
Anthropometric and body composition parameters in adolescents with the
metabolically obese normal-weight phenotype

Bruna Clemente Cota1*, Sarah Aparecida Vieira Ribeiro1, Silvia Eloiza Priore1, Leidjaira Lopes Juvanhol1,
Eliane Rodrigues de Faria2, Franciane Rocha de Faria3 and Patrícia Feliciano Pereira1
1Departamento de Nutrição e Saúde, Universidade Federal de Viçosa (UFV), Viçosa, MG, Brazil
2Departamento de Nutrição, Universidade Federal de Juiz de Fora, Juiz de Fora, MG, Brazil
3Departamento de Nutrição e Saúde, Universidade Federal de Mato Grosso, Campus Rondonópolis, Rondonópolis, MG, Brazil
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Abstract
We aimed to investigate the anthropometric and body composition parameters associatedwith themetabolically obese normal-weight (MONW)
phenotype. This cross-sectional study was conducted with 506 adolescents in Brazil (aged 10–19 y). The MONW phenotype was defined as
normal-weight, according to BMI/age, and at least one metabolic alteration. Anthropometric measurements were obtained and the DEXA was
used for body composition analysis. Crude and adjusted Poisson regression models with robust variance were used to estimate the associations.
The phenotypewas positively associatedwith waist circumference (male: prevalence ratio (PR)= 1·05; 95% CI 1·01, 1·09; female: PR= 1·06; 95%
CI 1·02, 1·09), waist:height ratio (male: PR= 1·26; 95%CI 1·07, 1·49; female: PR= 1·29; 95% CI 1·07, 1·56) and android:gynoid fat ratio (male: PR=
1·25; 95% CI 1·03, 1·51; female: PR = 1·39; 95% CI 1·20, 1·62), in both sexes. Furthermore, there was a positive association of phenotype with
waist:hip ratio (PR= 1·32; 95% CI 1·06, 1·65) and trunk:arm fat ratio (PR= 1·13; 95% CI 1·02, 1·24) only in males and with trunk:leg fat ratio (PR=
2·84; 95% CI 1·46, 5·53), BAIp (PR = 1·06; 95% CI 1·01, 1·12), fat mass index (PR= 1·24; 95% CI 1·10, 1·41) and regional indices of metabolic load
and capacity (PR = 1·29; 95% CI 1·09, 1·53), in females. Anthropometric and body composition parameters indicative of central and total fat are
associated with the MONW phenotype.

Key words: Metabolically unhealthy normal weight: Body composition: Anthropometric measures: Skeletal muscle: Adiposity:
Adolescent: Cardiometabolic risk

Obesity is a global pandemic(1,2) that is associated with
comorbidities such as diabetes, hypertension, dyslipidaemia,
CVD and some cancers(3,4). The BMI is a simple index, which
considers weight and height, commonly used to classify
obesity, but which is not able to differentiate between lean
and fat tissue(5). In this context, it has been recognised that
there are individuals who have a high cardiometabolic risk
while maintaining body weight within the normal range by
BMI, called metabolically obese normal-weight (MONW)(6).

Different criteria are used for the diagnosis of this phenotype,
and the condition is often defined by the presence of one or
more metabolic alterations(7,8). Thus, adults with this phenotype,
despite their normal-weight, are described as having an unfav-
ourable lipid and glucose profile, as well as an increased risk
of diabetes and CVD(9,10). Studies with adolescents also show
that MONW may have reduced HDL, in addition to elevated
leptin, insulin, homoeostasis model assessment – insulin

resistance, and high TAG levels(11,12). Also, MONW individuals
may be metabolically affected in a similar way to the BMI’s
overweight group(11).

The identification of this phenotype in normal-weight adoles-
cents suggests that determinants other than BMI may influence
clinical outcomes related to cardiometabolic health. The use of
anthropometric measurements and body composition indices,
independent of the nutritional status classified by BMI, allow
an evaluation of the contribution of lean mass and adiposity
in predicting the risk of diseases(13) and, thus, could help in
the identification of MONW individuals.

Although the researches did already contribute with knowl-
edge about the MONW phenotype, few studies on this subject
have been performed with adolescents(11–16). Besides, the phe-
notype can often be underdiagnosed in adolescents, due to nor-
mal body weight and young age(17). From this perspective, early
identification of MONW adolescents, as well as related
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anthropometric and body composition parameters, becomes
important. Therefore, this study aimed to investigate in a sample
of normalweight adolescents the anthropometric and body com-
position parameters associated with the MONW phenotype.

Materials and methods

This study is part of the ‘Comparative study between the three
phases of adolescence in relation to excess body fat and cardio-
vascular risk factors for metabolic syndrome’, already detailed in
other publications(18,19).

Population, design and sampling

Epidemiological study with a cross-sectional design, population-
based, conductedwith adolescents between 10 and 19 years old,
of both sexes, selected from the rural and urban, public and pri-
vate school population in the municipality of Viçosa, Minas
Gerais (MG), Brazil, between the years 2010 and 2013. The sam-
ple size was calculated using the StatCalc of the Epi Info soft-
ware, version 6.04, from a specific formula for cross-sectional
studies, considering a total population of 11 898 adolescents in
the city of Viçosa/MG(20), an expected prevalence of 50·0 %(21),
acceptable variability of 5 %, and 95 % confidence level, totaling
a minimum sample of 372 adolescents. When 20 %was added to
this to control for confounding factors, a minimum total of 447
was required. A total of 506 adolescents with an appropriate
weight according to BMI/age(22) were evaluated in this study.

The inclusion criteria were no regular use of medications that
alter blood glucose, insulinaemia, lipid metabolism, and/or
blood pressure levels, no participation in a weight reduction
or weight control programme, no regular use of diuretics/laxa-
tives, not pregnant or having ever been pregnant, no neck
deformities and no diagnosis of infection, acute inflammation
or thyroid disease. According to these criteria, twenty-eight ado-
lescents were excluded from the initial study sample.

All participants and their parents/guardians, in the case of
volunteers under the age of 18, signed the Informed Consent
Form, under the Declaration of Helsinki. The study was
approved by the Ethics Committee on Human Research of the
Federal University of Viçosa – Comitê de Ética em Pesquisas
com Seres Humanos da Universidade Federal de Viçosa (Of.
Ref. No. 0140/2010).

Anthropometry

Weight and height were measured by international standard
techniques(23) using electronic digital scales (LC 200PP, Marte®)
and portable stadiometer (Alturexata®).

Waist circumference (WC) was obtained at the end of a nor-
mal expiration, at the midpoint between the lower margin of the
last rib and the iliac crest(23), and used continuously. Hip circum-
ference (HC) was measured in the gluteal region, around the
largest horizontal circumference between the waist and the
knees(23). The waist:hip ratio (WHR) was obtained by dividing
the waist circumference (cm) by the hip circumference (cm),
and the waist:height ratio (WHtR) was obtained by the quotient
of the waist circumference (cm) by the height measurement
(cm), evaluated continuously.

Neck circumference was measured at the midpoint between
the spine and the anterior neck, except when the individual had
pronounced thyroid cartilage (Adam’s apple). In these cases, the
circumference was measured just below the thyroid cartilage(24).
This measure was used on an ongoing basis.

The Paediatric Body Adiposity Index (BAIp), calculated from
the measurement of hip circumference and height, was also
evaluated continuously, according to the equation: BAIp=
((hip circumference (cm)/(height (m))0·8)–38(25).

Body composition assessment

For body composition analysis, the dual energy X-ray absorpti-
ometry (DEXA) equipment (Lunar Prodigy Advance DXA
System – analysis version: 13.31, GE Healthcare) was used.
The participants were barefoot, wearing light clothing, no metal
ornaments and fasting for 12 h. The evaluation was performed
with each individual in the supine position, through a series
of transverse scans from head to toe, with a whole-body scan
duration of approximately 10 min. The body composition analysis
included android fat, gynoid fat, total fat mass and trunk, arms, and
legs fat. Arm and leg fat was defined, respectively, as the sum of the
fat in two arms and two legs, both divided by two(26). The following
indices were calculated according to the fat distribution: android:
gynoid ratio; trunk:legs ratio; trunk:arms ratio(26,27).

Besides, the fat mass index (FMI) and the fat-free mass index,
proposed by Van Itallie et al. (1990)(28), to have a more careful
anthropometric evaluation, according to the body compart-
ments, by calculation that considers the amount in kilograms
of fat mass and fat-free mass relative to height, as follows:
FMI= (body fat (kg)/height (m)2) and fat-free mass index =
((Weight (kg) – body fat (kg))/height (m)²).

The body composition analysis also included the leanmass of
the legs and arms, and the following parameters were analysed:
appendicular lean mass (ALM), obtained by adding the lean
mass of the arms and legs. With the ALM data, the lean mass
index relative to height (ALM/height², given in kg/m²)(29); the
lean mass index relative to weight (ALM/weight × 100, given
in %)(30); the lean mass index relative to BMI (lean mass index
relative to height BMI: ALM/IMC, given in kg/kg/m²)(31) and
the indices of metabolic load and capacity (IMLC), which relate
total fat mass to total fat-free mass (TFFM) (total IMLC= total fat
mass/TFFM)(32), and trunk fat mass to ALM (regional IMLC=
trunk fat mass/ALM) were obtained(32).

Biochemical assessment

Blood samples (12 ml) were collected at the Clinical Analysis
Laboratory of the Health Division of the Federal University of
Viçosa, after a 12-hour fast, by venipuncture, with disposable
syringes. The analyses were carried out at the Nutritional
Biochemistry Laboratory of the Department of Nutrition and
Health and at the Molecular Immunovirology Laboratory of
the Department of General Biology, at the Federal University
of Viçosa.

HDL, LDL and TAG analyseswere performed on blood serum
after the material had been centrifuged in an Excelsa 206 BL cen-
trifuge for 10 min at 3500 rpm. HDL and TAG were measured by
the colorimetric enzymatic method, with automation by the
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Cobas Mira Plus equipment (Roche Corp.), and LDL was calcu-
lated by Friedewald’s formula for TAG values lower than
400 mg/dl(33). Classification of the lipid profile was performed
according to the Integrated Guide for cardiovascular health
and risk reduction in children and adolescents (Guia integrado
para saúde cardiovascular e redução de risco em crianças e ado-
lescentes)(34), in which altered values (mg/dl) for LDL≥ 130;
HDL< 40 and TAG≥ 130 are considered.

Fasting blood glucose was measured by the enzymatic glu-
cose-oxidase method using the Cobas Mira Plus (Roche Corp.)
automation equipment, and it was considered an altered fasting
blood glucose≥ 100 mg/dl(35). Fasting insulin was measured by
the electrochemiluminescence method. Insulin resistance was
calculated through themathematical model homoeostasis model
assessment – insulin resistance, using insulin and fasting blood
glucose levels. Homoeostasis model assessment – insulin resis-
tance values≥ 3·16 were considered as insulin resistance(36).

Blood pressure assessment

Blood pressure was measured, according to the protocol
established by the VI Brazilian Guidelines on Hypertension
(I Diretriz Brasileira de Hipertensão Arterial)(37), using an
automatic inflation blood pressure monitor (Omron® Model
HEM-741 CINT), recommended by the Brazilian Society of
Cardiology (Sociedade Brasileira de Cardiologia). The blood
pressure was measured in the right and left arms, and the mea-
surement was repeated twice in the arm with the highest pres-
sure value, with a 1-minute interval between them, and the
average of the last two measurements was taken.

Elevated blood pressure levels were defined as systolic or
diastolic blood pressure ≥ percentile 90 by age, sex and height
for the adolescents under 13 years of age and for the group aged
13 years and older, systolic blood pressure≥ 120 mmHg or dia-
stolic blood pressure≥ 80 mmHg were considered elevated
pressure levels, according to the recommendations of the
American Academy of Pediatrics (2017)(38).

Definition of the metabolically obese normal-weight
phenotype

Adolescents who have adequate weight but the presence of at
least one metabolic alteration(8) were considered MONW in this
study. To evaluate the nutritional status of adolescents and clas-
sify them as normal-weight, the BMI was used, obtained by
dividing the weight by the square of the height, with values
between the percentiles≥ 3 and< 85, analysed according to
sex and age, according to the WHO(22).

Also, it was considered metabolic alterations: high blood
pressure(38), high fasting glucose(35), alteration in the lipid profile
(low HDL, high LDL or TAG)(34), and insulin resistance by
homoeostasis model assessment – insulin resistance(36).
Alteration in at least one of these components defined themet-
abolic abnormality.

Covariates

A questionnaire was applied to evaluate the profile of the ado-
lescents, such as age, sex and type of school where they study
(public or private). Besides, the socio-economic condition was

investigated through the application of a questionnaire that col-
lects a variety of social and economic issues at the household
level, using the same methodology adopted by the Survey on
Living Standards (Pesquisa sobre Padrões de Vida – PPV)(39), which
was classified as ‘adequate’ or ‘precarious and intermediate’.

The level of physical activity was assessed using the
International Physical Activity Questionnaire – short version, vali-
dated for this population group(40) as a way to classify adolescents
as sedentary, irregularly active, active and very active(41).
Considering the low prevalence of sedentarism in the studied pop-
ulation,we chose to group the sedentary and irregularly active indi-
viduals into insufficiently active, and those considered active and
very active were grouped into physically active.

The dietary analysis was performed by applying the qualita-
tive FFQ to know the frequency of consumption of food groups.
The FFQ was applied individually, and the adolescents were
instructed to report on the frequency of consumption in the
month before the date of application of the questionnaire(42).

The list of foods that made up the FFQ was determined con-
sidering the foods that are part of the eating habits of adolescents
in the city of Viçosa, MG, based on data from the application of
24-h recall tests on adolescents assisted by the Adolescent Health
Care Program (Programa de Atenção à Saúde do Adolescente –

PROASA) of UFV. Weekly consumption frequency was categor-
ised as≥ 4 or< 4 times a week(43). The consumption of fruits,
vegetables and legumes was used as a marker of a healthy diet.

Statistical analysis

The database was prepared by a double entry in Microsoft Office
Excel 2007. The statistical analyses were performed in STATA
software, version 14. The consistency and distribution of the
quantitative variables were evaluated by histograms, coefficient
of asymmetry and kurtosis and the Shapiro–Wilk normality test.
Categorical variables were expressed as absolute and relative
frequency; quantitative variables were expressed as mean and
standard deviation or median and interquartile range. The stat-
istical differences of the quantitative variables according to the
presence or absence of the MONW phenotype were analysed
by Student’s t test or the nonparametric Mann–Whitney test,
according to the normality of the variables, as well as the homo-
geneity of variances. Statistical differences for categorical varia-
bles were calculated by the χ2 test; or Fisher’s exact test for when
more than 20 % of the cells had expected counts< 5. In the
bivariate analysis, P values< 0·20 were considered for inclusion
in the regression models. TheWHtR, WHR, android:gynoid ratio
and regional IMLC were converted to Z-score in the regression
models using the following equation:

Z-score= (individual anthropometric value - mean anthropo-
metric value)/standard deviation(44).

To evaluate the associations of anthropometric and body
composition parameters (explanatory variables) with the
MONW phenotype (outcome variable), Poisson regression
with robust variance was employed, and prevalence ratios
(PR) with 95 % CI were estimated. Two independent models
were built for each explanatory variable, one crude and
one adjusted for potential confounding factors defined
according to the literature(6–17) (age, sex, physical activity
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level, socio-economic condition, and fruit, vegetable and
legume consumption). Regression analysis was used in the
total sample, and there was also stratification by sex and
age (10–13 years old, 14–16 years old and 17–19 years old).
The significance level adopted in all analyses was 5 %.

Results

Among the evaluated adolescents, the majority of participants
are female (54·5 %), and the prevalence of the MONW pheno-
type was 29·1 % (n 147) (95 % CI 24·9, 32·9). There were no
statistically significant differences in age, sex, school type,
socio-economic condition, physical activity level and food
intake between the groups with and without the MONW pheno-
type (Table 1). Regarding the indicative measures of central and

total adiposity and the body composition indices, the MONW
adolescents presented, compared with the normal-weight ado-
lescents without the phenotype, higher waist circumference
(cm), WHtR, WHR, neck circumference (cm), android:gynoid
fat ratio, trunk:leg and trunk:arm fat mass ratio and regional
IMLC (Table 2).

As for the main metabolic alterations in the MONW group, it
was observed that the frequency of participantswith alteredHDL
among those with the MONW phenotype is 46·9 %; also, 23·8 %
of MONW adolescents have altered LDL (Fig. 1).

In the adjusted regression models, the MONW phenotype
was positively associated with waist circumference (cm)
(PR= 1·05; 95 % CI 1·03, 1·08), WHtR (PR= 1·23; 95 % CI 1·07,
1·41), WHR (PR= 1·25; 95 % CI 1·07, 1·47), android:gynoid fat
ratio (PR= 1·34; 95 % CI 1·19, 1·51), trunk:leg fat ratio
(PR= 2·67; 95 % CI 1·64, 4·32), trunk:arm fat ratio (PR= 1·12;

Table 1. Characterisation of adolescents according to the absence or presence of the metabolically obese normal-weight phenotype (MONW)
(Numbers and percentages)

Explanatory variables

Total sample (n 506) no MONW (n 359) MONW (n 147)

P valuen % n % n %

Socio-demographic
Sex
Female 276 54·5% 197 54·9% 79 53·7% 0·816*
Male 230 45·5% 162 45·1% 68 46·3%

Age (years) 14·50 3·02 14·46 3·01 14·59 3·08 0·659†
Socio-economic condition
Adequate 273 54·0% 192 53·5% 81 55·1% 0·740*
Precarious and Intermediate 233 46·0% 167 46·5% 66 44·9%

Type of school
Public 444 87·7% 318 88·6% 126 85·7% 0·372*
Private 62 12·3% 41 11·4% 21 14·3%

Level of physical activity
Insufficiently active 134 26·5% 96 26·7% 38 25·9% 0·837*
Physically active 372 73·5% 263 73·3% 109 74·1%

Food consumption
Milk and dairy products
Does not consume≥ 4×/week 120 23·7% 81 22·6% 39 26·5% 0·341*
Consumes ≥ 4×/week 386 76·3% 278 77·4% 108 73·5%

Meat, sausages and eggs
Does not consume≥ 4×/week 78 15·4% 53 14·8% 25 17·0% 0·526*
Consumes ≥ 4×/week 428 84·6% 306 85·2% 122 83·0%

Fruits
Does not consume≥ 4×/week 192 37·9% 143 39·8% 49 33·3% 0·171*
Consumes ≥ 4×/week 314 62·1% 216 60·2% 98 66·7%

Vegetables
Does not consume≥ 4×/week 155 30·6% 113 31·5% 42 28·6% 0·520*
Consumes ≥ 4×/week 351 69·4% 246 68·5% 105 71·4%

Legumes
Does not consume≥ 4×/week 52 10·3% 35 9·7% 17 11·6% 0·542*
Consumes ≥ 4×/week 454 89·7% 324 90·3% 130 88·4%

Sugar and sweets
Does not consume≥ 4×/week 12 2·4% 9 2·5% 3 2·0% 0·999‡
Consumes ≥ 4×/week 494 97·6% 350 97·5% 144 98·0%

Oils and fats
Does not consume ≥4×/week 62 12·3% 45 12·5% 17 11·6% 0·763*
Consumes ≥ 4×/week 444 87·7% 314 87·5% 130 88·4%

Industrialised condiments
Does not consume≥ 4×/week 271 53·6% 190 52·9% 81 55·1% 0·656*
Consumes ≥ 4×/week 235 46·4% 169 47·1% 66 44·9%

The results were expressed as absolute and (relative) frequency for categorical variables. The quantitative variable (age) was expressed as mean and (standard deviation).
* Pearson’s χ2.
† Student’s t test.
‡ Fisher’s Exact Test.
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95 % CI 1·04, 1·21), regional IMLC (PR= 1·32; 95 % CI 1·15, 1·51),
as well as with FMI (PR= 1·10; 95 % CI 1·02, 1·22) (Table 3).

In the analysis stratified by sex, there was a positive associa-
tion between waist circumference (cm) (PR= 1·05; 95 % CI 1·01,
1·09), WHtR (PR= 1·26; 95 % CI 1·07, 1·49), WHR (PR= 1·32;
95 % CI 1·06, 1·65), android:gynoid fat ratio (PR= 1·25; 95 %
CI 1·03, 1·51), trunk:arm fat ratio (PR= 1·13; 95 % CI 1·02,
1·24) and the MONW phenotype in males (Table 4). In females,
the phenotype was positively associated with waist circumfer-
ence (cm) (PR= 1·06; 95 % CI 1·02, 1·09), WHtR (PR= 1·29;
95 % CI 1·07, 1·56), android:gynoid fat ratio (PR= 1·39; 95 %
CI 1·20, 1·62), trunk:leg fat ratio (PR= 2·84; 95 % CI 1·46,
5·53), BAIp (PR= 1·06; 95 % CI 1·01, 1·12), FMI (PR= 1·24;
95% CI 1·10, 1·41) and regional IMLC (PR= 1·29; 95 % CI 1·09,
1·53) (Table 5).

Furthermore, to check whether the associations differ by
age, we analysed them according to the stages of adolescence

(Table 6). In early adolescence (ages 10–13), the phenotype
was positively associated with android:gynoid fat ratio
(PR = 1·30; 95 % CI 1·10, 1·54), trunk:leg fat ratio (PR = 3·26;
95 % CI 1·47, 7·23), trunk:arm fat ratio (PR = 1·14; 95 % CI
1·02, 1·28) and regional IMLC (PR = 1·31; 95 % CI 1·10,
1·57). In middle adolescence (ages 14–16), there was a positive
association with waist circumference (cm) (PR= 1·06; 95 % CI
1·01, 1·12), neck circumference (cm) (PR= 1·25; 95 % CI 1·01,

Table 2. Anthropometric and body composition parameters, according to the absence or presence of the metabolically obese normal-weight phenotype
(MONW)

Explanatory variables

Total sample (n 506) no MONW (n 359) MONW (n 147)

P value
mean /
median

SD / interquartile
range

mean /
median

SD / interquartile
range

mean /
median

SD / interquartile
range

Anthropometric and body composition
Waist circumference (cm) 68·00 10 68·00 10 70·00 10 0·002*
Waist:height ratio 0·44 0·03 0·43 0·03 0·44 0·04 0·008†
Waist:hip ratio 0·84 0·05 0·84 0·05 0·85 0·05 0·027†
Neck circumference (cm) 29·70 3·00 29·5 2·95 30·5 3·40 0·009*
Android/gynoid 0·16 0·07 0·16 0·07 0·18 0·08 < 0·001*
Lean mass (%) 73·34 11·20 75·56 10·74 75·56 8·87 0·993†
Fat mass (%) 19·99 8·14 19·74 7·93 20·59 8·605 0·287†
Trunk FM/Leg FM 0·98 0·34 0·97 0·32 1·02 0·44 0·004*
Trunk FM/Arm FM 7·02 2·40 6·98 2·29 7·36 2·63 0·035*
BAIp 18·96 4·55 18·79 4·61 19·38 4·40 0·183†
FMI (kg/m²) 3·80 1·82 3·72 1·77 4·01 1·92 0·104†
FFMI (kg/m²) 14·90 1·97 14·81 1·90 15·115 2·11 0·110†
LMI height 2·50 1·19 2·46 1·17 2·59 1·23 0·263†
LMI weight 13·12 5·35 13·04 5·25 13·30 5·59 0·617†
LMI BMI 0·33 0·14 0·32 0·14 0·33 0·15 0·381†
Total IMLC 0·26 0·13 0·26 0·13 0·27 0·14 0·212†
Regional IMLC 0·43 0·14 0·42 0·14 0·45 0·18 0·003*

FM, fatmass; BAIp, paediatric body adiposity index; FMI, fatmass index, FFMI, fat-freemass index; LMI height, leanmass index relative to height; LMI weight, leanmass index relative
to body weight; LMI BMI, lean mass index relative to body mass index; IMLC, index of metabolic load and capacity.
The results were expressed as mean and (standard deviation) when analysed by Student’s t test or as median and (interquartile range) when analysed by Mann–Whitney test.
* Mann–Whitney.
† Student’s t test.

Fig. 1. Distribution ofmetabolic alterations in adolescents with themetabolically
obese normal-weight phenotype.

Table 3. Association between anthropometric and body composition
parameters with the MONW phenotype in adolescents
(Prevalence ratios and 95 % confidence intervals, n 506)

Measures

Poisson regression with robust variance

Crude model Adjusted model†

PR 95% CI PR 95% CI

Waist circumference (cm) 1·03 1·01, 1·05* 1·05 1·03, 1·08*
Waist:height ratio‡ 1·19 1·05, 1·36* 1·23 1·07, 1·41*
Waist:hip ratio‡ 1·17 1·02, 1·34* 1·25 1·07, 1·47*
Neck circumference (cm) 1·08 1·02, 1·13* 1·09 1·00, 1·19
Android/gynoid‡ 1·32 1·18, 1·47* 1·34 1·19, 1·51*
Trunk FM/Leg FM 2·17 1·44, 3·28* 2·67 1·64, 4·32*
Trunk FM/Arm FM 1·10 1·03, 1·18* 1·12 1·04, 1·21*
BAIp 1·02 0·99, 1·05 1·04 1·00, 1·09
FMI (kg/m²) 1·06 0·99, 1·14 1·10 1·02, 1·22*
FFMI (kg/m²) 1·06 0·99, 1·13 1·10 1·00, 1·22
Regional IMLC‡ 1·24 1·11, 1·39* 1·32 1·15, 1·51*

FM, fat mass; PR, prevalence ratio; BAIp, paediatric body adiposity index; FMI, fat
mass index; FFMI, fat-free mass index; IMLC, index of metabolic load and capacity.
* Statistical significance.
† Adjustment for sex; age; physical activity level; socio-economic condition and con-
sumption of fruits, vegetables,and legumes (healthy diet).

‡Waist:height ratio, waist:hip ratio, android:gynoid ratio and regional IMLC were con-
verted to Z-score.
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1·54), android:gynoid fat ratio (PR= 1·46; 95 % CI 1·10, 1·93),
trunk:leg fat ratio (PR= 3·63; 95 % CI 1·27, 10·37) and regional
IMLC (PR= 1·38; 95 % CI 1·06, 1·80). In late adolescence (ages
17–19), the MONW phenotype was positively associated with
waist circumference (cm) (PR= 1·06; 95 % CI 1·02, 1·10),
WHtR (PR= 1·28; 95 % CI 1·02, 1·61) and WHR (PR= 1·32; 95 %
CI 1·02, 1·72).

Discussion

In this study, conducted with normal-weight adolescents, the
presence of the MONW phenotype was positively associated

with anthropometric and body composition parameters indica-
tive of central fat, such as waist circumference, WHtR, WHR,
android/gynoid, trunk/leg and trunk:arm fat ratio, as well as with
regional IMLC. The phenotype was also positively associated
with FMI, indicative of total body fat. Thus, anthropometric
and body composition measurements can be useful in the
early diagnosis of normal-weight adolescents with high cardio-
metabolic risk.

The deposition of fat in the central or abdominal region,
found in greater magnitude in the MONW adolescents of this
study, is related to a higher risk of metabolic complications,
mainly due to the accumulation of visceral fat(45,46). This type
of predominantly central or abdominal deposition, in the region
of the thorax and abdomen, is characteristic of android obesity,
also called truncal obesity(47).

Anthropometric measures have been used to identify central
fat and cardiometabolic risk. These measures deserve to be
highlighted in the context of clinical practice and epidemio-
logical studies for measuring adiposity, given their better
applicability, availability, safety, low cost and good correla-
tion with adiposity(48,49). In this sense, our findings agree with
other studies(11,17) reporting that individuals with the MONW
phenotype, despite having normal-weight by BMI, have
higher waist circumference, which is a good marker of meta-
bolic risk(50–52). Besides, MONW had higher WHtR, an index
that can be used to assess abdominal fat(52,53) and identify ado-
lescents with high metabolic and cardiovascular risk(54), as
well as higher WHR, used to assess body fat distribution
and as an indicator of central obesity(52,53). When considering
the analysis stratified by age, we also found in adolescents
aged 14 to 16 years a positive association of the phenotype
with another measure indicative of central fat and cardiome-
tabolic risk, the neck circumference.

The MONW phenotype was also positively associated with
the regional IMLC in this study, which is an index that relates
trunk fat to ALM, referring to visceral adiposity, associated with
high morbidity and mortality from CVD(55). The use of the IMLC
helps to fill a gap in body composition studies, which is repre-
sented by the identification of individuals who present at the
same time high adiposity and low muscle mass(32,56). In this
way, it is a model that demonstrates the metabolic imbalance
in the individual, referring to the tissues that threaten the body’s
homoeostasis (fat) and those that maintain it (muscle)(32). To our
knowledge, this is the first study to identify this dysfunction of
metabolic load and capacity in MONW adolescents.

Moreover, the MONW phenotype was positively associated
with the FMI, which is an indicative index of total body fat that
allows a more careful anthropometric evaluation of fat mass,
according to body compartments, by calculation that considers
height. Furthermore, when considering only female participants,
we found an association of the MONW phenotype with BAIp,
calculated by measuring the hip circumference and height,
and which is also indicative of total body fat. Adipose tissue is
capable of synthesising substances such as non-esterified fatty
acids, hormones and pro-inflammatory cytokines – leptin,
TNF and visfatin – that are related to the development of
diseases(57,58). The secretion of these substances by the adi-
pose tissue, especially in the abdominal region, predicts

Table 4. Association between anthropometric and body composition
parameters with the MONW phenotype in male adolescents
(Prevalence ratios and 95 % confidence intervals, n 230)

Measures

Poisson regression with robust variance

Crude model Adjusted model†

PR 95% CI PR 95% CI

Waist circumference (cm) 1·04 1·01, 1·07* 1·05 1·01, 1·09*
Waist:height ratio‡ 1·26 1·06, 1·50* 1·26 1·07, 1·49*
Waist:hip ratio‡ 1·16 0·94, 1·42 1·32 1·06, 1·65*
Neck circumference (cm) 1·09 1·02, 1·17* 1·06 0·93, 1·20
Android/gynoid‡ 1·29 1·09, 1·53* 1·25 1·03, 1·51*
Trunk FM/Leg FM 2·29 1·30, 4·03* 1·99 0·95, 4·19
Trunk FM/Arm FM 1·14 1·05, 1·25* 1·13 1·02, 1·24*
BAIp 1·06 1·00, 1·13 1·05 0·97, 1·12
FMI (kg/m²) 1·12 0·96, 1·29 1·13 0·98, 1·29
FFMI (kg/m²) 1·10 1·01, 1·19* 1·05- 0·90, 1·23
Regional IMLC‡ 1·29 1·09, 1·52* 1·24 0·99, 1·54

FM, fat mass; PR, prevalence ratio; BAIp, paediatric body adiposity index; FMI, fat
mass index; FFMI, fat-free mass index; IMLC, index of metabolic load and capacity.
* Statistical significance.
† Adjustment for age; physical activity level; socio-economic condition and consump-
tion of fruits, vegetables and legumes (healthy diet).

‡Waist:height ratio, waist:hip ratio, android:gynoid ratio and regional IMLC were con-
verted to Z-score.

Table 5. Association between anthropometric and body composition
parameters with the MONW phenotype in female adolescents
(Prevalence ratios and 95 % confidence intervals, n 276)

Measures

Poisson regression with robust variance

Crude model Adjusted model†

PR 95% CI PR 95% CI

Waist circumference (cm) 1·02 1·00, 1·05 1·06 1·02, 1·09*
Waist:height ratio‡ 1·17 0·98, 1·38 1·29 1·07, 1·56*
Waist:
hip ratio‡

1·18 0·99, 1·40 1·19 0·97, 1·47

Neck circumference (cm) 1·09 0·98, 1·21 1·10 0·95, 1·26
Android/gynoid‡ 1·33 1·15, 1·55* 1·39 1·20, 1·62*
Trunk FM/Leg FM 2·15 1·11, 4·14* 2·84 1·46, 5·53*
Trunk FM/Arm FM 1·07 0·94, 1·22 1·09 0·96, 1·23
BAIp 1·01 0·97, 1·05 1·06 1·01, 1·12*
FMI (kg/m²) 1·10 0·99, 1·23 1·24 1·10, 1·41*
FFMI (kg/m²) 0·99 0·84, 1·15 1·05 0·87, 1·26
Regional IMLC‡ 1·21 1·03, 1·43* 1·29 1·09, 1·53*

FM, fat mass; PR, prevalence ratio; BAIp, paediatric body adiposity index; FMI, fat
mass index; FFMI, fat-free mass index; IMLC, index of metabolic load and capacity.
* Statistical significance.
† Adjustment for age; physical activity level; socio-economic condition and consump-
tion of fruits, vegetables and legumes (healthy diet).

‡Waist:height ratio, waist:hip ratio, android:gynoid ratio and regional IMLC were con-
verted to Z-score.
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cardiometabolic alterations, insulin resistance, type 2 diabetes
mellitus, metabolic syndrome and, consequently, CVD(59).
Thus, excess body fat is associated with increased cardiome-
tabolic risk, and its early identification, especially in the youn-
ger population, is essential for the prevention of chronic
diseases in adulthood. Thus, screening for excess body fat
may be useful for the early diagnosis of MONW adolescents.

In this study, althoughwe did not find an association between
theMONWphenotype and leanmass indices, we emphasise that
muscle mass is related to themetabolic profile. Skeletal muscle is
the most abundant insulin-sensitive tissue in our body, in addi-
tion to being the primary site of glucose utilisation from the insu-
lin-regulated glucose transporter (GLUT4), thus presenting a
protective role against resistance to insulin and type 2 diabetes
mellitus(60,61). Furthermore, the secretion ofmyokines by skeletal
muscle can positively interfere in the prevention of insulin resis-
tance and inflammation(60).The fact that we did not find an asso-
ciation between the MONW phenotype and lean mass indices
suggests a predominant effect of fat distribution on metabolic
risk, exceeding the contribution of other parameters of body
composition. However, the absence of observed association,
added to the existing heterogeneity in the definition of pheno-
types, in addition to the different ways of assessing muscle mass,
indicates the need for further studies to clarify the role of
this body compartment in predicting cardiometabolic risk in
adolescents.

In this context, due to the high prevalence (29·1 %) of adoles-
cents with the MONW phenotype found in this study, our results
indicate that using only the BMI seems insufficient to determine
cardiometabolic risk. Thus, the inclusion of measures of body fat
– especially those indicative of central adiposity – in young peo-
ple with normal weight will provide additional information and
will help us to identify the MOWN phenotype, enabling an early
intervention in order to reduce their possible cardiometa-
bolic risk.

This study is not free of limitations. The cross-sectional design
makes it impossible for us to ensure the temporality of the
observed associations. Furthermore, there is no consensus on
the concept of ‘metabolic abnormality’ for the classification of
the MONW phenotype. However, it is valid to consider that
due to the scarcity of studies with adolescents on this theme,
the present study brought important contributions, especially
for the nutritional assessment of this group. Moreover, it reinfor-
ces the importance of early detection of this phenotype, because
for the young age group in question, having an alteration in car-
diometabolic parameters, especially for the fact that they have
normal-weight, already demonstrates concern about the health
status of adolescents. Also noteworthy as positive points are the
fact that this is a population-based study, the methodological
rigor in data collection and the use of validated methods, such
as DEXA. Furthermore, body composition indices adjusted for
weight, BMI and height, as well as those that consider body com-
partments, which have been studied in differentiating the contri-
bution of leanmass and adiposity in predicting disease risk, were
evaluated.

Conclusion

The MONW phenotype associates positively with anthropomet-
ric and body composition measures indicative of central and
total fat. Furthermore, the phenotype was positively associated
with regional IMLC, revealing a metabolic imbalance of tissues
and a threat to the body homoeostasis of MONW adolescents.
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Table 6. Association between anthropometric and body composition parameters with the MONW phenotype according to the stages of adolescence
(Prevalence ratios and 95 % confidence intervals)

Measures

Poisson regression with robust variance

Early adolescence (ages 10 to 13)
(n 238)

Middle adolescence (ages 14 to 16)
(n 123)

Late adolescence (ages 17 to 19)
(n 145)

Crude model Adjusted model† Crude model Adjusted model† Crude model Adjusted model†

PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI PR 95% CI

Waist circumference (cm) 1·04 0·99, 1·08 1·04 0·99, 1·09 1·04 0·99, 1·09 1·06 1·01, 1·12* 1·06 1·03, 1·10* 1·06 1·02, 1·10*
Waist:height ratio‡ 1·20 1·00, 1·44 1·18 0·98, 1·43 1·30 0·99, 1·72 1·34 0·97, 1·86 1·12 0·89, 1·41 1·28 1·02, 1·61*
Waist:hip ratio‡ 1·04 0·85, 1·27 1·10 0·88, 1·37 1·23 0·91, 1·67 1·24 0·87, 1·75 1·14 0·88, 1·48 1·32 1·02, 1·72*
Neck circumference (cm) 1·04 0·93, 1·16 1·05 0·91, 1·22 1·14 0·98, 1·32 1·25 1·01, 1·54* 1·06 0·96, 1·18 1·02 0·86, 1·21
Android/gynoid‡ 1·28 1·09, 1·50* 1·30 1·10, 1·54* 1·38 1·06, 1·81* 1·46 1·10, 1·93* 1·32 1·08, 1·62* 1·26 0·99, 1·60
Trunk FM/Leg FM 2·96 1·36, 6·41* 3·26 1·47, 7·23* 2·30 0·84, 6·30 3·63 1·27, 10·37* 1·92 0·98, 3·76 1·41 0·62, 3·21
Trunk FM/Arm FM 1·11 1·01, 1·24* 1·14 1·02, 1·28* 1·07 0·90, 1·27 1·18 0·97, 1·43 1·10 0·98, 1·24 1·04 0·90, 1·21
BAIp 1·07 1·01, 1·13* 1·07 0·99, 1·15 1·03 0·97, 1·10 1·06 0·97, 1·17 0·98 0·92, 1·04 1·04 0·97, 1·12
FMI (kg/m²) 1·14 0·99, 1·31 1·13 0·97, 1·33 1·12 0·97, 1·29 1·19 0·98, 1·44 1·23 1·09, 1·40* 1·00 0·89, 1·13
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FM, fat mass; PR, prevalence ratio; BAIp, paediatric body adiposity index; FMI, fat mass index; FFMI, fat-free mass index; IMLC, index of metabolic load and capacity.
* Statistical significance.
† Adjustment for age; sex; physical activity level; socio-economic condition and consumption of fruits, vegetables and legumes (healthy diet).
‡Waist:height ratio, waist:hip ratio, android:gynoid ratio and regional IMLC were converted to Z-score.
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7. Galić BS, Pavlica T, Udicki M, et al. (2016) Somatotype charac-
teristics of normal-weight and obese women among different
metabolic subtypes. Arch Endocrinol Metab 60, 60–65.

8. Green AK, Jacques PF, Rogers G, et al. (2014) Sugar-Sweetened
beverages and prevalence of the metabolically abnormal
phenotype in the Framingham Heart Study. Obesity 22,
E157–E163.

9. Aung K, Lorenzo C, Hinojosa MA, et al. (2014) Risk of develop-
ing diabetes and cardiovascular disease in metabolically
unhealthy normal-weight andmetabolically healthy obese indi-
viduals. J Clin Endocrinol Metab 99, 462–468.

10. Kramer CK, Zinman B & Retnakaran R (2013) Are metabolically
healthy overweight and obesity benign conditions? A system-
atic review and meta-analysis. Ann Intern Med 159, 758–769.

11. Molero-Conejo E, Morales LM, Fernández V, et al. (2006) Serum
insulin, leptin and growth hormone levels are associated with
body mass index and obesity index in adolescents. Archivos
Latinoamericanos Nutrición 56, 29–35.

12. Kelishadi R, Cook SR, Motlagh ME, et al. (2008) Metabolically
obese normal weight and phenotypically obese metabolically
normal youths: the CASPIAN Study. J Am Diet Assoc 108,
82–90.

13. Ding WQ, Liu JT, Shang YX, et al. (2018) DXA-measured vis-
ceral fat mass and lean body mass reflect abnormal metabolic

phenotypes among some obese and nonobese Chinese chil-
dren and adolescents. Nutr Metab Cardiovasc Dis 28, 618–628.

14. Asghari G, Hosseinpanah F, Serahati S, et al. (2019) Association
between obesity phenotypes in adolescents and adult meta-
bolic syndrome: Tehran Lipid and Glucose Study. Br J Nutr
122, 1255–1261.

15. Guerrero-Romero F& Rodríguez-MoranM (2012)Metabolically
obese normal-weight children. World J Clin Pediatr 1, 37–39.

16. Li G, Li Y, Han L, et al. (2020) Interaction between early envi-
ronment and genetic predisposition instigates themetabolically
obese, normal weight phenotype in children: findings from the
BCAMS study. Eur J Endocrinol 182, 393–403.

17. Karelis AD, St-Pierre DH, Conus F, et al. (2004) Metabolic and
body composition factors in subgroups of obesity: what do we
know? J Clin Endocrinol Metab 89, 2569–2575.

18. Pereira PF (2014) Relation of central perimetry with adiposity,
cardiometabolic, inflammatory and hormonal markers on the
three adolescence stages. Viçosa-MG. Dissertation [Doctorate
in Nutrition Science] – Federal University of Viçosa. https://
www.locus.ufv.br/handle/123456789/390 (accessed July
2021).

19. Faria ER (2013) Comparison of different components for diag-
nosis of the metabolic syndrome in the adolescence. Viçosa-
MG. Dissertation [Doctorate in Nutrition Science] – Federal
University of Viçosa. https://www.locus.ufv.br/handle/
123456789/384 (accessed July 2021).

20. Brazilian Institute of Geography and Statistics (IBGE) (2010)
Demographic census, Viçosa, Minas Gerais, Brazil. http://
www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=
317130&idtema=67&search=minas-gerais|vicosa|censo-
demografico-2010:-resultados-do-universo-caracteristicas-da-
populacao-e-dos-domicilios (accessed November 2020).

21. Luiz RR & Magnanini MMF (2003) Sample size in epidemio-
logical investigations. In Epidemiology, pp. 295–307 [RA
Medronho, DM Carvalho, KV Block, et al., editors]. São
Paulo: Atheneu.

22. World Health Organization (WHO) (2007) Growth Reference
Data for 5–19 Years. https://www.who.int/toolkits/growth-
reference-data-for-5to19-years (accessed November 2020).

23. Lohman TG, Roche AF & Martorell R (1988) Anthropometric
Standardization Reference Manual. Champaign, IL: Human
Kinetics Books.

24. Ben-Noun L, Sohar E & Laor A (2001) Neck circumference as a
simple screeningmeasure for identifying overweight and obese
patients. Obes Res 9, 470–477.

25. El Aarbaoui T, Samouda H, Zitouni D, et al. (2013) Does the
body adiposity index (BAI) apply to paediatric populations?
Ann Hum Biol 40, 451–458.

26. Ribeiro VB, Kogure GS, Lopes IP, et al. (2019) Association of
measures of central fat accumulation indices with body fat dis-
tribution and metabolic, hormonal, and inflammatory parame-
ters in women with polycystic ovary syndrome. Arch
Endocrinol Metab 63, 417–426.

27. Guimarães NS, Guimarães MMM, Kakehasi AM, et al. (2019)
Body fat in children and adolescents living with HIV estimated
by anthropometry: systematic review. R Assoc Bras Nutr 10,
128–133.

28. VanItallie TB, Yang MU, Heymsfield SB, et al. (1990) Height-
normalized indices of the body’s fat-free mass and fat mass:
potentially useful indicators of nutritional status. Am J Clin
Nutr 52, 953–959.

29. Baumgartner RN, Koehler KM, Gallagher D, et al. (1998)
Epidemiology of sarcopenia among the elderly in New
Mexico. Am J Epidemiol 147, 755–763.

30. Janssen I, Heymsfield SB & Ross R (2002) Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with

8 B.C. Cota et al.

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niversidade Federal de Vicosa , on 14 Sep 2021 at 11:54:41 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114521002427

https://www.locus.ufv.br/handle/123456789/390
https://www.locus.ufv.br/handle/123456789/390
https://www.locus.ufv.br/handle/123456789/384
https://www.locus.ufv.br/handle/123456789/384
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
http://www.cidades.ibge.gov.br/xtras/temas.php?lang=&codmun=317130&idtema=67&search=minas-gerais|vicosa|censo-demografico-2010:-resultados-do-universo-caracteristicas-da-populacao-e-dos-domicilios
https://www.who.int/toolkits/growth-reference-data-for-5to19-years
https://www.who.int/toolkits/growth-reference-data-for-5to19-years
https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114521002427


functional impairment and physical disability. J Am Geriatr Soc
50, 889–896.

31. Studenski SA, Peters KW, Alley DE, et al. (2014) The FNIH sar-
copenia project: rationale, study description, conference rec-
ommendations, and final estimates. J Gerontol A Biol Sci Med
Sci 69, 547–558.

32. Siervo M, Prado CM, Mire E, et al. (2015) Body composition
indices of a load-capacity model: gender- and BMI–specific
reference curves. Public Health Nutr 18, 1245–1254.

33. Friedewald WT, Levy RI & Fredrickson DS (1972) Estimation of
the concentration of low-density lipoprotein cholesterol in
plasma, without use of the preparative ultracentrifuge. Clin
Chem 18, 499–502.

34. National Heart, Lung, and Blood Institute (2012) Expert Panel
on Integrated Guidelines for Cardiovascular Health and Risk
Reduction in Children and Adolescents Full Report. National
Institutes of Health, NIH Publication, n. 12–7486ª, out.
https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf
(accessed July 2021).

35. American Diabetes Association (2019) 2. Classification and
diagnosis of diabetes: standards of medical care in diabetes-
2019. Diabetes Care 42, S13–S28.

36. Brazilian Society of Cardiology - Publications (2005) I Guideline
for the Prevention of Atherosclerosis in Childhood and
Adolescence. Arquivos Brasileiros de Cardiologia, v. 85, n. 6,
p. 1–36. http://publicacoes.cardiol.br/consenso/2005/prevatero.
asp (accessed November 2020).

37. de Andrade JP & Nobre F (2010) VI Brazilian Guidelines on
Hypertension. Brazilian Society of Hypertension. Arquivos
Brasileiros de Cardiologia 95(1), 1–51. http://publicacoes.
cardiol.br/consenso/2010/Diretriz_hipertensao_associados.pdf
(accessed July 2021).

38. Flynn JT, Kaelber DC, Baker-Smith CM, et al. (2017) Clinical
practice guideline for screening andmanagement of high blood
pressure in children and adolescents. Pediatrics 140,
e20171904.

39. Brazilian Institute of Geography and Statistics (IBGE) (1996–
1997) |Library | Details | Living Standards Survey (Pesquisa
sobre padrões de vida - PPV). https://biblioteca.ibge.gov.br/
biblioteca-catalogo.html?id=5469&view=detalhes (accessed
November 2020).

40. Guedes DP, Lopes CC & Guedes JERP (2005) Reproducibility
and validity of the International Physical Activity
Questionnaire in adolescents. Revista Brasileira de Medicina
do Esporte 11, 151–158.

41. CELAFISC International Physical Activity Questionnaire - IPAQ
(short version) (2004). https://celafiscs.org.br/ (accessed
November 2020).

42. Serra-Majem L & Aracenta-Bartrina J (1995) Introduction to
nutritional epidemiology. In Nutrición y Salud Pública, pp.
59–65 [L Serra-Majem, J Aracenta-Bartrina & J Mataix-Verdú,
editors]. Barcelona: Masson.

43. Olafsdottir AS, Torfadottir JE & Arngrimsson SA (2016) Health
behavior and metabolic risk factors associated with normal
weight obesity in adolescents. PLoS One 11, e0161451.

44. Nascimento-Souza MA, Lima-Costa MF, Peixoto SV, et al.
(2019) ‘A body shape index’ and its association with arterial
hypertension and diabetes mellitus among Brazilian older
adults: national Health Survey 2013. Cadernos de Saúde
Pública 35, e00175318.

45. Barroso TA, Marins LB, Alves R, et al. (2017) Association of
Central Obesity with The Incidence of Cardiovascular
Diseases and Risk Factors. Int J Cardiovasc Sci 30, 416–424.

46. Bergman RN, Kim SP, Hsu IR, et al. (2007) Abdominal obesity:
role in the pathophysiology of metabolic disease and cardio-
vascular risk. Am J Med 120, S3–S8.

47. Vague J (1956) The degree of masculine differentiation of obe-
sities: a factor determining predisposition to diabetes, athero-
sclerosis, gout, and uric calculous disease. Am J Clin Nutr 4,
20–34.

48. Vasques ACJ, Priore SE, Rosado LE, et al. (2010) The use of
anthropometric measures to assess visceral fat accumulation.
Rev Nutr 23, 107–118.

49. Cavalcanti C, Carvalho S & Barros M (2009) Anthropometric
indicators of abdominal obesity: review of the papers indexed
on SciELO electronic library. Revista Brasileira de
Cineantropometria e Desempenho Humano 11, 217–225.

50. Katzmarzyk PT, Srinivasan SR, ChenW, et al. (2004) Bodymass
index, waist circumference, and clustering of cardiovascular
disease risk factors in a biracial sample of children and adoles-
cents. Pediatrics 114, e198–205.

51. Kelishadi R, Gouya MM, Ardalan G, et al. (2007) First reference
curves of waist and hip circumferences in an Asian population
of youths: CASPIAN study. J Trop Pediatr 53, 158–164.

52. Li C, Ford ES, Mokdad AH, et al. (2006) Recent trends in waist
circumference and waist-height ratio among US children and
adolescents. Pediatrics 118, e1390–e1398.

53. Taylor RW, Jones IE, Williams SM, et al. (2000) Evaluation
of waist circumference, waist-to-hip ratio, and the conicity
index as screening tools for high trunk fat mass, as measured
by dual-energy X-ray absorptiometry, in children aged 3–19
years. Am J Clin Nutr 72, 490–495.

54. Maffeis C, Banzato C & Talamini G (2008) Obesity study group
of the Italian society of pediatric endocrinology and diabetol-
ogy. Waist-to-height ratio, a useful index to identify high meta-
bolic risk in overweight children. J Pediatr 152, 207–213.

55. Reis JP, Loria CM, Lewis CE, et al. (2013) Association between
duration of overall and abdominal obesity beginning in young
adulthood and coronary artery calcification in middle age.
JAMA 310, 280–288.

56. Powell M, Lara J, Mocciaro G, et al. (2016) Association between
ratio indexes of body composition phenotypes and metabolic
risk in Italian adults. Clin Obes 6, 365–375.

57. Van Gaal LF, Mertens IL & De Block CE (2006) Mechanisms
linking obesity with cardiovascular disease. Nature 444,
875–880.

58. Balagopal PB, de Ferranti SD, Cook S, et al. (2011)
Nontraditional risk factors and biomarkers for cardiovascular
disease: mechanistic, research, and clinical considerations for
youth: a scientific statement from the American Heart
Association. Circulation 123, 2749–2769.

59. Kelishadi R, Mirmoghtadaee P, Najafi H, et al. (2015) Systematic
review on the association of abdominal obesity in children and
adolescents with cardio-metabolic risk factors. J Res Med Sci 20,
294–307.

60. Walsh K (2009) Adipokines, myokines and cardiovascular dis-
ease. Circ J 73, 13–18.

61. Stump CS, Henriksen EJ, Wei Y, et al. (2006) The metabolic
syndrome: role of skeletal muscle metabolism. Ann Med 38,
389–402.

Metabolically obese normal-weight phenotype 9

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . U

niversidade Federal de Vicosa , on 14 Sep 2021 at 11:54:41 , subject to the Cam
bridge Core term

s of use, available at https://w
w

w
.cam

bridge.org/core/term
s . https://doi.org/10.1017/S0007114521002427

https://www.nhlbi.nih.gov/files/docs/peds_guidelines_sum.pdf
http://publicacoes.cardiol.br/consenso/2005/prevatero.asp
http://publicacoes.cardiol.br/consenso/2005/prevatero.asp
http://publicacoes.cardiol.br/consenso/2010/Diretriz_hipertensao_associados.pdf
http://publicacoes.cardiol.br/consenso/2010/Diretriz_hipertensao_associados.pdf
https://biblioteca.ibge.gov.br/biblioteca-catalogo.html?id=5469&view=detalhes
https://biblioteca.ibge.gov.br/biblioteca-catalogo.html?id=5469&view=detalhes
https://biblioteca.ibge.gov.br/biblioteca-catalogo.html?id=5469&view=detalhes
https://biblioteca.ibge.gov.br/biblioteca-catalogo.html?id=5469&view=detalhes
https://celafiscs.org.br/
https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114521002427

	Anthropometric and body composition parameters in adolescents with the metabolically obese normal-weight phenotype
	Materials and methods
	Population, design and sampling
	Anthropometry
	Body composition assessment
	Biochemical assessment
	Blood pressure assessment
	Definition of the metabolically obese normal-weight phenotype
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusion

	Acknowledgements
	References


