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A B S T R A C T

Objective: The aim of this study was to verify the prevalence of metabolically healthy obese (MHO) phenotype
and associated factors in South American adolescents who are overweight.
Methods: A cross-sectional study was carried out with 340 overweight adolescent boys and girls between 10
and 18 y of age. The participants were classified as MHO according to two definitions: absence of any meta-
bolic syndrome component and absence of insulin resistance (IR). The MHO phenotype�associated factors
analyzed were age, sex, nutritional status, waist circumference (WC), body composition, metabolic profile,
and cardiorespiratory fitness. Multivariable logistic regression was used to determine predictors of MHO
using odds ratios with 95% confidence intervals.
Results: The prevalence of MHO in South American overweight adolescents was 49.4% and 55.9% according to
MS and IR criteria, respectively. Sex and WC were predictors of the MHO phenotype, considering MS classifi-
cation criterion. For the IR criterion, age, WC, and triacylglycerol levels were independent predictors of MHO
in adolescents. Cardiorespiratory fitness did not predict MHO phenotype in any of the criteria used.
Conclusions: The prevalence of MHO in South American overweight adolescents was high and varied accord-
ing to the definition used. Age, sex, WC, and triacylglycerolslevel were independent predictors of the MHO
phenotype in this population.
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Introduction

The prevalence of obesity has reached epidemic proportions in
adults and among children and adolescents [1]. Over the past 3
decades, the overweight frequency in adolescents increased from
5% to 17.6%, representing an increase of >150% [2]. Childhood obe-
sity has been considered a pivotal risk factor for diseases such as
hypertension, dyslipidemia, and type 2 diabetes, and is a strong
predictor of adulthood obesity [3].

Conflictingly, scientific evidence has shown the existence of a group
of obese individuals with a much lower likelihood of developing such
conditions, referred to as metabolically healthy obese (MHO) [4�6].
MHO individuals have shown less health-related general risks than
their metabolically unhealthy obese (MUO) counterparts [7,8].
Although the MHO phenotype presents a more favorable condi-
tion than MUO, longitudinal studies have confirmed that, com-
pared with metabolically healthy normal-weight individuals, MHO
individuals are still at increased risk for type 2I diabetes and car-
diovascular diseases (CVDs) [9]. Moreover, studies have indicated
that the MHO phenotype is not a permanent state and many of
these individuals will transit to an MUO profile, increasing the risk
for developing metabolic-related major diseases [10,11].

No standard definition criterion exists to classify MHO, whose
prevalence varies from 6% to 75%, depending on the criterion used
[12]. In a recent meta-analysis, Lin et al. [13] reported a 35% preva-
lence of MHO in obese adults. Prevalence varies significantly among
regions, with the highest observed in Africa and South America [13].

Pimentel et al. [14] conducted a cross-sectional study with 258 Bra-
zilian obese adults and reported a prevalence of MHO ranging from
70.9% to 72.1%, depending on the applied criterion. The distinct pat-
terns of fat distribution by ethnicity may influence these differences
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[13]. Notwithstanding, studies developed in South America are still
scarce, and appropriate ones are needed to better elucidate this issue.

To our knowledge, no study has investigated the prevalence of the
MHO phenotype in South American adolescents. Most were per-
formed in the European [15�23], North American [24�28], and Asian
[29�31] populations and found awide variation in prevalence and cri-
terion for the definition of MHO phenotype in this specific age group.

Considering the lack of data regarding the prevalence of MHO in
youth and especially the absence of data from South America ado-
lescents, the aim of this study was to verify the prevalence and
associated risk factors of MHO phenotype in South American over-
weight adolescents.

Materials and methods

Study design

This cross-sectional study was conducted under the framework of the NUTRI-
BRACOL study, whose aim was to verify the effectiveness of risk behavior�
Fig. 1. Flowchart of sample recruitment and inclusion procedures. IR, insulin r
changing programs focusing on nutrition and physical activity in the countries of
Brazil and Colombia.

Participants

The sample was composed of 340 overweight adolescent boys and girls
between 10 and 18 y of age. They were recruited through television, radio, and
social media announcements in addition to meetings in schools near the university
between 2009 and 2016.

The inclusion criteria considered to select the participants were as follows:

� Between10 and 18 y of age
� Diagnosed as overweight according to cutoff points proposed by Cole and Lob-

stein [32]
� Agreement provided by the individual and his or her legal guardian to fully

participate in the assessments; signed informed consent form
� No genetic or endocrine diseases present
� Does not consume alcoholic beverages, glucocorticoids, psychotropic drugs, or

anything that may influence the appetite regulation
� Does not use diuretics.
esistance; MetS, metabolic syndrome; MHO, metabolically healthy obese.



J.M. Remor et al. / Nutrition 60 (2019) 19�24 21
Individuals who did not fulfill the assessment protocols were excluded from
the analysis. Recruitment and inclusion procedures are described in Figure 1.

Anthropometric, body composition, and hemodynamic analysis

To assess body mass (BM) and fat mass percentage (FM%), an 8-point tactile
electrode multifrequency bioelectrical impedance (Octapolar, InBody 520
model, Korea) was used. Individuals were strongly urged to follow the instruc-
tions proposed by Heyward [33]. FM% was classified using specific cutoff points
for age and sex proposed by FitnessGram [34]. Stature was measured using a
2.20 m wall-mounted stadiometer (Sanny, Sao Paulo, Brazil). The procedures
recommended by Lohman et al. [35] were strictly followed. Body mass index
(BMI) was obtained using the equation weight (kg)/ height (m)2 and classified
based on the cutoff points proposed by Cole and Lobstein [32]. Waist circumfer-
ence (WC) was measured using an elastic metric tape (Sanny) at the midpoint
between last rib and iliac crest [35]. The percentile 75th of specific age and sex
cutoff points were used to classify WC [36]. Blood pressure was measured using
an automated sphygmomanometer (Microlife, Rio de Janeiro, Brazil) after a 10-
min rest period [37].

Biochemical analysis

Blood samples were collected in the morning (e.g., after 10-h fasting), in vac-
uum blood collection tubes with gel and centrifuged for 11 min at 3600g/min, to
obtain the serum. Serum concentration of fasting plasma glucose (FPG) was deter-
mined by the hexokinase method, and total cholesterol (TC) by the enzymatic
method. High-density lipoprotein cholesterol (HDL-C) was measured directly in
serum, and triacylglycerols (TGs) by the Trinder reaction method. Insulin resis-
tance (IR) was assessed by the homeostasis model assessment insulin resistance
(HOMA-IR) [38].

Cardiorespiratory fitness assessment

The multistage 20-m shuttle run test [39] was used to assess cardiorespiratory
fitness (CRF). The test started at a fixed velocity of 8.5 km/h and had progressive
increments of 0.5 km/h at every stage (i.e., each minute) until the individuals
reached volitional exhaustion. Maximal oxygen consumption (VO2 max) was indi-
rectly estimated using the last attained stage of each individual [39].

Classification of metabolic state

Two main criteria were used to classify the MHO phenotype. The first was
based on the traditional metabolic syndrome (MetS) components, in which MHO-
classified individuals did not present altered FPG (<5.6 mmol/l), TG (<1.7 mmol/l),
systolic blood pressure (SBP; <130 mm Hg), diastolic blood pressure (DBP;
<85 mm Hg) or HDL-C (�1.03 mmol/L and �1.29 mmol/L for women �16 y), in
accordance with the International Diabetes Federation cutoff points [40]. The sec-
ond criterion considered IR, assessed by HOMA-IR, to classify the MHO phenotype
(�3.16) [41].
Table 1
Anthropometric, clinical, and biochemical characteristics according to MHO and MUO ph

MetS (n = 340)

Variables MHO (n = 168) MUO (n = 172)

Sex, n (%)
Male 32.8 (39) 67.2 (80)
Female 58.4 (129) 41.6 (92)

Age (y) 16 (2) 16 (1)
Body mass (kg) 79.9 (20) 90.7 (31.6)
Stature (m) 1.65 (0.12) 1.68 (0.15)
BMI (kg/m2) 29.4 (5.3) 32.3 (7.8)
WC (cm) 87.5 (11.6) 93 (16.9)
FM % 41.7 (10.5) 43.5 (9.5)
FPG (mmol/L) 85 (12) 88 (11)
HDL-C (mmol/L) 49 (9.9) 38.8 (10.5)
TG (mmol/L) 79 (43) 95 (61.2)
SBP (mm Hg) 114.5 (12) 125.5 (18)
DBP (mm Hg) 70.5 (9) 76 (13)
VO2 max (mL�kg�min�1) 29.8 (5.4) 29.3 (6.1)
HOMA-IR 2.5 (1.8) 3.4 (3.1)

BMI, body mass index; DBP, diastolic blood pressure; FM%, % of fat mass; FPG, fasting p
model assessment insulin resistance; IR, insulin resistance; MHO, metabolically healthy
blood pressure; TG, triacylglycerol; VO2 max, maximal oxygen consumption; WC, waist c
*Data are expressed in median (interquartile range).
Statistical analysis

Data normality was tested by the Kolmogorov�Smirnov test. Descriptive sta-
tistic (i.e., median and interquartile range) was used to characterize the sample.
Mann�Whitney U test and x2 test were performed to compare MHO and MUO
groups regarding age, sex, BM, anthropometry, nutritional status, WC, FM%, and
metabolic profile. Logistic regression analysis was performed to examine the asso-
ciations between each variable and MHO phenotype. Subsequently, multivariate
testing was performed by entering all of the associated factors of MHO into the
final logistic regression model. The significance level adopted was P � 0.05.
The analyses were carried out with the statistical software program SPSS version
20 (IBM, Armonk, NY, USA).

Ethics and trial registration

All study procedures strictly followed the requirements demanded on the Res-
olution 466/2012 of the Brazilian National Health Council. The research protocol
was previously approved by the university ethics committee and registered in the
Brazilian Register of Clinical Trials.

Results

Table 1 presents the characteristics of participants by MHO and
MUO phenotypes according to two MHO definition criteria (i.e.,
MetS and IR). The prevalence of MHO individuals ranged from
49.4% to 55.9%, according to MetS and IR definition criteria, respec-
tively. Females presented more prevalence of MHO than in males,
in both criteria.

Considering MetS and IR criteria together, MHO individuals dif-
fer from MUO group on the following variables: age, stature, BM,
BMI, WC, FPG, TG, SBP, DBP, and HOMA-IR. In addition, differences
in stature and HDL-C between MHO and MUO phenotypes also
were found when considering only the MetS criteria, and for FM%
and VO2 max when considering the IR criterion. Hence, MHO indi-
viduals presented a better metabolic profile than MUO individuals
in both metabolic health definition criteria.

The predictors of the MHO phenotype after adjustment for age
and sex are shown in Table 2. Using MS definition criterion, nutri-
tional status (severe obese: odds ratio [OR], 0.40; 95% confidence
interval [CI], 0.22�0.72; P = 0.002), WC (OR, 0.37; 95% CI,
0.22�0.62; P < 0.001), body fat (OR, 0.48; 95% CI, 0.27�0.87,
P = 0.015), IR (OR, 0.51; 95% CI, 0.32�0.81; P = 0.004), and CRF (OR,
4.66; 95% CI, 1.40�15.51; P = 0.012) were significant predictors of
enotypes considering both MetS and IR definition criteria*

IR (n = 340)

P-value MHO (n = 190) MUO (n = 150) P- value

<0.001 0.040
48.3 (57) 51.7 (61)
59.9 (133) 40.1 (89)

0.013 16 (2) 15 (3) <0.001
<0.001 80.1(23.5) 88.6 (25.2) <0.001
0.012 1.64 (0.12) 1.67 (0.15) 0.208

<0.001 29.4 (6.2) 32.3 (6.8) <0.001
<0.001 87 (12.6) 93.5 (14.5) <0.001
0.082 41.7 (9.5) 43.8 (9.9) 0.007
0.006 83. (12) 89 (9.2) <0.001

<0.001 44.7 (12.4) 43.1 (14) 0.093
<0.001 76.5 (40) 102 (51.2) <0.001
<0.001 118 (15) 122 (17.2) 0.020
<0.001 71.5 (11.2) 74 (110) 0.012
0.267 30.1 (4.6) 28.5 (7.8) 0.001

<0.001 1.8 (1.2) 4.5 (2) <0.001

lasma glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis
obese; MetS, metabolic syndrome; MUO, metabolically healthy obese; SBP, systolic
ircumference.



Table 2
Association between nutritional status, waist circumference, body fat, cardiorespiratory fitness, and the presence of MHO by two different criteria*

MetS IR

OR 95% CI P-value OR 95% CI P-value

Nutritional status
Overweight 1 � � 1 � �
Obese 0.76 0.44�1.32 0.329 0.41 0.23�0.73 0.002
Severe obese 0.40 0.22�0.72 0.002 0.27 0.15�0.51 <0.001

WC
Normal 1 � � 1 � �
High 0.37 0.22�0.62 <0.001 0.35 0.21�0.58 <0.001

Body fat
Normal 1 � � 1 � �
High 0.48 0.27�0.87 0.015 0.55 0.30�1.01 0.055

SBP
Normal � � � 1
High � � � 0.60 0.34�1.08 0.087

DBP
Normal � � � 1
High � � � 0.99 0.50�1.97 0.974

FPG
Normal � � � 1
High � � � 0.14 0.03�0.68 0.015

TG
Normal � � � 1
High � � � 0.26 0.13�0.55 <0.001

HDL-C
Normal � � � 1
High � � � 1.10 0.70�1.72 0.686

IR
<3.16 1 � � � � �
�3.16 0.51 0.32�0.81 0.004 � � �

CRF
Normal 1 � � 1 � �
High 4.66 1.40�15.51 0.012 3.06 0.93�10.11 0.067

CRF, cardiorespiratory fitness; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol; IR, insulin resistance; MetS, metabolic
syndrome; MHO, metabolically healthy obese; SBP, systolic blood pressure; TG, triacylglycerol; WC, waist circumference.
*Adjusted for both age and sex.
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MHO. For IR definition, nutritional status (obese: OR, 0.41; 95% CI,
0.23�0.73; P = 0.002, severe obese: OR, 0.27; 95% CI, 0.15�0.51; P
< 0.001), WC (OR, 0.35; 95% CI, 0.21�0.58; P < 0.001), FPG (OR,
0.14; 95% CI, 0.03�0.68; P = 0.015), and TG (OR, 0.26; 95% CI,
0.13�0.55; P < 0.001) were predictors of MHO.

As a final step, the strongest variables (e.g., age, sex, WC, IR, and
CRF for MetS, as well as SBP, HDL-C, and TG for IR) of the logistic
regression models were introduced in the final models. Only sex
and WC remained significant independent predictors of MHO by
the MetS definition criterion. Significant independent predictors of
MHO for the IR definition criterion were age, WC, and TG (Table 3).

Discussion

To our knowledge, this is the first study to characterize the
prevalence and predictors of the MHO phenotype in South Ameri-
can adolescents who are overweight. The prevalence of the MHO
phenotype varied from 49.4% to 55.9%, according to MetS and IR
criteria, respectively. Age, sex, WC, and TGs were independent pre-
dictors of MHO in South American adolescents who are over-
weight.

Although several studies have shown the prevalence of MHO in
adults [12,13] and young people, most of them involved European
[15�23], North American [24�28], and Asian [29�31] populations.
The present findings showed a higher prevalence of MHO than
those found in European (35.4%), North American (37.6%), and
Asian (35.4%) adolescent-based studies that used the same criteria
for MHO phenotype [22,28,31]. In a recent meta-analysis, Lin et al.
[13] reported an overall MHO prevalence of 35% in studies with
obese individuals. However, there was a great variation according
to the regions. The highest prevalence was observed in Brazil [14],
and Africa [42]. The researchers attributed it to the distinct patterns
of fat distribution by ethnicity. Obese individuals in these regions
might have less visceral adipose tissue and less ectopic fat deposi-
tion than in other ethnicities [14,42].

Similar to previous studies in adults [43] and adolescents
[27,29], we confirmed that WC was significantly associated with
the MHO phenotype, supporting the hypothesis that visceral fat
accumulation is a strong predictor of adverse health in the obese
population [6,7]. Although obese individuals have high rates of
total body fat, WC has been shown to be a better predictor of the
MHO phenotype [43]. In fact, we found that high values of WC
reduced the odds of being MHO at 50% to 60%. These findings cor-
roborate with those found by Li et al. [29] in a sample of obese Chi-
nese children and adolescents. However, there is no evidence that
South American children and adolescents have lower WC than any
other population worldwide and that this could be associated with
a higher prevalence of MHO.

The TG level was shown to be a strong independent predictor of
MHO phenotype in South American adolescents who are over-
weight when the IR criterion was used. Hypertriacylglycerolmia is
a frequently found condition in patients with MetS and type 2 dia-
betes and has been considered an independent risk factor for CVDs
[44]. In addition, TGs and HDL-C were considered independent pre-
dictors for MHO in a non-obese population that were followed for
7.8 y [45]. In agreement with these findings, we verified that indi-
viduals with high TG values presented 72% fewer odds of being
MHO.



Table 3
Results of binary logistic regression model on the likelihood of MHO phenotypes
outcome including clinical and laboratory variables

OR 95% CI P-value

Model 1: MetS definition
Age, y 1.01 0.88�1.17 0.855
Sex
Male 1 � �
Female 2.23 1.33�3.74 0.002

WC
Normal 1 � �
High 0.47 0.27�0.80 0.006

IR
<3.16 1 � �
�3.16 0.64 0.39�1.03 0.066

CRF
Normal 1 � �
High 3.09 0.90�10.5 0.072

Model 2: IR definition
Age, y 1.23 1.06�1.42 0.006
Sex
Male 1 � �
Female 1.00 0.58�1.73 0.99

WC
Normal 1 � �
High 0.38 0.22�0.66 0.001

SBP
Normal 1 � �
High 0.80 0.43�1.50 0.486

HDL-C
Normal 1 � �
High 0.78 0.48�1.26 0.315

TG
Normal 1 � �
High 0.28 0.13�0.60 0.001

CRF
Normal 1 � �
High 1.84 0.53�6.34 0.332

CRF, cardiorespiratory fitness; HDL-C, high-density lipoprotein cholesterol; IR, insu-
lin resistance; MetS, metabolic syndrome; MHO, metabolically healthy obese; SBP,
systolic blood pressure; TG, triacylglycerol; WC, waist circumference.

J.M. Remor et al. / Nutrition 60 (2019) 19�24 23
Age and sex also were predictors of MHO, according to IR and
MetS criteria, respectively. Although some studies have shown a
higher prevalence of the MHO phenotype in adolescents than in
adults [15,25] or the elderly [25], the difference of MHO prevalence
between children and adolescents is poorly understood [19,20],
mainly during adolescence (i.e., pubertal versus postpubertal) [17].
During puberty, children develop a transient state of IR that starts
with puberty, peaks at Tanner stage 3, and returns to prepubertal
levels by the end of puberty [46]. This could be understood as a
metabolic risk at this stage, considering it is a transient state of
metabolic alteration during puberty. In the present sample, which
was composed mainly of pubertal and postpubertal adolescents,
the older adolescents had 1.2 times more chance of being MHO
than their younger counterparts, considering the IR criterion.
Although some studies have found higher odds of MHO in prepu-
bertal and pubertal [17,19] populations, it appears that the pres-
ence of MHO during puberty does not predict the presence of MHO
in later stages of adolescence [17]. However, this issue still needs
to be elucidated with prospective studies that follow individuals
throughout the adolescence phase. The female sex was an indepen-
dent predictor of MHO only for the MetS criterion. Female adoles-
cents in the present study presented 2.3 times more likely to be
MHO than their male counterparts. These findings corroborated
with previous studies with adults [6,7] and adolescents [19]. Girls
usually have more body fat than boys and the distribution of body
fat is markedly different between them. Girls have lower fat levels
in the visceral deposits and higher in the subcutaneous compared
with boys. It seems to confer a lower level of systemic inflamma-
tion and metabolic risk [47].

Lifestyle behavior, such as physical activity and healthy dietary
habits, have been suggested as an important predictor of the MHO
phenotype [7]. However, the relationship between physical activity
levels and the presence of the MHO phenotype is controversial in
the literature. Prince et al. [26] found that greater time in moderate
to vigorous physical activities was a significant predictor of MHO.
On the other hand, Heinzle et al. [27], in a representative sample of
North American children and adolescents, did not find an associa-
tion between any physical activity domain and the MHO pheno-
type. These discrepancies might be explained by the use of
questionnaires to estimate levels of physical activity [43]. In the
present study, we estimated CRF, which is considered a direct
physiologic measure of physical activity level and appears to be
strongly associated with metabolic risk factors in adolescents
[26,48]. Although CRF has been shown to be a strong predictor of
the MHO phenotype in the unadjusted analysis, when the model
was adjusted for other predictor variables, this prediction disap-
pears. These findings are in line with those found by S�en�echal et al.
[24], in which there was no association between high levels of CRF
and the presence of the MHO phenotype in adolescents. The associ-
ation between elevated levels of physical activity or CRF and the
presence of MHO are more evident in the adult population owing
the notable decline in physical activity levels compared with young
people [49]. Other lifestyle predictors might be more related to this
phenotype in obese youth.

The present study had several limitations that should be men-
tioned. First, because of the lack of consensus on the definition of
the MHO phenotype, our results are difficult to compare with
others. Notwithstanding, we used the two most common criteria
to define MHO in the pediatric population. Second, we did not col-
lect a lot of data regarding pubertal development, lifestyle, psycho-
logical, and socioeconomic factors that could be included in the
predicted model. Third, by the nature of the study (e.g., cross-sec-
tional design), it was not possible to establish a cause-and -effect
relationship.

Despite these limitations, however, the strength of the present
study was that it was the first to present the prevalence of MHO in
overweight adolescents from countries representing South Amer-
ica, and also some predictors of MHO phenotype in this population.
Considering the lack of studies with South American samples and
the presence of important ethnic differences in the prevalence of
these phenotypes in the obese population, the present study brings
important contributions to this theme.

Conclusion

The present study demonstrated that 49.4% to 55.9% of South
American adolescents who are overweight are metabolically
healthy, according to MetS and IR criteria, respectively. The inde-
pendent predictors of MHO phenotype in this population were age,
sex, WC, and TG levels, depending on the criterion used. WC was
the only predictor that appeared in both criteria, demonstrating
that visceral fat is pivotal on the relationship between obesity and
metabolic dysregulation in adolescents. Future longitudinal studies
are needed to confirm these predictors throughout childhood and
adulthood.

Acknowledgments

The authors acknowledge the other members of the N�ucleo de
Estudos Multiprofissional da Obesidade (NEMO) for their valuable
contribution.



24 J.M. Remor et al. / Nutrition 60 (2019) 19�24
References
[1] NCD Risk Factor Collaboration. Trends in adult body-mass index in 200 coun-
tries from 1975 to 2014: a pooled analysis of 1698 population-based measure-
ment studies with 19.2 million participants. Lancet 2016;387:1377–96.

[2] Sahoo K, Sahoo B, Choudhury AK, Sofi NY, Kumar R, Bhadoria A. Childhood
obesity: causes and consequences. J Family Med Prim Care 2015;4:187–92.

[3] Ng MFT, Robinson M, Thomson B, Graetz N, Margono C, Abbafati C. Global,
regional, and national prevalence of over- weight and obesity in children and
adults during 1980—2013: a systematic analysis for the Global Burden of Dis-
ease Study. Lancet 2014;384:766–81.

[4] Bl€uher M. The distinction of metabolically ‘healthy’ from ‘unhealthy’ obese
individuals. Curr Opin Lipidol 2010;21:38–43.

[5] Karelis AD. To be obese—does it matter if you are metabolically healthy? Nat
Rev Endocrinol 2011;7:699–700.

[6] Bl€uher M. Are there still healthy obese patients? Curr Opin Diabetes Obes
2012;19:341–6.

[7] Phillips CM. Metabolically healthy obesity: definitions, determinants and clini-
cal implications. Rev Endocr Metab Disord 2013;14:219–27.

[8] Samocha-Bonet D, Dixit VD, Kahn CR, Leibel RL, Lin X, Nieuwdorp M, et al. Met-
abolically healthy and unhealthy obese � the 2013 Stock Conference report.
Obes Rev 2014;15:697–708.

[9] Caleyachetty R, Thomas GN, Toulis KA, Mohammed N, Gokhale KM, Balachan-
dran K, et al. Metabolically healthy obese and incident cardiovascular disease
events among 3.5 million men and women. J Am Coll Cardiol 2017;70:1429–37.

[10] Kabat GC, Wu WY, Bea JW, Chen C, Qi L, Stefanick ML, et al. Metabolic pheno-
types of obesity: frequency, correlates and change over time in a cohort of
postmenopausal women. Int J Obes 2016;41:170–7.

[11] Hwang YC, Hayashi T, FujimotoWY, Kahn SE, Leonetti DL, McNeelyMJ, et al. Vis-
ceral abdominal fat accumulation predicts the conversion of metabolically
healthy obese subjects to an unhealthy phenotype. Int J Obes 2015;39:1365–70.

[12] Rey-Lopez JP, Rezende LF, Pastor-Valero M, Tess BH. The prevalence of meta-
bolically healthy obesity: a systematic review and critical evaluation of the
definitions used. Obes Rev 2014;15:781–90.

[13] Lin H, Zhang L, Zheng R, Zheng Y. The prevalence, metabolic risk and effects of
lifestyle intervention for metabolically healthy obesity: a systematic review
and meta-analysis � a PRISMA-compliant article. Medicine 2017;96:1–9.

[14] Pimentel AC, Scorsatto M, de Oliveira GMM, Rosa G, Luiz RR. Characterization
of metabolically healthy obese Brazilians and cardiovascular risk prediction.
Nutrition 2015;31:827–33.

[15] Mangge H, Zelzer S, Puerstner P, Schnedl WJ, Reeves G, Postolache TT, et al.
Uric acid best predicts metabolically unhealthy obesity with increased cardio-
vascular risk in youth and adults. Obesity 2013;21:71–7.

[16] Weghuber D, Zelzer S, Stelzer I, Paulmichl K, Kammerhofer D, Schnedl W, et al.
High risk vs. metabolically healthy phenotype in juvenile obesity�neck subcu-
taneous adipose tissue and serum uric acid are clinically relevant. Exp Clin
Endocrinol Diabetes 2013;121:384–90.

[17] Reinehr T, Wolters B, Knop C, Lass N, Holl RW. Strong effect of pubertal status
on metabolic health in obese children: a longitudinal study. J Clin Endocrinol
Metab 2015;100:301–8.

[18] Bervoets L, Massa G. Classification and clinical characterization of metaboli-
cally “healthy” obese children and adolescents. J Pediatr Endocrinol Metab
2016;29:553–60.

[19] Vukovic R, Milenkovic T, Mitrovic K, Todorovic S, Plavsic L, Vukovic A, et al.
Preserved insulin sensitivity predicts metabolically healthy obese phenotype
in children and adolescents. Eur J Pediatr 2015;174:1649–55.

[20] Elmaogullari S, Demirel F, Hatipoglu N. Risk factors that affect metabolic health
status in obese children. J Pediatr Endocrinol Metab 2017;30:49–55.

[21] Cadenas-Sanchez C, Ruiz JR, Labayen I, Huybrechts I, Manios Y, Gonz�alez-Gross
M, et al. Prevalence of metabolically healthy but overweight/obese phenotype
and its association with sedentary time, physical activity, and fitness. J Adolesc
Health 2017;61:107–14.

[22] Gonzalez-Gil EM, Cadenas-Sanchez C, Santab�arbara J, Bueno-Lozano G, Iglesia I,
Gonz�alez-Gross M, et al. Inflammation in metabolically healthy andmetabolically
abnormal adolescents: the HELENA study. Nutr Metab Cardiovasc Dis
2018;28:77–83.

[23] Aldhoon-Hainerov�a I, Hainer V, Zamrazilov�a H. Impact of dietary intake, life-
style and biochemical factors on metabolic health in obese adolescents. Nutr
Metab Cardiovasc Dis 2017;27:703–10.

[24] S�en�echal M, Wicklow B, Wittmeier K, Hay J, MacIntosh AC, Eskicioglu P, et al.
Cardiorespiratory fitness and adiposity in metabolically healthy overweight
and obese youth. Pediatrics 2013;132:E85–92.
[25] Camhi SM, Waring ME, Sisson SB, Hayman LL, Must A. Physical activity and
screen time in metabolically healthy obese phenotypes in adolescents and
adults. J Obes 2013;2013:1–10.

[26] Prince RL, Kuk JL, Ambler KA, Dhaliwal JB, Ball GDC. Predictors of metabolically
healthy obesity in children. Diabetes Care 2014;37:1462–8.

[27] Heinzle S, Ball GDC, Kuk JL. Variations in the prevalence and predictors of
prevalent metabolically healthy obesity in adolescents. Pediatr Obes
2016;11:425–33.

[28] Khokhar A, Chin V, Perez-Colon S, Farook T, Bansal S, Kochummen E, et al. Dif-
ferences between metabolically healthy vs unhealthy obese children and ado-
lescents. J Natl Med Assoc 2017;109:203–10.

[29] Li L, Yin J, Cheng H, Wang Y, Gao S, Li M, et al. Identification of genetic and
environmental factors predicting metabolically healthy obesity in chil-
dren: data from the BCAMS study. J Pediatr Endocrinol Metab
2016;101:1816–25.

[30] Ding W, Cheng H, Chen F, Yan Y, Zhang M, Zhao X, et al. Adipokines are associ-
ated with hypertension in metabolically healthy obese (MHO) children and
adolescents: a prospective population-based cohort study. J EpidemioL
2018;28:19–26.

[31] Yoon Y, Lee YA, Lee J, Kim JH, Shin CH, Yang SW. Prevalence and clinical char-
acteristics of metabolically healthy obesity in Korean children and adoles-
cents: data from the Korea National Health and Nutrition Examination Survey.
J Korean Med Sci 2017;32:1840–7.

[32] Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for
thinness, overweight and obesity. Pediatr Obes 2012;7:284–94.

[33] Heyward V. ASEP methods recommendation: body composition assessment.
J Exerc Physiol Online 2001;4:1–12.

[34] Welk G, Meredith MD, eds. Fitnessgram and Activitygram test administration
manual�updated, 4th edition, Champaign, IL: Human Kinetics; 2010.

[35] Lohman TJ, Roache AF, Martorell R. Anthropometric standardization reference
manual. Champaign, IL: Human Kinetics; 1992.

[36] Fern�andez JR, Redden DT, Pietrobelli A, Allison DB. Waist circumference per-
centiles in nationally representative samples of African-American, European-
American, and Mexican-American children and adolescents. J Pediatr
2004;145:439–44.

[37] National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the diagno-
sis, evaluation, and treatment of high blood pressure in children and adoles-
cents. Pediatrics 2004;114:555–76.

[38] Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and b-cell function from
fasting plasma glucose and insulin concentrations in man. Diabetologia
1985;28:412–9.

[39] L�eger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run
test for aerobic fitness. J Sports Scis 1988;6:93–101.

[40] Zimett P, Alberti KGMM, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The
metabolic syndrome in children and adolescents—an IDF consensus report.
Pediatr Diabetes 2007;8:299–306.

[41] Keskin M, Kurtoglu S, Kendirci M, Atabek ME, Yazici C. Homeostasis model
assessment is more reliable than the fasting glucose/insulin ratio and quantita-
tive insulin sensitivity check index for assessing insulin resistance among
obese children and adolescents. Pediatrics 2005;115:E500–3.

[42] Mbanya VN, Echouffo-Tcheugui JB, Akhtar H, Mbanya J-C, Kengne AP. Obesity
phenotypes in urban and rural Cameroonians: a cross-sectional study. Diabe-
tol Metab Syndr 2015;7:1–8.

[43] Primeau V, Coderre L, Karelis AD, Brochu M, Lavoie M-E, Messier V, et al. Char-
acterizing the profile of obese patients who are metabolically healthy. Int J
Obes 2011;35:1–11.

[44] Harchaoui KE, Visser ME, Kastelein JJP, Stroes ES, Dallinga-Thie GM. Triglycer-
ides and cardiovascular risk. Curr Cardiol Rev 2009;5:216–22.

[45] Achilike I, Hazuda HP, Fowler SP, Aung K, Lorenzo C. Predicting the develop-
ment of the metabolically healthy obese phenotype. Int J Obes 2015;39:228.

[46] Lee JM. Insulin resistance in children and adolescents. Rev Endocr Metab Dis-
ord 2006;7:141–7.

[47] Alvehus M, Bur�en J, Sj€ostr€om M, Goedecke J, Olsson T. The human visceral fat
depot has a unique inflammatory profile. Obesity 2010;18:879–83.

[48] Silva DR, Werneck AO, Collings PJ, Ohara D, Fernandes RA, Barbosa DS, et al.
Cardiorespiratory fitness effect may be under-estimated in “fat but fit”
hypothesis studies. Ann Hum Biol 2017;44:237–42.

[49] Borrud L, Chiappa MM, Burt VL, Gahche J, Zipf G, Johnson CL, Dohrmann
SM. National Health and Nutrition Examination Survey: national youth fit-
ness survey plan, operations, and analysis, 2012. Vital Health Stat 2012;2
(163):1–24.

http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0001
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0002
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0003
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0004
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0005
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0006
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0007
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0008
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0009
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0010
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0011
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0012
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0013
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0014
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0015
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0016
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0017
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0018
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0019
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0020
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0021
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0022
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0023
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0024
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0025
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0026
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0027
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0028
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0029
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0030
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0031
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0032
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0033
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0034
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0035
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0036
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0037
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0038
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0039
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0040
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0041
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0042
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0043
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0044
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0045
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0046
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0047
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0048
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0049
http://refhub.elsevier.com/S0899-9007(18)30186-2/sbref0049

	Prevalence of metabolically healthy obese phenotype and associated factors in South American overweight adolescents: A cross-sectional study
	Introduction
	Materials and methods
	Study design
	Participants
	Anthropometric, body composition, and hemodynamic analysis
	Biochemical analysis
	Cardiorespiratory fitness assessment
	Classification of metabolic state
	Statistical analysis
	Ethics and trial registration

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


