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Abstract
Objective: To analyse the presence of cardiometabolic risk factors in adolescents
with normal-weight obesity (NWO), as well as to investigate health behaviours
related to the phenotype.
Design: The study was conducted according to the Preferred Reporting Items for
Systematic reviews andMeta-Analyses guidelines and the bibliographic searchwas
carried out in the PubMed, Scielo and ScienceDirect databases.
Setting: School, university and population.
Participants: Adolescents between 10 and 19 years old.
Results: A total of eight papers were included. Most studies have found a relation-
ship between NWO and the presence of cardiometabolic risk factors, such as high
waist circumference, unfavourable lipid and glycid profile. As for health behav-
iours, three of the eight studies included evaluated eating habits; however, the
results were not conclusive. In addition, four studies analysed the practice of physi-
cal activity or physical fitness, which was lower in NWO.
Conclusions: The available evidence indicates that NWO is related to the early
development of cardiometabolic changes, physical inactivity and less physical fit-
ness in adolescents. The results also reveal the importance of early detection of the
phenotype, as well as the need for further research on the associated factors to
prevent future diseases. Registration (PROSPERO: CRD42020161204).

Keywords
Normal-weight obese
Normal-weight obesity

Obesity
Teenager
Adolescent
Adiposity

Adolescence is a complex stage, inwhich the transition from
childhood to adulthood takes place, that promotes puberty-
related body changes, as well as social adaptations(1). The
most common indicator to assess the nutritional state of ado-
lescents is the BMI, obtained on dividing the weight by the
square of the height, and analysed according to sex and
age(2). However, the isolated use of BMI has its limitations,
as it cannot differ muscle, bone and fat mass(3–5). Thus, more
than a quarter of children and adolescents with a high per-
centage body fat may be misclassified as eutrophic when
only BMI is used(6).

Therefore, literature has investigated other obesity
phenotypes that affect individuals with normal weight,
such as ‘normal-weight obesity’ (NWO). The expression

was introduced byDe Lorenzo et al. (2006)(7) who adopted
it as a criterion for identifying individuals with normal
weight, yet with high percentage body fat. Studies carried
out in adults indicate positive associations between NWO
and cardiometabolic deregulation(8–10).

Thus, regardless of a normal BMI, NWO presents a low-
grade pro-inflammatory state, increased oxidative stress,
insulin resistance and dyslipidemia, which lead to an
increased risk of metabolic syndrome, CVD and death
related to the cardiovascular system, due to the accumula-
tion of body fat(7,11–18). Furthermore, modifiable behaviou-
ral factors, such as physical inactivity(19,20), smoking and
low fibre diet(19), have been associated with this
phenotype.
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In adolescents, NWOmay go unnoticed for years, due to
the young age and normal bodyweight(21). Hence, the iden-
tification of NWOmay uncover an unknown risk group, and
understandingwhich factors are related to this phenomenon
is key to assist in building effective prevention and interven-
tion strategies. To our knowledge, to date, no systematic
review has assessed NWO exclusively in adolescents and
the association of this phenotype with cardiometabolic risk
remains uncertain, aswell as the health behaviours practised
by this public. Thus, this systematic review aims to analyse
the presence of cardiometabolic risk factors in adolescents
with NWO, as well as to investigate the health behaviours
associated with the phenotype.

Methods

Data sources and research strategy
The Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA)(22) guidelines were followed for
this systematic review, which was registered in the
International prospective register of systematic reviews
(PROSPERO: CRD42020161204). The research was based
on the components of the PECO acronym, with the follow-
ing guiding question: “What evidence is available about the
relationship between NWO in adolescence and the pres-
ence of cardiometabolic risk factors? What are the health
behaviours related to the phenotype in adolescents? The
literature search was performed through the National
Library of Medicine (PubMed), Scientific Electronic
Library Online (Scielo) and the ScienceDirect.

The selection of studies was carried out between
December 2019 and September 2020, the last search being
carried out in September 2020. The references were stored
in the Zotero bibliographic software, version 5.0. The steps
were carried out in duplicate, without the use of filters,
using descriptors from Medical Subject Headings
(MeSH), Descritores em Ciências da Saúde (DecS) and
other search terms related to the theme, with the following
strategy: (adolescent OR adolescence OR teen OR teenager
OR youth OR children) AND (‘normal weight obesity’ OR
‘normal weight obese’). The complete search strategy is
available in the supplementary file.

Study selection
The steps of inclusion and exclusion of papers (Fig. 1)
beganwith the identification of the papers in the databases.
Then, duplicates were excluded. Afterwards, title and
abstract screening was performed by two independent
reviewers (B. C. C. and L. G. S.) in order to identify studies
that met the inclusion criteria. Finally, reading and assess-
ment of the full texts were also performed by the aforemen-
tioned reviewers, and divergences were solved through
discussions until an agreement was reached. These steps
were performed using the Rayyan QCRI software(23).

Definition of the normal-weight obese phenotype
Adolescents with adequate weight for height, but with
excess body fat, were called NWO. The specific criteria
for defining the phenotype, such as the BMI normal range
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n Records identified through database
searching (n 583)

PubMed (n 72); Scielo (n 272); Science Direct
(n 239)

Studies excluded as duplicate
(n 555)

Records screened after duplicates removed
(n 18)

Full-text articles assessed for
eligibility

(n 18)

Studies excluded
(n 537)

Number of full-text articles excluded
(n 10)

Review articles = 26
Population (age) = 6
Animal study = 4
It was not about the topic = 454
References, indexes and non-complete texts = 47

Language (Japanese) = 1
It was not about the topic = 1
Population (age) = 8

Studies included in
analysis

(n 8)

Fig. 1 Flow chart of the literature search and study selection procedures, according to PRISMA recommendation. PRISMA, The
Preferred Reporting Items for Systematic reviews and Meta-Analyses
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and adiposity considered excessive, were different, accord-
ing to the authors (Table 1).

Inclusion and exclusion criteria
The inclusion criteria were based on the selection of origi-
nal articles carried out with humans published in English,
Spanish or Portuguese that assessed the relationship of
NWO with the presence of cardiometabolic risk factors
or with health behaviours. Participants should be between
10 and 19 years old, that is, be considered a teenager,
according to the WHO definition(24). As many papers in
the literature are not performed only with the age group
of interest, the inclusion criteria were studies in which
the majority of participants were between 10 and 19 years
old, allowing a variation of þ/–1 year of age in sample (9–
20 years), as long as the mean/median age is between 10
and 19 years. There was no restriction on the date of pub-
lication of the articles. Revisions, book chapters, publica-
tions whose full texts were not available, studies with
animals, studies with adults and manuscripts that did not
meet the inclusion criteria mentioned above were
excluded.

Quality assessment
The included studies underwent an analysis, performed in
duplicate by independent reviewers (B. C. C. and N. N. L.),
using the Quality Assessment Tool for Observational
Cohort and Cross-sectional Studies, by National Heart,
Lung, and Blood Institute(25). Discrepancies were resolved
by consensus.

Data analysis and extraction
Information from each study regarding the author(s), year
of publication, study design, country, sample size and
according to sex, age, authors’ criteria for defining NWO,
method used to evaluate the variables, main objectives,
NWO prevalence and main results were extracted.

Results

Included studies
A total of 583 papers were identified following the search
through the databases. After removing duplicates, the title
and abstract of 555 papers were read. Of these, 537 were
excluded, of which 26 were reviews, 6 were not carried
out with NWO adolescents, 4 were related to animal study,
454 did not address the topic and 47 were references,
indexes or non-complete texts. Thus, 18 were selected
for complete reading. After reading the full text, 10 were
excluded for not meeting the inclusion criteria, of which
1 was not in an English, Portuguese or Spanish version, 1
did not address the NWO theme and 8 were not conducted
with NWO adolescents (Fig. 1) (Supplementary file).

The overall characteristics of the included studies
The overall characteristics of the studies that investigated
factors related to NWO are displayed in Table 1. It was
found that the articles by Wiklund et al. (2017)(26) and
Cheng and Wiklund (2018)(27) come from the same popu-
lation, that is, from the same study. Thus, for counting the
sample size, prevalence of the phenotype, criteria adopted
to define NWO, study design and place of performance,
they were considered only once, as a study, in order to
avoid duplication.

Among the selected studies, three were conducted in
Europe(20,26–28), three in South America(29–31) and one in
Asia(32). Most articles had a cross-sectional design, except
one that was longitudinal(26,27). The year of publication
of the studies varied from 2010(31) to 2020(29,30), revealing
that it is recent theme (Table 1).

The total sample size was 3265 individuals, mostly
females (56·3 %; n 1839). It is valid to consider that total
sample is made up of both underweight and overweight,
as well as normal-weight individuals. It is important to
emphasise that these four studies(26–29,31) were not per-
formed only with eutrophic individuals. From the entire
sample (n 3265), 1240 subjects were classified as NWO
(40·0 %). And, among those who had adequate weight (n
2864), 43·3 % (n 1240) hadNWO, that is, a relevant percent-
age of people classified as eutrophic according to the BMI
had NWO.

The most used method for assessing body fat was bio-
electrical impedance analysis(30–32), followed by dual-
energy X-ray absorptiometry(20,26,27). The cut-off points
adopted, both for BMI and for excess body fat, in the def-
inition of NWO, were very diverse (Table 1).

Cardiometabolic risk and normal-weight obesity
Most of the studies observed that NWO in adolescents is
related to the presence of cardiometabolic risk factors
(Table 2). In this context, in the study by Yaguchi-
Tanaka et al. (2013)(32), individuals with the NWO pheno-
type displayed higher values of BMI and weight, compared
to the eutrophic individuals without the phenotype.

In another study recently published in Brazil(29), it was
found that individuals with NWO displayed higher values
of BMI and waist circumference when compared to the
eutrophic individuals without the phenotype. Besides,
lower muscle mass (in kg) was observed in NWO individ-
uals. When analysing the biomarkers, researchers also
observed that NWO individuals had higher values of total
cholesterol, LDL, HDL and IL-6.

García-Hermoso et al. (2020)(30) recently published a
study in Colombia, comparing NWO individuals and eutro-
phic individuals without NWO, and reported that NWO
individuals displayed higher values of BMI, weight and
fat mass. Furthermore, through the ANCOVA, NWO was
associated with higher values of TAG for males, and, in
both sexes, to higher waist circumference and higher
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Table 1 Studies characteristics that investigated normal-weight obesity in adolescents

Study (author, location
and year)

Sample
size Desing

Age
range
(years)

Body fat
assessment
method Diagnostic criteria for NWO NWO prevalence Objective

Bragança et al., Brazil,
2020(29)

328M
and
205 F

CS 18–19 ADP BMI< 25·0 kg/m2 and %BF≥ 25·0 in males
and ≥ 30·0 in females

6·8% of the total sam-
ple (or 8·9% of
eutrophic individuals
by BMI)

To compare biomarkers in adolescentes classified
simultaneously by BMI and body fat percentage

García-Hermoso et al.,
Colombia, 2020(30)

902M
and
1017
F

CS 9–17 BIA BMI< 25·0 kg/m2 and %BF over the sex-
and age-specific 90·0th percentile for
Colombian children and adolescents
(boys> 23·4–28·3% and girls> 31·0–
34·1%)

46·0% (sample with
only eutrophic by
BMI)

Investigate if Colombian youth with NWO have a
poorer cardiometabolic profile and physical fit-
ness performance than their normal-weight peers
and to determine if physical fitness levels are
related to prevalence of NWO

Musálek et al., Czech
Republic, 2018(28)

100M
and
110 F

CS 9–12 Skinfolds* BMI 25·0–60·0th percentile, along with aver-
age values from three skinfolds> 85·0th
of Czech national reference

† Investigate the difference in skeletal robustness
and lean-fat ratio on the extremities as indicators
of health development that are important for:
muscular competence, physical fitness and bone
health

Cheng and Wiklund,
Finland, 2018(27)

236 F L 9–18 DXA Relative weight between –10·0% and
þ20·0%‡ and %BF≥ 30·0

39·0% of the total sam-
ple (or 51·4% of
eutrophic individuals
by BMI)

To study whether NWO in childhood and adoles-
cence is associated with increased cardiometa-
bolic risk in early adulthoodWiklund et al., Finland,

2017(26)

Olafsdottir, Torfadottir
and Arngrimsson,
Iceland, 2016(20)

96M
and
86 F

CS 17–18 DXA BMI 18·5–24·9 kg/m2 and %BF above
17·6% in males and above 31·6% in
females

42·0% (sample with
only eutrophic by
BMI)

To explore health behaviours and metabolic risk
factors in NWO adolescents

Yaguchi-Tanaka et al.,
Japan, 2013(32)

72 F CS 18§ BIA BMI 18·5–24·9 kg/m2 and %BF≥ 30·0 55·6% (sample with
only eutrophic by
BMI)

Examine the relationship between NWO and dietary
habits

Serrano et al., Brazil,
2010(31)

113 F CS 14–18 BIA BMI> 10·0 to < 85·0th percentile and %
BF≥ 28·0

33·6% of the total sam-
ple (or 48·7% of
those eutrophic by
BMI)

Assess body composition, anthropometric, bio-
chemical and clinical changes

NWO, normal-weight obesity; M, male; F, female; CS, cross-sectional study; ADP, air displacement plethysmography; %BF, body fat percentage; BIA, bioelectrical impedance analysis; L, longitudinal study; DXA, dual-energy X-ray
absorptiometry.
*Values of the three skinfolds (over triceps, subscapular and suprailliac) were compared with anthropometric references for Czech children.
†Research with a sample of balanced groups, it is not possible to define actual prevalence of NWO.
‡Growth charts of each participant were obtained from the Finnish School Health Care System. To be able to compare growth at certain time points, the weight per cent (%) and height z-score were extrapolated from growth charts using a form
that was created by the Finnish Paediatric Research Association and accepted by the Finnish National Health Administration (Form No. 7466:92). On the basis of their growth chart data, participants were classified into underweight (relative
weight to height from growth chart under –10%), normal weight (relative weight between –10 andþ 20%) and overweightþ obesity (relative weight greater thanþ 20%).
§Age group not informed, but average age of participants was 18 years.
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Table 2 Main results of the included studies

Author and year Statistical analysis and adjustment Main conclusions (NWO in relation to eutrophic individuals without NWO)

Bragança et al.,
2020(29)

Chi-square NWO were more sedentary (66·7% v. 32·5%; P = 0·006).
ANOVA NWO with higher values of waist circumference (cm) (82·8 [SD 6·0] v. 78·5 [SD 6·2];

P< 0·05), total cholesterol (mg/dl) (172·5 [SD 29·9] v. 149·6 [SD 26·5]; P< 0·05), LDL
(mg/dl) (103·5 [SD 26·8] v. 84·9 [SD 22·9]; P< 0·05) and HDL (49·7 [SD 11·7] v. 46·9
[SD 10·9]; P< 0·05). In addition to lower muscle mass in kg (34·2 [SD 5·3] v. 43·0 [SD
9·3]; P< 0·05).

Kruskal–Wallis NWO with higher BMI values (kg/m2) (22·6 [IQ 21·2–23·5] v. 20·0 [IQ 18·6–2·0];
P< 0·05) and IL 6 (pg/ml) (2·4 [IQ 1·3–3·5] v. 1·5 [IQ 1·0–2·7]; P< 0·05).

García-Hermoso
et al., 2020(30)

Mann–Whitney NWO with higher mean BMI (kg/m2) (19·67 [SD 1·91] v. 17·86 [SD 1·85]; P< 0·001),
height (m) (1·55 [SD 1·12] v. 1·50 [SD 0·12]; P< 0·001), weight (kg) (47·79 [SD 9·66]
v. 41·09 [SD 9·32]; P< 0·001), fat mass (kg) (9·89 [SD 3·56] v. 7·24 [SD 3·09];
P< 0·001) and age (13·86 [SD 2·21] v. 12·82 [SD 2·11]; P< 0·001). In addition, less
adherence to the Mediterranean diet assessed by the average score using the
KIDMED questionnaire (3·4 [SD 1·6] v. 4·0 [SD 1·7]; P< 0·001).

ANCOVA stratified by sex and adjusted for age, BMI, pubertal stage and
Mediterranean diet adherence

NWO was related to boys (65·85 [SD 6·13] v. 61·78 [SD 5·12]; P = 0·042) and girls
(63·94 [SD 5·89] v. 59·12 [SD 5·07]; P< 0·001) with greater waist circumference. In
addition, boys (–0·15 [SD 2·31] v. –0·97 [SD 2·10]; P = 0·019) and girls (–0·12 [SD
2·38] v. –1·08 [SD 2·31]; P = 0·044) with the highest mean cardiometabolic risk
score*. Boys also had a higher mean TAG value (85·32 [SD 38·13] v. 76·72 [SD
30·8]; P = 0·017).

Logistic regression model† stratified by sex and adjusted for age, pubertal stage
and Mediterranean diet adherence

For both sexes, the prevalence of NWO was lower in young people classified as hav-
ing healthy levels of cardiorespiratory fitness (boys: OR = 0·54, 95% CI 0·37, 0·78;
girls: OR = 0·35, 95% CI 0·24, 0·50) (P< 0·001).

Musálek et al.,
2018(28)

One-way ANOVA with Bonferroni corrections (post hoc comparisons were used
using a Fisher’s Partial Least Significant Difference) or Kruskal–Wallis non-
parametric ANOVA with Z-value test after Kruskal–Wallis Multiple-
Comparison Z-Value Test (Dunn’s Test)

Analysis of skeletal robustness indicated that NWO had a significantly lower index of
z-score in the lower extremity for males (–0·85 ± 0·61 v. 0·07 ± 1·0; P< 0·001) and
females (–0·43 ± 0·98 v. 0·08 ± 0·88 ; P< 0·01). In addition, the NWO boys had twice
poorer robustness of the lower limbs z-score (–0·85) than NWO girls z-score (–0·43)
(P< 0·001; Hays’ ω 2 = 0·81). The evaluation of the muscle area showed that the
NWO had significantly smaller muscle area in the upper arm (in z-score) for males
(–1·15 ± 0·71 v. 0·47 ± 0·88; P< 0·001) and females (–0·95 ± 0·64 v. 0·64 ± 0·51;
P< 0·001), in addition to a smaller calf muscle area for males (–1·34 ± 0·45 v.
0·89 ± 0·54; P< 0·001) and females (–0·85 ± 0·58 v. 0·86 ± 0·55; P< 0·001).

Cheng and Wiklund,
2018(27)

A hierarchical (multilevel) non-linear model with random effects adjusted for
whole body fat mass or android abdominal fat mass

The cardiometabolic risk, measured by a score‡, is significantly higher in NWO when
compared to eutrophic patients without NWO before menarche and this difference
persisted in early adulthood (P< 0·01).

Wiklund et al.,
2017(26)

ANOVA with the least significant difference post hoc test NWO with higher cardiometabolic risk, measured by a score§, already in childhood
and the difference that persisted in early adulthood (P< 0·001)
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Table 2 Continued

Author and year Statistical analysis and adjustment Main conclusions (NWO in relation to eutrophic individuals without NWO)

Olafsdottir,
Torfadottir and
Arngrimsson,
2016(20)

Student;s t test (adjusted for sex) when variables had a normal distribution or by
the Mann–Whitney nonparametric test otherwise. Statistical differences in cat-
egorical variables were calculated using the chi-square test.

NWO participants with greater waist circumference (cm) (male: 80·3 ± 5·4 v. 76·0 ± 3·5
[P< 0·001]; female: 77·5 ± 5·1 v. 71·7 ± 4·7 [P< 0·001]), BMI (kg/m2) (male: 22·2 ± 1·8
v. 21·2 ± 1·5 [P = 0·001]; female: 22·5 ± 1·8 v. 21·0 ± 1·5 [P< 0·001]) and weight (kg)
(male: 73·7 ± 9·1 v. 70·5 ± 7·7 [P = 0·046]; female: 64·3 ± 5·7 v. 59·9 ± 5·2; P = 0·001]).
In addition, a higher serum insulin value (μU/ml) among female participants (8·8 ± 3·7
v. 6·9 ± 3·1; P = 0·023). NWO women also had more insulin resistance (HOMA)
(1·6 ± 0·6 v. 1·2 ± 0·6; P = 0·020). In addition, male (50·9 ± 5·7 v. 55·8 ± 5·5; P< 0·001)
and female (37·8 ± 4·3 v. 43·2 ± 4·9; P< 0·001) participants had lower aerobic fitness
measured in the laboratory (VO2ml/kg/min), in addition to being more sedentary
(28% v. 15·2%; P = 0·014) by analysing a questionnaire on physical activity. As for
eating habits, NWO have a lower frequency of breakfast (56·0% v. 73·3%;
P = 0·015) and vegetables (37·0% v. 57·1%; P = 0·008).

Logistic regression models adjusted for sex NWO was positively associated with a 2·2-fold increased risk of having one or more
risk factors for metabolic syndrome|| (OR = 2·2; 95% CI: 1·2, 3·9).

Yaguchi-Tanaka
et al., 2013(32)

Student’s t test Individuals with the NWO phenotype with higher BMI (22·3 ± 1·3 v. 20·2 ± 1·0; P< 0·01)
and heavier (55·8 ± 5·0 v. 50·1 ± 3·8; P< 0·01).

Student’s t test using energy-adjusted density model (amount of
nutrients or food consumed in grams/1000 kcal)

Lower intake of saturated fat (6·5 ± 1·6 v. 7·4 ± 1·8; P< 0·05) and sugar and confection-
ery products (31·9 ± 19 v. 47·3 ± 22·3; P< 0·01) by NWO individuals.

Logistic regression model adjusted for food variables¶ NWO spend less time to eat their meals, and the NWO chance in individuals who eat
their meals in an average time (“medium”) is eight times the chance of those who
consume ‘very slow/relatively slow’ (OR = 8·16; 95% CI: 1·83, 36·44). In addition,
the chance of NWO in individuals who eat meals ‘very fast/relatively fast’ is 11 times
the chance of those who eat ‘very slow/relatively slow’ (OR = 11·48; 95% CI: 2·55,
51·72).

Serrano et al.,
2010(31)

Student’s t test, Mann–Whitney or chi-square test NWO showed, with greater frequency, elevated HOMA (15·78% v. 2·5%; P< 0·05)
and elevated TAG (18·42% v. 10%; P< 0·05). In addition, higher insulin values
(μm/ml) (11·64 [6·82] v. 8·36 [4·18]; P< 0·05), HOMA (μm/ml) (2·43 [1·8] v.1·63
[0·85]; P< 0·05), leptin (ng/ml) (12·45 [5·55] v. 12·10 [22·86]; P< 0·05), systolic blood
pressure (mmHg) (104·15 [7·87] v. 99·65 [7·78]; P< 0·05) and diastolic (70·63 [7·20 ]
v. 66·57 [6·39]; P< 0·05).

NWO, normal weight obesity; KIMED, Mediterranean Diet Quality Index in Children and Adolescents; HOMA, homoeostasis model assessment.
*A cardiometabolic risk score was created from the sumof the z-scores values of systolic blood pressure, serumTAG, waist circumference, HDL-C (multiplied by –1), and fasting glucose z-score. A higher cardiometabolic risk z-score is indicative
of an unhealthier risk profile.
†Logistic regressionmodel was employed to determine the odds of being classified asNWOaccording to cardiorespiratory fitness categories using unhealthy cardiorespiratory fitness as a reference. Evaluated the cardiorespiratory fitness by the
20-m shuttle run test (20mSRT) which was grouped into two categories: healthy and unhealthy.
‡Cardiometabolic risk score (MetS score) was calculated separately for each time point by standardising and then summing the following continuously distributed metabolic traits to create a z-score: mean arterial pressure ([(2 × diastolic blood
pressure) þ systolic blood pressure]/3); HOMA-IR; serum HDL cholesterol × –1; and fasting serum TAG z-score. A higher score indicates a worse cardiometabolic profile.
§The risk scorewas calculated by standardising and then summing the following continuously distributedmetabolic traits to create a z-score:mean arterial pressure ([(2 × diastolic blood pressure)þsystolic blood pressure]/3); abdominal fatmass;
fasting plasma glucose; serum HDL cholesterol × –1; and fasting serum TAG z-score. A higher score indicates a less favourable cardiometabolic risk profile.
||Metabolic syndrome defined according to the Joint Interim Statement (JIS) of the IDF Task Force on Epidemiology and Prevention, National Heart, Lung and Blood Institute, American Heart Association, World Heart Federation, International
Atherosclerosis Society and International Association for the Study of Obesity.
¶Adjustment for rate of eating, eating breakfast every day, eating afternoon snack every day, eating snack after dinner more than once per week, use of dietary supplements, intentional change of dietary habits, experience of dieting, diet control
under direction of physician or dietician, exercise habit. Note: a rate of eating was assessed using a questionnaire in which participants were allowed tomark their meals ‘very slowly’, ‘relatively slowly’, ‘medium’, ‘relatively fast’ and ‘very fast’. For
statistical analysis, there was a combination of ‘very slow’ and ‘relatively slow’ into a single category. The same was done for ‘very fast’ and ‘relatively fast’. Thus, there were three categories for assessing the rate of ingestion, with ‘very slow/
relatively slow’ being a reference for calculating the OR.
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average cardiometabolic risk score. The cardiometabolic
risk score was proposed using the sum of the values of
the z-scores of the systolic blood pressure, serum TAG,
waist circumference, HDL (multiplied by –1) and the
z-score of fasting blood glucose, calculated separately
according to sex and to each age group (on a yearly basis),
whereas a higher z-score of cardiometabolic risk indicates a
non-healthy profile.

In a similar fashion, a study conducted in Iceland(20)

showed that NWO participants of both sexes displayed
higher waist circumference, BMI and weight compared
to eutrophic individuals without the phenotype. In addi-
tion, with respect to females, higher values were found
for serum insulin and insulin resistance evaluated through
the insulin resistance index (homoeostasis model assess-
ment; HOMA). The authors also reported that NWO indi-
viduals displayed 2·2 times more likely to manifest one
or more metabolic syndrome risk factors (OR = 2·2; CI
95 %: 1·2, 3·9) compared to eutrophic individuals.

In a longitudinal study carried out in Finland, Wiklund
et al. (2017)(26) and Cheng and Wiklund (2018)(27)

observed that cardiometabolic risk was significantly higher
in NWO individuals at the beginning of the study, with
younger participants, and that this difference persisted until
the early adulthood (P< 0·01). To assess cardiometabolic
risk, Wiklund et al. (2017)(26) proposed a risk score, which
was calculated by standardising and subsequently adding
up the following metabolic traits continually distributed
to generate a z-score: average blood pressure ([2 × diastolic
blood pressure) þ systolic blood pressure]/3); abdominal
fat; fasting plasma glucose; HDL × –1; and z-score of fasting
serum TAG. By their part, Cheng and Wiklund (2018)(27)

calculated the score as follows: average blood pressure
([2 × diastolic blood pressure) þ systolic blood pressure]/
3); homoeostasis model assessment of insulin resistance
(HOMA-IR); HDL × –1; and z-score of fasting serum
TAG. In both cases, higher scores implied poorer cardio-
metabolic profiles.

In the study by Serrano et al. (2010)(31), elevated HOMA
and TAG were more frequent in NWO than in eutrophic
individuals without excess body fat. Besides, higher values
of insulin, HOMA, leptin, and systolic and diastolic blood
pressure were found among adolescents with NWO, com-
pared to the eutrophic group without NWO.

Furthermore, Serrano et al. (2010)(31) found that the
NWO group displayed similar behaviour compared to
overweight group, with respect to blood pressure, HDL
fraction and blood glucose. This finding led authors to con-
clude that excess adiposity in eutrophic adolescents
(NWO) may be related to biochemical and clinical changes
similar to those found in overweight adolescents.

Health behaviours and normal-weight obesity
With respect to health behaviours, a recently published
study(30) assessed the adherence to the Mediterranean diet,

characterised by the rich consumption of plant foods, olive
oil, fresh, unprocessed products and fish(33). The assessment
was carried out through the Mediterranean Diet Quality
Index in Children and Adolescents (KIDMED) questionnaire,
which is highly (α = 0·79) consistent to determine this adher-
ence. KIDMED includes 16 questions based on the assess-
ment of food habits, according to the principles that sustain
and weaken the food patterns of this diet. The sum of all
the values of the administered questionnaire was categorised
into two levels: (1) 0–7, low/moderate adherence and (2)
8–12, good adherence. By resorting to this instrument,
García-Hermoso et al. (2020)(30) showed a low adherence
to the Mediterranean diet among the NWO individuals, in
comparison to eutrophic individuals without NWO.

Furthermore, García-Hermoso et al. (2020)(30) assessed
the cardiorespiratory fitness through 20-m running test, in
which the peak oxygen consumption was estimated
through the equation proposed by Barnett et al.
(1993)(34) that enables the classification of cardiometabolic
risk into ‘healthy’ and ‘non-healthy’ in Colombian children
and adolescents, according to sex and age. In both sexes,
the authors observed that the NWO prevalence was lower
in young individuals with healthy levels of cardiorespira-
tory fitness (boys: OR = 0·54, CI 95 % = 0·37, 0·78; girls:
OR = 0·35, CI95 % = 0·24, 0·50) (P < 0·001).

Likewise, another study(20) identified that NWO individ-
uals of both sexes displayed lower aerobic fitness measured
in laboratory (maximum oxygen uptake was assessed
through open-circuit spirometry with a treadmill exercise
test protocol), also being more sedentary, according to a
questionnaire about lifestyle and health behaviours that
included physical activity. Besides, the assessment of food
habits through a 24-h recall and a FFQ showed that NWO
individuals displayed lower frequency of breakfast and veg-
etables intake than eutrophic individuals without NWO.

Bragança et al. (2020)(29), through the 24-h Physical
Activity Recall, which was developed based on an adapta-
tion of the Self-Administered Physical Activity Checklist(35),
measured the physical activity level, obtained by the calcu-
lation of the weekly number of metabolic equivalents of
task. The metabolic equivalents of task for each activity
were obtained in the Compendium of Physical
Activities(36). To categorise the physical activity levels,
the following cut-off values of the International Physical
Activity Questionnaires in metabolic equivalents of task/
week were applied: sedentary (0), low (1 to < 600), mod-
erate (600 to < 3000) and high (≥ 3000)(37), whereas the
authors found that NWO individuals were more sedentary
than eutrophic individuals (66·7 % v. 32·5 %; P = 0·006).

Musálek et al. (2018)(28) investigated the skeletal robust-
ness and muscle areas on the upper arm and calf as indica-
tors of muscle strength, physical fitness and bone age,
taking into account that the higher levels of physical activity
positively affects leanmass and bone development. To per-
form the skeletal breadth measurements, measures of
humeral and femoral epicondyle were taken using a
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T520 thoracometer. After obtaining these measures, the
researchers calculated the skeletal robustness indices
according to the formula proposed by Frisancho
(1990)(38), from humerus and femur breadth epicondyles.
Musálek et al. (2018)(28) concluded that NWO individuals
displayed significantly lower skeletal robustness in the
lower extremities, according to the Frame index (z-score)
from the femur. Furthermore, NWO individuals displayed
lower z-scores for the muscle areas on the upper arm
and calf.

In the study by Yaguchi-Tanaka et al. (2013)(32) that
investigated food habits, NWO individuals displayed lower
intake of saturated fat, sugar and bakery products, assessed
through the brief self-administered diet history question-
naire. Yaguchi-Tanaka et al. (2013)(32) also assessed the
speed of ingestion of foods through a questionnaire to
which participants should point out whether they eat their
meals ‘very slowly’, ‘relatively slowly’, ‘moderate’, ‘rela-
tively quickly’ and ‘very quickly’. For statistical analysis,
the ‘very slowly’ and ‘relatively slowly’ classifications were
combined into a single category. The same was done for
the ‘very quickly’ and ‘relatively quickly’ classifications.
The authors observed that the likelihood of NWO in indi-
vidualswho eat their meals in amoderate time is eight times
greater than in those who eat very slowly or relatively
slowly (OR = 8·16; CI 95 %: 1·83, 36·44). Also, the likelihood
of NWO in individuals who eat their meals very quickly or
relatively quickly is 11 times greater than in those who eat
very slowly or relatively slowly (OR = 11·48; CI 95 %:
2·55, 51·72).

Risk of bias
All the selected studies underwent duplicate evaluation
using a critical appraisal tool from the National Heart,
Lung, and Blood Institute (2014)(25). The main limitations,
according to what was assessed in the Checklist items,
include the fact that the exposure was not assessed prior
to outcome measurement and there was not sufficient time
frame to see an effect, in six studies. However, this can be
justified by the cross-sectional design of most studies
included in this review. Four studies were not clear with
respect to the criteria for identification and definition of
confounding factors. One study did not provide enough
details on the sample and resorted to a self-referred mea-
sure for assessment of a variable but did not establish objec-
tive criteria (Table 3). Despite these limitations, the papers
selected allowed to raise important questions regarding
NWO and also showed good quality.

Discussion

NWOhas been regarded as an important risk factor formet-
abolic dysregulation and CVD, especially in adults(39). This
is, to our knowledge, the first systematic review that

addresses the presence of cardiometabolic risk factors in
NWO adolescents, as well as the health behaviours related
to the phenotype. The available evidence has shown that,
although NWO adolescents are within the normal range of
BMI or have an appropriate weight, they have higher val-
ues of anthropometric measurements, such as weight, BMI
and waist circumference. Furthermore, they have more
changes in the biochemical markers of cardiometabolic
risk, such as insulin resistance and hypertriglyceridemia,
besides being more sedentary and having less physical fit-
ness, than eutrophic individuals without NWO.

The prevalence of the NWO phenotype is not uncom-
mon, ranging from 5 % to 45 %, due to ethnic differences
in populations, the use of different cut-off points for excess
body fat and the lack of consensus on the diagnostic crite-
ria(20,40,41). In the present study, the prevalence of NWO in
adolescents also varied between studies, from 6·8 % to
55·6 %, with high values, revealing the importance of
adopting measures to prevent and control this phenotype.
Anthropometric markers of cardiometabolic risk, such as
weight andwaist circumference, are associatedwith insulin
resistance, type 2 diabetes mellitus, CVD and premature
death(42–44). In addition, biochemical markers, such as
plasma cholesterol and TAG levels, directly correlate with
the chance of CVD(45,46).

In this sense, considering the young age group in ques-
tion, the identification of cadiometabolic risk factors in
NWO adolescents in this study is worrisome because, in
addition to influencing the occurrence of metabolic syn-
drome and CVD in the future, these changes tend to persist
into adulthood(47–53).

As for health behaviours, some factors, such as physical
activity and eating habits, are fundamental for health pro-
motion and quality of life(54,55). Thus, sedentary lifestyle
and inappropriate eating habits contribute to the accumu-
lation of adipose tissue and are also related to chronic
degenerative diseases(56–58).

In this review, it was evidenced that NWO are more sed-
entary and have less physical fitness. Sedentary behaviour
is related to body fat accumulation(59,60), metabolic syn-
drome(61) and diabetes(62), thus influencing the onset of
NWO. In contrast, regular physical activity generates
numerous health benefits, such as cardiovascular strength-
ening and integrity, increased insulin sensitivity and addi-
tional energetic expenditure(63). Besides these positive
physiological effects, participation in physical activity can
improve physical self-perceptions and enhance self-
esteem in young people(64).

Although conclusive results on NWO eating habits have
not been reached in this review, since studies have evalu-
ated different parameters and by different methods, it is
valid to consider that the quality of the diet is an important
factor for health promotion(65). Therefore, the appropriate
consumption of fibres may be associated to a decrease
in glucose levels, blood pressure, serum lipids(66) and
inflammatory markers, thus contributing to reducing
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Table 3 Quality assessment of observational cohort and cross-sectional studies

National Heart Lung and Blood Institute Checklist

Bragança
et al.,
2020(29)

García-
Hermoso
et al.,
2020(30)

Musálek
et al.,
2018(28)

Olafsdottir, Torfadottir
and Arngrimsson,

2016(20)

Yaguchi-
Tanaka et al.,

2013(32)

Serrano
et al.,
2010(31)

Cheng and
Wiklund,
2018(27)

Wiklund
et al.,
2017(26)

Was the research question or objective in this paper clearly stated? Yes Yes Yes Yes Yes Yes Yes Yes
Was the study population clearly specified and defined? Yes Yes Yes Yes No Yes Yes Yes
Was the participation rate of eligible persons at least 50%? Yes Yes Yes Yes Yes Yes Yes Yes
Were all the subjects selected or recruited from the same or similar
populations? Were inclusion and exclusion criteria for being in the study
prespecified and applied uniformly to all participants?

Yes Yes Yes Yes NR Yes Yes Yes

Was a sample size justification, power description, or variance and effect
estimates provided?

Yes Yes Yes Yes Yes Yes Yes Yes

For the analyses in this paper, were the exposure(s) of interest measured
prior to the outcome(s) being measured?

No No No No No No Yes Yes

Was the time frame sufficient so that one could reasonably expect to see
an association between exposure and outcome if it existed?

No No No No No No Yes Yes

For exposures that can vary in amount or level, did the study examine dif-
ferent levels of the exposure as related to the outcome?

NA Yes Yes NA NA NA NA NA

Were the exposure measures (independent variables) clearly defined,
valid, reliable, and implemented consistently across all study partici-
pants?

Yes Yes Yes Yes No Yes Yes Yes

Was the exposure(s) assessed more than once over time? NA NA NA NA NA NA Yes Yes
Were the outcome measures (dependent variables) clearly defined, valid,
reliable, and implemented consistently across all study participants?

Yes Yes Yes Yes Yes Yes Yes Yes

Were the outcome assessors blinded to the exposure status of partici-
pants?

CD CD CD CD CD CD CD CD

Was loss to follow-up after baseline 20% or less? NA NA NA NA NA NA Yes Yes
Were key potential confounding variables measured and adjusted sta-
tistically for their impact on the relationship between exposure(s) and
outcome(s)?

No Yes No Yes Yes No Yes No

NR, not reported; NA, not applicable; CD, cannot determine.
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noncommunicable chronic diseases(67). García-Hermoso
et al. (2020)(30) observed that NWO adolescents have less
adherence to the Mediterranean diet, which is character-
ised by high consumption of plant foods(33) and, in the
study by Olafsdottir, Torfadottir and Arngrimsson
(2016)(20), NWO presented less frequency of consumption
of vegetables.

Regarding the risk of bias in individuals studies, it was
observed that six studies did not evaluate the exposure
prior to outcomemeasurement and there was not sufficient
time frame to see an effect; four studies were not clear with
respect to the criteria for identification and definition of
confounding factors; one study did not provide enough
details on the sample and resorted to a self-referred
measure for the assessment of a variable. Despite these
limitations, the papers selected allowed to raise
important questions regarding NWO and also showed
good quality.

Some limitations need to be taken into consideration in
the present review. Different procedures for the assess-
ment of body composition were used. In addition, there
was no standardisation regarding the NWO definition crite-
ria, with different cut-off points considered to be adequate
for BMI and body fat. The papers were restricted to those
published in Portuguese, English or Spanish, and there was
a heterogeneity of the data, which ruled out the possibility
of conducting a meta-analysis. Most papers, except one,
were transversal, which makes an inference about the
causal relation between the factors and NWO infeasible.
More studies are necessary to clarify these associations
and potential mechanisms involved with NWO.

The strengths of this review included its systematic
approach based on the PRISMA(22) guidelines, peer-
reviewed studies and evaluation of risk of bias in articles
by the National Heart, Lung, and Blood Institute(25). The
studies exhibit good quality and all had comparison
groups – the healthy eutrophics – for data analysis.
Furthermore, the studies were conducted with different
populations, in seven countries across three continents,
emphasising the consistency of the findings. Besides, it is
worth to highlight that the present study provides the liter-
ature with innovative knowledge and stresses the need for
further epidemiological studies.

Conclusions

In conclusion, the available evidences suggest that NWO
may be identified, with high prevalence, in adolescents.
Furthermore, the phenotype is related to the early develop-
ment of cardiometabolic risk factors, sedentary lifestyle and
lower physical fitness. Further investigations are still
needed to better clarify these relations and support the
implementation of prevention and control measures
regarding the phenotype.
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