7) 0.7(0.6;0.8) 0.6(0.5;0.8) 
AUC 0.527 0.526 0.678 0.681 0.666 0.666 
Waist to Height ratio       
Cut-off  0.46 0.4 0.46 0.4 0.46 0.4 
Sensitivity (95% CI) 31.5(24.2;39.7) 53.6(45.7;61.5) 49.0(40.7;57.3) 59.2(51.4;67.0) 46.3(38.1;54.7) 56.3(48.4;64.2) 
Specificity (95% CI) 67.5(62.9;71.8) 45.8(41.2;50.4) 73.3(68.9;77.3) 63.0(58.5;67.4) 72.4(68.0;76.5) 61.9(57.5;66.4) 
PPV (95% CI) 24.4(18.5;31.0) 25.2(20.4;29.9) 37.8(31.0;45.1) 35.0(29.2;40.9) 35.8(29.0;43.0) 33.1(27.3;38.8) 
NPV (95% CI) 74.8(70.3;79.0) 74.3(69.2;79.5) 81.2(77.1;84.9) 82.1(78.0;86.1) 80.2(76.0;84.0) 80.9(76.7;85.1) 
PLR (95% CI) 1.0(0.7;1.3) 1.0(0.8;1.2) 1.8(1.5;2.3) 1.6(1.3;1.9) 1.7(1.3;2.1) 1.5(1.2;1.8) 
NLR (95% CI) 1.0(0.9;1.2) 1.0(0.8;1.2) 0.7(0.6;0.8) 0.7(0.5;0.8) 0.7(0.6;0.9) 0.7(0.6;0.9) 
AUC 0.505 0.506 0.639 0.645 0.623 0.625 
BMI       
Cut-off P≥85th 19.7 P≥85th 20.4 P≥85th 20.4 
Sensitivity (95% CI) 32.2(24.9;40.4) 55.6(47.7;63.4) 43.6(35.5;52.0) 66.4(58.9;74.0) 42.3(34.2;50.6) 65.6(58.0;73.1) 
Specificity (95% CI) 75.1(70.8;79.0) 45.1(40.5;49.7) 78.8(74.8;82.5) 62.5(58.1;67.0) 78.4(74.3;82.1) 62.2(57.7;66.6) 
PPV (95% CI) 30.0(23.0;37.7) 25.6(20.9;30.3) 40.6(32.9;48.7) 37.4(31.6;43.2) 39.4(31.8;47.4) 36.7(30.9;42.4) 
NPV (95% CI) 76.9(72.7;80.8) 74.9(69.7;80.1) 80.8(76.8;84.4) 84.7(80.8;88.6) 80.4(76.3;84.0) 84.3(80.5;88.3) 
PLR (95% CI) 1.3(1.0;1.7) 1.0(0.9;1.2) 2.1(1.6;2.7) 1.7(1.5;2.1) 2.0(1.5;2.5) 1.7(1.5;2.0) 
NLR (95% CI) 0.9(0.8;1.0) 1.0(0.8;1.2) 0.7(0.6;0.8) 0.5(0.4;0.7) 0.7(0.6;0.9) 0.6(0.4;0.7) 
AUC 0.536 0.520 0.612 0.695 0.603 0.683 

PPV- Positive predictive value; NPV- Negative predictive value; PLR- Positive likelihood ratio; NLR- Negative likelihood ratio; 
AUC-Area under the curve 
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This research based in a population-based sample of Portuguese adolescents allowed 

reaching to the following conclusions: 

Waist circumference was a sensitive and specific tool for the detection of overweight in 

adolescents. Additionally, the specificity of this measure may be improved by the use of the 

waist to height ratio. In contrast, skinfolds measurements presented a very low accuracy to 

identify overweight in this age group. 

For all adiposity measures the cut-offs based on the literature presented a higher AUC 

than those based in our specific cut-offs, supporting the use of the same cut-offs in different 

populations, allowing investigators to compare data from different cross-sectional prevalence 

studies. 

Regarding the identification of adolescents with risk of alteration in the glucose 

metabolism, among girls waist to height ratio is a sensitive tool to identify girls with high 

levels (≥75th percentile) of insulin and HOMA. Its specificity can be enhanced by the 

evaluation of biceps skinfold for insulin and waist to height ratio for HOMA. 

These findings help to understand how cheap and easy to access anthropometric 

measurements can contribute to the identification of overweight 13 year old adolescents and 

to identify the ones with high values of glucose, insulin and HOMA. Data presented in this 

work contributes to the standardization of procedures to identify overweight in adolescents 

and its consequences. 
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