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Abstract
Obesity phenotypes can be regarded as an indicator of CVD risk factors. The aim of the present study was to determine the prevalence of
adolescents with different obesity phenotypes and the role of obesity phenotypes in prediction of the metabolic syndrome (MetS) in adults.
For this population-based cohort study, 2159 adolescents aged 11–18 years were included. Subjects were divided into four obesity phenotype
groups: metabolically healthy normal weight (MHNW), metabolically healthy obese (MHO), metabolically unhealthy normal weight (MUNW)
and metabolically unhealthy obese (MUO). Cox proportional hazard modelling was used to estimate the incidence of the MetS in adults after a
median follow-up of 11·3 years. The incidence rate of the MetS in early adulthood was 111·6 (95 % CI 98·7, 126·3) per 10 000 person-years, with
higher values in boys (210·1 (95 %CI 183·0, 241·3)), comparedwith girls (39·7 (95 %CI 30·2, 52·1)). In the age- and adult BMI-adjustedmodel, the
hazard ratio of the MetS in adulthood for boys was 3·33 (95 % CI 2·08, 5·32) among MUO phenotype followed less than 6 years, 1·71 (95 %
CI 1·01, 2·90) among MHO, and 2·52 (95 % CI 1·72, 3·68) among MUNW. All associations were attenuated in girls except for MUO phenotype
followed less than 6 years (5·72 (95 % CI 2·14, 15·3)). In conclusion, MUNW andMHO phenotypes in boys, but not in girls, and MUO phenotype
in both sexes with less than 6 years of follow-up increased the risk of adult MetS compared with MHNW. It seems that lack of obesity at least in
boys does not protect them from MetS development in adulthood.
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Over recent years, the growing prevalence of obesity and the
metabolic syndrome (MetS), as predisposing factors for noncom-
municable chronic diseases, is of particular global concern,
affecting both children and adults(1). A recent nationwide study
provided evidence that based on National Cholesterol Education
Program – Adult Treatment Panel III (NCEP-ATP III) criteria,
14·1 % of adolescents in Iran has the MetS(2). Moreover, it can
be argued that overweight children are at higher risk of becom-
ing obese adults than those normal weight and consequently are
more susceptible to cardiometabolic abnormalities and shorter
lifespan(3,4,5). While some studies have investigated the status
of childhood MetS as a risk factor for adult MetS, the clinical util-
ity of identifying the MetS in children and its association with

future cardiometabolic risk factors is a matter of debate, and
some studies showed that overweight or obesity adolescent is
a better predictor of cardiovascular risk factors and adult MetS
in comparison with paediatric MetS(6,7). However, it is not yet
known whether childhood obesity predicts future cardiometa-
bolic risk factors independent of adulthood BMI.

Obesity phenotypes can be regarded as an indicator of inter-
actions between BMI and CVD risk factors. Thus, individuals can
be divided into different subtypes based on their obesity pheno-
types: some obese individuals are not affected by metabolic
abnormalities associated with their body fat. These ‘metaboli-
cally healthy obese’ (MHO) subjects display a favourable
metabolic status. On the other hand, some other individuals

Abbreviations: FPG, fasting plasma glucose; HR, hazard ratio; IR, incidence rate; MetS, metabolic syndrome; MHNW,metabolically healthy normal weight; MHO,
metabolically healthy obese; MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy obese; TLGS, Tehran Lipid and Glucose Study; WC,
waist circumference.
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known as ‘metabolically unhealthy normal weight’ (MUNW)
suffer from metabolic abnormalities despite their normal-weight
profile.

A series of previous studies in adults have indicated thatMUNW
subjects carry an elevated risk of developing type 2 diabetes
and cardiovascular events compared with MHO subjects(8,9,10).
Furthermore, a systematic review andmeta-analysis of observatio-
nal studies showed that MHO group compared with the MUNW
and ‘metabolically unhealthy obese’ (MUO) counterparts had
higher cardiovascular events(11).

In spite of the large body of evidence regarding the predictive
role of different phenotypes of obesity on development of CVD
outcomes in adults, there is paucity of data for adolescents.
However, it is important to note that there are several studies
on metabolic risk factors or obesity individually in prediction
of adult MetS(12,13,14). In fact, existing data are limited to only
one population-based study that has demonstrated positive
associations between cardiovascular risk and metabolic compli-
cations in adulthood and paediatric obesity phenotypes(11).

To facilitatemore data emphasising the importance of obesity
phenotypes in adolescents, this population-based cohort study
aimed to determine the prevalence of obesity phenotypes
including ‘metabolically healthy normal weight’ (MHNW),
MHO, MUNW and MUO among 10- to 18-year-old adolescents
and to investigate the role of obesity phenotypes in prediction of
adult MetS, in the context of the Tehran Lipid and Glucose Study
(TLGS), during a median follow-up of 11·3 years.

Materials and methods

Study population

In the progression of our information in the TLGS data, in the
present prospective study, we investigated the role of adoles-
cence obesity phenotypes in the prediction of adult MetS. The
TLGS is an ongoing large-scale community-based programme
for monitoring the trend of metabolic risk factors and developing
healthy lifestyles to reduce these risk factors(15). Baseline data
were collected from 15 005 participants, aged ≥3 years, under
the coverage of three medical health centres residing in
District No. 13 of Tehran. The participants were followed up
every 3 years to update their data on demographics, lifestyle,
biochemical and clinical information and anthropometric
examination; the baseline survey was a cross-sectional study
conducted from 1999 to 2001, and surveys 2 (2002–2005), 3
(2006–2008), 4 (2009–2011), 5 (2012–2015) and 6 (2016–2019)
were prospective follow-up surveys. The cohort is still ongoing.

Of the 15 005 subjects recruited at the baseline examination
of the TLGS, 3149 children and adolescents aged 11–18 years
from surveys 1 and 2were included. After exclusion of thosewith
missing anthropometric values and biochemical data (n 149),
3000 subjects remained. After a median of 11·3 years of follow-
up, 2159 subjects returned for reassessment. The design of the
present studywas approved by the institutional ethics committee
of the Research Institute for Endocrine Sciences, affiliated to the
Shahid Beheshti University of Medical Sciences. All participants
signed an informed written consent form to participate.

Measurements

Anthropometric measurements were obtained by qualified
healthcare professionals according to standard protocols(15);
participants were measured while they were minimally clothed
and without shoes. Weight was measured to the nearest 0·1 kg
with digital scale (range 0·1–150 kg; Seca 707). A tape metre
stadiometer was used to measure height while the subjects were
against the wall with their shoulders in normal alignment. Waist
circumference (WC) was measured using an unstretched tape at
the end of expiration at the narrowest level between iliac crest
and lowest rib, while the participants were in standing position
and there was no pressure on their body surface. Height andWC
were recorded with an accuracy of up to 0·1 cm. BMI was calcu-
lated as weight (kg) divided by square of height (m2).

Systolic and diastolic blood pressures were determined
by a physician using standard mercury sphygmomanometer
(calibrated by Iranian Institute of Standards and Industrial
Researches). After the subject remained seated for 15 min, blood
pressure measurement was taken two times with at least a 30-s
interval from the right brachial artery at the heart level. Themean
values of measurements were considered as the individual’s
blood pressure.

After 12–14 h fasting, a blood sample was taken between
07.00 and 09.00 hours, based on the standard protocol. After cen-
trifuging the collected blood sample, the serum was used for
measurement and analyses of fasting plasma glucose (FPG)
and lipid concentrations on the day of blood collection at the
TLGS Research Laboratory, using commercially available labora-
tory kits (Pars Azmoon Inc.) adapted to a Selectra 2 auto analy-
ser. Plasma glucose concentration was measured by the
enzymatic colorimetric methodwith glucose oxidase. Both inter-
and intra-assay CV were 2·2 % for FPG. For measurement of
TAG, we used an enzymatic colorimetric method with glycerol
phosphate oxidase; inter- and intra-assay CV for TAG were 0·6
and 1·6 %, respectively. Total cholesterol (TC) was assessed with
cholesterol esterase and cholesterol oxidase using the enzymatic
colorimetric method. HDL-cholesterol was assayed after precipi-
tation of apo B containing lipoproteins with phosphotungistic
acid. Inter- and intra-assay CV for both TC and HDL-cholesterol
were 0·5 and 2 %, respectively. When TAG concentrations were
<400 mg/dl, the Friedwald formula was used to calculate LDL-
cholesterol from the serum TC, TAG and HDL-cholesterol
concentrations(16).

Definition

Obesity and overweight in adolescents were defined as age- and
sex-specific BMI> 95th and BMI between ≥85th and <95th per-
centiles in Iranian populations, respectively(2).

Cardiometabolic risk factors were defined as follows: abdomi-
nal obesity as WC≥ 90th percentile for age and sex, according to
national reference curves(17); hypertriacylglycerolaemia as TAG
≥ 1·24mmol/l(18); low HDL-cholesterol as HDL-cholesterol
<1·03mmol/l(18); hypertension as systolic and/or diastolic blood
pressure ≥90th percentile for sex, age and height according to
the Heart, Lung, and Blood Institute standards(19); high FPG
≥ 5·55mmol/l according to American Diabetes Association(20).
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At baseline, adolescents were categorised into the following
four different obesity phenotype groups based on their BMI and
metabolic status: MHNW: normal BMI (<85th percentile) and ≤1
the previously mentioned parameters of cardiometabolic risk
factors; MHO: overweight or obese (BMI ≥ 85th percentile)
and ≤1 parameters of cardiometabolic risk factors; MUNW:
normal BMI (<85th percentile) and ≥2 parameters of
cardiometabolic risk factors; MUO: overweight or obese
(BMI ≥ 85th percentile) and ≥2 parameters of cardiometabolic
risk factors.

The MetS in adults was defined according to joint interim
statement criteria(21), as having more than or equal to three
of the following conditions: (1) TAG ≥ 1·69 mmol/l or drug
treatment, (2) HDL-cholesterol < 1·03 mmol/l in men and
<1·29 mmol/l in women or drug treatment, (3) WC ≥ 89 cm
in men and WC ≥ 91 cm in women(22), (4) systolic and/or or
diastolic blood pressure ≥130/85 mmHg or drug treatment
and (5) FPG ≥ 5·55 mmol/l or drug treatment.

Statistical analysis

Continuous variables with normal and skewed distributions
were expressed as means and standard deviations andmedians
and 25–75 interquartile ranges, and differences were assessed
using the t test and Mann–Whitney test, respectively.
Categorical variables were reported as percentages and were
compared using Pearson’s χ2 test. In the present study, as the
exact time of the MetS incident was not known, this was con-
sidered as interval-censored data. Interval censoring takes into
account the event happening between two time periods.
Considering alternate interval censoring approaches, results
were investigated using midpoint censoring, which converts
interval-censored data to the right-censored data problems.
Midpoint censoring was set to the midpoint between the last
negative and the most recent positive event time minus the
first positive observation for the incidence of obesity and to
the time span between the first and the last observation for
censored subjects. End points were considered as the time
of incident adult MetS, and censoring was defined as lost to
follow-up or end of follow-up. Cumulative incidences of the
MetS with 95 % CI were calculated as the number of new cases
of the MetS over the total number of subjects in that group
minus half of the censored population. The person-year
method was used to obtain MetS incidence rates (IR); IR is
reported as the number of cases per 10 000 person-years.
Cox proportional hazard modelling was used to estimate
unadjusted, age- and adult BMI-adjusted hazard ratios (HR)
along with 95 % CI for baseline groups of obesity phenotypes.
The proportionality assumption was verified by assessing the
correlation between the Schoenfield residuals and person-
days along with observing log minus log plots (considering
different groups as strata variables). All proportionality
assumptions were generally met, with exception of the visual
assessment for the MUO phenotype; it was noticed that
the two curves are much closer until almost 6 years of
follow-up, but they diverge greatly after that. Therefore, we
performed an extended Cox model containing two heavy-side
functions with the mentioned time cut-off. The corresponding

model provides two HR for any time-dependent covariate,
one that is constant above the cut-off time and the other that
is constant below it. All analyses were performed using IBM
SPSS for Windows version 20 (SPSS) and STATA version 12
(STATA Inc.), with two-tailed P values of <0·05 being consid-
ered significant.

Results

In the present study, 2159 children and adolescents (975 boys)
with a mean age of 14·6 years were included. Subjects were di-
vided into four groups based on their obesity phenotypes at
baseline: MHNW (n 1211, 56·1 %), MHO (n 177, 8·2 %),
MUNW (n 461, 21·4 %) and MUO (n 309, 14·3 %). Baseline char-
acteristics, except for age, sex, BMI and WC, between partici-
pants were followed up and those missed to follow-up were
not significantly different (online Supplementary Table S1).
The statistically significant differences in age, sex, BMI and
WC were not clinically important.

MHO and MUNW boys and girls were older and had higher
prevalence of hypertension compared with MHNW (P< 0·001).
Furthermore, the prevalence of abdominal obesity was signifi-
cantly higher in MHO subjects compared with those who were
of normal weight (P< 0·001; Tables 1 and 2).

The IR of the MetS in early adulthoodwas 111·6 (95 % CI 98·7,
126·3) per 10 000 person-years, with higher values in boys (210·1
(95 % CI 183·0, 241·3)) compared with girls (39·7 (95 % CI 30·2,
52·1)). In boys, MHO and MUNW phenotypes predicted the
MetS in adulthood compared with MHNW in the fully adjusted
model, with higher HR for MUNW (2·52 v. 1·71). In both sexes,
adolescents in the MUO group had a statistically significant
higher HR to predict the MetS in adulthood compared with other
groups. Regarding violation of proportionality assumption,
based on the extended Cox model, MUO phenotype in both
sexes with less than 6 years of follow-up had significant HR
(3·33 in boys and 5·72 in girls) compared with the reference
group after adjustment for adulthood BMI (Table 3).

Discussion

The present study provides evidence regarding the role of ado-
lescent obesity phenotypes in prediction of adulthood MetS.
MUNW and MHO phenotypes in boys, but not in girls, and
MUO phenotype in both sexes with less than 6 years of
follow-up increased the risk of adult MetS compared with
MHNW, independent of adult BMI.

While some studies showed a positive correlation between
higher childhood BMI and developing the MetS as adults later
in life(7,12,13,14), the predictive value of childhood BMI for devel-
oping adult MetS is a controversial issue. Lyold et al. in their sys-
tematic review reported that childhood obesity was associated
with increased risk of adult MetS without adjustment of adult
BMI; however, after adjustment for adult BMI, the association
was ameliorated or inversed(23). In an analysis of four prospec-
tive cohort studies, adolescents who had an increased BMI and
remained obese or overweight as adults had an elevated risk of
developing type 2 diabetes, hypertension, dyslipidaemia and
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carotid artery atherosclerosis(24). The role of childhood MetS in
prediction of adult MetS is also unclear. While some studies pro-
vided evidence for tracking of the MetS from childhood into
adulthood(25), the debate about the clinical utility of identifying
the MetS in children and its association with future cardiometa-
bolic risk factors continues(26).

Obesity phenotypes, in other words, an interaction between
BMI and CVD risk factors, have been used in a series of previous
studies conducted in adults. Roberson et al. showed in their
systematic review that the MHO obesity phenotype is an emerg-
ing phenotype with higher CVD risk compared with healthy
normal-weight phenotypes(27); however, to the best of our
knowledge, only one study has examined the predictive role
of adolescent obesity phenotypes in the development of adult
MetS prospectively(11), and there is still conflict as to whether
children with MHO and MUNW phenotypes are more suscep-
tible to future cardiometabolic risk factors(28).

In our study, the MHO phenotype in boys was associated
with increased risk of adult MetS; however, in girls, after adjust-
ment for adult BMI, this association disappeared. In the young
Finns study, before adjustment for BMI, adolescents with
MUNW, MHO andMUO phenotypes had increased risk of adult-
hood MetS; however, after adjustment for adult BMI, only the
MUNW and MUO groups showed significant association with

development of adult MetS(11). The discrepancy between find-
ings of the Koskinen et al. study, compared with ours may be
explained by (1) the baseline older age of participants who
had passed unstable stage of puberty, (2) longer follow-up led
to older age for outcome assessment, (3) different definitions
of ‘healthy metabolic status’ in adolescents which was ‘not
having any components of the MetS’ and last but not the least
(4) not using WC in the definition of adolescent MetS.

It is important to note that in our study despite the positive
association between the MHO phenotype and adult MetS in
boys, the strength of association was weaker than that of the
MUNW one (1·71 v. 2·52), highlighting the importance of
metabolic abnormalities compared with BMI in predicting adult
MetS. In the present study, the IR (per 10 000 person-years) of the
MetS was found to be significantly lower in girls compared with
boys (39·7 v. 210·1 per 10 000 person-years), similar to the pre-
viously reported findings(29,30). This lower prevalence might be
due to easier access of boys to junk food and eating more out of
home. Moreover, it has been found that among boys TV watch-
ing >2 h/d, leisure time computer working >2 h/d and screen
time >4 h/d were dramatically higher compared with girls(30).
Similarly, a study among US adolescents aged 12–19 years from
the National Health and Nutrition Examination Survey (1999–
2002), using the Healthy Eating Index to assess the overall picture

Table 1. Baseline characteristics of boys based on different obesity pheno-
types
(Mean values and standard deviations; medians and interquartile ranges (IQ
25–75))

MHNW
(n 568)

MHO
(n 84)

MUNW
(n 184)

MUO
(n 138) P *

Age (years) <0·001
Mean 14·5†‡ 13·4‡§ 14·9 14·8
SD 2·3 2·2 2·2 2·1

BMI (kg/m2) <0·001
Mean 18·0†‡§ 22·9‡§ 19·0§ 27·2
SD 2·3 2·2 2·7 4·5

Waist circumference (cm) <0·001
Mean 64·3†‡§ 74·8‡§ 67·4§ 88·2
SD 7·0 7·8 7·8 11·3

Abdominal obesity (%) 0·0 3·5 0·0 42·0 <0·001
SBP (mmHg) <0·001
Mean 103·6‡§ 107·3§ 108·3§ 114·2
SD 10·8 11·2 12·8 12·7

DBP (mmHg) <0·001
Mean 68·5‡§ 68·7‡§ 72·8 74·1
SD 8·9 8·4 9·5 8·6

Hypertension (%) 0·9 1·2 3·3 4·3 0·019
HDL-cholesterol (mmol/l) <0·001
Mean 1·19‡§ 1·21‡§ 0·93 0·97
SD 0·26 0·24 0·21 0·19

TAG (mmol/l)|| <0·001
Median 0·88 0·97 1·43 1·71
IQ 25–75 0·67–1·08 0·73–1·17 1·25–1·76 1·37–2·26

Fasting plasma glucose
(mmol/l)

<0·001

Mean 4·90‡§ 4·96‡ 5·12 5·05
SD 0·50 0·36 0·50 0·41

MHNW, metabolically healthy normal weight; MHO, metabolically healthy obese;
MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy obese;
SBP, systolic blood pressure; DBP, diastolic blood pressure; LSD, least significant
difference.
*P values are for the comparison across obesity phenotypes using ANOVA.
† Significantly different from MHO phenotype using post hoc LSD analysis test.
‡ Significantly different from MUNW phenotype using post hoc LSD analysis test.
§ Significantly different from MUO phenotype using post hoc LSD analysis test.
|| Log-transformed values were used for comparison.

Table 2. Baseline characteristics of girls based on different obesity
phenotypes
(Mean values and standard deviations; medians and interquartile ranges
(IQ 25–75))

MHNW
(n 643)

MHO
(n 93)

MUNW
(n 277)

MUO
(n 171) P *

Age (years) 0·001
Mean 14·9†‡ 14·7 14·3 14·4
SD 2·3 2·2 2·2 2·1

BMI (kg/m2) <0·001
Mean 18·8‡§ 25·3† 19·1§ 25·8
SD 2·6 2·8 2·7 3·0

Waist circumference (cm) <0·001
Mean 66·1†‡§ 76·7†‡ 68·1‡ 81·4
SD 6·8 6·7 7·6 7·4

Abdominal obesity (%) 0·0 2·2 0·0 9·9 <0·001
SBP (mmHg) <0·001
Mean 101·2†‡§ 106·2†‡ 103·7‡ 109·1
SD 10·5 10·4 11·5 11·2

DBP (mmHg) <0·001
Mean 68·8†‡§ 72·3‡ 72·3‡ 75·1
SD 8·6 7·6 10·2 8·5

Hypertension (%) 0·8 0·0 1·8 2·9 0·078
HDL-cholesterol (mmol/l) <0·001
Mean 1·20†‡ 1·16†‡ 0·94 0·96
SD 0·25 0·21 0·19 0·21

TAG (mmol/l)|| <0·001
Median 0·95 1·00 1·50 1·54
IQ 25–75 0·76–1·15 0·76–1·19 1·31–1·90 1·24–1·99

Fasting plasma glucose
(mmol/l)

<0·001

Mean 4·79†‡ 4·88 4·96 4·90
SD 0·38 0·39 0·47 0·52

MHNW, metabolically healthy normal weight; MHO, metabolically healthy obese;
MUNW, metabolically unhealthy normal weight; MUO, metabolically unhealthy obese;
SBP, systolic blood pressure; DBP, diastolic blood pressure; LSD, least significant
difference.
*P values are for the comparisons across obesity phenotypes using ANOVA.
† Significantly different from MHO phenotype using post hoc LSD analysis test.
‡ Significantly different from MUNW phenotype using post hoc LSD analysis test.
§ Significantly different from MUO phenotype using post hoc LSD analysis test.
|| Log-transformed values were used for comparison.
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of diet quality showed that girls had better scores for fruits, veg-
etables, saturated fat, cholesterol and Na compared with boys(29).
Higher body fat and lower muscle mass, as a result of diverse sex-
ual maturation, and body image and physical fitness in girls might
be another reason(31,32,33).

An unexpected finding, in both sexes, after adjusting for adult
BMI, the risk of developing adult MetS in MUO phenotype was
observed only in adolescents followed less than 6 years. It seems
that in those individuals who had more follow-up time, the con-
tribution of adult BMI would be more prominent than in those
with less follow-up time, that is, those with <6 years of fol-
low-up time had more adolescent metabolic characteristics than
those with longer follow-up time. In fact, majority of adolescents
with obesity in the category of <6 years of follow-up remained
obese (60·9 %) compared with those having >6 years (35·7 %) at
the end of study (data not shown). The reason for this finding

might be the instability of MetS components in children and ado-
lescents and occurrence of physiological insulin resistance in
adolescents(34). An increased risk of adulthood MetS in adoles-
cents with unhealthy metabolic characteristics, regardless of
obesity status, was reported in a prospective longitudinal study
with 25–30 years of follow-up(35), a finding illustrating the impor-
tance of adolescents’ unhealthy metabolic status, despite having
normal weight. We can hypothesise that a considerable propor-
tion of MUO subjects with more follow-up time achieved favour-
able BMI at the end of study. Accordingly, we have previously
reported that adolescent overweight or obesity did not predict
early adult MetS independent of adult BMI(26).

Different cardiometabolic risk factors have different impacts
on the incidence of adult MetS, for example, high WC/low HDL-
cholesterol was the strongest predictor of adults MetS(6).
However, as the present study was conducted on the subgroups

Table 3. Association between different adolescent obesity phenotypes and incidence of the metabolic syndrome (MetS) in
early adulthood in children and adolescents
(Incidence rates, hazard ratios and 95 % confidence intervals)

MUO

MHNW MHO MUNW ≥6 years <6 years

Total (n) 1211 178 461 309
Number of person-years 13 242·54 1867·73 4812·50 2740·68
Number of events 72 27 60 94
Incidence rate (per 10 000 person-years)* 54·4 144·6 124·8 343·0
95% CI 43·1, 68·5 99·1, 210·8 96·8, 160·5 280·2, 419·8

Hazard ratios
Unadjusted 1·00 2·69 2·30 2·98 8·68

95% CI 1·73, 4·18 1·63, 3·24 1·73, 5·13 6·11, 12·34
Model 1† 1·00 3·07 2·43 3·22 9·21

95% CI 1·97, 4·79 1·72, 3·42 1·87, 5·57 6·48, 13·11
Model 2‡ 1·00 1·30 2·14 1·26 3·65

95% CI 0·81, 2·1 1·51, 3·02 0·71, 2·23 2·46, 5·42
Boys (n) 568 85 184 138
Number of person-years 6007·88 857·78 1717·37 983·36
Number of events 61 20 49 71
Incidence rate (per 10 000 person-years)* 101·5 233·2 285·3 722·0
95% CI 79·0, 130·5 150·4, 361·4 215·6, 377·5 572·2, 911·1

Hazard ratios
Unadjusted 1·00 2·30 2·81 2·95 9·18

95% CI 1·39, 3·82 1·93, 4·09 1·46, 5·93 6·25, 13·47
Model 1† 1·00 2·91 2·68 2·96 8·94

95% CI 1·74, 4·85 1·84, 3·90 1·47, 5·96 6·09, 13·14
Model 2‡ 1·00 1·71 2·52 1·12 3·33

95% CI 1·01, 2·90 1·72, 3·68 0·53, 2·35 2·08, 5·32
Girls (n) 643 93 277 171
Number of person-years 7234·66 1009·95 3095·13 1757·32
Number of events 11 7 11 23
Incidence rate (per 10 000 person-years)* 15·2 69·3 35·5 130·9
95% CI 0·8, 27·5 33·0, 145·4 19·7, 64·2 86·9, 196·9

Hazard ratios
Unadjusted 1·00 4·67 2·34 5·04 14·59

95% CI 1·81, 12·04 1·02, 5·40 1·94, 13·07 5·88, 36·17
Model 1† 1·00 4·99 2·66 5·75 16·55

95% CI 1·93, 12·90 1·15, 6·17 2·21, 14·99 6·64, 41·25
Model 2‡ 1·00 1·30 1·87 1·74 5·72

95% CI 0·46, 3·66 0·78, 4·47 0·63, 4·82 2·14, 15·3

MHNW, metabolically healthy normal weight; MHO, metabolically healthy obese; MUNW, metabolically unhealthy normal weight; MUO,
metabolically unhealthy obese.
* Incidence rate, number of incident MetS cases divided by person-years of follow-up.
† Model 1 is adjusted for age.
‡ Model 2 is adjusted for age and adulthood BMI.
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of obesity phenotypes, we lacked sufficient power to determine
the cardiometabolic risk factors that have higher impact on
development of adult MetS.

Of the several limitations in the present study, we did not
have data regarding puberty, nutrition intake and physical activ-
ity of participants. Furthermore, serum insulin was not mea-
sured to calculate insulin resistance as metabolic risk factor;
however, its predictive value for developing the MetS is a
controversial subject due to passing the pubertal status and
instability of insulin concentration. Strengths of the present
study deserve comments as well. Having the prospective
nature of the study and its length of follow-up are main
strengths. Nation-based definitions and cut-off points were
used in the present study. Data and measures were obtained
by trained technicians in order to reduce subjective errors
and no self-report measure was used. Another important
advantage of the present study is the use ofWC, which indicates
more accurately the actual adiposity mass of body as a meta-
bolic risk factor compared with BMI used previously in several
studies.

In conclusion, our study evidently is the first in the Middle
East North Africa region that prospectively investigated the
role of adolescent obesity phenotypes in prediction of the
MetS in adulthood, independent of adult BMI. The present
study gives deeper insight on the interaction of childhood
excess weight and unfavourable cardiometabolic profiles,
tracking BMI from childhood to adulthood. Obviously obesity
in adolescents is associated with major concern regarding
the development of the MetS in early adulthood; however,
from a practical point of view, the lack of obesity in adoles-
cents does not protect them from development of the MetS
in the future (especially boys). This finding highlights the
importance of prevention, screening and early control of
metabolic abnormalities in adolescents even in the absence
of obesity.
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