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Summary
We conducted a scoping review to identify definitions of metabolically healthy obe-
sity (MHO), describe gaps in the literature, and establish a universal definition of
MHO in children. We searched electronic databases from January 1980 to June
2017 and grey literature. Experimental, quasi-experimental, or observational stud-
ies were eligible for inclusion if they (i) included a definition of MHO that identified
risk factors, cut-off values, and the number of criteria used to define MHO, and (ii)
classified 2–18 year olds as overweight or obese. Two reviewers independently
screened 1,711 papers for relevance and quality; we extracted data from 39 individ-
ual reports that met inclusion criteria. Most (31/39; 79%) definitions of MHO in-
cluded an absence of cardiometabolic risk factors. Heterogeneity across MHO
definitions, obesity criteria, and sample sizes/characteristics resulted in variable
prevalence estimates (3–80%). Finally, we convened an international panel of 46
experts to complete a 4-round Delphi process to generate a consensus-based defini-
tion of MHO. Based on consensus (≥ 80% agreement), our definition of MHO
included: high density lipoprotein-cholesterol > 40 mg/dl (or > 1.03 mmol/l),
triglycerides ≤ 150 mg/dl (or ≤ 1.7 mmol/l), systolic and diastolic blood pressure
≤ 90th percentile, and a measure of glycemia. This definition of MHO holds poten-
tial universal value to enable comparisons between studies and inform clinical
decision-making for children with obesity.

Keywords: Delphi study, metabolic phenotype, obese, paediatrics.

Abbreviations: AIP, atherogenic index of plasma; ALT, alanine aminotransferase;
BMI, body mass index; BP, blood pressure; CDC, Centers for Disease Control and
Prevention; CINAHL, Cumulative Index to Nursing and Allied Health Literature;
CRP, C-reactive protein; DBP, diastolic blood pressure; Embase, Excerpta Medica
dataBASE; ERIC, Educational Resources Information Center; F, female; FG, fasting
glucose; HbA1c, haemoglobin A1c; HDI, Human Development Index; HDL-C,
high density lipoprotein-cholesterol; HOMA-IR, homeostatic model assessment-
insulin resistance; IGT, impaired glucose tolerance; IOTF, International Obesity
Task Force; IQR, inter-quartile range; IR, insulin resistance; IS, insulin sensitivity;
LDL-C, low density lipoprotein-cholesterol; M, male; MEDLINE, Medical
Literature Analysis and Retrieval System Online; MHO, metabolically healthy
obesity; MUO, metabolically unhealthy obesity; N, number; NOS, Newcastle
Ottawa Scale; NR, not reported; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; QUICKI, quantitative insulin sensitivity check index;
SBP, systolic blood pressure; TC, total cholesterol; TGs, triglycerides; WC, waist
circumference; WHO, World Health Organization; WHtR, waist-to-height ratio.
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Introduction

Obesity is a complex, chronic condition that is character-
ized by multiple causes and adverse health conse-
quences (1,3). However, it is well known that not all
individuals with the same degree of obesity possess equiva-
lent health risks. One particular obesity subtype of interest,
which has been called metabolically healthy obesity
(MHO), is distinct in that individuals meet the clinical
definition of obesity, but do not exhibit traditional
cardiometabolic risk factors as a result of their high levels
of fatness (1–4). Individuals with MHO possess favourable
cardiometabolic profiles that are typically characterized by
normal blood pressure, serum lipids, insulin and glucose,
liver enzymes, and hormonal profiles (1).

The distinction between MHO and metabolically
unhealthy obesity (MUO) has potential utility in offering
targeted treatment approaches for both groups (1,3). For
instance, individuals with MHO may benefit from lower
intensity, preventive measures to help them maintain their
status and prevent cardiometabolic risk factors from
developing; on the other hand, individuals with MUO may
require more intensive therapeutic strategies to improve or
avoid worsening health outcomes (4). From a weight
management perspective, it is plausible that individuals with
MHO could maintain their status if they remained weight
stable or lost a modest amount of weight while their peers
with MUO may require more substantial lifestyle and
behavioural changes and weight loss (4). By differentiating
those individuals with obesity who are at relatively low
and high health risk, clinicians can avoid one-size-fits-all,
traditional treatment approaches in managing obesity (4,5).

The MHO phenotype has been described since the 1980s
(6), but no universal definition and standardized criteria
have been established, which is true for both adults (1)
and children (1,3). A recent systematic review of the defini-
tions and prevalence estimates of MHO in adults reported
heterogeneity in many aspects of MHO (e.g., definitions,
criteria), leading the authors to echo previous calls for a
common definition (7). To our knowledge, there are no
published reviews of MHO in children.

To date, the evidence to inform a standard definition of
MHO remains lacking. For instance, Ortega et al. (8)
proposed a definition for MHO for both adults and adoles-
cents (12 to 19 years old), suggesting that MHO should be
defined based on whether individuals present with 0 or 1
of the risk factors that comprise the metabolic syndrome
(e.g., high triglycerides [TGs], low high density
lipoprotein-cholesterol [HDL-C], high glucose), excluding
waist circumference (WC). However, their recommended
definition did not include children (2 to 11 years old) (8).

While several papers have been published in recent years
related to MHO in adults (7–12) and children (2,4,13,14),
the knowledge base about the MHO phenotype is lacking

and with many more questions than answers. To date, there
is no complete and comprehensive synthesis of the
definitions, risk factors, and cut-off values that are
currently being applied in the MHO literature in children.
Moreover, several papers highlighted the lack of a
universal definition (2,4,9,13–19,35), and many papers
emphasized the need for a universal definition of MHO
in children (1–4,9). For these reasons, our purpose was to
conduct a scoping review to address two fundamental
questions: (i) What definitions have been used for MHO
in children? (ii) What research gaps exist regarding MHO
definition in children? Based on these findings, we then
consulted with an international panel of experts to gain
consensus on and establish a new, evidence-based
definition of MHO in children.

Methods

This scoping review followed the methodological frame-
work proposed by Arksey and O’Malley (20), enhanced
by Levac et al. (21), and Daudt et al. (22). Reporting of
the review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2009
statement checklist.

Search strategy

A comprehensive, systematic search was conducted by an
experienced research librarian to identify all published and
unpublished literature related to MHO in children from
January 1980 through June 2017. The initial search was
conducted from January 1980 to March 2015 in six
electronic databases, MEDLINE, Embase, PubMed,
CINAHL, Cochrane Reviews, ERIC, as well as Google
Scholar and grey literature (e.g., theses, dissertations,
conference proceedings). The detailed search strategy for
the MEDLINE database is presented in the Supporting
Information (Table S1). Conference proceedings were
searched from January 2013 to May 2015, including
proceedings from the International Congress on Obesity,
Canadian Obesity Summit, The Obesity Society, and
European Congress on Obesity. Reference lists of included
articles as well as relevant reviews were screened to ensure
all related papers were identified. To include the most
up-to-date literature on this topic, we conducted a search
update from April 2015 to June 2017 in MEDLINE and
Embase as most of the literature retrieved from the initial
search was derived from these databases. We used the
following key terms: health, healthy, benign, metabolic,
metabolically, obese, obesity, overweight, child, children,
adolescents, youth, school aged, toddler, and preschool.
The terms were tailored to each database and combined
(as appropriate) using the Boolean operands ‘AND’ and
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‘OR’. The search was restricted to human, children and
adolescents studies, as well as English language literature.

Study selection

Experimental, quasi-experimental, or observational studies
were included if they contained a definition of MHO that
included (i) risk factors (e.g., HDL-C), risk factors cut-offs
(e.g., HDL-C < 103 mmol/L), and the number of criteria
used to define MHO (e.g., 0 risk factors), and (ii) 2–18 years
old categorized as having either overweight or obesity,
regardless of how weight status was defined. We excluded
any reports that (i) did not disclose criteria used to
determine MHO status, (ii) included adults exclusively
(> 18 years old), or (iii) were classified as opinion papers,
commentaries, letters to the editors, editorials, or columns.

Screening for eligibility

Two reviewers (SD &MR) independently screened the titles
and abstracts of all retrieved articles from the initial search
strategy classifying each as ‘include’, ‘exclude’, or ‘uncer-
tain’ using the pre-determined inclusion and exclusion
criteria. The level of agreement in decisions at this screening
stage was “strong” (κ = 0.85). Any discrepancies in catego-
rization were discussed to reach consensus; when necessary
a third reviewer (GDCB) was consulted. All articles
categorized as ‘include’ and ‘uncertain’ were retrieved for
independent review (by SD & MR) of the full-text. A
decision on inclusion or exclusion was achieved through
consensus. In cases of disagreement, a third independent
reviewer (GDCB) was consulted. For the updated search,
one reviewer (SD) completed the screening of all retrieved
publications and the selection of included papers.

Data extraction

One reviewer (SD) extracted relevant data from included
studies and entered them into Microsoft Excel 2013.
Independently, another reviewer (JLSB) extracted data from
the studies included from the first search only, after which
the two data files were compared for accuracy and
completeness. Disagreement between the two reviewers
was resolved by discussion, and a third reviewer (GDCB)
was consulted if agreement could not be reached. For the
search update, one reviewer (SD) extracted relevant data
from included studies.

All data were extracted in their original form, which
included (i) study information (author name [s], title, year
of publication, journal, study design, publication type
(abstract or full-text), objective [s], settings, eligibility
criteria, sample size, main findings, limitations, strengths,
conclusion [s]), (ii) participant characteristics (e.g., age,
sex, ethnicity, pubertal stage, obesity criteria and their

cut-offs), (iii) MHO definitions (e.g., risk factors and their
cut-off values), and (iv) MHO prevalence estimates, which
were calculated if not available. When necessary, authors
were contacted to retrieve missing or ambiguous data.

Quality assessment

Assessing the methodological quality of the included studies
is not a step among the methodological framework pro-
posed by Arksey and O’Malley (20); however, we decided
to include this step based on the suggestion of Daudt et al.
(22), which we believe enhanced our methodological rigour
and transparency, although no articles were excluded from
the review on the basis of quality. The quality of studies re-
ported in abstracts was not assessed since insufficient data
were available; thus, all abstracts were classified as low
quality.
Two reviewers (SD & MR) independently appraised all

studies that met our inclusion criteria using the Newcastle-
Ottawa Scale (NOS) for observational studies (23). To as-
sess the quality of observational longitudinal studies and
quasi-experimental studies, the NOS was used to evaluate
risk of bias with seven questions in three domains: (i) selec-
tion (representativeness of the exposed cohort, selection of
the non-exposed cohort, and ascertainment of exposure),
(ii) comparability (confounding factors are controlled),
and (iii) outcome (assessment of outcome, was follow-up
long enough for outcomes to occur, and adequacy of follow
up of cohorts). A modified form of the NOS was used for
observational cross-sectional studies to evaluate three do-
mains with six questions: (i) selection (representativeness
of the sample, sample size, and ascertainment of the expo-
sure), (ii) comparability (confounding factors are con-
trolled), and (iii) outcome (assessment of outcome and
statistical tests).

Data summarization

Data were summarized quantitatively (e.g., frequencies, per-
centages, median, and inter-quartile range (IQR), where ap-
plicable), which included the total number of studies, study
designs, publication type, year of publication, settings, and
characteristics of study samples. Data were presented in
graphical and tabular form using Microsoft Excel 2013.
Based on suggestions from Levac et al. (21), we used quali-
tative content analysis to group studies according to their
MHO definitions. Specifically, studies were organized
into the following groups: group one (0 risk factors for
MHO), group two (≤ 1 risk factor), group three (≤ 2 risk
factors), group four (≤ 3 risk factors), and group five
(other). To categorize countries within which MHO
research was conducted, we used the 2015 Human
Development Index (HDI) (24), which “… is a summary
measure of average achievement in key dimensions of
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human development: a long and healthy life, being
knowledgeable and have a decent standard of living. The
HDI is the geometric mean of normalized indices for each
of the three dimensions.” Countries were categorized based
on low (< 0.550), medium (0.550–0.699), high (0.700–
0.799), or very high (> 0.800) HDI scores, which were de-
rived using nation-level data regarding longevity, education,
and income.

Consultation process

Arksey and O’Malley (20) suggested that the results of
scoping reviews can be made more useful if key
practitioners and consumers contribute to the work. In
accordance, we undertook a consultation process following
our synthesis of primary study data in order to establish a
new, evidence-based definition of MHO in children.
The Delphi technique is a well-established, survey-based,
step-wise approach that can be used to gain consensus from
a panel of experts (25,26).

We identified potential participants from a wide range
of professions and with specialized knowledge in paediat-
rics, obesity, cardiometabolic risk, and/or MHO. These

participants were identified, in part, from the data collected
through the review. We applied snowball sampling so that
individuals we contacted, regardless of whether they agreed
or declined our invitation to participate, were asked to
recommend colleagues with relevant expertise who may be
interested in participating (25). All participants gave
consent before participating. The Health Research Ethics
Board at the University of Alberta approved the
consultation process.

In the consultation process, we applied the Delphi tech-
nique to conduct four rounds of an online survey, which
was held between December 2016 and July 2017. Survey
data were collected and managed using REDCap (27), an
electronic data capture tool hosted and supported by the
Women and Children’s Health Research Institute at the
University of Alberta. The survey used in each round
included items related to (i) personal information (e.g., age,
sex, country of residence, profession), (ii) perspectives on
obesity and health (e.g., obesity is a disease), and (iii) defin-
ing MHO in children (e.g., HDL-C should be included in
defining MHO). We used a 6-point Likert-type scale for
responses in the 1st round and (agree or disagree) in rounds
2–4, plus comment boxes for each question or statement.

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart outlining the literature screening process.
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Table 1 Summary of the 39 studies included in the review

Study characteristics Participant characteristics

First author, publication year,
country

Design Setting Sample
size (N)

Age
range
(years)

MHO mean
age (year)

MHO gender
(N)

Ethnicity

Aldhoon-Hainerová, 2017,
Czech Republic (40)

Observational Clinical 702 13–18 15.3 M = 133, F = 206 Caucasian

Aldhoon-Hainerová, 2017,
Czech Republic (33)

Observational Clinical 710 13–17 15.8 definitionA

14.9 definitionB

M definitionA = 27,
F definitionA = 33;
M definitionB = 131,
F definitionB = 211

Caucasian

Asghari, 2016, Iran (55) Observational Community 2159 10–18 NR NR NR
Barreira, 2013, USA (44) Observational NR 83 5–18 NR M + F = 52 White, Black, Others
Bervoets, 2016,
Belgium (15)

Observational Clinical 156 10–18 13.4 definition1

13.6 definition2

13.9 definition3

M definition1 = 12,
F definition1 = 17;
M definition2 = 14,
F definition2 = 16;
M definition3 = 4,
F definition3 = 6

Flemish, non-Flemish

Cadenas-Sanchez, 2017,
Europe, (46)

Observational Community 237 12–17 14.7 M = 93, F = 97 NR

Camhi, 2015, USA (56) Observational Community 133 12–18 15.4 M + F = 88 Caucasian, Black,
Hispanic, Others

Camhi, 2013, USA (9) Observational Community 225 12–18 14.6 M = 67, F = 96 Caucasian, Black,
Hispanic, Others

Chaychenko, 2016,
Ukraine (45)

Observational NR 231 10–17 14.1 M + F = 145 Caucasian

Chaychenko, 2015,
Ukraine (35)

Observational NR 45 10–17 NR NR NR

Chun, 2015,
South Korea (57)

Observational Community 283 8–12 10.9 M = 92, F = 58 NR

Dalla Valle, 2015,
Finland (18)

Observational Clinical 900 2–18 NR M + F = 360 Finnish

de Sousa, 2011,
Germany (47)

Observational Clinical 61 12–17 15.3 F = 19 NR

Ding, 2015, China (14) Observational Community 1,183 6–14 9.1 definition1

8.8 definition2

M + F definition1 = 172;
M + F definition2 = 10

NR

Elmaogullari, 2016,
Turkey (37)

Observational Clinical 1,085 6–18 10.9 M = 163, F = 280 NR

Fu, 2007, China (31) Quasi-
experimental*

Clinical 348 7–16 11.2 M = 38, F = 23 NR

Fu, 2017, China (41) Observational Community 1,212 6–18 NR NR NR
Heinzle, 2015, USA (32) Observational Community 632 12–19 15.1 definitionA

15 definitionB

M definitionB = 21,
F definitionB = 27;
M definitionB = 142,
F definitionB = 214

NR

Henderson, 2016,
Canada (48)

Observational Community 630 8–12 NR M + F = 58 Caucasian

Kelishadi, 2010,
Iran (30)

Quasi-
experimental*

Clinical 360 12–16 NR M + F = 120 NR

Khan, 2015, USA (17) Observational Clinical 362 7–12 8.6 M = 85, F = 72 Hispanic, Non-
Hispanic Black, Other

Khokhar, 2017, USA (49) Observational Clinical 189 4–19 11.6 M = 30, F = 41 Black, Caribbean
Kim, 2016, USA (42) Observational Clinical 70 10–20 16 F = 19 Black, White, Biracial
Koborova, 2014,
Slovakia (39)

Observational Community 1,502 15–20 NR M = 27, F = 30 Caucasian

Kovacs, 2013, Belgium (50) Observational Community 9,343 2–10 NR NR NR
Li, 2012, USA (16) Observational Community 1,098 4–17 13.8 M + F = 46 White, Black
Li, 2014, China (51) Observational Community 2,254 6–18 NR NR NR
Li, 2016, China (34) Observational Community 1,213 6–18 10.8 definition1

10.2 definition2

M + F definition1 = 329;
M + F definition2 = 451

NR

(Continues)
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Each survey round took participants 10–20 min to complete
and was available online for up to four weeks. Within each
round, non-responders received a reminder email every seven
days to enhance participation. All questions were answered
anonymously so that no individual responses could unduly
influence the responses from other participants (26,28).

At the end of each round, responses to the survey items
regarding the risk factors and cut-off values that should be
used to define MHO were summarized descriptively using
percentages and frequencies. The summary of responses
was shared with participants in each subsequent round to
inform responses and encourage consensus (25,26). When
consensus was achieved among participants for items
(defined as having ≥ 80% agreement (26)), responses were
no longer sought. The surveying ended after the 4th round,
regardless of whether consensus was achieved on all items.
The anonymized results of the consensus process were
shared with all individuals we invited, regardless of whether
they participated.

Results

Literature search and selection

Our initial search yielded 1,308 publications, which was
supplemented by 403 additional citations from the updated
search. After full-text review, 39 studies met inclusion
criteria and were included in the review (Fig. 1). Results

from 29 studies were published in manuscripts and 10 in
abstracts (Table 1).

Description of included studies

Characteristics of the included studies are presented in
Table 1. These studies were published between 2007 and
2017 (median: 2015); the majority (n = 34; 87%) were
published since 2013. Included studies were conducted in
a number of countries (n = 24) across Asia, Australia,
Europe, and North America, all of which were classified
as either high (n = 5) or very high (n = 19) on the HDI.
Study designs varied between cross-sectional studies
(n = 33; 85%), longitudinal cohort studies (n = 4; 10%),
and quasi-experimental studies (n = 2; 5%). Eighteen stud-
ies (46%) were conducted in community settings while 16
(41%) were conducted in clinical care settings; 5 studies
(13%) did not report where the study was conducted.
Sample sizes varied between studies (45 to 9,343 partici-
pants; median = 348 participants). Most studies reported
a mix of children and adolescent participants, representa-
tion of male and female, and a range of ethnic/cultural
backgrounds.

Study quality

Details on the quality of studies are provided in the
Supporting Information (Table S2 & S3). Of the full-text,

Table 1 (Continued)

Study characteristics Participant characteristics

First author, publication year,
country

Design Setting Sample
size (N)

Age
range
(years)

MHO mean
age (year)

MHO gender
(N)

Ethnicity

Mangge, 2013, Austria (52) Observational Clinical 355 8–18 11.7 M = 18, F = 30 NR
Pacifico, 2009, Italy (38) Observational Clinical 210 NR 8.7 M = 22, F = 12 NR
Prince, 2014, Canada (4) Observational Clinical 181 8–17 12.1 M + F definition1 = 39;

M + F definition2 = 57;
M + F definition3 = 21

Caucasian, Others

Reinehr, 2015, Germany (13) Observational Clinical 2,017 NR 11.3 M = 443, F = 559 Caucasian
Samouda, 2016,
Luxembourg (43)

Observational NR 181 7–17 NR NR NR

Selvakumar, 2017, USA (53) Observational Community 516 12–18 NR NR NR
Sénéchal, 2013,
Canada (54)

Observational Community 108 13–18 15.4 M = 10, F = 17 White, First Nations,
Others

Vukovic, 2015, Serbia (19) Observational Clinical 244 4–18 10.5 M + F = 53 Caucasian
Vukovic, 2013, Serbia (2) Observational NR 248 5–18 13.3 M = 25, F = 37 Caucasian
Weghuber, 2013, Austria (58) Observational Community 355 4–18 11.7 M = 18, F = 30 NR
Zamrazilova, 2016, Czech
Republic (36)

Observational Community 313 13–17 16.1 M = 53 NR

N, Number; M, Male; F, Female; NR, Not reported.
(A) and (B) If the study has two definitions based on the presence or absence of risk factors.
(1); (2); and (3) If the study has more than one definition: (1) Definition based on risk factors; (2) Definition based on insulin measure; (3) Definition based on
combination of risk factors and insulin.
*Quasi-experimental study designs include non-randomized and pre-post intervention studies.
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Table 2 Definitions, risk factors, and prevalence of metabolically healthy obesity (MHO) across studies

Publications that included Risk factors Prevalence (%)

0 Risk factors
Aldhoon-Hainerová 2017 (40) IR 48.3
Aldhoon-Hainerová 2017 (33) (A) WC, TGs, HDL-C, FG, and BP (SBP and/or DBP) 8.5
Barreira 2013 (44) TGs, HDL-C, FG, and BP 52
Bervoets 2013 (15) (1) TGs, HDL-C, FG, and (SBP or DBP) (1) 18.6

(2) IR (2) 19.2
(3) Combination of (1) & (2) (3) 6.4

Cadenas-Sanchez 2017 (46) (A) TGs, HDL-C, FG, and (SBP or DBP) 35
Chaychenko 2015 (35) WC, TGs, HDL-C, FG, and BP NR
Dalla Valle 2015 (18) TGs, HDL-C, TC, LDL-C, FG, IGT, HbA1c, insulin,

ALT, and (SBP or DBP)
3

de Sousa 2011 (47) TGs, HDL-C, IGT, and BP 31.1
Ding 2015 (14) (1) WC, TGs, HDL-C, FG, and BP (SBP and/or DBP) (1) 36.7

(2) IR (2) 3.9
Elmaogullari 2015 (37) TGs, HDL-C, LDL-C, TC, IR, BP, and hepatosteatosis 40.8
Fu 2007 (31) Central obesity, TGs, HDL-C, IGT, and (SBP or DBP) 17.5
Fu 2017 (41) IR NR
Heinzle 2015 (32) (A) TGs, HDL-C, FG, IR (SBP or SBP), and CRP 7.6
Henderson 2016 (48) TGs, HDL-C, and FG 39.2
Kelishadi 2010 (30) TGs, HDL-C, FG, and (SBP or DBP) 33.3
Khan 2015 (17) IR 43.5
Khokhar 2017 (49) TGs, HDL-C, FG, HbA1c, and BP 37.6
Kim 2016 (42) IS 27
Kovacs 2014 (50) TGs, HDL-C, and FG 5.4
Li 2016 (34) (1) TGs, HDL-C, FG, BP (SBP and/or DBP) (1) 27.1

(2) IR (2) 37.2
Li 2014 (51) WC, TGs, HDL-C, FG, and BP 34.7
Mangge 2013 (52) WC, TGs, HDL-C, FG, and (SBP or DBP) 30.7
Pacifico 2009 (38) TGs, HDL-C, FG, IR, and (SBP or DBP) 16.2
Prince 2014 (4) (1) TGs, HDL-C, FG, and (SBP or DBP) (1) 31.5

(2) IR (2) 21.5
(3) Combination of (1) & (2) (3) 11.6

Reinehr 2015 (13) TGs, HDL-C, FG, and (SBP or DBP) 49.3
Samouda 2016 (43) (A) IR NR
Selvakumar 2017 (53) TGs, HDL-C, FG, and BP NR
Sénéchal 2013 (54) TGs (blood and hepatic), HDL-C, FG, and BP

(SBP and DBP)
25

Vukovic 2013 (2) Insulin (IR and IS) 25
Weghuber 2013 (58) WC, TGs, HDL-C, FG, and (SBP or DBP) 16
Zamrazilova 2016 (36) TGs, HDL-C, FG, and BP (SBP and/or DBP) 78.3

≤1 Risk factors
Aldhoon-Hainerová 2017 (33) (B) With the absence of TGs, HDL-C, FG, BP

(SBP and/or DBP), and regardless of WC
48.2

Asghari 2016 (55) WC, TGs, HDL-C, FG, and BP (SBP and/or DBP) 8.2
Cadenas-Sanchez 2017 (46) (B) TGs, HDL-C, FG, and (SBP or DBP) 80
Camhi 2013 (9) TGs, HDL-C, FG, and BP 68
Chun 2015 (57) WC, TGs, HDL-C, FG, and BP (SBP and DBP) 53
Heinzle 2015 (32) (B) Pre-clinical TGs, HDL-C, FG, and (SBP or SBP),

and no clinically diagnosable levels
of hypertriglyceremia or lipid medication, type 2
Diabetes Mellitus or diabetes medication,
hypoalphalipoproteinemia, and hypertension or
hypertension medication

56.3

Koborova 2014 (39) With the absence of AIP (TGs/HDL-C), low QUICKI,
BP, and the presence of central obesity

3.8

Samouda 2016 (43) (B) TGs, HDL-C, FG, and BP NR
Vukovic 2015 (19) With the absence of TGs, HDL-C, FG (SBP and DBP)

and the presence of WC
21.7

(Continues)
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cross-sectional studies, two received a score of three stars
and two received a score of four stars; the rest of the studies
(n = 20) scored five or more stars out of a possible total of
seven. All of the longitudinal studies (n = 3) scored eight
out of eight stars while all quasi-experimental (n = 2) studies
scored seven out of eight stars.

Obesity criteria

Of the studies that reported a numeric or quantitative mea-
sure to determine weight status, 33 used body mass index
(BMI); however, the references used for classifying children
according to weight status varied. For instance, the Centers
for Disease Control and Prevention (CDC), International
Obesity Task Force (IOTF), and World Health Organiza-
tion (WHO) criteria were used most often. One study used
WC and one used waist-to-height ratio (WHtR); four stud-
ies did not include information about how weight status
was assessed.

MHO definitions and criteria

Collectively, the following labels were used to describe
MHO in children: insulin sensitive obese (2), simple obe-
sity (31), phenotypically obese metabolically normal (38),
and metabolically healthy obesity (54). Across studies,
MHO was defined based on a combination of cardiometa-
bolic risk factors (30 studies), insulin resistance exclusively
(10 studies), or both (7 studies) (Table 2). Overall, the
criteria used to define MHO included a variety of cardio-
metabolic risk factors related to lipid and glucose metabo-
lism, blood pressure, and body fat distribution (Table 3).
The cut-offs used to differentiate variables according to
healthy and unhealthy levels also varied study-to-study
(Table 3).

In general, five MHO definition groups were identified
across studies (Table 2): Group 1 (n = 31; 79%) included
zero risk factors, Group 2 (n = 9; 23%) included no more
than one risk factor, Group 3 (n = 1; 3%) included no more
than two risk factors, Group 4 (n = 1; 3%) included no
more than three risk factors, and Group 5 (n = 1; 3%)
applied a definition based on quartile distributions of
data within their sample. Some studies reported more than
one definition of MHO (4,15,32–34). The heterogeneity
that existed across a number of domains for defining
MHO contributed to MHO prevalence estimates that
ranged from 3% to 80% (median = 31; IQR = 29) across
the studies (Fig. 2).

Consultation process

Of 84 individuals we invited to participate in the
consultation process, 46 individuals (55%) agreed to
participate, and (73%) of the participants were authors of
MHO-related papers. The number of participants varied
between survey rounds since some individuals completed
some, but not all, of the rounds. Overall, the participants
represented diversity in sex, country, profession, and
experience (Table 4).

Through the consultation process (Table 5), consensus
was achieved for some items regarding perspectives on obe-
sity and health (e.g., Paediatric obesity is complex and can
be associated with a number of cardiometabolic risk factors
[100% agreement]), but not all (e.g., Paediatric obesity is a
disease [79% agreement]). Regarding the definition of
MHO, consensus was achieved in a number of areas, in-
cluding (i) the need to establish a universal definition of
MHO for children (91% agreement), (ii) the need to de-
velop one definition of MHO rather than multiple defini-
tions that consider age, sex, and puberty (100%
agreement), (iii) the use of MHO and MUO to characterize

Table 2 (Continued)

Publications that included Risk factors Prevalence (%)

≤ 2 Risk factors
Camhi 2015 (56) TGs, HDL-C, FG, and (SBP or DBP) or on medication (s) 72

≤ 3 Risk factors
Chaychenko 2016 (45) WC, TGs, HDL-C, FG, and BP 69

Other
Li 2012 (16)* TGs, HDL-C, LDL-C, FG, and BP 4.2

(A) and (B) If the study has two definitions based on the presence or absence of risk factors.
(1); (2); and (3) If the study has more than one definition: (1) Definition based on risk factors; (2) Definition based on insulin measure; (3) Definition based on
combination of risk factors and insulin.
*(BMI in the top quartile, while LDL-C, TGs, mean arterial pressure, and glucose were in the bottom 3 quartiles, and HDL-C was in the top 3 quartiles).
IR, insulin resistance; WC, waist circumference; TGs, triglycerides; HDL-C, high density lipoprotein-cholesterol; FG, fasting glucose; BP, blood pressure;
SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; IGT, impaired glucose tolerance; HbA1c, haemoglobin A1c; ALT,
alanine aminotransferase; LDL-C, low density lipoprotein-cholesterol; CRP, C-reactive protein; AIP, atherogenic index of plasma; IS, insulin sensitivity;
QUICKI, quantitative insulin sensitivity check index.
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Table 3 Risk factors, cut-offs, and frequencies across studies

Risk factors Cut-offs Cut-off frequency (N)

Lipids
High density lipoprotein- cholesterol (HDL-C) HDL-C > 40 mg/dl = HDL-C > 1.03 mmol/l 7

HDL-C ≥ 40 mg/dl = HDL-C ≥ 1.03 mmol/l 20
HDL-C > 50 mg/dl = HDL-C > 1.29 mmol/l 3
HDL-C ≥ 50 mg/dl = HDL-C ≥ 1.29 mmol/l 2
HDL-C ≥ 39 mg/dl = HDL-C ≥ 1.02 mmol/l 2
HDL-C > 38–40 mg/dl = HDL-C > 1.01–1.03 mmol/l 1
HDL-C ≥ 45 mg/dl = HDL-C > 1.17 mmol/l 2
HDL-C > 48–49 mg/dl = HDL-C ≥ 1.25–1.28 mmol/l 1
HDL-C > 5th percentile 1
HDL-C ≥ 5

th
percentile 2

HDL-C in the top 3 quartiles 1
Triglycerides (TGs) TGs < 110 mg/dl = TGs < 1.24 mmol/l TGs

≤ 110 mg/dl = TGs ≤ 1.24 mmol/l
3
7

TGs < 150 mg/dl = TGs < 1.7 mmol/l 14
TGs ≤ 150 mg/dl = TGs ≤ 1.7 mmol/l 6
TGs < 74 mg/dl = TGs < 0.84 mmol/l (<10 years old) 1
TGs < 90 mg/dl = TGs < 1.02 mmol/l 1
TGs ≤ 131–146 mg/dl = TGs ≤ 1.48–1.65 mmol/l 1
TGs ≤ 136–143 mg/dl = TGs ≤ 1.53–1.61 mmol/l 1
TGs < 95th percentile 1
TGs ≤ 95th percentile 1
TGs < 97th percentile 1
TGs in the bottom 3 quartiles 1

Total cholesterol (TC) TC < 200 mg/dl 1
TC < 4.40 mmol/l 1

Low density lipoprotein-cholesterol (LDL-C) LDL-C < 130 mg/dl 1
LDL-C < 2.84 mmol/l 1
LDL-C in the bottom 3 quartiles 1

Glycemia
FG < 100 mg/dl = FG < 5.6 mmol/l 19
FG ≤ 100 mg/dl = FG ≤ 5.6 mmol/l 8
FG ≥ 110 mg/dl = FG ≥ 6.1 mmol/l 1
FG in the bottom 3 quartiles 1
IGT ≤ 140 mg/dl = IGT ≤ 7.8 mmol/l 2
IGT 7.8–11.0 mmol/l 1
HbA1c ≤ 5.6% 1
HbA1c < 5.8% 1

Insulin
Insulin resistance (IR) Fasting insulin 1

Pre-pubertal < 415 mU/L, pubertal < 430 mU/L,
post-pubertal < 420 mU/L
HOMA-IR ≤ 2.3 1
HOMA-IR < 2.6 1
HOMA-IR ≤ 2.75 1
HOMA-IR ≤ 3.0 2
HOMA-IR < 3.16 6
HOMA-IR ≤ 95th percentile 1
Insulin within 2 Standard Deviations 1

Insulin sensitivity (IS) IS index ≥ 3.71 1
IS > 2.6 1
QUICKI < 25

th
percentile 1

Blood pressure
Mean arterial pressure in the bottom 3 quartiles 1

Systolic blood pressure (SBP) SBP/DBP < 90
th
percentile 7

Diastolic blood pressure (DBP) SBP/DBP ≤ 90th percentile 6
SBP/DBP < 95th percentile 2
SBP/DBP ≤ 95th percentile 3
SBP < 130 mmHg 11

(Continues)
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individuals (87% agreement), (iv) to categorize only those
children who present with zero cardiometabolic risk factors
as MHO (92% agreement), and (v) to determine weight sta-
tus based on the BMI-for-age from the WHO classification
criteria (85% agreement) (29).

Regarding the operational definition of MHO, consen-
sus was achieved on including the following cardiometa-
bolic risk factors in the definition: HDL-C > 40 mg/dl
(or > 1.03 mmol/l) (91% agreement), TGs ≤ 150 mg/dl
(or ≤ 1.7 mmol/l) (91% agreement), as well as systolic
blood pressure (SBP) ≤ 90th percentile (91% agreement)
and diastolic blood pressure (DBP) ≤ 90th percentile
(91% agreement) (Fig. 3). We achieved 91% agreement
on including a measure of glycemia in the definition, but
not on fasting glucose (FG ≤ 100 mg/dl or ≤ 5.6 mmol/l)
(79% agreement). Further, we did not achieve consensus
(79% agreement) on including insulin in the definition.
All items from rounds one to four that reached consensus

either for inclusion or exclusion, and items that did not
reach consensus for either inclusion or exclusion, are
displayed in Table 5.

Discussion

To the best of our knowledge, this was the first review to
synthesize the literature in the field of metabolically
healthy obesity in children, revealing several key findings.
There were five MHO definition groups that were used
in the studies included in the present review with variabil-
ity in the number of risk factors included in MHO defini-
tions. Half of the included studies (50%) underscored the
lack of a universal definition (2,4,9,13–19,35), and
highlighted the need for a universal definition of MHO
in children. In response to these reports, we included a
Delphi process with an international panel of experts to
gain consensus on and establish a new, evidence-based

Table 3 (Continued)

Risk factors Cut-offs Cut-off frequency (N)

SBP ≤ 130 mmHg 3
SBP ≤ 123–129 mmHg 1
SBP ≤ 125–128 mmHg 1
DBP < 85 mmHg 11
DBP ≤ 85 mmHg 3
DPB ≤ 78–84 mmHg 1
DPB ≤ 82–85 mmHg 1

Anthropometry
Waist circumference (WC) WC > 90th percentile 1

WC ≥ 90th percentile 5

N, number; HDL-C, high density lipoprotein-cholesterol; TGs, triglycerides; TC, total cholesterol; FG, fasting glucose; LDL-C, low density lipoprotein-
cholesterol; FG, fasting glucose; IGT, impaired glucose tolerance; IR, insulin resistance; HbA1c, haemoglobin A1c; HOMA-IR, homeostatic model assess-
ment-insulin resistance; IS, insulin sensitivity; QUICKI, quantitative insulin sensitivity check index; DBP, diastolic blood pressure; SBP, systolic blood
pressure; WC, waist circumference.

Figure 2 Prevalence estimates of metabolically healthy obesity across studies. (A) and (B) If the study has two definitions based on the presence or ab-
sence of risk factors. (1); (2); and (3) If the study has more than one definition: (1) Definition based on risk factors; (2) Definition based on insulin measure;
(3) Definition based on combination of risk factors and insulin.
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definition of MHO. Experts agreed on applying the WHO
BMI-for-age to assess weight status, using MHO and
MUO as the terms to describe children at relatively low
and high cardiometabolic health risk, and including
HDL-C, TGs, and blood pressure (SBP and DBP) to define
MHO status. The scoping review and the Delphi process
allowed us to identify the gaps in MHO definitions as well
as future research needs.

Consistent with a previous review of MHO in adults
(7), we documented a wide range of the MHO prevalence
estimates across studies, which can be explained by several
reasons. First, there is no fixed set of risk factors to define
MHO in children. For instance, some studies used a com-
bination of cardiometabolic risk factors plus a measure of
insulin (4,15,18,32,37–39), while others used either insulin
alone (2,4,14,15,17,34,40–43) or cardiometabolic risk
factors alone (4,9,13–16,19,30–36,43–58). Although there
were several combinations of risk factors, most of the
criteria used to define MHO were based on definitions
that have been applied to define the metabolic syndrome
(59). Another issue that added to the heterogeneity is the

number of risk factors a child with MHO could have.
For instance, Camhi et al. (56) classified children as
having MHO if they had two or less risk factors; thus,
they could have low HDL-C and high TGs. Additionally,
there are no universal cut-offs for the risk factors, and
some studies used different cut-offs according to age or
sex (54).
A second gap was the differences in weight status assess-

ment. Many studies used the most common used BMI
criteria (e.g., CDC, WHO, or IOTF), while others used
country-specific BMI growth charts (e.g., Italian growth
charts or German growth charts). In agreement with our
findings, Rey-Lopez et al. (7) found that the wide range of
MHO prevalence estimates in adults could be due to the ap-
plication of different criteria to define obesity.
Last, the diversity in the demographic characteristics

(e.g., age, sex) of different study samples added to the
variability in the prevalence estimates of MHO in children.
Several studies found that MHO was more common
in younger (4,13,17,19,33,34,37,49) and pre-pubertal
(2,13,19,33,34,49) individuals in relation to their older
and pubertal peers. These differences may be explained
by the physiological and body composition changes chil-
dren undergo during puberty, which includes an increase
in insulin resistance (2,49). Reinehr et al. reported that
when children matured from pre- to mid-puberty, insulin
resistance increased and MUO became more common;
over time, as children progressed from mid- to post-
puberty, insulin resistance decreased and MUO became less
common (13). Also, MHO status was found to be more
prevalent in females than in males (9,19,32,33,37,40,46),
and the reasons for this variance are not well understood.
Differences in hormone levels, lifestyle behaviours, and/or
body fat distribution could all play roles in the
discrepancies in the MHO prevalence between males and
females (40,60).
The studies included in this review were conducted in

many countries with different ethnic backgrounds. It
should be noted that few studies (9,15,42,56) examined
the relationship of the metabolic status to ethnicity. Some
of these studies found that ethnicity did not independently
predict MHO status. For instance, Camhi et al. (9) found
no significant differences between metabolic status and
ethnicity in adults or adolescents (9). Also, Bervoets and
Massa (15) did not find differences due to ethnicity be-
tween MHO and MUO groups. On the other hand, Kim
et al. (42) found that metabolic status may differ accord-
ing to ethnicity. Likewise, in a review of MHO in adults,
Rey-Lopez et al. (2014) reported that many studies
that included data from more than one ethnic group did
not examine explicitly whether MHO differed across
ethnicities (7).
It has been suggested that MHO is a transit condition

(61), with little evidence (to date) showing that most

Table 4 Characteristics of 46 participants in the consultation process to
define MHO.

Characteristics Round 1
(n = 34)

Round 2
(n = 36)
N (%)

Round 3
(n = 39)
N (%)

Round 4
(n = 38)
N (%)

New participants – 7 (19) 2 (5) 1 (3)
Sex

Male 18 (53) 16 (44) 15 (38) 15 (39)
Female 16 (47) 20 (56) 24 (62) 23 (61)

Age (range in years) 28–69 28–69 32–70 28–72
Country

Australia 0 2 (6) 1 (3) 2 (5)
Canada 12 (35) 13 (36) 12 (31) 12 (32)
China 2 (6) 2 (6) 2 (5) 2 (5)
European Union* 9 (26) 9 (25) 10 (26) 9 (24)
Iran 1 (3) 2 (6) 3 (3) 2 (5)
Serbia 1 (3) 1 (3) 1 (3) 1 (3)
Turkey 1 (3) 1 (3) 1 (3) 1 (3)
Ukraine 1 (3) 1 (3) 1 (3) 1 (3)
USA 7 (21) 5 (14) 8 (21) 8 (21)

Education level
MD 16 (38) 18 (50) 21 (54) 15 (39)
PhD 20 (59) 15 (42) 17 (44) 19 (57)
Master 1 (3) 1 (3) 1 (3) 1 (3)
Bachelor 1 (3) 0 2 (5) 2 (5)
Other 1 (3) 4 (11) 1 (3) 3 (8)

Profession
Professor 22 (65) 20 (56) 22 (57) 18 (47)
Researcher 15 (47) 16 (44) 17 (44) 15 (39)
Clinician 11 (32) 15 (42) 15 (38) 14 (37)
Student/Trainee 0 1 (3) 2 (5) 2 (5)
Other 0 2 (6) 2 (5) 0

Years of professional
experience

3–39 3–39 10–40 3–50

*Austria, Belgium, Czech Republic, Finland, Germany, Italy, Slovakia,
Spain.
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children with MHO maintain this status over their life-
times. The Bogalusa Heart Study examined the stability
of MHO status in 1,098 individuals who participated in
the study as both children and adults, with an average
follow-up of 24 years (16). They found that only 13%
(n = 6) of those with MHO as children maintained their
status into adulthood (16), a proportion that was likely

influenced by a number of factors beyond physiology
(e.g., risk factor cut-offs, MHO definition). Moreover, in
a longitudinal study of children with MHO (n = 1,002)
and MUO (n = 1,015) children found that 68%
(n = 681) of children classified as MHO maintained this
status after 1-year follow-up (13). These two reports pro-
vide some insight into the degree of short- and long-term

Table 5 Items included in the consultation process (Delphi technique) and agreement achieved from our expert panel.

Items Percent
Agreement

Related to obesity perspectives
Paediatric obesity is complex and can be associated with a number of cardiometabolic risk factors, including insulin resistance,
dyslipidemia, and high blood pressure

100

Within a group of children with obesity, the presence of cardiometabolic risk factors will vary depending on a number of factors,
including genetics, pubertal status, and ethnicity

100

There is a need to develop one definition of metabolically healthy obesity (MHO) rather than multiple definitions that consider age, sex,
and puberty

100

There is a need to categorize only those children who present with zero cardiometabolic risk factors as MHO 92
There is a need to establish a universal definition of MHO for children 91
The terms MHO and metabolically unhealthy obesity (MUO) should be used to classify the cardiometabolic status of children with
obesity

87

Children’s weight status should be determined using the body mass index from the World Health Organization classification criteria 85
Paediatric obesity is a disease 79
A definition of MHO should include children classified as obese 68
A definition of MHO should include children classified as overweight and obese 32

Related to defining MHO (achieved consensus for inclusion*)
High density lipoprotein-cholesterol > 40 mg/dl (or > 1.03 mmol/l) 91
Triglycerides ≤150 mg/dl (or ≤ 1.7 mmol/l) 91
Systolic blood pressure ≤ 90th percentile 91
Diastolic blood pressure ≤ 90th percentile 91
A measure of glycemia 91

Related to defining MHO (achieved consensus for exclusion*)
Impaired fasting glucose 100
Impaired glucose tolerance 97
Quantitative insulin sensitivity check index 96
Physical activity 95
Lifestyle behaviour 92
Adiponectin 92
C-reactive protein 92
Other insulin-related variables 91
Other glycemic-related variables 89
Other anthropometry-related variables 88
Other blood pressure-related variables 88
Fitness assessment 87
Interleukin 6 86
Total cholesterol 86

Related to defining MHO (did not achieve consensus for inclusion*)
Fasting glucose ≤ 100 mg/dl (or ≤ 5.6 mmol/l) 79
Insulin measure 79
Waist circumference 74
Non-alcoholic fatty liver disease 63
Alanine Aminotransferase and/or Aspartate Aminotransferase 34
Other lipid-related variables 34
Waist-to-Height Ratio 24
Low-density lipoprotein-cholesterol 21
Impaired glucose tolerance and impaired fasting glucose 21

MHO, metabolically healthy obesity; MUO, metabolically unhealthy obesity
*Consensus was achieved if there was ≥ 80% agreement for each individual item.
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stability of MHO in children and that additional longitu-
dinal analyses are needed to improve our understanding
of MHO over time. If the majority of children with
MHO transition to MUO over time, the modifiable
factors (e.g., physical activity) that predict this transition
may be key intervention targets to maintain MHO status
over time.

Generating one universal definition of MHO in children
was recommended based on our consultation process,
which is likely most useful in clinical practice as well as
research studies. A universal MHO definition is crucial to
advance this field and limit the variability in defini-
tions (2,9,15); further, consistency in MHO definition will
facilitate comparisons across studies (2). However, our
definition lacked consensus on what measure of
glycemia should be used, although most of the studies we
included used FG ≤ 100 mg/dL (or ≤ 5.6 mmol/L)
(4,9,15,30,32,36,38,39,45,50,52,55–58). Moreover, our
panel did not achieve consensus on including insulin in the
MHO definition. Insulin resistance is common in children
with obesity (17,57) and is linked to chronic health
conditions later in life (e.g., cardiovascular disease) (62).
We hope our research encourages others to build on this
work, which should include achieving agreement on
whether measures of insulin and glycemia should be part
of an MHO definition in children and, if yes, how these
measures should be defined.

We assessed the quality of the full-text studies in our
review to provide context regarding the quality of the liter-
ature in children’s MHO research. Overall, the quality of
the studies was sub-optimal; in general, the limitations we
observed related to sample selection and/or comparability.
Hopefully, our findings stimulate researchers to plan,

conduct, and report higher quality research in MHO in
the future, a recommendation that may be enhanced by
using checklists (e.g., STROBE) (63).
A better understanding of the MHO phenotype has

important implications for clinical management and thera-
peutic decision making in paediatric obesity (2,3,15,19).
For example, determining MHO and MUO can differenti-
ate those individuals who are at relatively higher health risk
and may benefit from therapeutic interventions. In situa-
tions in which health services are limited, this information
can help to prioritize individuals with MUO over their peers
with MHO in order to allocate resources judiciously to
those in greatest need (4,17).
Our research was not without limitations. First, while

our database searches were comprehensive and we did
extensive grey literature searching, we only screened the
first 50 hits in Google and Google Scholar, so we may have
missed some relevant publications. Second, we only
included English language literature due the lack of transla-
tion resources, which might have led to selection bias.
Third, we may have missed inviting some experts to partic-
ipate in our consultation process because their contact
information were not available, and this may have influ-
enced the responses we received from our expert panel to
establish our definition of MHO.
In summary, the heterogeneity of MHO definitions and

prevalence estimates in the literature highlighted the value
of and need for a universal definition of MHO in children.
Our new, consensus-based definition of MHO has
implications for obesity management, health system
resource allocation, and clinical research. Our definition
can help to identify those who are prime candidates for
early intervention, prevent inappropriate interventions for

Figure 3 Consensus-based definition of metabolically healthy obesity in children. Overweight and obesity definitions based on the World Health
Organization (WHO) criteria (29): Children < 5 years old: Overweight is weight-for-height > 2 standard deviations (SDs) above the WHO Child Growth
Standards median (85th percentile); and Obesity is weight-for-height > 3 SDs above the WHO Child Growth Standards median (97th percentile): Children
from 5 to 19 years old: Overweight is BMI-for-age > 1 SD above the WHO Growth Reference median (85

th
percentile); and Obesity is BMI-for-age > 2 SDs

above the WHO Growth Reference median (97th percentile).
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individuals at relatively low cardiometabolic health risk,
and enable research to compare and contrast prevalence
estimates and predictors of MHO across studies.
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