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Abstract

Excess fat is a risk factor for many chronic diseases which can lead to premature mortality.
Many studies have proposed predictive equations for body fat mass and body fat mass per-
centage based on anthropometric measures in relation to age and sex. However, the use of
these predictive equations on other subject samples may not be relevant. Our objective is to
assess whether the predictive equations proposed in the literature are generalizable to any
population. We obtained fat mass and fat percentage on a reference population using
Absorptiometry DXA. The predictive equations were applied to our population and the mean
and individual differences between actual and estimated values were obtained. Predictive
equations obtained from a reduced number of subjects have a very high Standard Error of
Estimate (>3) and therefore their accuracy is not acceptable. Only the formulae established
from a large number of individuals allow the estimation of values whose Standard Error of
Estimate is less than 3. These equations, thanks to the large sample size, include a suffi-
ciently large variability in anthropometric measurements covering the diversity of anthropo-
metric values for the same fat value. However, predictive equations based on a large
sample size, while exhibiting no current difference in variances, can show a shift in mean
values. This mean-shift is the result of differences in DXA devices and needs to be cor-
rected. It means that DXA values from a few individuals in the population under study must
be obtained to calculate a corrective factor.

Introduction

Excess body fat is a risk factor for many chronic diseases which can lead to premature mortal-
ity [1-3]. Global obesity has nearly doubled in the last three decades [4]. In France, the preva-
lence of obesity among adults is 11.3%, or about 3.5 million people. Obesity is often associated
with serious cardiovascular and health risks [5]. Preventing excess body fat has become a pri-
mary objective in epidemiological studies.

Absorptiometry (DXA) is a recognized reference method for measuring body composition
in cross-sectional and longitudinal studies [6, 7]. The DXA technique scans the whole body
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with an X-ray beam at two energy levels (70 and 100 Kev) and is a reference method for mea-
suring fat, lean mass and mineral content. However, this technique has the disadvantage of
radiation exposure with relatively high cost and limited accessibility. For this reason, many
studies have proposed body fat mass (BF) and body fat mass percentage (BF%) predictive
equations established using anthropometric measurements in relation to age and sex. The
results obtained by anthropometric measurements and those obtained by DXA absorptiome-
try are compared and the effectiveness of the equations is measured by the values of the R*
(coefficient of determination) and the SEE (Standard Error of Estimate) [8-13]. This proce-
dure was used in studies comprising small [14, 15] and very large cohorts of subjects [12, 13].
In practice, most authors performed validations of their equations on samples external to their
population that served as a model. However, the use of these predictive equations on other
samples of subjects with a greater diversity of measurements of the selected variables may not
be relevant. Indeed, we know that for the same total BF or the same BF% there may be a signif-
icant variability of anthropometric dimensions depending on the samples concerned and
therefore a greater variability will inevitably lead to a less precise prediction. It is to be expected
that equations obtained from studies on very large cohorts of individuals are more accurate as
they consider the variability of anthropological measurements for every measurement of body
fat.

It is worth noting that most studies comparing body composition measurements with DXA
values lead to different equations. This is primarily due to the use of different DXA devices
because each device differs in terms of calibration, software and scan speed [16, 17]. Lantz
et al. [18] have suggested that standardization of DXA devices has become essential because of
the very large differences in their results.

The objective of this study is to assess whether the BF and BF% predictive equations pro-
posed in the literature are generalizable to any population taking into account the sample size
on which the equation was derived and the use of different DXA devices. In order to do this
anthropometric measurements used in predictive equations as well as BF and BF% by DXA
were obtained from a reference population. The mean and individual differences between BF
and BF% by DXA and the results of different equations were obtained, and the effectiveness of
the equations assessed by SEE.

Materials and methods

This study, was carried out in a university teaching hospital (CHU) at Angers in France, under
a French medical agreement. The measurements were taken as part of a European « Body Life
» program in 2001-2003. Data collection was carried out for a period of 6 months. A sample of
120 men was recruited from hospital consultations or hospitalization units. The majority of
the subjects were Caucasians (95%). The 18-82-year-old patients were recruited according to a
wide range of body mass index (BMI) and consequently of fat mass. 30% of the patients had a
BMI >30 kg/m?, according to international criteria [19]. All the patients were assumed to be
healthy. Only patients who signed the assent form after receiving a letter of information on the
measurement protocol were included. Criteria for exclusion were pathologies involving hydra-
tion disorders: (a) heart failure, kidney failure, hepatocellular failure pregnancy, use of diuret-
ics, corticoids or antidepressants, (b) any chronic pathology with a life expectancy <6 months,
(c) patients with cancer given medication <6 months ago, any pathology preventing BIA
(pacemaker, amputation of a limb), and (d) refusal of assent.

It is necessary to distinguish between the BF and BF% predictive equations involving a large
number of populations, such as Lee et al. [12] on 5239 men and Heo et al. [13] on 6544 males,
from those obtained from a number of individuals ranging from 139 to 2154 [9, 17-21]. All
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these studies involve simple anthropometric dimensions: weight (kg), stature (cm), BMI
(Weight (kg)/ stature® (m) and waist circumference (cm) (Table 1). Total body fat estimates
obtained by Lee et al. [12] and Heo et al. [13] have a coefficient of determination (R?) greater
than 0.90 while the coefficient of determination in the other studies ranged from 0.79 to 0.88
(Table 1).

In order to test the mean and individual precision of the predictive equations, we carried
out anthropometric measurements on 120 adult men aged 18 to 82 years whose BF and BF%
were obtained by absorptiometry DXA. The anthropometric measurements collected are those
used in the predictive equations of previous studies, weight (kg), stature (cm), BMI and waist
circumference (cm). The weight is raised to the nearest 100g using a Tanita scale, the stature is
measured with a steel height gauge to the nearest 5mm and the waist circumference is mea-
sured with a metric ribbon at the upper lateral edge of the hip crest to the nearest 0.1 cm. The
study obtained approval from the French Centre National de la Recherche Scientifique
(CNRS). All participants gave their oral and written consent to participate in the studies in
accordance with the Helsinki Declaration.

The results of DXA absorptiometry were obtained with a Hologic QDR-4500 W (version
11.25, Hologic Bedford, Mass USA). The subject is lies down for 7 minutes and radiation expo-
sure is very low. The subject’s weight is calculated with a precision of less than 1%. The body
composition result is available immediately after each examination.

The comparison between the mean values and the standard deviation of the anthropomet-
ric variables of our results and those of previous work with a wide sampling was made with the
Student’s “t” test. The Fisher test was used to compare variances. The estimates of BF and BF%
on our sample using the equations in the literature were compared to the actual values of the
DXA measurements in our sample. First, the equations of Lee et al. [12] and Heo et al. [13]
were used. The estimates obtained with the equation of Lee et al. [12] were then compared
with those obtained using the equation of Larsson et al. [14] as it is the only one with the same
variables as Lee et al. [12] but on a smaller sample size (Table 1). However, Lee et al. [12]

Table 1. Predictive estimation models of BF and BF% for men from anthropometric variables.

Authors Predictive equations of BF (kg) and BF%
Lee et al. [12] BF = -18.59-0.009 age + 0.226 Weight (kg)- 0.08 Stature (cm) + 0.387 waist R*=
n=5329 circumference 0.90
Lee et al. [12] BF% = 0.02-0.08 Weight (kg) - 0.07 Stature (cm) + 0.48 waist circumference R%*=
n = 5329 0.73
Heo et al. [13] BF = -24.0 + 1.77 BMI R*=
n = 3347 0.92
Larsson et al. [14] BF = 18.38 + 0.2572 Weight—0.1349 Stature (cm) + 0.457 waist R?=
n=274 circumference 0.88
Heitmann et al. [15] BF = 0.988 BMI +0.242 Weight (kg) + 0.094 age- 30.18 R%*=
n=139 0.89
Pasco et al. [20] BF% = -16.7 + 1.62 (BMI-mean) -0.06 (BMI-mean) % + 0.02 age—0,17 (BMI- R’=
n = 1299 mean) + 0.03 (BMI-mean) * + 0.04 age + 37.8 0.83
Durenberg et al. [21] BF% = -11.4 +0.2 age + 1.294 BMI- 8 R*=
n=1976 0.88
Gallagher et al. [9] BF% = 64.5-848 (1/BMI) + 0.079 age -16.4 +0.05 age + 39 (1/BMI) R*=
n=1626 0.86
Gomez-Ambrosi et al. [22] | BF% = -44.988 + 0.503 age + 3.172 BMI—0.026 BMI® - 0.02 BMI age R*=
n=2154 +0.00021 BMI? age 0.79
BF: Body fat mass measured by Dual-energy X-ray absorptiometry (DXA).
https://doi.org/10.1371/journal.pone.0263590.t001
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Table 2. Mean values and standard deviations of anthropometric variables, BF DXA and BF% DXA of our sample and previous studies with a high sample size.

This study Lee et al. [12] Heo et al. [13] "t" "t"

n=120 n = 5239 n = 3347 1vs2 1vs3

xXto xto X*to p p
Age (year) 41.6 £17.7 42.7+224 454+ 16.5 0.59 0.01
Weight (kg) 82.0+18.8 82.9+22.4 88.3+18.7 0.66 <0.01
Stature (cm) 1752+ 7.4 176.5 £ 10.9 177.5+7.2 0.19 <0.01
BMI (kg/mz) 26.7+5.8 26.6 £5.8 28.0+5.5 0.85 0.01
Waist circ. (cm) 959 + 16.8 95.8+19.5 100.4% 19.5 0.95 0.01
BF DXA (kg) 18.6 £ 9.9 22.7+11.8 26.0 +10.4 <0.01 <0.01
BF% DXA 214+75 26.5+8.0 - <0.01

BEF: Body fat mass measured by Dual-energy X-ray absorptiometry (DXA).

https://doi.org/10.1371/journal.pone.0263590.t002

includes age, which Larsson et al. [14] do not. However, the partial age regression coefficient is
very low (-0.009) and can be ignored for our comparison.

The standard error of estimate is the standard deviation between the estimated BF or BF%
values and the actual values. It is expressed as: SEE = v/ (Y-Y’)*/N where Y represents the
actual values of BF or BF% and Y’ the estimated values where N represents the population. The
standard error of estimate is also equal to: SEE = o \/1- R* where o represents the standard
deviation of BF or BF%. In this case SEE corresponds to the standard deviation of the differ-
ences of fat measurements between the estimated values and the DXA values. For each test,
P<0.05 is considered the significance threshold.

Results

Individual data is presented in S1 Table. The mean values and standard deviations of anthro-
pometric measurements from our study, as well as those of Lee et al. [12] and Heo et al. [13]
are shown in Table 2. There is no significant difference between the anthropometric measure-
ments of our sample and those of the Lee et al. [12] population, however the DXA results are
different. There are significant differences in anthropometric and BF DXA measurements
between our sample and the results obtained by Heo et al. [13].

The standard error of estimate (SEE) using different equations to that of our sample of 120
men is presented in Table 3. The SEE values reveal that there are no significant differences in
the estimates obtained with equations A, B and C. Conversely, there is a significant difference
between the DXA values and those obtained using Larsson et al. [14] equation (D). This differ-
ence is observed in the large dispersion of individual differences between estimates and actual
BF values obtained by DXA (Fig 1). Consequently, the linear model proposed by Larsson et al.

Table 3. Estimation of the BF and BF% using predictive equations on our sample.

xto Mean difference SEE* t(p) F P SEE*
BF (kg) PredEq A 227+ 104 41 +27 16.7 (<0.01) 112 NS 2.55
BF % PredEq B 272+6.8 5.8 +2.7 23.9 (<0.01) 1.08 NS 2.60
BF (kg) PredEq C 232+ 104 46 +29 17.1 (<0.01) 0 NS 2.90
BF (kg) PredEq D 228+ 12.1 43 +35 20.7 (<0.01) 1.52 <0.05 2.84

PredEq: predictive equation. A and B: from Leet et al. [12], C: from Heo et al. [13], D: from Larsson et al. [17]. BF: Body fat mass measured by Dual-energy X-ray
absorptiometry (DXA). SEE: Standard Error of Estimate. SEE*: for the population in this study (n = 120), SEE™: for the original study.

https://doi.org/10.1371/journal.pone.0263590.t003
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[14] cannot be applied to our sample because the dispersion of the deviations (SEE = 3.5 kg) is
very high unlike that observed (SEE = 2.7) with the equations of Lee et al. [12] (Fig 2).

The predictive equations of Heitmann et al. [15] for BF and Pasco et al. [20], Durenberg
etal. [21], Gallagher et al. [9] and Gomez-Ambrosi et al. [22] for BF% (Table 1) were also
tested on our sample. The mean difference and SEE between the estimated values and the
DXA values of our sample are grouped in Table 4. The SEE values between estimated BF% and
BF% DXA are between 3.94 and 4.76 which reveal very large individual dispersions (Fig 3). In
95% of cases individual dispersions are included in the range 7.7 kg.

The predictive equations of BF and BF% developed by Lee et al. [12] and Heo et al. [13]
were applied to our sample. The mean values of the BF and BF% estimates, as well as the mean
differences between the estimated BF and BF% values and the BF DXA and BF% DXA values

Table 4. Estimation of the BF and BF% from predictive equations compared with BF DXA and BF% DXA on our sample.

Auteurs N Mean difference + SEE* SEE* F P
Heitmann et al. [15] 93 6.8+4.73 33 2.0 < 0.05
Pasco et al. [20] 1299 1.1 +£3.95 4.0 1.0 NS
Durenberg et al. [21] 1976 2.0+ 4.76 2.5 3.6 < 0.05
Gallager et al. [9] 613 0.3 +3.94 4.0 1.0 NS
Gomez-Ambrosi et al. [22] 2154 4.3+4.17 4.7 1.3 < 0.05

BF: Body fat mass measured by Dual-energy X-ray absorptiometry (DXA). SEE: Standard Error of Estimate. SEE*: for the population in this study (n = 120), SEE™: for

the original study.

https://doi.org/10.1371/journal.pone.0263590.t004
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are presented in Table 3. The BF estimates based on the equations of Lee et al. [12] and Heo
et al. [13] show a significant overestimation of mean values but no significant difference in var-
iances (Table 3). In order to correct this overestimation, BF and BF% were obtained in five
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subjects with a BMI (26.3 < BMI < 27.0) close to the average BMI of Lee et al. [12] which is
26.6 kg/m”. The BF DXA of these five individuals is 18.0 kg. Using equation A [12], we obtain
a BF of 22.2 kg for these five individuals, which corresponds to an overestimation of 4.2 kg. A
correction factor of -4.2 kg in equation A has to be included to readjust the estimated BF
mean. Similarly, with the same five subjects, we obtained an estimate of BF% DXA (equation
B) [12] equal to 28% while the direct measurement of BF% DXA gives 22.15%, an overestimate
of 5.85%. Therefore, an adjustment factor of -5.85 must be introduced into equation B to read-
just the estimated BF% values. Equation C [13] which includes BMI only gives a prediction of
BF equal to 23.2 kg instead of 18.6 kg, an overestimation of 4.6 kg. This average overestimation
can be corrected using the same process we used to correct the equations of Lee et al. [12].

Discussion

In this study we have assessed the predictive equations of BF and BF% to obtain a cross-valida-
tion between the anthropometric measurement and DXA values. The interest of our study is
to show that we can use the predictive equations of BF and BF% with a good accuracy from
anthropometric measurements on different samples or populations. However, the predictive
equations used in the scientific literature may present different estimates on both mean and
individual values. For these reasons, we tested different predictive equations of BF and BF%
obtained on different populations and we analyzed and interpreted these differences at the
individual level.

Similar studies

The anthropometric characteristics in our sample are indeed comparable to those of the indi-
viduals measured by Lee et al. [12]. There are significant differences between the mean values
of BF DXA and BF% DXA and the results obtained using Lee et al.’s equation [12] despite the
fact that DXA absorptiometry measurements are produced by a similar Hologic QDR 4500
device. When applied to our sample the BF predictive equation of Lee et al. [12] gives a signifi-
cantly overestimated mean value relative to the exact measurement of BF DXA. Starting from
similar anthropometric data between our sample and that of Lee et al. the DXA values which
are dependent on the DXA machine show significant differences suggesting differences
between the DXA devices. The average shift using the Lee equation on our population goes in
the same direction. The average overestimation using the Lee et al. equation has to be cali-
brated by introducing a correction factor. The corrective term can be obtained by estimating
BF and BF% on a limited number of subjects whose BMI is comparable to the average BMI of
the population used to build the equation. This corrective term, of -4.2 kg for BF or 5.85% for
BF% in the equations of Lee et al. [12], makes it possible to carry out a translation 239-2430f all
values. Under these conditions, the individual deviations completely overlap with those
obtained in our sample by DXA. The SEE obtained from the equation of Lee et al. [12] on our
sample (2.7) is low and equivalent to that obtained by these authors on their own sample, 2.55.
Therefore, the overestimation using Lee et al.’s equation on our sample is the result of using
different DXA devices which needs to be corrected.

Different studies

Among other works which have proposed predictive equations, we selected those whose BF
and BF% predictive equations involving the same anthropometric measurements as ours
(Table 1). Despite a wide variety of sample size, the differences between the BF and BF% esti-
mates and BF DXA and BF% DXA values present a dispersion ranging from 3.94 to 4.76. This
therefore exceeds 3.5, the limit suggested by Lohman et al. [23] for the method to be of
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acceptable accuracy so that it can be used. The predictive equation of Larsson et al. [14] applied
to the BF shows a dispersion of deviations of 3.5 for our sample despite the introduction of a
correction factor (Table 3). This dispersion is significantly higher than that observed in the
original analysis (SEE = 2.84). The equation proposed by Larsson et al. [14] is therefore not
applicable to our sample. The large dispersions resulting from the application of all these equa-
tions are likely the result of insufficient variability in anthropometric measurements collected
in the different cohorts. In the same way, we note that the predictive equations of BF and BF%
of Heitman [15], Pasco [20], Durenberg [21], Gallager [9] and Gomez-Ambrosi [22] present
values of a standard error of estimate (SEE) greater than 3.5 which does not allow to obtain a
good precision at the individual level. Consequently, BF and BF% estimate from their predic-
tive equations are too imprecise versus the DXA measurements obtained with our sample.

Strengths and limitations

As already suggested [e.g. 11], our study shows that the use of predictive BF and BF% equa-
tions derived from anthropometric measurements are applicable to different samples. How-
ever, our work reveals two very important points to take into account when extrapolating the
use of predictive equations. First of all, we suggest that some formulae only produce estimates
with SEE exceeding 3, in which case the dispersion of the estimated values in relation to the
real ones becomes very high and therefore their use is not acceptable. Only equations based on
a large number of individuals allow estimates of values with SEE less than 3. Because of the
large sample size these equations would have a sufficiently large anthropometric measurement
variability in the different cohorts to be able to include the diversity of anthropometric values
for the same body fat value. Secondly, it should be kept in mind that differences in software
and in the scanning speed of DXA measuring instruments can lead to a shift of average values.

Conclusion

The extrapolation of predictive equations should be accompanied by some DXA direct mea-
surements in the population under study. This would confirm that 1) the equation does not
produce an average shift and, if this is the case, 2) to allow the calculation of the correction fac-
tor. We have shown that this correction can be made by calculating a corrective term obtained
from BF DXA values of subjects with anthropometric measurements similar to the mean of
the reference population whose predictive equation is used.

Supporting information

S1 Table. Individual data.
(PDF)

Acknowledgments

We want to thank the technicians of the radiology department of the Anger hospital where
DXA absorptiometry measurements were carried out.

Author Contributions
Conceptualization: Jean-Claude Pineau.
Formal analysis: Jean-Claude Pineau, Fernando V. Ramirez Rozzi.

Methodology: Jean-Claude Pineau, Fernando V. Ramirez Rozzi.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263590 February 10, 2022 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0263590.s001
https://doi.org/10.1371/journal.pone.0263590

PLOS ONE

Validity of the extrapolation of predictive models for body fat

Supervision: Fernando V. Ramirez Rozzi.

Validation: Fernando V. Ramirez Rozzi.

Writing - original draft: Jean-Claude Pineau, Fernando V. Ramirez Rozzi.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease burden associated with
overweight and obesity. JAMA. 1999; 282:1523-1529. https://doi.org/10.1001/jama.282.16.1523
PMID: 10546691

Willett WC, Dietz WH, Colditz GA. Guidelines for healthy weight. N Engl J Med. 1999; 341:427-434.
https://doi.org/10.1056/NEJM199908053410607 PMID: 10432328

Olshansky SJ, Passaro DJ, Hershow RC, et al. A potential decline in life expectancy in the United
States in the 21st century. N Engl J Med. 2005; 352:1138-1145. https://doi.org/10.1056/
NEJMsr043743 PMID: 15784668

WHO 2011, Factsheet: obesity and overweight: World Health Organization. http://www.who.int/
mediacentre/factsheets/fs311/en/index.html.

Wormser D, Kaptoge S, Di Angelantonio E, Wood AM, Pennells L, Thompson A et al. Separate and
combined associations of body-mass index and abdominaladiposity with cardiovascular disease: col-
laborative analysis of 58 prospective studies. Lancet. 2011; 377:1085-1095. https://doi.org/10.1016/
S0140-6736(11)60105-0 PMID: 21397319

Kelly TL, Wilson KE, Heymsfield SB. Dual energyX-ray absorptiometry body composition reference val-
ues from NHANES. Plos one. 2009; 4, 7038. https://doi.org/10.1371/journal.pone.0007038 PMID:
19753111

Newman AB, Sun Lee J, Visser M., et al. Weight change and the conservation of lean mass in old age:
the Health,Aging and Body Composition Study. Am J Clin Nutr. 2005; 82:872-878. https://doi.org/10.
1093/ajcn/82.4.872 PMID: 16210719

Mills TC. Predicting body fat using weight—height indices. Journal of Applied Statistics. 2008; 35:1131—
1138.

Gallagher D, Heymsfield SB, Heo M, Jebb SA, Murgatroyd PR, Sakamoto Y. Healthy percentage body
fat ranges: an approach for developing guidelines based on body mass index. American Journal of Clini-
cal Nutrition. 2000; 72:694—701. https://doi.org/10.1093/ajcn/72.3.694 PMID: 10966886

Van der Ploeg GE, Gunn SM, Withers RT, Modra AC. Use of anthropometric variables to predict relative
body fat determined by a four-compartment body composition model. European Journal of Clinical
Nutrition. 2003; 57:1009—1016. https://doi.org/10.1038/sj.ejcn.1601636 PMID: 12879096

Cui Z, Truesdale KP, Cai J, Stevens J. Evaluation of anthropometric equations to assess body fatin
adults: NHANES 1999-2004. Med Sci Sports Exerc, 2014; 46(6):1147-1158. https://doi.org/10.1249/
MSS.0000000000000213 PMID: 24576861

Lee DH, Keum NN, Hu FB, Orav EJ, Rimm EB, Sun Q, et al. Development and validation of anthropo-
metric prediction equations for lean body mass, fat mass and percent fat in adults using the National
Health and Nutrition Examination Survey (NHANES) 1999-20086. British Journal of Nutrition. 2017;
118:858-866. https://doi.org/10.1017/S0007114517002665 PMID: 29110742

Heo M, Kabat GC, Gallagher D, Heymsfield SB, Rohan TE. Optimal scaling of weight and waist circum-
ference to height for maximal association with DXA-measured total body fat mass by sex, age and race/
ethnicity. International Journal of Obesity. 2013; 37:1154—1160. https://doi.org/10.1038/ij0.2012.201
PMID: 23207404

Larsson |, Henning B, Lindroos AK, Naslund |, Sjéstrom CD, Sjostrdm L. Optimized predictions of abso-
lute and relative amounts of body fat from weight, height, other anthropometric predictors, and age. Am
J Clin Nutr. 2006; 8:252—-259.

Heitmann BL. Evaluation of body fat estimated from body mass index, skinfolds and impedance. A com-
parative study. Eur J Clin Nutr. 1990; 44(11):831-7. PMID: 2086212

Black E, Petersen L, Kreutzer M, Black E, Petersen L, Kreutzer M, et al. Fat mass measured by DXA
varies with scan velocity. Obesity Research. 2002; 10:69-77. https://doi.org/10.1038/0oby.2002.12
PMID: 11836451

Shepherd JA, Morgan SL, Lu Y. Comparing BMD results between two similar DXA systems using the
generalized least significant change. Journal of Clinical Densitometry. 2008; 11:237-242. https://doi.
org/10.1016/j.jocd.2008.02.001 PMID: 18455677

PLOS ONE | https://doi.org/10.1371/journal.pone.0263590 February 10, 2022 10/11


https://doi.org/10.1001/jama.282.16.1523
http://www.ncbi.nlm.nih.gov/pubmed/10546691
https://doi.org/10.1056/NEJM199908053410607
http://www.ncbi.nlm.nih.gov/pubmed/10432328
https://doi.org/10.1056/NEJMsr043743
https://doi.org/10.1056/NEJMsr043743
http://www.ncbi.nlm.nih.gov/pubmed/15784668
http://www.who.int/mediacentre/factsheets/fs311/en/index.html
http://www.who.int/mediacentre/factsheets/fs311/en/index.html
https://doi.org/10.1016/S0140-6736%2811%2960105-0
https://doi.org/10.1016/S0140-6736%2811%2960105-0
http://www.ncbi.nlm.nih.gov/pubmed/21397319
https://doi.org/10.1371/journal.pone.0007038
http://www.ncbi.nlm.nih.gov/pubmed/19753111
https://doi.org/10.1093/ajcn/82.4.872
https://doi.org/10.1093/ajcn/82.4.872
http://www.ncbi.nlm.nih.gov/pubmed/16210719
https://doi.org/10.1093/ajcn/72.3.694
http://www.ncbi.nlm.nih.gov/pubmed/10966886
https://doi.org/10.1038/sj.ejcn.1601636
http://www.ncbi.nlm.nih.gov/pubmed/12879096
https://doi.org/10.1249/MSS.0000000000000213
https://doi.org/10.1249/MSS.0000000000000213
http://www.ncbi.nlm.nih.gov/pubmed/24576861
https://doi.org/10.1017/S0007114517002665
http://www.ncbi.nlm.nih.gov/pubmed/29110742
https://doi.org/10.1038/ijo.2012.201
http://www.ncbi.nlm.nih.gov/pubmed/23207404
http://www.ncbi.nlm.nih.gov/pubmed/2086212
https://doi.org/10.1038/oby.2002.12
http://www.ncbi.nlm.nih.gov/pubmed/11836451
https://doi.org/10.1016/j.jocd.2008.02.001
https://doi.org/10.1016/j.jocd.2008.02.001
http://www.ncbi.nlm.nih.gov/pubmed/18455677
https://doi.org/10.1371/journal.pone.0263590

PLOS ONE

Validity of the extrapolation of predictive models for body fat

18.

19.

20.

21.

22,

23.

Lantz H, Samuelson G, Bratteby LE, Mallmin H, Sjéstrém L. Differences in whole body measurements
by DXAscanning using two Lunar DPX-L machines. International Journal of Obesity and Related Meta-
bolic Disorders. 1999; 23:764—770. https://doi.org/10.1038/s].ij0.0800905 PMID: 10454112

World Health Organisation: Prevention and Management of the Global Epidemic of Obesity: Report of
the WHO Consultation on Obesity. Geneva, WHO, 1998.

Pasco JA, Nicholson GC, Brennan SL, Kotowicz MA. Prevalence of obesity and the relationship
between the body mass index and body fat: cross-sectional, population-based data. PLoS One. 2012;
7(1):€29580. https://doi.org/10.1371/journal.pone.0029580 PMID: 22253741

Deurenberg P, Yap M, van Staveren WA. Body mass index and percent body fat: a meta analysis
among different ethnic groups. Int J Obes Relat Metab Disord. 1998; 22(12):1164—71. https://doi.org/
10.1038/sj.ij0.0800741 PMID: 9877251

Gomez-Ambrosi J, Silva C, Catalan V, et al. Clinical usefulness of a new equation for estimating body
fat. Diabetes Care. 2012; 35(2):383-8. https://doi.org/10.2337/dc11-1334 PMID: 22179957

Lohman TG. Dual-energv X-rav absorptiometry. In: Roche A, Hemsfield S, Lhoman TG, editors.
Human Body Compositron. Champaign, Human Kinetics; 1996. p. 63—-78.

PLOS ONE | https://doi.org/10.1371/journal.pone.0263590 February 10, 2022 11/11


https://doi.org/10.1038/sj.ijo.0800905
http://www.ncbi.nlm.nih.gov/pubmed/10454112
https://doi.org/10.1371/journal.pone.0029580
http://www.ncbi.nlm.nih.gov/pubmed/22253741
https://doi.org/10.1038/sj.ijo.0800741
https://doi.org/10.1038/sj.ijo.0800741
http://www.ncbi.nlm.nih.gov/pubmed/9877251
https://doi.org/10.2337/dc11-1334
http://www.ncbi.nlm.nih.gov/pubmed/22179957
https://doi.org/10.1371/journal.pone.0263590

