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Abstract

Background: The assessment of body composition is central in diagnosis and treatment of paediatric obesity, but

a criterion method is not feasible in clinical practice. Even the use of bioelectrical impedance analysis (BIA) is limited
in children. Body mass index (BMI) Z-score is frequently used as a proxy index of body composition, but it does not
discriminate between fat mass and fat-free mass. We aimed to assess the extent to which fat mass and percentage of
body fat estimated by a height-weight equation agreed with a BIA equation in youths with obesity from South Italy.
Furthermore, we investigated the correlation between BMI Z-score and fat mass or percentage of body mass esti-
mated by these two models.

Methods: One-hundred-seventy-four youths with obesity (52.3% males, mean age 10.8+ 1.9) were enrolled in this
cross-sectional study. Fat mass and percentage of body fat were calculated according to a height-weight based pre-
diction model and to a BIA prediction model.

Results: According to Bland—Altman statistics, mean differences were relatively small for both fat mass (4 0.65 kg)
and percentage of body fat (4 1.27%) with an overestimation at lower mean values; the majority of values fell within
the limits of agreement. BMI Z-score was significantly associated with both fat mass and percentage of body fat,
regardless of the method, but the strength of correlation was higher when the height-weight equation was consid-
ered (r=0.82; p<0.001).

Conclusions: This formula may serve as surrogate for body fat estimation when instrumental tools are not available.
Dealing with changes of body fat instead of BMI Z-score may help children and parents to focus on diet for health.
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Background

Obesity is defined as excessive fat accumulation that
presents a risk to health. Epidemiological studies, using
either direct or indirect body composition methods,
suggested a positive association between fat mass and
mortality in the general population [1]. Therefore, the
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assessment of body composition is central in diagnosis
and treatment of obesity, yet there are several limita-
tions to estimate body fat (BF), especially in children and
adolescents.

Dual-energy X-ray absorptiometry (DXA) and air dis-
placement pletismography are considered as criterion
methods for body composition assessment in adults, but
not in children. Another approach is the use of bioelectri-
cal impedance analysis (BIA), which estimates total body
water, fat-free mass (FFM) and fat mass (FM) through
predictive equations based on different variables, such
as age, stature and eventually weight [2, 3]. However, the
use of BIA in pediatric clinical practice is limited because
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it requires a specialised staff, standard conditions and a
relative collaboration of the patients [4]. Therefore, sev-
eral methods have been developed to assess adiposity
from equations based on anthropometric measurements,
such as weight and height, which are practical, repeatable
and less influenced by the operators [5]. In this direction,
body mass index (BMI) has been recommended to evalu-
ate overweight and obesity in healthcare or clinical set-
tings. Despite many strengths, BMI has some limitations
because FM and FFM can differ among subjects with the
same BMI [3]. Moreover, BMI is a sex and age related
measurement, therefore BMI-for-age percentile or its
equivalent (BMI Z-score) are the main tools used for the
diagnosis of overweight and obesity [2].

BMI Z-score is frequently used as a proxy index of
body composition also in follow-up studies [4]. However,
it is of difficult interpretation for non-professionals, such
as parents, and its meaning is not directly attributed to
BE. In addition, BMI z-score is flattened at very high BMI
values, leading to erroneous conclusions when consid-
ering variations over time [5-7]. BMI and BMI Z-score
may not reflect changes in body composition in children
and adolescents because body proportions and BF lev-
els change during growth in a non-linear manner. For
this reason, other anthropometric equations have been
proposed to estimate FM%. For instance, some Authors
tested different exponential numbers in the denomina-
tor of the weight/height formula [8]. In particular, the
triponderal mass index (weight/height®) was more accu-
rate than BMI for estimating BF levels in different pediat-
ric populations [9, 10].

Recently, Hudda et al. developed a ‘height-weight
equation’ to calculate FM in children and adolescents,
which was validated against deuterium dilution in a large
multi-ethnic dataset of UK children of different ethnic
groups. [11]. This equation had a very high predictive
ability, yielding a mean difference between observed and
predicted fat mass of —1.29 kg (95% confidence inter-
val —1.62 to—0.96 kg). Furthermore, using the deute-
rium dilution method as a reference standard, this model
provided estimates of FM as accurate as those yielded by
DXA and BIA [12]. This equation considers also ethnicity
as a predictor variable, distinguishing children of differ-
ent ethnic origins. In a previous study, we found that FM
estimated by the Hudda’s equation was independently
associated with subclinical atherosclerosis in an Italian
sample of children and adolescents with obesity [13].

Considering the interest toward a simple and feasible
method to estimate BF, we aimed to assess the extent to
which FM and percentage of BF (BF%) agreed by com-
paring two feasible methods to estimate BF, namely the
height-weight equation by Hudda et al. and a BIA model
in a sample of children and adolescents with obesity
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living in South Italy. As secondary outcome, we com-
pared the correlation between BMI Z-score, and FM or
BF% estimated by these two models.

Methods

This retrospective study involved 174 Italian children and
adolescents with obesity (52.3% males, mean age 10.8,
range age 7—15 years) consecutively admitted for a first
visit to the Obesity Unity, Santobono Pausilipon Children
Hospital in Naples, Italy, from April 2017 to December
2017. To be included in the study the following criteria
were considered: age 4—15 years, diagnosis of primary
obesity, no previous weight loss treatment. Overweight,
participation to competitive sports, assumption of medi-
cations that may affect body weight, or genetic, endocrine
and iatrogenic causes of obesity were exclusion criteria.
The institutional review board approved the clinical pro-
tocol and written informed consent for all procedures
was obtained from all the children and/or their parents
or legal guardians before the enrolment.

Anthropometry, pubertal and lifestyle assessment
Anthropometric measurements were assessed by the
same investigator, specifically trained. Standing height
was determined by a Harpenden Stadiometer (Holtain
Limited, Crymych, Dyfed, UK). Body weight was meas-
ured to the nearest 0.1 kg, by using standard equipment.
BMI was calculated as weight divided for height® (kg/
m?). The WHO standards for age-and sex-specific BMI
percentiles were used for calculating the BMI stand-
ard deviation score (SDS). Obesity was defined by BMI
Z-score >2 [14]. Pubertal stage was assessed by a paedia-
trician. Prepubertal stage was defined by Tanner Stage I
of breast development in girls and testicular volume in
boys [15].

Lifestyle was assessed by questionnaire and included
information about participation in competitive or recrea-
tional sports in the previous 6 months (yes/not) and the
weekly hours of training.

Bioelectrical impedance analysis

BIA on the whole body (BIA 101 RJL, Akern, Flor-
ence Italy) was performed by the same investigator in
standardized conditions: ambient temperature between
23-25 °C, fast>3 h, empty bladder, and supine position
for 10 min. Participants were asked to lie down with their
legs and arms slightly abducted to ensure no contact
between body segments. The measuring electrodes were
placed on the anterior surface of the wrist and ankle, and
the injecting electrodes on the dorsal surface of the hand
and the foot, respectively [16].
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Body composition calculations
FM was calculated according to the height-and-weight-
based prediction model, as suggested by Hudda et al. [11]
and to the BIA prediction model, as suggested by Horlick
etal. [17].

According to Hudda et al. [11] the following equation
was used:
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expressed as untransformed values. Continuous variables
were described as mean 4 SD. Unpaired and paired stu-
dent’s T-tests were used to compare means between boys
and girls and within the same sex. Differences between
the two estimation methods were normally distributed.
Thus, Bland—Altman statistics [18] was used to compare
the two models of FM and BF%. General linear model
was performed to exclude any interactions between mean

FM (kg) = Weight V™" exp [0.3073 x height’ — 10.0155 x weight™ + 0.004571 x weight + 0.01408 x BA — 0.06509 X SA — 0.02624 X AO

— 0.01745 x other — 0.9180 X In(age) + 0.6488 X age°'5 + 0.04723 X sex + 2.8055]

exp=exponential function; In=natural logarithmic
transformation; score 1 if child is of black (BA), south
Asian (SA), other Asian (AO), or other (other) ethnic ori-
gins and score =0 if not; sex=1 for male and sex=0 for
female.

For the BIA estimation model, the following equation,
previously validated in children aged 4-18 years by Hor-
lick et al. [17], was used:

differences of the selected equations and gender or gen-
der and age. Unadjusted and adjusted linear regression
models were performed between the differences of the
two methods and their corresponding averages. Par-
tial correlation adjusted for gender, age and prepubertal
stage was performed to compare the association between
weekly hours of sports participation or BMI Z-score and
FM or BF% estimated by the two different equations.

FM — BIA(kg) = weight V™" [3.474 + 0.459 x height® /R + 0.064 x weight] / [0.769 — 0.009 x age — 0.016 x sex]

R=celectrical resistance; sex=1 for male and sex=0
for female.

BF% was calculated for both equations as FM/
weight x 100.

Statistical analyses

Statistical Package for Social Sciences (version 26.0,
SPSS, Inc., Chicago, Illinois) was used for statisti-
cal analyses. The Shapiro—Wilk test was performed to
assess the normal distribution of the variables. Data not
normally distributed were logarithmically transformed
before analyses; for clarity of interpretation, results are

Results

General characteristics of the study group as a whole or
stratified by gender are shown in Table 1. No statistical
differences were found for age, weight and stature, while
BMI-Z score was significantly higher in boys than girls.
BF% was significantly higher in girls than boys regardless
the method used to assess the body composition, while
there was no significant difference in FM. Only 37% of
girls and 49% of boys participated in recreational sports.
FM and BF% significantly differed between the two meth-
ods in girls, while no statistical differences were found in
boys.

Table 1 Demographic, anthropometric and body composition data in the study sample considered as a whole or stratified by gender

Total (n=174) Boys (n=91) Girls (n=83) p*
Age (yrs) 108+£1.9 109+£19 107£19 0.558
Weight (kg) 7024165 706£16.5 6994166 0.794
Prepubertal/pubertal % 43.5/56.5 54.2/45.8 33.3/66.7 0.011
Stature (cm) 1484+£11.3 1494+£113 1472+£11.2 0.194
Body Mass Index (kg/m?) 31.5+£38 31.1£34 31.8+£42 0.243
Body Mass Index Z-score 36407 374106 34407 0.004
Fat mass peight.weight equation (K9) 3134381 302+73 325488 0.060
Fat mass g, (kg) 307490 300486 314495° 0.296
Body fat pigh weight equation (%) 444435 428426 463434° <0001
Body fat g, (%) 432448 421443 444+451° 0.002

avsb=p<0.001 within girls
" differences between genders
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Partial correlation analysis did not show any significant
relationship between weekly hours of sports and FM or
%BF, adjusting for sex, age and prepubertal stage (FM
height-weight equation r -0.076, %BF height-weight equation r — 0.156;
FMy, r -0.042; %BFp;, 1 -0.048).

Bland-Altman analysis was performed in the whole
study group. The agreements of FM or BF% estimated by
the two methods are shown as plots (Figs. 1 and 2), while
statistics was synthetized in Table 2. The mean differ-
ences were relatively small for both FM and BF% and the
majority of values fell within the upper and lower limits
of agreement. Specifically, the averages of the differences
in FM or BF% were positive and significantly different
from 0 in the comparison of both equations (Table 2). Of
note, a systematic error was more evident in BF% differ-
ences with an overestimation at lower mean values.

Compared to unadjusted coefficients of correlations,
partial correlation analysis adjusted for gender, age and
prepubertal stage showed a stronger negative correlation
between differences and averages in both FM and BF%
(Table 2).

Partial correlation adjusted by gender, age and prepu-
bertal stage between BMI Z-score and FM or BF% esti-
mated by different equations is shown in Table 3. BMI
Z-score was significantly associated both with abso-
lute and relative FM distribution estimated with either
method. However, the relationship was greatly higher
when the height-weight equation was used.
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Discussion

The present study found a fair agreement in the estima-
tion of BF between a height-weight equation [11] and a
validated model of body composition assessment based
on BIA [17] in a sample of children and adolescents with
obesity living in South Italy. As far as we know, few stud-
ies have compared anthropometric estimation of body
composition to BIA equation [12], while a robust body of
literature exists on the comparison of anthropometric or
BIA equation with DXA or air displacement pletismogra-
phy [19].

Recently, Hudda et al. proposed a ‘height—weight equa-
tion’ to estimate FM in children and adolescents, which
was validated against to deuterium dilution [11]; this
equation provided FM estimation at least as accurate as
DXA and BIA [12]. In a retrospective study performed
in a Danish cohort, FM estimated by this height-weight
equation at 10 or 13 years was associated with adult risk
of type 2 diabetes between 30 and 70 years better than
childhood weight [20]. Furthermore, FM estimated by
this equation was independently associated with sub-
clinical atherosclerosis [13] and showed a good ability for
detection of metabolic syndrome in Italian children and
adolescents [21].

The present study provides further insights by com-
paring the extent to which FM and BF% estimated
by the Hudda’s prediction agreed with another fea-
sible model based on BIA in a clinical sample of
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obesity

Table 2 Bland-Altman  statistics, correlation and partial
correlation in the study sample
Mean confidence R r adjusted for
difference intervals for gender, age and
95% limits of pubertal status
agreement
AFM  0.65* -52;,+6.5 -0.310%* -0.174*
ABF% 1.27*% -6.8,+94 -0.376**  -0470%*

FM Fat mass, BF% Percentage of body fat

A =differences between height-weight equation and bioimpedance equation

" p<0.001 (mean differences vs. 0)
" p<0.001
"p<0.04

Table 3 Partial
prepubertal stage in the study sample

correlation adjusted by gender, age and

BMI Z-score P
Fat mass height-weight equation (kg) 0.837 <0.001
Fat mass g, (kg) 0.718 <0.001
BOdy fat height-weight equation (%) 0.837 <0.001
Bodly fat g, (%) 0505 <0001

BIA Bioimpedance analysis

Italian youths with obesity. Both equations revealed
the expected gender differences in body composi-
tion. However, the height-weight equation provided
slightly higher values of FM and BF% compared to the
BIA method in girls, while no significant differences
were found in boys. By using the Bland—Altman analy-
sis we found a difference between the two methods of
only 0.65 kg in the estimation of FM and 1.27% in the
estimation of BF%. Considering as ideal an agreement
of zero difference between measurements, the com-
parison between the two methods is acceptable. Yet,
the height-weight equation overestimated the amount
of FM or BF% at lower mean values compared to the
BIA equation, even after controlling by gender, age
and prepubertal stage. Since measures of BF in chil-
dren are dependent on individual characteristics (such
as age, height, gender and pubertal status), differences
are expected when body composition is estimated with
different methods. Indeed, errors in estimation of FM
using BIA and DXA were demonstrated by Reilly et al.
[22] in a sample of normal weight children, and by
Lazzer et al. [23] in a sample of youths with severe obe-
sity. Furthermore, Hudda et al. [12] demonstrated that
the accuracy of DXA and BIA assessments in paediatric
age varied considerably in children across the range of
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FM values, with DXA overestimating FM at higher lev-
els and underestimating at lower levels.

As secondary outcome, we found a greater relationship
between BMI Z-score and FM or BF% as estimated by the
height—weight equation than the BIA prediction model,
after adjusting for gender, age and prepubertal stage. As
far as we know, only Calcaterra et al. have assessed the
correlation between the height-weight equation with
other indices of obesity, such as BMI (r=10.69, p<0.001),
waist circumference (r=0.32, p<0.01) [21].

A recent systematic review reported that BMI Z-score
was more frequently used than BMI or BMI percent-
age (24%, 9% and 13%, respectively) to assess weight loss
in paediatric obesity; DXA or BIA were by far under-
reported (5% and 1% respectively) [4]. The BMI Z-score
is a measure of relative weight adjusted for child age and
sex, used to classify overweight and obesity and to moni-
tor weight loss, but the information associated to this
index is difficult to explain to parents and children. A
practical application of the height-weight equation com-
pared to BMI Z-score is shown in the Supplementary
table. Two examples are presented, showing either 3.0 kg
of weight increase or 1.0 kg of weight loss after 6 months
of treatment in a 10.5 year-old boy with a linear growth
of +3 cm. In both cases a reduction of BMI Z-score above
0.25 was hypothesized, an amount that has been deemed
to be effective in reducing cardiovascular risk factors in
obese children [24]. Reduction of 0.7 or 2.4 BF% was esti-
mated according to the height-weight formula against to a
reduction of BMI Z-score of 0.26 or 0.54, respectively.

Our study has several limitations. Firstly, the study
group consisted of a small sample of children and ado-
lescents with obesity, hence it is not representative of the
general pediatric population. In addition, our results are
applicable only to a Caucasian population. Secondly, we
could not validate the formula against a reference method,
such as DXA or deuterium dilution. On the contrary, one
strength of our study is the use of two equations that were
previously validated in youths with the same age range of
our population against reference methods. Lastly, either
the anthropometric variables or the BIA data were esti-
mated by a unique operator, reducing the observer bias.

Conclusions

We found a fair agreement between two simple-to-use
tools to assess body composition in a sample of youths
with obesity living in South Italy. Therefore, the height-
weight formula may serve as surrogate for FM estima-
tion when feasible instrumental tools, such as BIA are
not available. Calculation of FM from the relevant pre-
dictor variables is simple, using the Excel calculator pro-
vided by the Authors [11]. The strict correlation between
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BMI Z-score and BF% estimated by the height-weight
equation suggests that the two formulas may be inter-
changeable. The usefulness of the height-weight formula
may rely on the opportunity to deal with changes of BF
instead of weight or BMI Z-score, helping children and
parents to focus on diet and exercise for health. Further
studies are needed to compare the height-weight equa-
tion and BMI Z-Score against DXA in the estimation
of BF in children. Whether the height-weight formula
should perform better than BMI, the development of
adiposity-related cut offs specific for gender and age,
might help to better define pediatric obesity.

Abbreviations
BIA: Bioelectrical impedance analysis; BF: Body fat; BMI: Body mass index; DXA:
Dual-energy X-ray absorptiometry; FFM: Fat-free mass; FM: Fat mass.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513052-022-01285-8.

Additional file 1: Supplementary table 1. Changes of BMIZ-score or
body fat percentage estimated by the height-weight equation in anado-
lescent boy after 6 months of treatment. Example: comparison between
changesin BMI Z-score and body fat percentage in an adolescent boy after
6 months of treatment.

Acknowledgements
Not applicable.

Authors’ contributions

MRL contributed to conceptualization, design of the study, and acquisition of
the data, and critically revised the manuscript; GB contributed to design of the
study, analysis and interpretation of the data, and drafted the manuscript; Gl
contributed to interpretation of the data, and critically revised the manuscript;
MSL contributed to acquisition of the data, and critically revised the manuscript;
ODV contributed to acquisition of the data, and critically revised the manuscript;
Al contributed to conceptualization, design of the study, interpretation of the
data, and critically revised the manuscript; GV contributed to conceptualization,
design of the study, analysis and interpretation of the data, and drafted the
manuscript. All authors approved the submitted version and agreed both to be
personally accountable for the author’s own contributions and to ensure that
questions related to the accuracy or integrity of any part of the work, even ones
in which the author was not personally involved, are appropriately investigated,
resolved, and the resolution documented in the literature.

Funding
This research received no specific grant from any funding agency.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with the ethical standards as

laid down in the 1964 Declaration of Helsinki and its later amendments or
comparable ethical standards. The institutional review board of the Cardarelli
Hospital, Naples approved the clinical protocol and written informed consent
for all procedures was obtained from all the children and/or their parents or
legal guardians before the enrolment.


https://doi.org/10.1186/s13052-022-01285-8
https://doi.org/10.1186/s13052-022-01285-8

Licenziati et al. Italian Journal of Pediatrics (2022) 48:106

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details

'Department of Neurosciences, Obesity and Endocrine Disease Unit,
Santobono-Pausilipon Children’s Hospital, Naples, Italy. 2Department of Move-
ment Sciences and Wellbeing, University of Naples “Parthenope’, Naples, Italy.
3Department of Clinical Medicine and Surgery, Federico Il University of Naples,
Naples, Italy. “Department of Public Health, Federico Il University of Naples,
Naples, Italy. °Department of Medicine and Medical Specialties, A. Cardarelli
Hospital, Naples, Italy.

Received: 28 January 2022 Accepted: 25 May 2022
Published online: 21 June 2022

References

1. Lee DH, Giovannucci EL. Body composition and mortality in the general
population: a review of epidemiologic studies. Exp Biol Med (Maywood).
2018;243:1275-85.

2. Must A, Anderson SE. Body mass index in children and adolescents: con-
siderations for population-based applications. Int J Obes. 2006;30:590-4.
https://doi.org/10.1038/s}.ij0.0803300.

3. Daniels SR.The use of BMI in the clinical setting: table 1. Pediatrics.
2009;124:535-41. https://doi.org/10.1542/peds.2008-3586F.

4. Bryant M, Ashton L, Brown J, Jebb S, Wright J, Roberts K, et al. Systematic
review to identify and appraise outcome measures used to evaluate
childhood obesity treatment interventions (CoOR): evidence of purpose,
application, validity, reliability and sensitivity. Health Technol Assess
Winch Engl. 2014;18:1-380. https://doi.org/10.3310/hta18510.

5. Jensen NSO, Camargo TFB, Bergamaschi DP. Comparison of methods to
measure body fat in 7-to-10-year-old children: a systematic review. Public
Health. 2016;133:3-13. https;//doi.org/10.1016/j.puhe.2015.11.025.

6. Freedman DS, Butte NF, Taveras EM, Goodman AB, Ogden CL, Blanck
HM. The limitations of transforming very high body mass indexes into z
-scores among 8.7 million 2- to 4-year-old children. J Pediatr. 2017,188:50-
56.el.

7. Kelly AS, Daniels SR. Rethinking the use of body mass index z-score in
children and adolescents with severe obesity: time to kick it to the curb?
J Pediatr. 2017;188:7-8. https://doi.org/10.1016/j.jpeds.2017.05.003.

8. Cole TJ. Weight/height2 compared to weight/height2 for assessing adi-
posity in childhood: influence of age and bone age on p during puberty.
Ann Hum Biol Taylor & Francis. 1986;13:433-51. https://doi.org/10.1080/
03014468600008621.

9. Peterson CM, Su H, Thomas DM, Heo M, Golnabi AH, Pietrobelli A, et al.
Tri-ponderal mass index vs body mass index in estimating body fat dur-
ing adolescence. JAMA Pediatr. 2017;171:629. https://doi.org/10.1001/
jamapediatrics.2017.0460.

10. De Lorenzo A, Romano L, Di Renzo L, Gualtieri P, Salimei C, Carrano E, et al.
Triponderal mass index rather than body mass index: an indicator of high
adiposity in Italian children and adolescents. Nutrition. 2019;60:41-7.
https://doi.org/10.1016/j.nut.2018.09.007.

11. Hudda MT, Fewtrell MS, Haroun D, Lum S, Williams JE, Wells JCK, et al.
Development and validation of a prediction model for fat mass in
children and adolescents: meta-analysis using individual participant data.
BMJ. 2019;14293. https://doi.org/10.1136/bmj.14293

12. Hudda MT, Owen CG, Rudnicka AR, Cook DG, Whincup PH, Nightingale
CM. Quantifying childhood fat mass: comparison of a novel height-
and-weight-based prediction approach with DXA and bioelectrical
impedance. Int J Obes. 2021;45:99-103. https://doi.org/10.1038/
541366-020-00661-w.

13. Licenziati MR, lannuzzo G, Morlino D, Campana G, Renis M, lannuzzi A,
et al. Fat mass and vascular health in overweight/obese children. Nutr
Metab Cardiovasc Dis. 2021;31:1317-23. https://doi.org/10.1016/j.num-
ecd.2020.12.017.

14. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J.
Development of a WHO growth reference for school-aged children and

Page 7 of 7

adolescents. Bull World Health Organ. 2007,85:660-7. https://doi.org/10.
1590/50042-96862007000900010.

15. Tanner JM, Whitehouse RH. Clinical longitudinal standards for height,
weight, height velocity, weight velocity, and stages of puberty. Arch Dis
Child. 1976;51:170-9. https://doi.org/10.1136/adc.51.3.170.

16. Bioelectrical impedance analysis in body composition measurement:
National institutes of health technology assessment conference state-
ment. Am J Clin Nutr. 1996,64:5245-532S. https://doi.org/10.1093/ajcn/
64.3.524S

17. Horlick M, Arpadi SM, Bethel J, Wang J, Moye J, Cuff P, et al. Bioelectrical
impedance analysis models for prediction of total body water and fat-
free mass in healthy and HIV-infected children and adolescents. Am J Clin
Nutr. 2002;76:991-9. https://doi.org/10.1093/ajcn/76.5.991.

18. Bland JM, Altman DG. Measuring agreement in method comparison
studies. Stat Methods Med Res. 1999;8:135-60. https://doi.org/10.1177/
096228029900800204.

19. Sergi G, De Rui M, Stubbs B, Veronese N, Manzato E. Measurement of lean
body mass using bioelectrical impedance analysis: a consideration of
the pros and cons. Aging Clin Exp Res. 2017,29:591-7. https://doi.org/10.
1007/540520-016-0622-6.

20. Hudda MT, Aarestrup J, Owen CG, Cook DG, Sgrensen TIA, Rudnicka AR,
et al. Association of childhood fat mass and weight with adult-onset type
2 diabetes in Denmark. JAMA Netw Open. 2021;4:€218524. https://doi.
0rg/10.1001/jamanetworkopen.2021.8524.

21. CalcaterraV, Verduci E, De Silvestri A, Magenes VC, Siccardo F, Schneider
L, et al. Predictive ability of the estimate of fat mass to detect early-onset
metabolic syndrome in prepubertal children with obesity. Children
(Basel). 2021;8:966. https://doi.org/10.3390/children8110966.

22. Reilly JJ, Gerasimidis K, Paparacleous N, Sherriff A, Carmichael A, Ness
AR, et al. Validation of dual-energy x-ray absorptiometry and foot-foot
impedance against deuterium dilution measures of fatness in children.
Int J Pediatr Obes 1JPO Off J Int Assoc Study Obes. 2010;5:111-5. https://
doi.org/10.3109/17477160903060010.

23. Lazzer S, Bedogni G, Agosti F, De Col A, Mornati D, Sartorio A. Comparison
of dual-energy X-ray absorptiometry, air displacement plethysmography
and bioelectrical impedance analysis for the assessment of body com-
position in severely obese Caucasian children and adolescents. Br J Nutr.
2008;100:918-24. https://doi.org/10.1017/50007114508922558.

24. ReinehrT, Lass N, Toschke C, Rothermel J, Lanzinger S, Holl RW. Which
amount of BMI-SDS reduction is necessary to improve cardiovascular risk
factors in overweight children? J Clin Endocrinol Metab. 2016;101:3171-9.
https://doi.org/10.1210/jc.2016-1885.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1038/sj.ijo.0803300
https://doi.org/10.1542/peds.2008-3586F
https://doi.org/10.3310/hta18510
https://doi.org/10.1016/j.puhe.2015.11.025
https://doi.org/10.1016/j.jpeds.2017.05.003
https://doi.org/10.1080/03014468600008621
https://doi.org/10.1080/03014468600008621
https://doi.org/10.1001/jamapediatrics.2017.0460
https://doi.org/10.1001/jamapediatrics.2017.0460
https://doi.org/10.1016/j.nut.2018.09.007
https://doi.org/10.1136/bmj.l4293
https://doi.org/10.1038/s41366-020-00661-w
https://doi.org/10.1038/s41366-020-00661-w
https://doi.org/10.1016/j.numecd.2020.12.017
https://doi.org/10.1016/j.numecd.2020.12.017
https://doi.org/10.1590/S0042-96862007000900010
https://doi.org/10.1590/S0042-96862007000900010
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.1093/ajcn/64.3.524S
https://doi.org/10.1093/ajcn/64.3.524S
https://doi.org/10.1093/ajcn/76.5.991
https://doi.org/10.1177/096228029900800204
https://doi.org/10.1177/096228029900800204
https://doi.org/10.1007/s40520-016-0622-6
https://doi.org/10.1007/s40520-016-0622-6
https://doi.org/10.1001/jamanetworkopen.2021.8524
https://doi.org/10.1001/jamanetworkopen.2021.8524
https://doi.org/10.3390/children8110966
https://doi.org/10.3109/17477160903060010
https://doi.org/10.3109/17477160903060010
https://doi.org/10.1017/S0007114508922558
https://doi.org/10.1210/jc.2016-1885

	A height-weight formula to measure body fat in childhood obesity
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Anthropometry, pubertal and lifestyle assessment
	Bioelectrical impedance analysis
	Body composition calculations
	Statistical analyses

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


