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Abstract
Metabolic syndrome (MetS) is known as a risk factor in cardiometabolic morbidity but there is no consensus on its definition 
for teenagers. We aimed to identify cardiometabolic health profiles and which parameters best discriminate them. K-means 
partitioning identified cardiometabolic profiles by sex using data on health measurements of 530 adolescents from the PARIS 
birth cohort. A discriminant analysis was performed. Cardiometabolic risk score and handgrip strength were also measured. 
Depending on definitions, MetS prevalence ranged from 0.2% to 1.3%. Two profiles were identified for the entire group and 
by sex: “healthy” and “at cardiometabolic risk.” Weight and waist-to-height ratio or waist circumference explained more 
than 87% of the variance in the profile differentiation. The “at cardiometabolic risk” profiles included adolescents with 
overweight, a waist-to-height ratio over 0.5, and prehypertension. They had higher cardiometabolic risk scores and parents 
who were more likely to be overweight and have cardiometabolic diseases themselves. They also had higher birthweights, 
earlier adiposity-rebound and puberty ages, and lower relative handgrip strength.
  Conclusion: The two profiles identified, based on cardiometabolic health, were associated with early indicators and handgrip 
strength. Results suggest that the waist-to-height ratio is a useful clinical tool for screening individuals at cardiometabolic 
risk and who therefore require clinical follow-up.

What is Known:
• Although there is a need for tools to assess cardiometabolic health during adolescence, there is no consensus on the definition of metabolic 

syndrome for this age group.
What is Knew:
• The findings suggest that waist-to-height ratio can serve as a simple and valuable clinical tool for screening individuals at cardiometabolic 

risk who may require clinical monitoring for early prevention of cardiovascular diseases.
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Abbreviations
AHA	� American Heart Association
BMI	� Body mass index
cMetS	� Continuous metabolic syndrome
DBP	� Diastolic blood pressure
HDL	� High-density lipoprotein
IDF	� International Diabetes Federation
LDL	� Low-density lipoprotein
MetS	� Metabolic syndrome
NCEP/ATPIII	� National Cholesterol Education Program 

Adult Treatment Panel
NHANES	� National Health and Nutrition Examina-

tion Survey
OR	� Odd ratio
PARIS	� Pollution and asthma risk: an infant study
SBP	� Systolic blood pressure
SD	� Standard deviation
SES	� Socioeconomic status
WC	� Waist circumference
WHO	� World Health Organization 

Introduction

Metabolic syndrome (MetS) is the coexistence of abnor-
malities, including overweight, hypercholesterolemia, hyper-
triglyceridemia, high blood pressure, and hyperglycaemia, 
that increase the risk of cardiovascular disease and type 2 
diabetes [1]. Indeed, a meta-analysis reported that MetS in 
the adult population increases by two and 1.5 the risk of 
developing cardiovascular disease and all-cause mortality, 
respectively [2]. Therefore, early detection of cardiometa-
bolic risk in adolescence is important for future adult health. 
Currently, there is no consensus on the definition of MetS 
among paediatric researchers, particularly for adolescents; 
many definitions are adapted from adult definitions with 
sex- and age-specific thresholds. According to Cook et al.’s 
[3] revised definition of the National Cholesterol Education 
Program Adult Treatment Panel’s (NCEP/ATP III) [4], a 
diagnosis of MetS is made when at least three parameters 
are present: waist circumference(WC) ≥ 90th percentile 
(≥ p90) according to age and sex [5], triglycerides ≥ 1.1 g/L, 
high-density lipoprotein (HDL) cholesterol ≤ 0.4 g/L, sys-
tolic blood pressure (SBP) or diastolic blood pressure 
(DBP) ≥ p90 according to sex, age, and height [6], and blood 
glucose ≥ 1.1 g/L. The International Diabetes Federation’s 
(IDF’s) [7] paediatric definition sets abdominal obesity as 
a mandatory condition for diagnosis, plus two other param-
eters: WC ≥ p90 according to age and sex [5], triglycer-
ides ≥ 1.5 g/L, HDL ≤ 0.4 g/L, SBP or DBP ≥ 130/85 mmHg, 

and blood glucose ≥ 1.0 g/L. Goodman et al. [8] adapted the 
American Heart Association’s (AHA’s) [9] adult definition; 
the diagnosis is made when at least three parameters are 
present: WC ≥ p90 according to age and sex [5], triglycer-
ides ≥ 1.1 g/L, HDL ≤ 0.4 g/L, SBP or DBP ≥ p90 accord-
ing to sex, age, and height [6], and blood glucose ≥ 1.1 g/L. 
The paediatric definition developed by Jolliffe and Janssen 
[10] used growth curves to extrapolate the IDF [11] and 
NCEP/ATP III [4] values for adolescents, considering those 
with three or more elevated criteria as having MetS. New 
tools have been developed to assess cardiometabolic health, 
such as the continuous metabolic syndrome (cMetS) risk 
score which seems more reliable in predicting young adult 
risk in late childhood [12] than categorical definitions of 
MetS. However there is no standard cMetS; a meta-analysis 
identified 189 different scores [13] and most of them were 
internally derived z-scores not allowing for comparison 
across studies, except for the cMetS risk score developed 
by Stavnsbo et al. [14] that uses an international reference 
population. Finally, there is still no consensus on methods 
for assessing cardiometabolic health in adolescents. 

In this context, as part of the PARIS birth cohort study, 
this research aimed to (1) identify cardiometabolic profiles 
among adolescents using an unsupervised approach and (2) 
examine the relevance of these profiles by comparing them 
with regard to growth features, parental cardiometabolic his-
tory, cMetS risk score, and handgrip strength.

Methods

PARIS birth cohort

The Pollution and Asthma Risk: an Infant Study (PARIS) 
birth cohort comprised 3840 healthy new-borns recruited 
between 2003 and 2006 in five Paris maternity hospitals. 
The follow-up was based on regular questionnaires and 
health check-ups [15]. The present study involved adoles-
cents who attended the health check-up at 15–16 years of 
age. The French Ethics Committees approved the PARIS 
study (permission nos. 031153, 051289, ID-RCB, 2009-
A00824-53, and 2009–12-04 MS2). Parents and adolescents 
gave written informed consent.

Assessment of cardiometabolic parameters

Anthropometric parameters, blood pressure, heart rate, 
handgrip strength, and blood samples were collected dur-
ing the adolescents’ check-ups. Fasting status as well as the 
time and type of the last meal were recorded. Blood samples 
were analysed by the central biochemical laboratory.

Body mass and body composition were measured by 
multi-frequency bioelectrical impedancemetry using a 
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Tanita MC-780MA segmental analyser (Tanita Corp., 
Tokyo, Japan). Body composition was assessed by the per-
centage or mass in kilograms (kg) of fat, muscle, and lean 
mass. Height was measured, to the nearest 0.1 cm, using 
a mechanical Kern® height metric MSF 200 N (Kern & 
Sohn GmbH, Balingen, Germany). The body mass index 
(BMI) was calculated as body mass (kg)/height (m)2. The 
WHO standards were used to calculate BMI z-scores and 
classify adolescents with underweight (< -2 standard devia-
tion (SD)), with normal weight (≥ -2SD; < 1SD), with over-
weight (≥ 1SD; < 2SD), or with obesity (≥ 2SD) [16–18]. 
Waist and hip circumferences were determined, to the near-
est 0.1 cm. Heart rate, SBP, and DBP levels were recorded 
with an Omron HEM-RML31 cuff blood pressure monitor 
(Omron Healthcare Co. Ltd, Kyoto, Japan). The average 
of three measurements was calculated. Handgrip strength 
was assessed, to the nearest kg, using a JAMAR® hydrau-
lic hand dynamometer, model 5030 J1 (Sammons Preston 
Rolyan, Bolingbrook, Canada); each measurement was 
repeated three times in each hand, and the relative hand-
grip strength (kg/kg) of the dominant hand was calculated. 
Triglycerides (g/L), blood glucose (g/L), total cholesterol 
(g/L), and HDL (g/L) concentrations were determined by 
an enzymatic method (GPO-PAP, hexokinase, CHOD-PAP, 
and a mixture of polyanions and detergents, respectively) 
using a Roche Cobas® 6000 (c501) analyser. Low-density 
lipoprotein (LDL) cholesterol levels (g/L) were calculated 
using the Friedwald formula [19].

Sociodemographic factors, growth features, 
and parental cardiometabolic history

At the maternity hospital, data on a baby’s sex, birthweight, 
and parents’ socioeconomic status (SES) were collected. 
SES was categorised based on parents’ higher position. 
Each child’s adiposity rebound age was determined as the 
rise in the BMI curve. At 15–16 years, puberty data (per-
ceived body and chest development, voice change, age at 
menarche), parental history of cardiometabolic disease (dia-
betes, hypercholesterolemia before 50 years of age, stroke 
before 45, myocardial infarction before 55 for the father and 
65 for the mother, and high blood pressure), parental BMI, 
and SES were collected.

Statistical analyses

Statistical analyses were performed using Stata® (version 
SE 17, Stata Corporation, TX, USA) and R (version 4.2.1, 
R Development Core Team, 2010) software.

We assessed the normality of quantitative variables 
using the Shapiro–Wilk test and Henry’s graphical method. 
If required, variables were log-transformed. Comparisons 

between participants and non-participants and between 
sexes were performed using the Chi-squared test or Student’s 
t-test.

MetS was determined using the definitions of Cook et al. 
[3], the IDF [7], Goodman et al. [8], and Jolliffe and Jans-
sen [10].

The cMetS risk score was based on the calculation model 
and reference values proposed by Stavnsbo et al. [14]. It was 
constructed from the average of the z-scores for WC, BMI, 
SBP, DBP, triglycerides, total cholesterol/HDL ratio, LDL, 
and blood glucose.

Cardiometabolic profiles at 15–16 years old were identi-
fied by an unsupervised k-means algorithm [20]. The profiles 
were constructed in the overall population and by sex. To be 
included in the analysis, adolescents had to have available 
data on age, height, weight, BMI, WC, hip circumference, 
waist-to-height ratio, SBP, DBP, LDL, HDL, triglycerides, 
blood glucose, fat mass, muscle mass, and lean mass. These 
parameters were standardised. The number of groups was 
selected using the Calinski-Harabasz index and their rel-
evance. Profiles were compared using the Chi-squared test, 
Fisher’s exact test, or Student’s t-test, and discriminant anal-
ysis was used to identify which variables best explained the 
distribution of individuals between groups.

Profiles were compared in terms of growth features 
(birthweight and age at adiposity rebound and puberty), 
parental cardiometabolic history, parental BMI, cMetS risk 
score and handgrip strength using the Student’s t-test and the 
Chi-squared test or Fisher’s exact test.

A sensitivity analysis was done to assess the effect of fast-
ing status on profile distribution, by comparing the k-means 
analysis conducted among adolescents who fasted for 10 h 
and those who did not.

Results

Table 1 presents the baseline characteristics of the ado-
lescents from the PARIS birth cohort, and their families, 
who were still being followed up at the age of 15–16 years 
(n = 2117). A total of 617 of these adolescents participated 
in the health check-up for 15–16 year-olds (Fig. S1). Com-
pared with non-participants, participating adolescents’ 
parents had higher SES and post-secondary education but 
there was no difference in the geographical origins of parents 
or their place of residence when their baby was born. Par-
ticipating adolescents had older mothers but no differences 
were found regarding whether or not they had been breastfed 
and with respect to their sex, weight at birth, or exposure to 
tobacco smoke.

Descriptions of cardiometabolic health parameters in the 
whole, male, and female populations are shown in Table 2. 
Adolescents were, on average, 15.9 (± 0.3) years old at the 
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time of the check-up. Compared to females, males were 
taller and heavier, and had a higher WC but a lower BMI 
and hip circumference. Males also had a lower percentage 
of body fat mass and a higher percentage of lean body mass 
and muscle mass. The SBP was higher in males while the 
DBP and heart rate were higher in females. Males had lower 
LDL, HDL, and blood glucose than females.

MetS prevalence was 0.2%, 0.5%, 0.7%, and 1.3%, 
according to the IDF, Cook et al., Goodman et al., and Jol-
liffe and Janssen definitions, respectively.

A total of 530 adolescents were included in the cluster 
analysis. Two cardiometabolic profiles were identified in 
the whole population (n = 530) and in males (n = 263) and 
females (n = 267) (Fig. 1). The two identified profiles— 
“healthy” and “at cardiometabolic risk”—showed similar 
pattern for the whole population and sub-populations. The 
sensitivity analysis revealed that the classification of ado-
lescents remained unchanged whether or not their profiles 
were created based on their fasting status. Moreover, no 
variation in the fasting status was observed between the 
“at cardiometabolic risk” and “healthy” profiles, regard-
less of the population. Compared to the “healthy” profiles, 
the “at cardiometabolic risk” profiles were characterised 
by a significantly higher weight, height, BMI, waist and 

hip circumference, and body fat mass, and a lower mus-
cle and lean mass. The “at cardiometabolic risk” profile 
included all the participants with obesity and overweight, 
and a higher proportion of those with a waist-to-height 
ratio > 0.5 and prehypertension. In the whole popula-
tion, a higher proportion of participants in the “at cardio-
metabolic risk” profile had low HDL. In the whole and 
male populations, the “at cardiometabolic risk” profiles 
included a higher proportion of participants with hyper-
triglyceridemia. Weight was the most discriminating vari-
able, explaining 77% to 81% of the group differences. For 
the overall and female populations, WC was the second 
most discriminating variable, adding 8% and 6%, respec-
tively, to the explanatory power. In the male population, 
waist-to-height ratio was the second most discriminating 
variable, adding 12% to the explanatory power.

The mean cMetS risk score of participating adolescents 
was − 0.12 (± 0.5). In all populations, those in the “at cardio-
metabolic risk” profiles had a significantly higher cMetS risk 
score than those in the “healthy” profiles (Table 3). In addi-
tion, their parents were more likely to live with obesity and 
overweight and have cardiometabolic diseases. Those in the 
“at cardiometabolic risk” profile had a higher birthweight 

Table 1   Baseline characteristics 
of adolescents from the PARIS 
birth cohort who participated, 
or did not participate, in the 
health check-up at 15–16 years 
of age (n = 2117)

p-value from Chi-squared/Fisher’s exact test or Student’s t-test
SD standard deviation
a Highest among parents

Baseline characteristics Participants 
(n = 617)

Non-participants 
(n = 1500)

p-value

Male sex, n (%) 312 (50.6) 771 (51.4) 0.7
Weight at birth, kg (mean ± SD) 3.4 ± 0.4 3.4 ± 0.4 0.3
Height at birth, cm (mean ± SD) 50.3 ± 1.9 50.1 ± 1.9 0.03
Place of residence 0.8
   Paris city, n (%) 387 (62.7) 933 (62.2)

    Paris suburbs, n (%) 230 (37.3) 567 (37.8)
Family socioeconomic status a 0.004
    Low, n (%) 29 (4.7) 125 (8.3)
    Medium, n (%) 159 (25.8) 420 (28.0)
    High, n (%) 429 (69.5) 955 (63.7)
Parents’ level of education a 0.004
    Primary, n (%) 4 (0.7) 45 (3.0)
    Secondary, n (%) 121 (19.6) 309 (20.6)
    Post-secondary, n (%) 492 (79.7) 1,146 (76.4)
Geographical origin of parents 0.2
    Two parents born in France, n (%) 458 (74.2) 1,070 (71.3)
    At least one parent born outside France, n (%) 159 (25.8) 430 (28.7)
Mother’s age at birth, years (mean ± SD) 33.2 ± 3.9 32.7 ± 4.0 0.008
Breastfed at birth, n (%) 508 (83.3) 1,190 (80.1) 0.1
Mother actively smoked during pregnancy, n (%) 55 (8.9) 145 (9.7) 0.6
Smokers at home at birth, n (%) 112 (18.4) 299 (20.2) 0.4
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and an earlier adiposity rebound, puberty, and menarche age. 
Finally, relative handgrip strength was significantly lower 
among those in the “at cardiometabolic risk” profiles.

Discussion

Key results

To our knowledge, this is the first study to describe MetS 
in an urban population of adolescents in France. The preva-
lence of MetS in this Parisian population varies from 0.2% 
to 1.3% depending on the definition considered. Using unsu-
pervised k-means classification, two different groups were 
identified based on their cardiometabolic health status. The 
profiles for these two groups differed in terms of their cMetS 
risk score and were associated with known early determi-
nants of cardiometabolic health as well as handgrip strength, 
a predictor of overall health.

Strengths and limitations

This study has several strengths, notably the use of an 
unsupervised approach (without any a priori assumptions), 

which, has not been previously applied in this context. This 
enabled the identification of several cardiometabolic profiles 
based on well characterised anthropometric, clinical, and 
biological data. Moreover, health data were collected dur-
ing a standardised medical examination performed by the 
same medical team, and biological assays were performed 
in a single laboratory, thereby reducing measurement and 
classification bias. This study benefited from the prospec-
tive data collected throughout the follow-up of the cohort 
(birthweight, adiposity rebound age, parental cardiometa-
bolic history, and parental BMI).

This study has also limitations. Approximately one-third 
of adolescents still followed in the PARIS birth cohort 
attended the health check-up at 15–16 year-olds. This was 
primarily due to logistical constraints (half a weekday 
check-up, COVID-19 lockdown…). As often observed in 
cohort follow-up involving health examination, participat-
ing adolescents were from families with a higher SES than 
non-participants; and SES is a well-known risk factor for 
cardiometabolic health [21]. Finally, fasting status varied 
among adolescents, health check-ups taking part either in the 
morning or in the afternoon, but sensitivity analysis showed 
that it had no impact on profile determination.

Table 2   Description and sex comparison of anthropometric and biological parameters of adolescents from the PARIS birth cohort at 15–16 
years of age

p-value from Student’s t-test between sexes, n varies due to missing data
BMI body mass index (weight (kg)/height (m)2), DBP diastolic blood pressure, HDL high-density lipoprotein, IOTF International Obesity Task 
Force, LDL low-density lipoprotein, Max maximum, Min minimum, SBP systolic blood pressure, SD standard deviation, WHO World Health 
Organization

Total, n = 617 Male, n = 312 Female, n = 305

n Mean ± SD Min–Max Mean ± SD Min–Max Mean ± SD Min–Max p-value

Age (years) 617 15.9 ± 0.3 15.3–17.7 15.9 ± 0.3 15.4–17.7 15.9 ± 0.3 15.3–17.4 0.6
Height (cm) 617 171.2 ± 8.4 148.0–195.0 176.3 ± 6.8 154.0–195.0 165.9 ± 6.5 148.0–187.0  < 0.001
Weight (kg) 617 59.2 ± 10.4 33.4–123.9 61.1 ± 10.1 33.4–106.4 57.2 ± 10.4 38.4–123.9  < 0.001
BMI (kg/m2) 617 20.2 ± 3.2 13.4–41.4 19.6 ± 2.7 13.4–34.0 20.7 ± 3.5 15.2–41.4  < 0.001
Waist circumference (cm) 611 72.7 ± 8.1 54.0–115.0 73.6 ± 7.5 57.0–107.0 71.8 ± 8.7 54.0–115.0 0.003
Hip circumference (cm) 610 92.2 ± 7.8 60.0–135.0 90.6 ± 7.3 60.0–125.0 93.9 ± 7.9 75.0–135.0  < 0.001
Waist-to-height ratio 611 0.4 ± 0.1 0.3–0.7 0.4 ± 0.1 0.3–0.6 0.4 ± 0.1 0.3–0.7  < 0.001
Body fat mass (%) 545 20.9 ± 7.2 8.7–55.4 15.5 ± 4.3 8.7–36.9 26.1 ± 5.4 17.5–55.4  < 0.001
Lean body mass (%) 545 79.1 ± 7.2 44.6–92.7 84.5 ± 4.3 63.1–92.7 73.8 ± 5.3 44.6–82.6  < 0.001
Muscle mass (%) 545 75.1 ± 6.8 42.3–88.0 80.2 ± 4.0 60.0–88.0 70.1 ± 5.0 42.3–78.3  < 0.001
SBP (mmHg) 617 110.4 ± 9.5 84.0–140.3 113.4 ± 9.3 91.0–140.3 107.4 ± 8.7 84.0–139.0  < 0.001
DBP (mmHg) 617 65.9 ± 6.1 49.0–87.0 64.9 ± 6.3 49.0–86.3 66.8 ± 5.9 52.0–87.0  < 0.001
Heart rate (pulse/minute) 613 67.6 ± 10.7 39.0–116.0 65.4 ± 10.0 39.0–109.0 69.8 ± 11.0 45.0–116.0  < 0.001
LDL (g/L) 608 0.8 ± 0.2 0.2–1.8 0.8 ± 0.2 0.2–1.5 0.9 ± 0.3 0.3–1.8  < 0.001
HDL (g/L) 610 0.6 ± 0.1 0.3–1.0 0.5 ± 0.1 0.3–1.0 0.6 ± 0.1 0.3–0.9  < 0.001
Triglycerides (g/L) 610 0.8 ± 0.4 0.3–4.1 0.8 ± 0.4 0.3–4.1 0.8 ± 0.4 0.3–3.8 0.09
Blood glucose (g/L) 610 0.9 ± 0.1 0.5–2.1 0.9 ± 0.1 0.5–2.1 0.9 ± 0.1 0.6–1.4 0.002
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Cardiometabolic health in adolescents 
from the PARIS birth cohort

This study documented a lower prevalence of MetS in 
adolescents (0.3–1.2%) compared to previous European 
(1.4–5.8%) [22, 23] and American (National Health and 
Nutrition Examination Survey (NHANES), 6.8%) studies 
[24]. The population in this current study seems to be health-
ier, possibly due to the inclusion of adolescents from higher 
SES, a factor known to have an impact on adolescents’ car-
diometabolic health [21].

MetS definitions enable to diagnose patients with estab-
lished cardiometabolic health issues, which are uncommon 
among adolescents. However, teenagers can present early 
weak signals of cardiometabolic risk that MetS definitions 
are not suitable to detect. Therefore, a tool to identify at-risk 
but non-pathological individuals during the transition period 
of adolescence could be useful.

Several authors have used a cMetS to avoid potential mis-
classification [25–28]. According to Fernandez-Aparicio 
[29], cardiometabolic risk score based on the z-score is an 
accurate and efficient method that can be used to determine 
MetS risk in adolescents. Indeed, a recent meta-analysis [30] 
reported a pooled sensitivity and a specificity of cMetS risk 
scores in predicting the risk of MetS: 0.90 (95% confidence 
interval (CI), 0.83–0.95) and 0.86 (95% CI, 0.83–0.89), 
respectively. The negative and positive likelihood ratios 
(0.11 (95% CI, 0.0063–0.21) and 6.5 (95% CI, 5.0–8.6), 
respectively) indicated the ability of cMetS risk scores to 
separate healthy and at-risk individuals. Kelly et al. [12] 
used cMetS risk score and MetS in 13 and 22 year-olds and 
showed cMetS risk score in adolescence was more predic-
tive of adult cardiometabolic health than MetS. Neverthe-
less, most scores were centred on the sample mean [31–33], 
making comparisons between studies impossible. Stavnsbo 
et al. [27] proposed a unified approach with international 

Fig. 1   Comparison of anthropometric and biological parameters 
by identified cardiometabolic health profiles of PARIS birth cohort 
adolescents at 15–16 years old. DBP, diastolic blood pressure; HDL, 
high-density lipoprotein; LDL, low-density lipoprotein; SBP, sys-
tolic blood pressure. p-value < 0.05 is illustrated by asterisk (*) from 

the Chi-squared test, Fisher’s exact test, and Student’s t-test. Not all 
parameters are here presented, mainly those discretised using estab-
lished thresholds: weight status [16–18]; waist-to-height ratio [46]; 
SBP and DBP [6]; LDL, HDL, and triglycerides (medical biology 
laboratory value thresholds); and blood glucose [47]
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Table 3   Comparison of associated factors between cardiometabolic profiles of adolescents from the PARIS birth cohort at 15–16 years of age

Whole population (n = 530) Male (n = 263) Female (n = 267)

Healthy Cardiometabolic 
risk

p-value Healthy Cardiometabolic 
risk

p-value Healthy Cardiometabolic 
risk

p-value

356 (67.2%) 174 (32.8%) 181 (68.8%) 82 (31.2%) 184 (68.9%) 83 (31.1%)
Cardiometabolic 

risk score, 
mean ± SD

 − 0.3 ± 0.4 0.2 ± 0.5  < 0.001  − 0.3 ± 0.3 0.2 ± 0.6  < 0.001  − 0.2 ± 0.4 0.2 ± 0.4 0.002

Perceived body 
development

 < 0.001  < 0.001  < 0.001

Early, n (%) 26 (7.9) 43 (26.5) 18 (10.6) 20 (26.7) 13 (7.6) 18 (23.7)
Same as the oth-

ers, n (%)
241 (73.0) 104 (64.2) 113 (66.9) 50 (66.7) 129 (75.0) 53 (69.7)

Late, n (%) 63 (19.1) 15 (9.3) 38 (22.5) 5 (6.6) 30 (17.4) 5 (6.6)
Chest develop-

ment / voice 
change

0.004 0.8 0.008

Not yet / begin-
ning, n (%)

8 (2.5) 1 (0.7) 5 (3.0) 1 (1.4) 3 (1.9) 0

Already grown / 
changed, n (%)

37 (11.7) 6 (3.8) 14 (8.4) 5 (6.8) 22 (13.8) 2 (2.7)

Finished, n (%) 272 (85.8) 150 (95.5) 148 (88.6) 68 (91.8) 134 (84.3) 72 (97.3)
Age at menarche  < 0.001
 < 12 years old 23 (13.7) 27 (35.5)
Between 12 and 

14 years old
140 (83.3) 48 (63.2)

 > 14 years old 5 (3.0) 1 (1.3)
Adiposity 

rebound
0.02 0.04 0.1

Early age, n (%) 133 (40.4) 85 (51.2) 59 (34.5) 39 (50.6) 77 (45.8) 43 (54.4)
Medium age, 

n (%)
156 (47.4) 71 (42.8) 93 (54.4) 34 (44.2) 68 (40.5) 32 (40.5)

Late age, n (%) 40 (12.2) 10 (6.0) 19 (11.1) 4 (5.2) 23 (13.7) 4 (5.1)
Birthweight, kg, 

mean ± SD
3.4 ± 0.4 3.6 ± 0.4  < 0.001 3.5 ± 0.4 3.6 ± 0.5 0.02 3.3 ± 0.4 3.5 ± 0.4  < 0.001

Parental history 
of cardiometa-
bolic disease, 
n (%)a

89 (25.7) 63 (37.3) 0.007 43 (24.4) 28 (35.0) 0.08 49 (28.8) 31 (40.3) 0.09

Father’s weight 
status

 < 0.001 0.01 0.01

With under-
weight, n (%)

3 (1.0) 0 2 (1.4) 0 1 (0.6) 0

With normal 
weight, n (%)

166 (55.9) 43 (31.9) 78 (52.7) 22 (33.3) 87 (55.5) 21 (35.0)

With over-
weight/obe-
sity, n (%)

128 (43.1) 92 (68.1) 68 (45.9) 44 (66.7) 69 (43.9) 39 (65.0)

Mother’s weight 
status

 < 0.001 0.005 0.001

With under-
weight, n (%)

22 (6.4) 1 (0.6) 16 (9.4) 0 7 (3.9) 0

With normal 
weight, n (%)

250 (73.1) 104 (63.8) 117 (68.4) 53 (68.8) 136 (76.4) 47 (60.3)
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age- and sex-specific reference values to calculate cMetS 
risk score. Based on this approach, Parisian adolescents had 
a lower risk score than the international reference popula-
tion (− 0.12 ± 0.5), which confirms the healthier status of the 
adolescents in this current study.

Cardiometabolic profiles in adolescents 
from the PARIS birth cohort

The k-means approach classified adolescent into two groups 
according to their cardiometabolic health. One group was 
more at risk of cardiometabolic disease than the other, char-
acterised by a higher cardiometabolic risk score than the 
international reference (0.2 ± 0.5); the other group, consid-
ered “healthy,” had a much lower score (− 0.3 ± 0.4).

The profiles were mainly discriminated by weight and 
WC or waist-to-height ratio, both of which explained more 
than 87% of the variance. Almost all adolescents with a 
waist-to-height ratio above 0.5 were in the at-risk profiles, 
as well as all adolescents who lived with overweight and 
obesity. These results are consistent with a meta-analysis 
reporting that these anthropometric parameters were the best 
screening tools for paediatric MetS [34]. Another meta-anal-
ysis, showed that a high waist-to-height ratio (> 0.5) doubled 
the risk of having two or more MetS criteria after adjustment 
for BMI [35].

These profiles seem relevant with regard to known deter-
minants of cardiometabolic health: birthweight, adipos-
ity rebound, puberty, parental BMI, and cardiometabolic 
diseases.

Adolescents in the “at cardiometabolic risk” profiles had 
higher birthweight than those in the “healthy” profiles. Stud-
ies showed that increasing birthweight was associated with 
increasing trends of prevalence of high WC [36] and risk 
of having overweight [37]. Tam et al. [38] found that both 
low and high birthweights were associated with an increased 
cardiometabolic risk, supporting the relationship observed 

in this study. As the population for this current study was 
composed of full-term new-borns, low birthweight was too 
rare to be examined.

The age of adiposity rebound was lower in the at-risk 
group for the whole population and in males, and it tended 
to be lower in females. A birth cohort study in Porto showed 
that children with very early or early adiposity rebound had 
higher cardiometabolic parameters, such as BMI, WC, SBP, 
and triglycerides [39].

Adolescents with early puberty were more likely to 
be at-risk, and females in this profile experienced earlier 
menarche. Puberty affects body composition in adolescence 
[40], and its early onset is linked to overweight and obesity 
in females [41]. Early menarche is associated with a higher 
prevalence of MetS in young females [42].

The identified profiles were associated with both car-
diometabolic history and weight status of the participants’ 
parents. A meta-analysis found that parental weight status is 
positively associated with child weight status (pooled odds 
ratio (OR):2.22;95%CI:2.09–2.36) [43].

Cardiometabolic profiles were associated with a marker 
of overall health, and adolescents in the at-risk profiles 
had a lower relative handgrip strength than those in the 
healthy profiles. Kim et al. [44] found a negative associa-
tion between relative handgrip strength and cardiometabolic 
risk in adolescents. Ramirez-Velez et al. [45] showed that 
relative handgrip strength can be used to screen adolescents 
with high cardiometabolic risk.

The waist-to-height ratio and WC are useful and easy to 
use clinical tools to detect children potentially at risk of car-
diometabolic pathologies and for whom a clinical follow-up 
is needed. Follow-up of the PARIS birth cohort will enable 
researchers to study the cardiometabolic outcomes of these 
adolescents.

p-value from Student’s t-test, Chi-squared or Fisher’s exact tests to compare profiles
a Diabetes, hypercholesterolemia before 50 years old, stroke before 45, myocardial infarction before 55 for the father and 65 for the mother, and 
high blood pressure

Table 3   (continued)

Whole population (n = 530) Male (n = 263) Female (n = 267)

Healthy Cardiometabolic 
risk

p-value Healthy Cardiometabolic 
risk

p-value Healthy Cardiometabolic 
risk

p-value

With over-
weight/obe-
sity, n (%)

70 (20.5) 58 (35.6) 38 (22.2) 24 (31.2) 35 (19.7) 31 (39.7)

Relative hand-
grip strength 
force, kg/kg, 
mean ± SD

0.5 ± 0.1 0.5 ± 0.1  < 0.001 0.6 ± 0.1 0.5 ± 0.1 0.004 0.5 ± 0.1 0.4 ± 0.1  < 0.001
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Conclusion

Unsupervised classification allowed the identification of two 
different groups, in the total population and by sex, based on 
their cardiometabolic health. These profiles were associated 
with early signals (birthweight, age of adiposity rebound, 
puberty), and parents’ BMI and cardiometabolic diseases. 
Relative handgrip strength, a predictor of health, and cMetS 
risk score were associated with these groups. Although the 
cardiometabolic health of Parisian adolescents seems to be 
good, a group was identified in which cardiometabolic risk 
appeared to be higher. These results show that it is essential 
to monitor cardiometabolic health from an early age in order 
to follow those who are most at risk and subsequently initiate 
treatment to prevent adult disorders.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00431-​023-​05311-7.

Acknowledgements  We are grateful to all children and parents of the 
PARIS birth cohort who participated in this study and to the admin-
istrative staff (Chimène Himely, Dominique Viguier, and Marianne 
Bijou) for their involvement in the follow-up of the PARIS cohort. 
We thank the administrative staff members (Dr. Simone Fiorentino, 
Dr. Nathalie Catajar, and Dorothée Hérisson), the medical team (Dr. 
Thomas Grunemwald, Dr. Karima Hamrene, Dr. Rahama Derras, and 
all nurses) from the Paris Health Insurance Center who conducted the 
health checkups for the PARIS adolescents, and the Réaumur Medical 
Biology Laboratory for biological analyses (Dr. Karim Didouche, Dr. 
Dorothée Lecocq, and Mélanie Chiandotto).

Authors’ contributions  IM contributed to the implementation of the 
PARIS birth cohort. IM and CR coordinated the PARIS cohort follow 
up. TG and KH supervised the medical examination at adolescence. LL 
performed the statistical analysis and drafted the manuscript. IM and 
CR supervised data analysis and manuscript preparation. All authors 
were involved in the interpretation of the results, critically revised the 
manuscript and approved the final version as submitted.

Funding  This work was supported by the Paris Municipal Department of 
Public Health and the French National Research Agency (ANR) (16-CE36-
0007–01). Léa Lefebvre benefited from a PhD grant funded by The French 
Agency for Ecological Transition (ADEME) and Université Paris Cité.

Data availability  The data supporting this research is available upon 
reasonable request.

Declarations 

Ethics approval  The French Ethics Committees approved the PARIS 
study (permission nos. 031153, 051289, ID-RCB, 2009-A00824-53, 
and 2009–12-04 MS2). The procedures used in this study adhere to 
the tenets of the Declaration of Helsinki.

Consent to participate  Parents and adolescents gave written informed 
consent.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 

adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article's Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article's Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​
org/​licen​ses/​by/4.​0/.

References

	 1.	 Eckel RH, Grundy SM, Zimmet PZ (2005) The metabolic syn-
drome. The Lancet 365:1415–1428. https://​doi.​org/​10.​1016/​
S0140-​6736(05)​66378-7

	 2.	 Mottillo S, Filion KB, Genest J et al (2010) The metabolic syn-
drome and cardiovascular risk: a systematic review and meta-
analysis. J Am Coll Cardiol 56:1113–1132. https://​doi.​org/​10.​
1016/j.​jacc.​2010.​05.​034

	 3.	 Cook S, Weitzman M, Auinger P et al (2003) Prevalence of a met-
abolic syndrome phenotype in adolescents: findings from the third 
National Health and Nutrition Examination Survey, 1988–1994. 
Arch Pediatr Adolesc Med 157:821–827. https://​doi.​org/​10.​1001/​
archp​edi.​157.8.​821

	 4.	 National Cholesterol Education Program (NCEP) Expert Panel on 
Detection, Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III) (2002) Third Report of the 
National Cholesterol Education Program (NCEP) Expert Panel on 
Detection, Evaluation, and Treatment of High Blood Cholesterol 
in Adults (Adult Treatment Panel III) final report. Circulation 
106:3143–3421

	 5.	 Fernández JR, Redden DT, Pietrobelli A, Allison DB (2004) Waist 
circumference percentiles in nationally representative samples of 
African-American, European-American, and Mexican-American 
children and adolescents. J Pediatr 145:439–444. https://​doi.​org/​
10.​1016/j.​jpeds.​2004.​06.​044

	 6.	 National High Blood Pressure Education Program Working Group 
on High Blood Pressure in Children and Adolescents (2004) 
The fourth report on the diagnosis, evaluation, and treatment 
of high blood pressure in children and adolescents. Pediatrics 
114:555–576

	 7.	 Zimmet P, Alberti KGM, Kaufman F et al (2007) The metabolic 
syndrome in children and adolescents - an IDF consensus report. 
Pediatr Diabetes 8:299–306. https://​doi.​org/​10.​1111/j.​1399-​5448.​
2007.​00271.x

	 8.	 Goodman E, Daniels SR, Meigs JB, Dolan LM (2007) Instability 
in the diagnosis of metabolic syndrome in adolescents. Circulation 
115:2316–2322. https://​doi.​org/​10.​1161/​CIRCU​LATIO​NAHA.​
106.​669994

	 9.	 Grundy SM, Cleeman JI, Daniels SR et al (2005) Diagnosis and 
management of the metabolic syndrome: an American Heart 
Association/National Heart, Lung, and Blood Institute Scientific 
Statement. Circulation 112:2735–2752. https://​doi.​org/​10.​1161/​
CIRCU​LATIO​NAHA.​105.​169404

	10.	 Jolliffe CJ, Janssen I (2007) Development of age-specific ado-
lescent metabolic syndrome criteria that are linked to the Adult 
Treatment Panel III and International Diabetes Federation Crite-
ria. J Am Coll Cardiol 49:891–898. https://​doi.​org/​10.​1016/j.​jacc.​
2006.​08.​065

	11.	 Alberti KGMM, Zimmet P, Shaw J (2006) Metabolic syndrome–
a new world-wide definition. A Consensus Statement from the 

https://doi.org/10.1007/s00431-023-05311-7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0140-6736(05)66378-7
https://doi.org/10.1016/S0140-6736(05)66378-7
https://doi.org/10.1016/j.jacc.2010.05.034
https://doi.org/10.1016/j.jacc.2010.05.034
https://doi.org/10.1001/archpedi.157.8.821
https://doi.org/10.1001/archpedi.157.8.821
https://doi.org/10.1016/j.jpeds.2004.06.044
https://doi.org/10.1016/j.jpeds.2004.06.044
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.1161/CIRCULATIONAHA.106.669994
https://doi.org/10.1161/CIRCULATIONAHA.106.669994
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1016/j.jacc.2006.08.065
https://doi.org/10.1016/j.jacc.2006.08.065


724	 European Journal of Pediatrics (2024) 183:715–725

1 3

International Diabetes Federation. Diabet Med 23:469–480. 
https://​doi.​org/​10.​1111/j.​1464-​5491.​2006.​01858.x

	12.	 Kelly AS, Steinberger J, Jacobs DR et al (2011) Predicting car-
diovascular risk in young adulthood from metabolic syndrome, 
its component risk factors, and a cluster score in childhood. Int 
J Pediatr Obes 6:e283–e289. https://​doi.​org/​10.​3109/​17477​166.​
2010.​528765

	13.	 Quinn RC, Campisi SC, McCrindle BW, Korczak DJ (2022) Ado-
lescent cardiometabolic risk scores: a scoping review. Nutr Metab 
Cardiovasc Dis 32:2669–2676. https://​doi.​org/​10.​1016/j.​numecd.​
2022.​08.​022

	14.	 Stavnsbo M, Resaland GK, Anderssen SA et al (2018) Reference 
values for cardiometabolic risk scores in children and adolescents: 
suggesting a common standard. Atherosclerosis 278:299–306. 
https://​doi.​org/​10.​1016/j.​ather​oscle​rosis.​2018.​10.​003

	15.	 Clarisse B, Nikasinovic L, Poinsard R et al (2007) The Paris 
prospective birth cohort study: which design and who partici-
pates? Eur J Epidemiol 22:203–210. https://​doi.​org/​10.​1007/​
s10654-​007-​9109-2

	16.	 de Onis M, Onyango AW, Borghi E et al (2007) Development of a 
WHO growth reference for school-aged children and adolescents. 
Bull World Health Organ 85:660–667. https://​doi.​org/​10.​2471/​
BLT.​07.​043497

	17.	 World Health Organization (2006) WHO child growth standards: 
length/height-for-age, weight-for-age, weight-for-length, weight-
for-height and body mass index-for-age: methods and develop-
ment. Geneva: World Health Organization, 312 pages

	18.	 World Health Organization (2007) Growth reference 5–19 years 
- BMI-for-age (5–19 years). https://​www.​who.​int/​tools/​growth-​
refer​ence-​data-​for-​5to19-​years/​indic​ators/​bmi-​for-​age. Accessed 
11 Jan 2023

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

	20.	 Hartigan JA, Wong MA (1979) Algorithm AS 136: A K-Means 
Clustering Algorithm. J R Stat Soc Ser C Appl Stat 28:100–108. 
https://​doi.​org/​10.​2307/​23468​30

	21.	 Iguacel I, Börnhorst C, Michels N et al (2021) Socioeconomi-
cally disadvantaged groups and metabolic syndrome in European 
adolescents: the HELENA study. J Adolesc Health 68:146–154. 
https://​doi.​org/​10.​1016/j.​jadoh​ealth.​2020.​05.​027

	22.	 Ekelund U, Anderssen S, Andersen LB et al (2009) Prevalence 
and correlates of the metabolic syndrome in a population-based 
sample of European youth. Am J Clin Nutr 89:90–96. https://​doi.​
org/​10.​3945/​ajcn.​2008.​26649

	23.	 Mar Bibiloni M, Martínez E, Llull R et al (2011) Metabolic syn-
drome in adolescents in the Balearic Islands, a Mediterranean 
region. Nutr Metab Cardiovasc Dis 21:446–454. https://​doi.​org/​
10.​1016/j.​numecd.​2009.​11.​008

	24.	 Jia G, Wu C-C, Su C-H (2022) Dietary inflammatory index and 
metabolic syndrome in US children and adolescents: evidence 
from NHANES 2001–2018. Nutr Metab 19:39. https://​doi.​org/​
10.​1186/​s12986-​022-​00673-5

	25.	 Sehn AP, Gaya AR, Dias AF et al (2020) Relationship between 
sleep duration and TV time with cardiometabolic risk in adoles-
cents. Environ Health Prev Med 25:42. https://​doi.​org/​10.​1186/​
s12199-​020-​00880-7

	26.	 Bernhardsen GP, Stensrud T, Hansen BH et  al (2020) Birth 
weight, cardiometabolic risk factors and effect modification of 
physical activity in children and adolescents: pooled data from 12 
international studies. Int J Obes 44:2052–2063. https://​doi.​org/​10.​
1038/​s41366-​020-​0612-9

	27.	 Stavnsbo M, Skrede T, Aadland E et al (2019) Cardiometabolic 
risk factor levels in Norwegian children compared to international 

reference values: The ASK study. PLoS ONE 14:e0220239. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02202​39

	28.	 Arora A, Pell D, van Sluijs EMF, Winpenny EM (2020) How do 
associations between sleep duration and metabolic health differ 
with age in the UK general population? PLoS ONE 15:e0242852. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02428​52

	29.	 Fernández-Aparicio Á, Perona JS, Schmidt-RioValle J et al (2022) 
cMetS Based on Z-Scores as an accurate and efficient scoring 
system to determine metabolic syndrome in spanish adolescents. 
J Pers Med 13:10. https://​doi.​org/​10.​3390/​jpm13​010010

	30.	 Khazdouz M, Hasani M, Mehranfar S et al (2021) Validity 
of continuous metabolic syndrome score for predicting met-
abolic syndrome; a systematic review and meta-analysis. J 
Diabetes Metab Disord 20:497–510. https://​doi.​org/​10.​1007/​
s40200-​021-​00771-w

	31.	 Ahrens W, Moreno LA, Mårild S et al (2014) Metabolic syndrome 
in young children: definitions and results of the IDEFICS study. 
Int J Obes (Lond) 38(Suppl 2):S4-14. https://​doi.​org/​10.​1038/​ijo.​
2014.​130

	32.	 Andersen LB, Lauersen JB, Brønd JC et al (2015) A new approach 
to define and diagnose cardiometabolic disorder in children. J 
Diabetes Res 2015:539835. https://​doi.​org/​10.​1155/​2015/​539835

	33.	 Eisenmann JC (2008) On the use of a continuous metabolic syn-
drome score in pediatric research. Cardiovasc Diabetol 7:17. 
https://​doi.​org/​10.​1186/​1475-​2840-7-​17

	34.	 Lo K, Wong M, Khalechelvam P, Tam W (2016) Waist-to-height 
ratio, body mass index and waist circumference for screening pae-
diatric cardio-metabolic risk factors: a meta-analysis. Obes Rev 
17:1258–1275. https://​doi.​org/​10.​1111/​obr.​12456

	35.	 Ochoa Sangrador C, Ochoa-Brezmes J (2018) Waist-to-height ratio as 
a risk marker for metabolic syndrome in childhood. A meta-analysis 
Pediatr Obes 13:421–432. https://​doi.​org/​10.​1111/​ijpo.​12285

	36.	 Sun D, Wang T, Heianza Y et al (2018) Birthweight and cardio-
metabolic risk patterns in multiracial children. Int J Obes (Lond) 
42:20–27. https://​doi.​org/​10.​1038/​ijo.​2017.​196

	37.	 Schellong K, Schulz S, Harder T, Plagemann A (2012) Birth 
weight and long-term overweight risk: systematic review and a 
meta-analysis including 643,902 persons from 66 studies and 26 
countries globally. PLoS ONE 7:e47776. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00477​76

	38.	 Tam CHT, Wang Y, Luan J et al (2015) Non-linear relationship 
between birthweight and cardiometabolic risk factors in Chinese 
adolescents and adults. Diabet Med 32:220–225. https://​doi.​org/​
10.​1111/​dme.​12630

	39.	 Fonseca MJ, Moreira C, Santos AC (2021) Adiposity rebound and 
cardiometabolic health in childhood: results from the Generation 
XXI birth cohort. Int J Epidemiol 50:1260–1271. https://​doi.​org/​
10.​1093/​ije/​dyab0​02

	40.	 Siervogel RM, Demerath EW, Schubert C et al (2003) Puberty and 
body composition. Horm Res 60:36–45. https://​doi.​org/​10.​1159/​
00007​1224

	41.	 Reinehr T, Roth CL (2019) Is there a causal relationship between 
obesity and puberty? Lancet Child Adolesc Health 3:44–54. 
https://​doi.​org/​10.​1016/​S2352-​4642(18)​30306-7

	42.	 Frontini MG, Srinivasan SR, Berenson GS (2003) Longitudinal 
changes in risk variables underlying metabolic Syndrome X from 
childhood to young adulthood in female subjects with a history of 
early menarche: The Bogalusa heart study. Int J Obes 27:1398–
1404. https://​doi.​org/​10.​1038/​sj.​ijo.​08024​22

	43.	 Wang Y, Min J, Khuri J, Li M (2017) A systematic examina-
tion of the association between parental and child obesity across 
countries123. Adv Nutr 8:436–448. https://​doi.​org/​10.​3945/​an.​
116.​013235

	44.	 Kim SY, Lee JS, Kim YH (2020) Handgrip strength and cur-
rent smoking are associated with cardiometabolic risk in Korean 

https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.3109/17477166.2010.528765
https://doi.org/10.3109/17477166.2010.528765
https://doi.org/10.1016/j.numecd.2022.08.022
https://doi.org/10.1016/j.numecd.2022.08.022
https://doi.org/10.1016/j.atherosclerosis.2018.10.003
https://doi.org/10.1007/s10654-007-9109-2
https://doi.org/10.1007/s10654-007-9109-2
https://doi.org/10.2471/BLT.07.043497
https://doi.org/10.2471/BLT.07.043497
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://doi.org/10.2307/2346830
https://doi.org/10.1016/j.jadohealth.2020.05.027
https://doi.org/10.3945/ajcn.2008.26649
https://doi.org/10.3945/ajcn.2008.26649
https://doi.org/10.1016/j.numecd.2009.11.008
https://doi.org/10.1016/j.numecd.2009.11.008
https://doi.org/10.1186/s12986-022-00673-5
https://doi.org/10.1186/s12986-022-00673-5
https://doi.org/10.1186/s12199-020-00880-7
https://doi.org/10.1186/s12199-020-00880-7
https://doi.org/10.1038/s41366-020-0612-9
https://doi.org/10.1038/s41366-020-0612-9
https://doi.org/10.1371/journal.pone.0220239
https://doi.org/10.1371/journal.pone.0242852
https://doi.org/10.3390/jpm13010010
https://doi.org/10.1007/s40200-021-00771-w
https://doi.org/10.1007/s40200-021-00771-w
https://doi.org/10.1038/ijo.2014.130
https://doi.org/10.1038/ijo.2014.130
https://doi.org/10.1155/2015/539835
https://doi.org/10.1186/1475-2840-7-17
https://doi.org/10.1111/obr.12456
https://doi.org/10.1111/ijpo.12285
https://doi.org/10.1038/ijo.2017.196
https://doi.org/10.1371/journal.pone.0047776
https://doi.org/10.1371/journal.pone.0047776
https://doi.org/10.1111/dme.12630
https://doi.org/10.1111/dme.12630
https://doi.org/10.1093/ije/dyab002
https://doi.org/10.1093/ije/dyab002
https://doi.org/10.1159/000071224
https://doi.org/10.1159/000071224
https://doi.org/10.1016/S2352-4642(18)30306-7
https://doi.org/10.1038/sj.ijo.0802422
https://doi.org/10.3945/an.116.013235
https://doi.org/10.3945/an.116.013235


725European Journal of Pediatrics (2024) 183:715–725	

1 3

adolescents: a population-based study. Int J Environ Res Public 
Health 17:5021. https://​doi.​org/​10.​3390/​ijerp​h1714​5021

	45.	 Ramírez-Vélez R, Peña-Ibagon JC, Martínez-Torres J et al (2017) 
Handgrip strength cutoff for cardiometabolic risk index among 
Colombian children and adolescents: The FUPRECOL Study. Sci 
Rep 7:42622. https://​doi.​org/​10.​1038/​srep4​2622

	46.	 National Institute for Health and Care Excellence (2022) Keep 
the size of your waist to less than half of your height, updated 
NICE draft guideline recommends | News | News. In: NICE. 
https://​www.​nice.​org.​uk/​news/​artic​le/​keep-​the-​size-​of-​your-​
waist-​to-​less-​than-​half-​of-​your-​height-​updat​ed-​nice-​draft-​
guide​line-​recom​mends. Accessed 4 Oct 2023

	47.	 American Diabetes Association Professional Practice Commit-
tee (2021) 2. Classification and diagnosis of diabetes: standards 
of medical care in diabetes—2022. Diabetes Care 45:S17–S38. 
https://​doi.​org/​10.​2337/​dc22-​S002

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3390/ijerph17145021
https://doi.org/10.1038/srep42622
https://www.nice.org.uk/news/article/keep-the-size-of-your-waist-to-less-than-half-of-your-height-updated-nice-draft-guideline-recommends
https://www.nice.org.uk/news/article/keep-the-size-of-your-waist-to-less-than-half-of-your-height-updated-nice-draft-guideline-recommends
https://www.nice.org.uk/news/article/keep-the-size-of-your-waist-to-less-than-half-of-your-height-updated-nice-draft-guideline-recommends
https://doi.org/10.2337/dc22-S002

	Unsupervised identification of cardiometabolic profiles among adolescents: findings from the PARIS birth cohort study
	Abstract
	Introduction
	Methods
	PARIS birth cohort
	Assessment of cardiometabolic parameters
	Sociodemographic factors, growth features, and parental cardiometabolic history
	Statistical analyses

	Results
	Discussion
	Key results
	Strengths and limitations
	Cardiometabolic health in adolescents from the PARIS birth cohort
	Cardiometabolic profiles in adolescents from the PARIS birth cohort

	Conclusion
	Acknowledgements 
	References


