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Abstract Background and aim: There is no agreement about which index of adiposity and/or
body composition is the most accurate in identifying the metabolic syndrome (METS). The aim
of our study was to compare the accuracy of the different indexes in order to recognize the most
reliable.
Methods and results: We evaluated 1332 obese children and adolescents (778 females and 554
males), aged 14.4 � 1.8 yrs, Body Mass Index (BMI) standard deviation scores (SDS)
2.99 � 0.55, followed at the Istituto Auxologico Italiano, a tertiary center for childhood obesity.
For each subject the following indexes were assessed: BMI, BMI SDS, Fat-Free Mass Index (FFMI),
Fat Mass Index (FMI), Tri-Ponderal Mass Index (TMI), Waist-to-Height ratio (WtHR) and a new
one, the Body Mass Fat Index (BMFI), which normalizes the BMI for percentage of body fat
and the waist circumference. Thereafter we calculated for each index a threshold value for age
and sex, in order to compare their accuracy, sensitivity and specificity in identifying the METS.
There was a good correlation among indexes (p < 0.0001 for all). However, when the area under
the curve (AUC) was compared, some of them, in particular the BMFI and the BMI, performed
better than the other ones, although the differences were small.
Conclusions: BMI, which neither considers body composition nor fat distribution, performs as
good as other indexes, and should therefore be the preferred one, also because of the easiness
of its calculation.
ª 2019 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Obesity is closely associated with the metabolic syndrome
(METS), which is a strong risk factor for atherosclerotic
cardiovascular disease and type 2 diabetes mellitus
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(T2DM). As a result, the increase in the prevalence of
obesity worldwide has led to a considerable increase in its
economic consequence. The raising number of obese
children and adults has solicited in recent years the crea-
tion of indexes able to accurately define weight excess,
body composition and in particular visceral obesity,
because the latter is a marker for a higher risk of cardio-
metabolic diseases [1]. These surrogate indexes of
adiposity and/or visceral adiposity are routinely used in
clinical practice as objective measurements of fat mass and
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visceral adiposity require expensive machinery, such as
dual energy X-ray absorptiometry (DEXA) and Magnetic
Resonance/Computed Tomography, whose availability is
limited. Other techniques, such as bioelectric impedance
(BIA) and skinfold measurements, provide only informa-
tion on overall adiposity and subcutaneous fat mass
respectively. Moreover, the resulting data are inaccurate
and/or poorly reproducible.

Body Mass Index (BMI Z kg/cm2) is by far the oldest
and most commonly surrogate index used [2], but does not
allow to discriminate fat mass from fat-free mass. As a
matter of fact, a body builder may show the same BMI as a
sedentary TV watcher. Furthermore, in pediatric age BMI
varies with age and sex, requiring specific cutoff points.
Thus, BMI standard deviation scores (SDS) are commonly
used for growing children and adolescents. Since nowadays
it has been recognized that the amount of fat mass and its
distribution are the most important metabolic risk factors
[3], other indexes have been developed subsequently,
which also take into account these parameters. This is the
case of adiposity indexes such as Fat Mass Index (FMI) [4]
and Tri-Ponderal Mass Index (TMI) [5], as well as for in-
dexes of body fat distribution as Waist Circumference (WC)
[6], Model of Adipose Distribution (MOAD) and Visceral
Adiposity Index (VAI) [7] andWaist-to-Height ratio (WtHR)
[8], all built up with the aim to assess body fatness and its
relationship with cardiovascular and metabolic comorbid-
ities. Indexes of visceral adiposity seem to have greater
clinical utility than BMI in predicting disease and mortality
[9,10]. Similarly, anthropometric markers of adiposity have
proved to be useful for predicting the METS in youth
[11,12]. In addition, the Fat-free Mass Index (FFMI) [13] is
considered an indicator of nutritional status in healthy and
ill subjects, different from measures of body fat or body fat
distribution, and has been previously used as predictor of
components of the METS [14]. Despite a number of publi-
cations, however, no agreement has been reached on
which index should be used to date, both in children and
adolescents as well as in adults [15].

In order to close this gap, in the present study we
calculated, in a large group of obese children and adoles-
cents, a new index, the Body Mass Fat Index (BMFI), which
also adjusts the BMI for the body composition and for the
WC. The objective of this study was to test the hypothesis
that BMFI, the most comprehensive index, would perform
better than the others in identifying METS. For this pur-
pose, we evaluated for this index as well as for indexes of
adiposity (BMI, BMI SDS, FMI, TMI), body fat distribution
(WtHR) and body composition (FFMI), the age- and sex-
adjusted threshold that allows to identify or exclude the
presence of METS, comparing then the sensitivity and
specificity of all indexes to predict METS.

Methods

Study population

Between June 2013 and June 2017 we evaluated 1332
obese children and adolescents [778 females, 554 males,
aged 14.4 � 1.8 (range 10e17) years, height standard de-
viation score (SDS) 0.28 � 1.05 (range �3.38e4.35), and
BMI SDS 2.99 � 0.55 (2.01e5.06)], consecutively enrolled
in the obesity inpatient clinic of the Istituto Auxologico
Italiano, Piancavallo, Verbania, Italy. All but 27 patients
were Caucasian. All the subjects were born full-term and
suffered from simple obesity, other genetic, organic and
hormonal causes having been excluded. None of them had
received treatment with any drug known to interfere with
metabolism such as oral contraceptives or insulin sensi-
tizers for the previous 12 months. Pubertal development
was assessed according to Tanner classification [16]. One
hundred and twenty-seven patients were prepubertal
(stage 1), 683 pubertal (stage 2e4) and 522 fully devel-
oped (stage 5).

The study protocol was approved by the Ethical Com-
mittee of the Istituto Auxologico Italiano (ref. no. 01C822).
Written informed consent was obtained for all procedures
from parents or legal guardians and written assent from
children and adolescents were obtained before
enrollment.
Anthropometric data

All subjects underwent body measurements wearing light
underwear, in fasting conditions after voiding. Physical
examination was carried out by the same investigators
specifically trained.

Standing height was determined by a Harpenden Sta-
diometer (Holtain Limited, Crymych, Dyfed, UK). Body
weight was measured to the nearest 0.1 kg, using standard
equipment. Height and BMI, through the text and tables,
were expressed as SDS, according to Cacciari et al. [17] in
order to normalize the values for age and sex. Waist
circumference (WC) was measured midway between the
lowest rib and the top of the iliac crest after gentle expi-
ration with a non-elastic flexible tape measure.
Blood pressure measurements and instrumental
examination

Diastolic and systolic blood pressure (BP) were measured
to the nearest 2 mmHg in the supine position after 5 min
rest, using a standard mercury sphygmomanometer with
appropriately sized cuff. The average of three measure-
ments on different days was used.

Body composition: fat mass (FM), fat mass percentage
(FM%), fat-free mass (FFM) and fat-free mass percentage
(FFM%), were assessed by bioelectrical impedance analysis
(BIA) using a tetrapolar impedance meter (Human-IM
Scan; DS-Medigroup, Milan, Italy). For this purpose, we
have employed a cross-validate prediction equations of
body composition from BIA measurements using DEXA as
the reference method, developed by Lazzer et al. in obese
children and adolescents [18] Measurements were per-
formed according to the method of Lukaski et al. [19], after
20-min rest in a supine position with relaxed arms and
legs.
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Laboratory analyses

Baseline blood samples were drawn by venipuncture for
determination of glycemia, high-density lipoprotein
cholesterol (HDL-C), and triglycerides (TG). Routine labo-
ratory data were measured by enzymatic methods (Roche
Diagnostics, Mannheim, Germany). In all patients, a stan-
dard oral glucose tolerance test (1.75 g of glucose/kg body
weight up to 75 g with blood samples taken at 0, 30, 60,
90, 120 min) was then performed to evaluate glucose
homeostasis.

Definitions

We defined as obese those patients with a BMI higher than
the centile curve that at age 18 passed through the cut-off
point of 30 for adult obesity [17].

The following indexes have been calculated according
to the respective formulas:

(1) BMFI: BMI � FM (%) � WC (cm);
(2) FFMI [13]: fat-free mass in kg/height in m2;
(3) FMI [4]: fat mass in kg/height in m2;
(4) TMI [5]: mass in kg/height in m3;
(5) WtHR [8]: WC (cm)/height (cm).
(6) BMI SDS [17]: (BMI-mean BMI (for age and sex))/SD

Diagnosis of altered glucose metabolism was deter-
mined according to the American Diabetes Association
criteria [20]. Hypertensionwas defined as values of systolic
or diastolic BP > 95th percentile for age, sex, and height or
when any antihypertensive drug was being used [21]. Ac-
cording to the IDF criteria for METS diagnosis in children
and adolescents [22], our patients were considered to have
the METS if they had abdominal obesity [WC � 90th
percentile for ages <16 years [23], and �94 cm for males
and �80 cm for female for ages >16 years] plus two or
more of the following factors [1]: raised TG level:
�150 mg/dL (1.7 mmol/L) for ages <16 years and the same
cutoff or specific treatment for this lipid abnormality for
ages >16 years [2]; reduced HDL-C: <40 mg/dl
(1.03 mmol/L) for males and females for ages <16 years,
and <40 mg/dL for males and <50 mg/dL (1.29 mmol/L)
for females, or specific treatment for this lipid abnormality
for ages >16 years [3]; raised BP: systolic BP � 130 mmHg
or diastolic BP � 85 mmHg for ages <16 years, and same
cutoff or treatment of previously diagnosed hypertension
for ages >16 years [4]; raised fasting plasma glucose (FPG)
concentration �100 mg/dL (5.6 mmol/L) or previously
diagnosed T2DM for all ages [5].

Statistical analysis

The data were first scrutinized for outliers, using a cutoff of
4.5 standard deviation score. No data was excluded on this
basis. To explore the data, preliminary analyses were per-
formed. Continuous data are presented as mean (SD) or
with 95% CIs. Mean values were tested for statistical sig-
nificance using 2-tailed t tests. Pearson correlation
coefficients were calculated to assess the relationship be-
tween body-composition indexes. Correlation analyses
were used to assess the associations between each body-
composition index and each metabolic risk factor compo-
nent. Fisher’s transformation, changing r to a Z-score, was
used to compare correlated correlations.

To calculate the growth pattern of body-composition
indexes, a quantile regression was used [24] as alternative
of LMS Method [25]. The logarithm of each body compo-
sition index is used as response, fitted with a parametric
model which involves inverse of age and square root of
age. The standardized residuals were retained to represent
age-adjusted values.

Receiver operating characteristic (ROC) curves were
then generated to obtain the values of area under the
curve (AUC) with 95% CI, and also sensitivity and speci-
ficity, for each age-adjusted standardized body composi-
tion index as predictor of METS [26]. Assuming the BMI as
the “A” standard method for diagnosing METS and the
BMFI method as the new method to be tested (method
“B”), considering the already demonstrated prevalence of
METS in our obese population, a sample consisting of 300
children and adolescents with metabolic syndrome (METS
þ) and 1000 children without the metabolic syndrome
(METSe), for a total of 1300 children, allows to estimate a
difference of 0.05 in the area under the ROC curve (ROC-
AUC) of a diagnostic test with a ROCAUC of 0.80 (standard
method “A”) and one with a ROC-AUC of 0.85 (new
method “B”) with a power of 94% at an alpha level Z 0.05,
using a two-tailed test with a continuous variable and a
correlation between the two diagnostic tests equal to 0.6
in both METSþ and METSe children and adolescents. In
addition, the likelihood ratio (LRþ and LRe), and positive
and negative predictive values (þPV and ePV respec-
tively), were examined.

To identify the optimal cutoff the Youden index [27]
was calculated. The corresponding percentile value for
each cutoff was used in the quantile regression to identify
the age-specific body composition cutoff. A median
regression with the waist circumference as response and
the predicted value of the body composition index at the
identified percentile level was used to calculate the cor-
responding waist circumference for the optimal cutoff. A
within-subjects ANOVA analysis was performed to
compare the waist circumference means for each index
within the subjects.

The significance threshold was set at P < 0.05. The data
were analyzed using SAS Enterprise Guide 4.3 (SAS Insti-
tute Inc., Cary, NC USA).

Results

The clinical and laboratory characteristics of the study
population are reported in Table 1. At the time of the study,
the entire group of 1332 subjects fulfilled the criteria for
obesity and all of them except two (males) had abdominal
obesity according to the IDF criteria for METS.

High triglycerides values were present in 141 patients
(67 males) (10.6%), while 521 (232 males) had reduced



Table 1 Clinical characteristics of the subjects.

Females Males All

Number of subjects 778 554 1332
Age yrs 14.5 � 1.8 14.2 � 1.9* 14.4 � 1.8
BMI 37.2 � 5.7 37.5 � 5.9 37.3 � 5.8
BMI SDS 2.96 � 0.50 3.02 � 0.61 2.99 � 0.55
TMI 23.3 � 3.6 22.6 � 3.4� 23.0 � 3.5
BMFI 22.6 � 8.1 22.9 � 8.6 22.7 � 8.3
FMI 20.1 � 4.9 19.2 � 5.0� 19.7 � 4.9
WtHR 0.69 � 0.08 0.70 � 0.07� 0.69 � 0.08
FFMI 17.1 � 1.9 18.3 � 2.3& 17.6 � 2.2
WC (cm) 109.9 � 13.7 116.9 � 13.9& 112.8 � 14.2
SBP (mm/Hg) 122.7 � 11.4 127.0 � 12.7& 124.5 � 12.1
DBP (mm/Hg) 77.2 � 7.5 78.3 � 8.1* 77.7 � 7.8
HDL-C (mg/dl) 45.7 � 10.6 42.4 � 11.2& 44.3 � 11.0
TG (mg/dl) 93.5 � 42.1 100.9 � 43.1* 96.6 � 42.6
glycemia (mmol/L) 4.3 � 0.4 4.4 � 0.4� 4.4 � 0.4

For significance: *p < 0.01; �p < 0.001; &p < 0.0001.
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HDL-C levels (39.1%). Five hundred fifty-one subjects (286
males) suffered from hypertension (41.4%), and only 4 of
them was receiving treatment. Raised FPG was detected in
7 patients (3 males) (0.5%), while T2DM was present in 6
individuals (2 males) (0.45%). Altogether, the presence of
METS was found in 309 patients (23.2%).

According to sex, we found that males were younger
(p < 0.01), had lower TMI (p < 0.001), lower FMI
(p < 0.001), higher FFMI (p < 0.0001), greater WC
(p < 0.0001), greater WtHR (p < 0.001), higher systolic
(p < 0.0001) and diastolic BP (p < 0.01), lower HDL-C
(p < 0.0001), higher triglycerides (p < 0.01) and glycemia
(p < 0.001) than females (Table 1).

METS was more frequent in males than in females
(29.6% vs 18.6%; p < 0.0001). As expected, all parameters
were significantly higher in the subjects with METS than in
those without METS, both in males and in females, except
glycemia (Table 2).

Figure. 1 shows the threshold, which identify the risk of
METS, for each index, according to sex and chronological
age.
Table 2 Measurements of subjects subdivided according to sex and the a

No METS

Females Males

Number of subjects 633 390
Age yr 14.4 � 1.8 13.9 �
BMI 36.5 � 5.4 36.6 �
BMI SDS 2.90 � 0.50 2.93 �
TMI 22.9 � 3.4 22.3 �
BMFI 21.5 � 7.3 21.7 �
FMI 19.5 � 4.6 18.6 �
WtHR 0.68 � 0.08 0.70 �
FFMI 17.0 � 1.9 18.0 �
WC (cm) 108.0 � 12.7 114.4
SBP (mm/Hg) 120.3 � 9.9 124.0
DBP (mm/Hg) 76.3 � 7.2 77.2 �
HDL-C (mg/dl) 47.9 � 10.2 46.0 �
TG (mg/dl) 83.7 � 29.7 88.6 �
glycemia (mmol/L) 4.3 � 0.4 4.4 �
For significance: $p < 0.01 for the difference vs subjects of the same sex w
without METS; &p < 0.0001 for the difference vs subjects of the same sex
Correlations

In Table 3, the AUC and the pairwise comparison of AUC of
the different indexes are reported. BMFI performs better
among females than TMI (p < 0.05), FMI and FFMI (both
p < 0.01). BMFI performs better among males than TMI,
FMI and WtHR (p < 0.05). BMI also performs better than
TMI (females and males p < 0.01) and FFMI (females,
p < 0.01). BMI and BMI SDS show the same performance.

In Table 4, the sensitivity, the specificity, the positive
and negative predictive values together with the likeli-
hood ratio for each index are reported. NPV showed high
values for all indexes, as compared to PPV, even if sensi-
tivity was higher than specificity.

In females BMI and BMFI showed the higher sensitivity
(p < 0.05) while in males BMI and TMI were the most
sensitive (p < 0.05).

WC and WtHR showed the highest specificity among
females, while in males, BMFI, FMI, FFMI, WC and WtHR
were superior in specificity to BMI and TMI (p < 0.05).

In Table 5 the results of the Pearson partial (age) cor-
relation analysis. The Fisher’s z transformation coefficients
(95% CI) are reported, showing the relative influence and
the correlations of the different parameters of METS on
each adiposity index adjusted for age. The parameters of
Mets are significantly associated with the different in-
dexes, (p < 0.01) but triglycerides among males (all in-
dexes) and glycemia vs FFMI.
Discussion

METS is specifically associated with increased risk for
coronary heart disease, stroke and T2DM [28]. There is
evidence that the prevalence of METS in children and
adolescents has increased over the last 20 years, simulta-
neously with the epidemic development of obesity in this
age group [29]. In this context, it is interesting to note that
the prevalence of METS in this study was similar to our
bsence or presence of METS.

METS

Females Males

145 164
1.8 14.9 � 1.8$ 15.0 � 1.7&

5.4 40.3 � 6.1& 39.6 � 6.6&

0.57 3.22 � 0.45& 3.25 � 0.64*
3.2 25.0 � 3.8& 23.2 � 3.8$

7.3 27.2 � 9.5& 26.0 � 10.5&

4.5 22.6 � 5.3& 20.6 � 5.7&

0.07 0.73 � 0.08& 0.72 � 0.08&

2.3 17.7 � 1.9& 18.9 � 2.3&

� 12.6 117.9 � 14.7& 122.7 � 14.9&

� 12.1 132.9 � 11.8& 134.0 � 11.3&

7.6 80.8 � 7.9& 81.0 � 8.7&

11.1 36.0 � 5.6& 33.9 � 5.5&

30.5 136.1 � 58.6& 130.2 � 53.4&

0.4 4.4 � 0.5 4.5 � 0.4

ithout METS; *p < 0.001 for the difference vs subjects of the same sex
without METS.



Figure 1 Threshold for METS for each index in females and males.
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Table 3 The AUC and the pairwise comparison of AUC of the
different indexes among females and males.

BMFI BMI TMI FMI FFMI WtHR BMI SDS

Females
AUC 0.69 0.68 0.66 0.67 0.61 0.68 0.68
BMFI e 0.50 0.03 0.001 0.006 0.35 0.36
BMI e 0.002 0.08 0.001 0.67 0.32
TPMI e 0.55 0.03 0.42 0.01
FMI e 0.05 0.71 0.15
FFMI e 0.01 0.001
WtHR e 0.77
Males
AUC 0.59 0.58 0.55 0.58 0.55 0.56 0.58
BMFI e 0.54 0.01 0.049 0.31 0.03 0.74
BMI e 0.001 0.73 0.30 0.16 0.42
TPMI e 0.05 0.97 0.78 0.001
FMI e 0.49 0.22 0.56
FFMI e 0.92 0.26
WtHR e 0.12
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previous observation, using the same definition criteria
[30], remaining practically unchanged over the past
decade. We found a higher prevalence of METS in males
than in females, as previously reported both in pediatric
age [31] and in adult patients [32]. Furthermore, we have
detected a low prevalence of T2DM in our study group, at
variance with what observed in other populations but in
accordance with the incidence rates commonly observed
in European countries [33]. The reliability of these findings
derives from the large group of obese children assessed in
a single center and by the same operators, which is the
strength of our study.

The objective of this investigation was to compare
different indexes, in order to identify in the most complete
way which of these could be more reliable in discovering
the METS presence, thus allowing to prevent cardiovas-
cular diseases and T2DM. In the past an adiposity index
was mostly considered a tool to assess the amount of
weight excess, however in recent years it become clear
that we do not need an index which simply evaluates
weight excess, but we need an index which informs us
whether an obese patient is already at risk for cardiovas-
cular and metabolic diseases. Considering the limits of BMI
[34], which only establishes the weight excess of a patient
for his/her height, other indexes which also consider body
composition (FFMI), body fat and body fat distribution
Table 4 Sensitivity and specificity, positive and negative predictive value

Female

Sensitivity Specificity PPV NPV LRþ LR

BMI 0.80 0.55 0.29 0.92 1.76 0.3
TMI 0.66 0.60 0.27 0.88 1.64 0.5
BMFI 0.74 0.57 0.29 0.91 1.75 0.4
FMI 0.66 0.63 0.29 0.89 1.78 0.5
FFMI 0.65 0.56 0.25 0.87 1.48 0.6
WC 0.57 0.70 0.31 0.88 1.93 0.6
WtHR 0.61 0.67 0.30 0.88 1.86 0.5
BMI SDS 0.81 0.55 0.29 0.92 1.77 0.3
(FMI, TMI, WtHR) have been subsequently developed. In
this light, we tested a new index, the BMFI, which in
addition to the body composition also takes into consid-
eration the WC, the latter considered a very accurate
marker of cardiovascular risk [35].

In the present study we have calculated for each index a
threshold value for age and sex, comparing thereafter all
indexes each other, in order to check their accuracy,
sensitivity and specificity predictive values and likelihood
in identifying the METS. In particular, we were interested
to verify which index might identify more accurately the
METS. For this purpose, we have chosen waist circumfer-
ence as the discriminating factor, i.e. we have evaluated
which index identified METS at the smallest waist
circumference.

As a matter of fact, there was a very good correlation
among indexes (p < 0.0001 for all), and no index performs
clearly better than all the other ones. Correlation analysis
shows that triglycerides are not associated with any index
(among males) and that glycemia is not associated with
FFMI.

As to the predictive value, NPV showed high values for
all indexes, as compared to PPV, even if sensitivity was
higher than specificity. This suggest that these indexes are
more suitable to exclude than to identify METS. Further-
more, BMI SDS gave the same results as the BMI.

Two other studies, which similarly compared different
adiposity indexes, showed a discriminatory power for TMI
and FMI [12] and for WC and abdominal volume index
[36], respectively, in identifying METS. The results were
obtained however in a population of Colombian and
Spanish children, and therefore we do not know whether
they are applicable to our population.

Strength of this study is the large number of children
and adolescents evaluated in the same obesity center, by
the same personnel with the same modalities, which
surely increases the reliability of the data. The major lim-
itation of this study, on the other hand, is not having
evaluated the percentage of body fat by DEXA, which
however would have been impractical and too expensive
to perform in such a large number of subjects. DEXA and
BIA are not interchangeable for the assessment of body
composition in obese subjects, as the former is considered
the gold standard for assessing body fat. In this respect,
however, we have used a validated prediction equation,
able to give a satisfactory estimation of body composition
and the likelihood ratio for each index.

Male

e Sensitivity Specificity PPV NPV LRþ LRe

7 0.63 0.51 0.35 0.77 1.28 0.73
7 0.57 0.51 0.33 0.74 1.18 0.83
4 0.52 0.63 0.37 0.76 1.40 0.76
4 0.55 0.57 0.35 0.75 1.29 0.79
3 0.55 0.60 0.37 0.76 1.38 0.75
1 0.55 0.63 0.38 0.77 1.48 0.72
8 0.49 0.63 0.36 0.75 1.32 0.81
6 0.67 0.47 0.35 0.77 1.27 0.70



Table 5 Pearson partiala correlations statistics (Fisher’z trans-
formation). All results are shown as: Fisher’s z (95% CI).

SPB DBP HDL_C Glycemia TG

Females (n [ 778)
BMI 0.32

(0.25,
0.38)

0.25
(0.18,
0.31)

�0.18
(�0.25,
�0.11)

0.10 (0.03,
0.17)

0.17
(0.10,
0.24)

TMI 0.25
(0.19,
0.32)

0.21
(0.14,
0.27)

�0.16
(�0.23,
�0.09)

0.10 (0.03,
0.17)

0.17
(0.10,
0.24)

BMFI 0.31
(0.25,
0.37)

0.27
(0.20,
0.33)

�0.18
(�0.25,
�0.11)

0.11 (0.04,
0.18)

0.17
(0.10,
0.24)

Fat Mass
Index

0.30
(0.23,
0.36)

0.25
(0.18,
0.31)

�0.16
(�0.22,
�0.09)

0.11 (0.04,
0.18)

0.15
(0.08,
0.22)

Fat Free
Mass
Index

0.19
(0.12,
0.26)

0.12
(0.05,
0.19)

�0.15
(�0.22,
�0.08)

0.02
(�0.05,
0.09)�

0.13
(0.06,
0.20)

WtHR 0.21
(0.14,
0.28)

0.22
(0.15,
0.28)

�0.20
(�0.26,
�0.13)

0.11 (0.04,
0.17)

0.21
(0.14,
0.28)

BMI SDS 0.30
(0.24,
0.36)

0.24
(0.17,
0.31)

�0.20
(�0.26,
�0.13)

0.10 (0.03,
0.17)

0.19
(0.12,
0.26)

Males (n [ 554)
BMI 0.44

(0.37,
0.50)

0.31
(0.24,
0.39)

�0.22
(�0.30,
�0.14)

0.18 (0.09,
0.25)

0.03
(�0.05,
0.11)�

TMI 0.28
(0.21,
0.36)

0.24
(0.16,
0.32)

�0.13
(�0.21,
�0.04)

0.21 (0.13,
0.29)

0.00
(�0.09,
0.08)�

BMFI 0.39
(0.32,
0.46)

0.31
(0.23,
0.38)

�0.21
(�0.29,
�0.13)

0.23 (0.15,
0.31)

0.03
(�0.05,
0.11)�

Fat Mass
Index

0.36
(0.29,
0.43)

0.29
(0.21,
0.37)

�0.17
(�0.25,
�0.09)

0.23 (0.15,
0.31)

0.01
(�0.08,
0.09)�

Fat Free
Mass
Index

0.33
(0.26,
0.41)

0.17
(0.09,
0.25)

�0.20
(�0.27,
�0.11)

�0.06
(�0.14,
0.03)�

0.06
(�0.02,
0.14)�

WtHR 0.22
(0.14,
0.30)

0.23
(0.15,
0.31)

�0.16
(�0.24,
�0.08)

0.23 (0.15,
0.31)

0.03
(�0.05,
0.12)�

BMI SDS 0.45
(0.39,
0.52)

0.31
(0.23,
0.38)

�0.23
(�0.31,
�0.15)

0.15 (0.07,
0.23)

0.04
(�0.05,
0.12)�

For significance: all parameters showed a p value of <0.01,
except glycemia vs FFMI (>0.05) and TG for all indexes in males
only (�p > 0.05).
a Partial variable: age.
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in obese children and adolescents from measurements of
stature and body impedance [13].

Furthermore, since our investigation is a cross-sectional
study, aimed at identifying the most sensible index that
recognizes the presence of METS, we are unable to predict
whether the METS will persist in our patients or will
appear in the future in those patients who are borderline
or presenting some of the criteria for defining METS.Al-
together, contrary to our initial hypothesis, in obese chil-
dren and adolescents we have demonstrated that the first
developed, simplest and most commonly used index, the
BMI, performs as good as other indexes which also
consider body composition and fat distribution, in turn
considered as more reliable in predicting the risk of cardio-
metabolic disease in recent years. We believe that our
results represent a good information for the clinicians
since the BMI can be easily and quickly calculated in out-
patients. Furthermore, the use of BMI also allows a
reduction of the costs because it does not need the
assessment of body composition.
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