& frontiers | Frontiers in Pediatrics

") Check for updates

OPEN ACCESS

EDITED BY
Emilia Vassilopoulou,
International Hellenic University, Greece

REVIEWED BY

Camila Orsso,

University of Alberta, Canada
Liliana Aguayo,

Emory University, United States

*CORRESPONDENCE
Jody L. Clasey
jlclasO@uky.edu

SPECIALTY SECTION

This article was submitted to Pediatric Obesity,

a section of the journal Frontiers in Pediatrics

RECEIVED 30 November 2022
ACCEPTED 31 January 2023
PUBLISHED 03 March 2023

CITATION

Clasey JL, Easley EA, Murphy MO, Kiessling SG,

Stromberg A, Schadler A, Huang H and
Bauer JA (2023) Body mass index percentiles
versus body composition assessments:
Challenges for disease risk classifications in
children.

Front. Pediatr. 11:1112920.

doi: 10.3389/fped.2023.1112920

COPYRIGHT

© 2023 Clasey, Easley, Murphy, Kiessling,
Stromberg, Schadler, Huang and Bauer. This is
an open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic practice.
No use, distribution or reproduction is
permitted which does not comply with these
terms.

Frontiers in Pediatrics

Original Research
03 March 2023
10.3389/fped.2023.1112920

Body mass index percentiles
versus body composition
assessments: Challenges for
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Background: Identifying at-risk children with optimal specificity and sensitivity to
allow for the appropriate intervention strategies to be implemented is crucial to
improving the health and well-being of children. We determined relationships of
body mass indexes for age and sex percentile (BMI%) classifications to actual
body composition using validated and convenient methodologies and compared
fat and non-fat mass estimates to normative cut-off reference values to
determine guideline reliability. We hypothesized that we would achieve an
improved ability to identify at-risk children using simple, non-invasive body
composition and index measures.

Methods: Cross-sectional study of a volunteer convenience sample of 1,064 (537
boys) young children comparing Body Fat Percentage (BF%), Fat Mass Index (FMI),
Fat-Free Mass Index (FFMI), determined via rapid bioimpedance methods vs. BMI%
in children. Comparisons determined among weight classifications and boys vs. girls.
Results: Amongst all subjects BMI% was generally correlated to body composition
measures and indexes but nearly one quarter of children in the low-risk
classifications (healthy weight or overweight BMI%) had higher BF% and/or lower
FFMI than recommended standards. Substantial evidence of higher than expected
fatness and or sarcopenia was found relative to risk status. Inaccuracies were more
common in girls than boys and girls were found to have consistently higher BF%
at any BMI%.

Conclusions: The population studied raises concerns regarding actual risks for
children of healthy or overweight categorized BMI% since many had higher than
expected BF% and potential sarcopenia. When body composition and FMI and
FFMI are used in conjunction with BMI% improved sensitivity, and accuracy of
identifying children who may benefit from appropriate interventions results. These
additional measures could help guide clinical decision making in settings of
disease-risks stratifications and interventions.

KEYWORDS

body mass index, body composition, fat mass index, fat-free mass index, percentage fat

Abbreviations

BMI, Body mass index; BMI%, BMI percentiles; CDC, centers for disease control and prevention; AAP, American
academy of pediatrics; BF%, body fat percentage; FMI, fat mass index; FFMI, Fat-free mass index; PEP Lab,
University of Kentucky pediatric exercise physiology laboratory; WNH, white non-hispanic; BIA, bioelectric
impedance analysis; HW, healthy weight; BMI% >5th, <85th; OW, overweight; BMI% >85th <95th; OB I, class I
obesity; BMI% >95th <120th; OB II, class II obesity; BMI% >120th <140th; OB III, class III obesity; BMI% >140th.
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Introduction

In recent decades the worldwide rate of obesity in children has
risen strikingly, especially in settings of lower socioeconomic status
(1-5). In 2018 nearly one in five children or adolescents in the US
were considered obese, defined as a body mass index (BMI), at or
above the 95th percentile of the sex-specific BMI-for-age growth
charts (6). Obesity can impact nearly all aspects of a child’s life,
including risks of several major morbidities (metabolic syndrome,
diabetes, cardiovascular diseases, cancer), their psychological
health, and their overall physical health (7-13). Childhood
obesity is also the major predictor of adult obesity, leading to a
continued and often lifetime burden of increased medical and
social costs (14, 15). This problem is a major public health
concern, and a major driver of medical and social costs, with an
estimated financial burden to the US of ~$14 billion annually.

Overweight and obesity are terms used to describe excess of
adiposity, or fatness, above the ideal for good health. Defining
obesity severity during childhood requires suitable measures of
body fat and appropriate cutoff ranges, especially for the goal of
stratifying disease risks, managing clinical care or developing
treatment or prevention strategies. This is a common challenge in
most pediatric patient care settings, and although according to the
Centers for Disease Control and Prevention (CDC) “BMI can be
considered a practical alternative to direct measures of body fat”, it
has not been highly successful as a tool in children (14, 16). The
use of BMI for age and sex percentile (BMI%) alone, or BMI z-
score corrected for age and sex, was found to have only modest
value in stratifying patients; this is especially true in cases of
extreme obesity (15, 17-20). In 2014 Skinner et al. proposed
extension obesity classifications to include three gradations, and
others have developed similar strategies for improved assessments
of individuals with extreme obesity and stratify morbidities risks
(5). Although at this time there is no singular defined protocol or
universal guideline for assessing obesity status in children there is
a clear need to enhance the clarity of which children are of
substantial risk of disease (21-23). Equally important is the need
for reliable and specific measures to aid in determining treatment
While BMI%
generalized predictive value in identifying obese children when

effectiveness. has often been shown to have
compared to BIA, total body dual energy absorptiometry scans
and other body composition methodologies, the lack of ability to
distinguish between over-fatness or low fat-free mass (particularly
in children with a health BMI%) remains problematic (24-27). At
this time the pediatric obesity problem is in need of better ways to
define which children are of highest concern, and the primary
reliance on BMI% may be suboptimal (21).

The goal of this study was to investigate relationships of obesity
classification based on current guidelines relative to additional
measures of body composition and indexes in a large cohort of
school age children for risk stratification. This goal was enabled
by a large set of data our institution has accrued via several
and/or child body composition
which utilized a reliable and validated set of
standardized testing procedures including bioimpedance analysis

outpatient school-based

assessments,

(BIA) methodologies. The central questions were: how do the
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current CDC and AAP guidelines for weight classifications
compare to actual body composition measurements in a large
cohort of school-aged children? And, are there any patterns of
deviation amongst boys vs. girls of this age group?

Materials and methods
Subjects

Pediatric participants previously enrolled in several clinical
research studies conducted in conjunction with the University of
Kentucky Pediatric Exercise Physiology Laboratory (PEP Lab)
were included in this study. Enrollment criteria included: age 5-
11 years, no active health issues, and no known congenital or
genetic abnormalities. Data were collected in a variety of settings,
including a dedicated clinical research lab for pediatric exercise
studies (PEP Lab), and several public elementary schools
throughout the state of Kentucky. All instrumentation for body
composition measurements and personnel involved in data
collection were identical for each subject.

Subject recruitment involved advertisement of the study
protocol and/or visitation to a regional public school for
description of the research projects, typically days prior to an
actual study day to obtain consent/assent. All participants’
parents provided written consent and all participants provided
verbal assent prior to participation in accordance with the
of the University of
Kentucky’s Office of Research Integrity Institutional Review

policies, procedures, and approval
Board. No subjects were recruited based on their specific body
composition and we consider the enrollment processes employed
to be volunteer convenience sampling of our regional population
of school age children within the catchment area for our
Children’s Hospital. We limited our study cohort to 1,064 White
Non-Hispanic (WNH) children under the assumption that BMI
% may be best suited in this group due to under sampling by the
NHANES of other ethnic groups prior to 2011 (28), the greater
frequency of participation by WNH children in our clinical
research studies, the availability of a pediatric (5-11 years)
specific BIA equation that was validated and cross-validated in
WNH children only, and the availability of ethnic specific means
+ SD for the Fat Mass (FMI) and Fat-free Mass (FFMI) indexes.

In accordance with AAP guidelines, each child was categorized
by BMI% using standardized nomogram tools accounting for age
and sex, as healthy weight (HW; BMI% >5th, <85th), overweight
(OW; BMI% >85th <95th), Class I obesity (OB I; BMI% >95th
<120th), Class II obesity (OB II; BMI% >120th <140th), or Class
III obesity (OB III; BMI% >140th percentile (5, 23, 29).

Age, anthropometric and body composition
measurements

Age was calculated from the date of birth to the testing date.

Body mass and standing height were determined using a
calibrated digital scale (Escali XL200 Digital Scale; Minneapolis,
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MN) and a wall-fixed meter stick (Starrett MS-2; Melville, NY)
while wearing light-weight clothing and no shoes; these were
subsequently used to determine the BMI%. The total body Fat
Mass (FM), fat-free mass (FFM), and body fat percentage (BF%)
were determined using a tetrapolar bioelectrical impedance
analyzer (BIA; Bodystat 4,000 Quadscan; Bodystat, Isle of Man,
British Isles). These measures were completed twice (mean of the
resulting impedance measures used for subsequent analyses)
using previously reported standard procedures, the impedance
frequency of 50 kHz, and a validated age and ethnic group
specific BIA equation established at our institution (30). In all
cases the total time for collection of body composition data via
these established processes was less than 10 min.

Reference values for body composition
normative comparisons

Body composition variables for each subject were compared to
published norms and threshold values currently accepted as
appropriate for age and sex (31). We are using these values to
represent the ideal or appropriate healthy cutoff values for
comparative purposes. The FMI (kg/m?) and the FEMI (kg/m?)
were determined for each child participant by dividing the fat
and fat-free body composition mass measures by height in
meters squared, and compared to reference measures reported in
2005 by Freedman and colleagues (32). Specifically, these cutoff
values were (lower to upper limits): BF%: boys 10%-24%, girls
17%-32%; FMI: boys: 0.5-6.5, girls 1.8-7.8; FEMI: boys 13.2-
15.2; girls 12.7-14.7.

Statistical analyses

Data were analyzed using JMP version 16.0 (SAS Incorporated,
Cary,
Comparisons of categorical variables were made using Chi-

NC) and are presented as means+ standard error.
Squared tests. Continuous responses over groups were compared
by one-way ANOVA, with normality assumptions justified by the
Central Limit Theorem. Regression analyses for variables that were
not linearly related employed a quadratic equation including a sex
effect. In all cases significance was ascribed at p < 0.05.

Results

Physical characteristics and weight categories of the 1,064 study
subjects are shown in Table 1. Average age, weight, height and BMI
were not different between the boys (n=537) and girls (n =528)
studied. 46% of the boys and 40% of the girls had BMI%
classifying them as overweight or obese. Furthermore, 30% of the
boys and 24% of the girls had BMI% classifying them as obese
(Class I, II and III obesity combined). The distribution of the
weight categories for boys vs. girls was not different between
groups. More detailed physical characteristics are provided in
Supplementary Table S1. The frequency distribution for the BF
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TABLE 1 Demographic and weight classification distribution by sex.

Girls Mean £ SE
(range)

Boys Mean + SE

(range)

Age (years) 9.6 £0.1 (5.0-11.9) 9.7+0.1 (5.0-11.9)

Body Weight (kg) 39.4+0.6 (16.5-101.8) 39.1+0.6 (14.4-105.5)

Standing Height (cm) 140.0 £0.5 (103.8-172.3) | 139.9£0.5 (99.4-168.5)

Body Mass Index (BMI;
kg/mz)

19.5+0.2 (13.1-41.4) 19.5+0.2 (12.8-39.7)

Weight Classifications, n (%)

Healthy 288 (53%) 314 (59%)
Overweight 90 (17%) 85 (16%)
Obese-1 108 (20%) 89 (17%)
Obese-II 35 (6.5%) 26 (4.9%)
Obese-11I 16 (2.9%) 14 (2.7%)
Total 537 (100%) 528 (100%)

% and FMI compared to BMI-based classifications (above or
below the 95th percentile for age and sex) are shown in Table 2
with resulting sensitivity and specificity of 0.948 and 0.780 for
BF%, and 0.902 and 0.952 for the FMI.

Shown in Figure 1 are comparisons of body composition data
for boy and girl subjects for weight categories of HW and OW.
These two categories are typically considered “low disease risk”
by published guidelines (29) in the absence of other clinical
assessments or symptoms. Shown in Panels 1A, 1B, and 1C are
BF%, FMI, and FFMI respectively. Also presented in each of the
panels of Figure 1 are normative reference lines, or cut-points of
abnormal values, for each variable based on age and sex (29, 32).
This allows visual comparisons of the study population relative
to cut-off values and expected ranges of normal values. We have
also provided information concerning our modeling of these
associations in the Supplementary Tables S2A-C.

Figure 1A shows individual subject BF% for each sex and low-
risk weight category respectively, with cut-points for this age,
superimposed on the observed per-subject data for visualization.
Of the group of boys in the HW category we observed 56 of 289
(19.4%) to have BF% above expected upper limit of normal (i.e.,
>24%). Boys in the OW group also were found to commonly
exceed upper limit of normal BF% (58 of 90, or 64.4%, Panel A).
Of the 314 girls in the HW group 12 were found to have BF%
above upper limit of normal (32% for girls of this age). In

TABLE 2 Frequency distribution for the body fat % and the fat-mass index
compared to BMI for age and sex percentiles.

BMI > 95th BMI < 95th
percentile percentile
BF% Reference > excess adiposity reference 272 171
BF% Reference < excess adiposity reference 15 606
FMI > excess adiposity reference 259 37
FMI < excess adiposity reference 28 740
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FIGURE 1

Distribution of body composition and indexes measures for the healthy
weight and overweight BMI%-based weight categories for boys and
girls. (A) Solid red lines represent the referenced (27) optimal range
body fat percentage for boys (>10% to <24%) and girls (>17% to <32%);
(B) Solid red lines represent the referenced (28) mean + 1SD for the Fat
Mass Index for boys (3.5+ 3 kg/m2) and girls (4.8 + 3 kg/m?); (C) solid
red lines represent the referenced (28) mean +1SD for the Fat Free
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contrast, a great fraction of above-BF% cutoff was observed for OW
girls (46 of 85, or 54.1% of subjects).

Figure 1B shows individual subject FMI for boys vs. girls in the
two low-risk weight categories. Also shown are reference values
and upper and lower limits of normal (32). Nearly all of the
subjects of the HW group were found to have FMI within the
expected normal range. A greater incidence of above-normal
range was observed in OW boys (20 of 89, 22.5%) and OW girls
(16 of 85, 18.8%).

Figure 1C shows individual subject FEMI vs. reference values
for boys and girls in the HW and OW groups. Notable patterns
emerged in the HW category for both sexes, in that 144 of 289
boys (49.8%) and 126 of 314 (40.1%) girls in this weight category
were found to have FFMI lower than the reference value cutoff
suggesting a lesser fat-free mass than expected for a substantial
portion of this HW group of children. A lesser incidence of
lower than expected FFMI was observed in the OW group for
either sex, and no significant differences in average FFMI was
observed between the two weight classes, or between sexes.

Shown in Figure 2 are body composition values (BF%, FMI,
FFMI) for children categorized as Obese, and stratified to classes
I, II, and IIT in accordance with current guidelines. Reference
ranges are also superimposed on each panel. The BF% was
consistently above expected values for boys and girls at each
Obesity category (Figure 2A) and average values were increased
at each Obesity class. In many subjects BF% was found to be
more than 2-fold above upper limits. This trend was more
prevalent in the OB-I and OB-II groups, wherein BF% was over
50% (this represented approximately 20 kg of fat per subject).
FMI was also elevated at each Obesity class for boys and girls
(Figure 2B), with no difference between sexes at each Obesity
category. In the OB-I grouping 28 of a total 196 subjects (14.3%)
were found to have FMI within normal range (Figure 2B).

Figure 3 shows regression analysis and relationships of BMI% vs.
determined body composition for each subject, with comparisons
between boys and girls. Model fitting using a quadratic equation
showed statistically significant differences between boys and girls,
with a generally higher BF% and FMI at any BMI% for girls when
compared to boys (Figure 3A). Regression analysis of FMI vs. BMI
% also revealed a significant difference between boys and girls
(Figure 3B). Similarly, regression analysis of FEMI vs. BMI% also
revealed a significant difference between boys and girls (Figure 3C)
however this difference was not as strong as the analyses for BF%
and FMI vs. BMI%.

Discussion

Childhood obesity has reached epidemic proportions in the US,
with the fastest growth affecting younger age groups, and the
increased prevalence of individuals with extreme obesity.
Stratifying individual children, identifying those with highest
disease risks, and development of prevention and/or treatment
strategies have become of vital importance. The use of BMI in
combination with large dataset normalizations can provide rough
approximation of risks, but without better tools to define
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adiposity in early life it will be difficult to optimize strategies and
evaluate treatment successes. While previous reports have
indicated significant relationship between BMI% and BF%
derived from BIA, using absolute and relative measures of body
composition (both fat and fat-free masses) provide greater
sensitivity for classification and evaluating treatment effectiveness
(33, 34).

In this study we explored the potential value of BIA for
capturing additional subject-specific data regarding a child’s
adipose status and investigated the relationships to BMI%
classifications that have become commonly employed in pediatric
clinical care. While more sophisticated methods may provide
greater accuracy of body composition measures and indexes of
children, BIA provides a safe, non-invasive, economical (cost and
time; taking less than 1 min to perform) method of providing
additional information in clinical and field settings if a properly
validated and cross-validated BIA equation is available (30, 31).
Over one thousand children were studied with no adverse event
occurrences and the processes employed were well tolerated in
children of 5-11 years. The large cohort of children studied were
primarily from the surrounding region of Kentucky Children’s
Hospital and from rural counties. We found 27% of our total
study cohort (30% of boys, and 24% of girls) had BMI
percentiles classified as obese, well-exceeding the most recently
reported (2015-2016) national average for this age group (6-11
years, 18% among all children, 20% of boys, 16% of girls) (28).

A goal of this investigation was to compare actual body
composition variables to BMI% categories recommended by
several agencies (CDC, AAP, others), as well as to compare
subject-specific data to what are considered “appropriate” values
in BF%, FMI, and FFMI based on reference publications. We
considered the published values used as thresholds as reliable for
identifying normal vs. abnormal body composition status (27, 32).

In examining the total cohort combined we found that as
weight classification increased from HW and OW to OB I, II,
and III adiposity increased (e.g., BF%, and FMI increased, see
Figures 1, 2). These trends are perhaps expected and suggest
that BMI% stratifications can identify the most extreme cases of
adiposity. However, we found surprisingly high levels of fatness
in the HW and OW groups, which are typically considered “low-
risk”. For example, a large proportion of children, especially boys
(19.4%), in the HW group had BF% above expected, and this
was even greater in OW group (64% for boys and 54.1% girls).
Whether these children are truly “low-risk” remains of question
and it is possible that the BMI-based methods alone are
insensitive in identifying such cases.

An additional finding in the low-risk categories was potentially
important evidence of low FFMI in the HW and (to a lesser extent)
OW children. It should be recognized that OB individuals often
have greater fat-free mass and FFMI compared to their HW
counterparts due to increased bone mineral content and muscle
mass as a result of greater mechanical loading stimuli of higher
body mass (35-37). Others have described “obesity related
sarcopenia” and our data suggest a sarcopenic state in children
that are classified as HW using standard weight classifications
based on BMI%. This low FFEMI may be related to the rural and
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young population we studied, which has been characterized as
increasingly sedentary and with little access to structured physical
activity (38). It is generally accepted that children with
sarcopenia may experience deleterious long-term developmental
and clinical outcomes (28, 39-44). Further investigation of this
apparent phenomenon of sarcopenia, and its impact on disease
risks during childhood, are clearly warranted.

We also observed differences in these relationships for boys vs.
girls since at any BMI% level girls had a higher level of BF%, and a
higher FMI (Figure 3). Others have documented sex-based
differences in the incidence of obesity reporting that boys have a
higher prevalence of obesity than girls (45, 46), however it
should be noted that these sex differences were based on BMI%
alone, and not based on BF% or FMI where the mean measures
(and risk classification cutpoints) are greater for girls. Oobesity
risks as well as disease outcomes and the life course and
experiences of obese girls vs. boys are known to be different (47,
48). Better understanding of the mechanisms and consequences
of sex-based body composition differences in early life may lead
to more specific intervention and/or prevention strategies.

Mechanistic studies have shown that the primary concerning
element of obesity is increased adipose tissue mass. This tissue
thereby drives several physiological and biochemical adaptations
that affect numerous systems. Increased vascular resistance,
alterations in glucose metabolism and related hormonal systems,
and enhancement of inflammatory pathways are all recognized
outcomes of excess adipose tissue mass in humans of various
age. Of note is that in more than half of the children, age ~10
years, studied herein estimated fat mass was greater than 15 kg,
and 20%-60% of total body weight. Furthermore, sarcopenia is
recognized as a separate mechanistic driver of disease via
reduced skeletal muscle mass and reduced insulin-sensitized
glucose disposition. Thus, excess adipose tissue, decreased muscle
mass, and/or their combination are important factors in obesity
driven disease and better characterizing these changes in early
life are needed. Prospective studies to define adipose tissue mass
with respect to physiological status, disease occurrence, and/or
biomarkers of disease risks are clearly warranted, as are serial
measurements during child growth and development.

Some weaknesses of this study exist. For example, we focused
on WNH subjects (see Methods for rationale of this focus) and
the findings we present may be non-representative of other
did not
assessments for our child participants and can only speculate

groups. In addition, we perform maturational
that the majority of the participants were prepubescent. Since it
has long been recognized that pubertal stage alters the densities
and the proportions of the components of fat-free mass (49), the
accumulation of total body fat and fat distribution (50), and may
have an impact on metabolism and insulin sensitivity (51), this
study limitation warrants consideration. We also focused on the
specific use of BIA as the sole method of body composition
assessment; our investigative team has much experience in these
methods and we are a proponent of this approach since it is fast,
reliable, and has potential to fit into regular pediatric clinical care
workflow and can be developed as part of a specialized clinic
(ongoing study). It also has an advantage of screening at schools
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and other sites and is convenient for use in very young children.
Other methodologies and broader trials of such tools for patient
care are worthy of further investigation.

Conclusions

In summary, the childhood obesity pandemic has relied heavily
on BMI-based assessments of child body status, and even with
more recent adaptations using normalized percentages this
approach may be inaccurately categorizing some children. The
population studied showed that some children have higher fat
mass, lesser muscle mass, or both, even in the categories of HW
and OW; they may be less healthy than the categorical methods
can identify alone and this inaccuracy may be more common in
girls than boys. Incorporation of body composition assessments
(especially easy and reliable and noninvasive methods like BIA)
could enhance the sensitivity and specificity of risks stratifications.
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