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Ponderal index classifies obesity in children and adolescents
more accurately than body mass index z-scores
Divanei Zaniqueli1, Polyana Romano Oliosa1, Felipe Silva Neves2, Virgilia Oliveira Pani3, Caroline Resende Martins3,
Marcos Alves de Souza Peçanha3, Míriam Carmo Rodrigues Barbosa3, Eliane Rodrigues de Faria2,3, Rafael de Oliveira Alvim1,4 and
José Geraldo Mill1,4

BACKGROUND: We aimed to compare the accuracy of the ponderal index (PI) vs. BMI-for-age z-scores transformed (BMIz) in
estimating body fat levels and classifying obesity in children and adolescents from a Brazilian urban population.
METHODS: This is a cross-sectional study with 1149 participants (53.2% male), aged 6 to 18 years. Body fat percent (BFP) was
obtained by multi-frequency bioelectrical impedance. Non-linear regression analysis provided the accuracy of both BMIz and PI in
estimating BFP. False positive rate was obtained from the proportion of individuals placed at or above the 95th percentile for BMIz
or PI, whereas their BFP was discordantly below the 95th percentile.
RESULTS: PI and BMIz appeared with similar stability from childhood to adolescence for both boys and girls. The portion of the
variability in BFP explained by BMIz (R2= 0.74 and R2= 0.75) was close to the variability in BFP explained by PI (R2= 0.73 and R2=
0.75) for boys and girls, respectively. False positive rate was higher for BMIz compared with PI among boys (21.8% vs. 3.9%) and girls
(28.5% vs. 17.5%).
CONCLUSIONS: PI is a promising index for replacing BMIz in children and adolescents due to its potential to reduce false diagnosis
of obesity.
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INTRODUCTION
Obesity has become a global problem because of its elevated
prevalence not only in adults but also in children and adoles-
cents1–8. In 2016, 41 million of young children up to 5 years of
age were afflicted with overweight or obesity worldwide, the
vast majority living in developing countries9. The global
age-standardized prevalence of obesity increased from 0.7%
(0.4–1.2%) in 1975 to 5.6% (4.8–6.5%) in 2016 in girls, and from
0.9% (0.5–1.3%) in 1975 to 7.8% (6.7–9.1%) in 2016 in boys7.
Obesity in childhood has been associated with an increased risk of
early onset of chronic diseases (type 2 diabetes, hypertension) and
mortality in adult life10–13. Estimates indicate that the current
prevalence of adolescents with overweight could lead to a 5%–
16% increase in the incidence of coronary heart disease by 203514.
To implement strategies for prevention and treatment of

children and adolescents with excessive body weight, it is
necessary to have effective and low-cost tools capable of correctly
diagnosing obesity in this specific population. The body mass
index (BMI), calculated as the ratio between weight and squared
height (kg/m2) has been extensively used to indicate the presence
of overweight and obesity in adults by using the cut-off points
determined by the World Health Organization (WHO)8. These cut-
offs are only valid for adults because in adulthood height is
constant. Therefore, an increase in BMI generally indicates an
increase in body fat. In children and adolescents, however, height

progressively increases until the beginning of adulthood. To
address this issue, the WHO developed child growth standards by
which age- and sex-specific BMI percentiles for individuals from
2 to 19 years were obtained15. Indeed, BMI-for-age z-scores
transformed (BMIz) has become the standard method to indicate
the presence of overweight or obesity in this age group, because
z-scores indicate the number of standard deviations above or
below the mean for a reference group. Nevertheless, though the z-
score correction is reasonable, as it provides sex and age
adjustments, BMI may not be very accurate, as it has been shown
that weight scales to height in a varied way, from an exponent
close to 2.0 up to 3.5 depending on the stage of physical growth
from birth to puberty16. Besides, using BMIz has been called
into question for children with more severe obesity (>97th

percentile)17.
The ponderal index (PI) has been used in pediatric clinical

settings at least since the 1960s. For example, Miller and
Hassanein18 addressed the abnormal patterns of fetal growth by
establishing distribution curves of PI in newborn infants according
to their fetal ages. Recently, Peterson et al.19 studying 2285 non-
Hispanic white individuals aged 8 to 29 years, have shown that
overweight and obesity can be diagnosed without using
complicated percentile tables by using the PI, calculated as
weight divided by height cubed. In addition, the same investiga-
tors have shown that PI diagnoses overweight in adolescents
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more accurately than BMIz. To our knowledge, Peterson’s study
was the first and only comparing the accuracy of PI with BMIz in
estimating body fat levels in adolescents and young adults. Taking
into account the lack of studies and the relevance of the theme, it
is important to carry out additional studies to validate this new
index for different populations.
Based on the possible applicability of PI as a useful tool to

provide screening for childhood obesity in a clinical setting, the
aim of this study was to compare the accuracy of PI vs. BMIz in
estimating body fat levels and classifying obesity in children and
adolescents from a Brazilian urban population.

METHODS
Study design and sample selection
This is a cross-sectional study with data taken from databases
containing two samples of children and adolescents (data from
2014 to 2016) totaling 1149 individuals (53.3% boys), 291 (25.3%)
black, 201 (17.5%) white, and 657 (57.2%) “pardo”.
The first sample consisted of 856 individuals aged 6 to 18 years

that were enrolled in a social project called “Estação Conheci-
mento”, that is a partnership between a mining company
(Fundação VALE) and the community. The project is directed
toward schoolchildren living in the neighborhood of the project,
settled in the municipality of Serra, in the State of Espírito Santo,
Brazil. In general, this region is occupied by low income families.
All participants were regularly enrolled in municipal public schools
and participated in the project part-time on weekdays to receive
additional classes (beyond those regular classes at school) and to
have the opportunity to participate in sports and cultural activities.
The second sample consisted of 293 children and adolescents

aged 8 to 15 years enrolled in public schools in the municipality of
Vitória, State of Espírito Santo, Brazil. Most of the schoolchildren
enrolled in public schools in this municipality also belong to the
lowest socioeconomic class. These municipalities are neighbors
and both belong to the metropolitan region of Vitória.
All schoolchildren attended the Cardiovascular Investigation

Clinic located at the University Hospital of the Federal University of
Espírito Santo. Data were obtained by questionnaires and exams
carried out in the morning period after 10–12 h of fasting. All data
were collected during a single visit by trained investigators
previously certified by a senior investigator. Children with missing
data on any of the variables of interest were excluded from the
final analysis. Both projects were approved by the Center for
Health Sciences Ethics Committee (opinion numbers:
30385014.8.0000.5060 and 1.565.490, respectively) and written
and informed consent was obtained from the parents or legal
guardians before enrollment.

Anthropometry
Anthropometric parameters were measured according to a
standard protocol20. Weight was measured using an electronic
scale (Toledo 2099, Brazil) with 0.05 kg precision in barefoot
individuals using only undergarments after bladder emptying.
Height was obtained in a wall-mounted stadiometer (Seca
Stadiometer—Seca GmBH & Co, Hamburg, Germany) with 0.1
cm precision. Body fat percentage (BFP) was measured by multi-
frequency bioelectrical impedance analysis (MF-BIA8, InBody 230,
Bioespace, South Korea). BFP obtained by multi-frequency
bioelectrical impedance was highly correlated (r > 0.9) with that
obtained by Dual-energy X-ray Absorptiometry (DEXA) in children
and adolescents aged 7 to 18 years21. BMI was calculated as the
ratio between weight and height squared (kg/m2). BMIz-scores
(BMIz) was obtained with the aid of free software WHO Anthroplus
in accordance with Word Health Organization Growth Child
Standards15. PI was calculated by dividing weight by height cubed
(kg/m3). BMIz and PI were simultaneously inserted into the
database.

Statistical analysis
The general characteristics of the sample are expressed as mean ±
standard deviation for continuous variables, or percentage and
95% confidence interval (95% CI) for proportions. Normality of all
data was tested with the Kolmogorov–Smirnov test. Comparisons
between sexes for the variables following a normal distribution
were performed with the unpaired Student’s t-test. As neither PI
nor BMIz presented a normal distribution, the comparison between
sexes for these variables was provided by Mann–Whitney U test.
For both sexes, age was categorized into eleven groups and two

procedures were performed. First, the coefficients of variation of
each age category for both PI and BMIz were calculated, and second,
a one-way ANOVA was used to compare the mean values between
the age categories for both PI and BMIz. This last procedure was
performed to test the stability of both PI and BMIz with age.
Linear and non-linear regression analyses were performed to

define the function of best fit for the data points on the scatter
plots showing the association between BMIz and BFP, as well as PI
and BFP. For the non-linear regression, a second-order polynomial
function was fitted to data points and then expressed by a
quadratic equation. The highest R2 value was taken into account
to choose the most appropriate model (linear or non-linear) in the
regression of BFP on both PI and BMIz.
To determine the false positive rates, each individual’s BFP, PI,

and BMIz were translated into a percentile ranking and then
dichotomized into lean versus obese using the 95th percentile.
Although using the 95th percentile as a cut-off value for obesity is
somewhat arbitrary, it has been previously shown that this cut-off
provided a close approximation to the obesity boundary of the
International Obesity Task Force, which encompasses children and
adolescents from six countries including Brazil and the United
States of America22,23. False positive rate was obtained from the
proportion of individuals placed at ≥P95th according to PI or BMIz
while their BFP was at <P95th. Fisher’s exact test was used to
compare the proportions of false positive rates and false negative
rates between PI and BMIz.
All statistical procedures were carried out with the SPSS

21.0 statistical package (SPSS Inc., Chicago, Illinois) and GraphPad
Prism 6.01 (GraphPad Software, Inc., CA). Two-sided statistical
significance was set at P < 0.05.

RESULTS
The main physical characteristics of the sample are described in
Table 1. The age and body weight were similar between boys and
girls. However, as expected, boys were taller than girls (P= 0.012).
Even using a nonparametric statistic, BMIz was not different
between boys and girls (P= 0.352), whereas PI was greater in girls
than in boys (P < 0.001), thus justifying the need for splitting
further analyses by sex.
Eleven age groups were established and the mean values

obtained for PI and BMIz were compared among all age groups in
order to provide a measurement of stability. In Table 2 the age
categories are specified along with the number of individuals by
category. The coefficient of variation associated with the mean
values of PI and BMIz are also presented.
In a visual inspection, PI seems more stable from childhood to

adolescence than BMIz, in both boys and girls (Fig. 1a, b). The
values of PI were not significantly different across the age
categories in both girls (P= 0.390) and boys (P= 0.124). Similarly,
the values of BMIz were not different across the age categories in
both girls (P= 0.126) and boys (P= 0.096)
Non-linear regressions of BFP on BMIz and PI are exhibited in

the scatter plots of Fig. 2. A curvilinear relationship between BFP
and BMIz can be clearly observed for boys (Fig. 2a). As seen by the
R2 value obtained from the non-linear regression, BMIz explained
74% of the total variability of BFP (P < 0.001). Similarly, for girls,
BMIz explained 75% (P < 0.001) of the total variability of BFP
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(Fig. 2b). The R2 values obtained from the regression of BFP on PI
were very similar to those observed in the regression of BFP on
BMIz, for both boys (0.73, P < 0.001) and girls (0.75, P < 0.001),
respectively (Fig. 2c, d).
An individual was considered to be a false positive if she or he

had a BMIz or PI at or above the 95th percentile but a BFP that was
discordantly below the 95th percentile. Figure 3a shows that the
false positive rate obtained in boys was higher for BMIz (21.8%;
95% CI, 18.9%–23.4%, P < 0.001) compared with PI (3.9%; 95% CI,
2.5%–6.2%), (P < 0.001). Similarly, the false positive rate obtained
in girls (Fig. 3b) was also significantly higher for BMIz (28.5%; 95%
CI, 27.5%–30.2%) compared with PI (17.5%; 95% CI, 14.9%–23.8%),
(P= 0.032).
An individual was considered to be a false negative if she or he

had a BMIz or PI below the 95th percentile but a BFP that was
discordantly at or above the 95th percentile. Figure 3c shows that
the false negative rate obtained in boys was higher for PI (9.9%;
95% CI, 7.4%–12.3%) compared with BMIz (4.4%; 95% CI,
2.6%–6.1%), (P < 0.001). In line with these results, Fig. 3d shows
that the false negative rate observed in girls was also higher
for PI (10.8%; 95% CI, 8.1%–13.5%) than for BMIz (5.2%; 95% CI,
3.2%–7.2%), (P < 0.001). The total rate of classification was not
different between BMIz and PI for both boys (6.4%; 95% CI,

4.4%–8.4% vs. 9.4%; 95% CI, 7.1%–11.7%, P= 0.257) and
girls (8.3%; 95% CI, 6.0%–10.6% vs. 11.1%; 95% CI, 8.4%–13.7%,
P= 0.097).

DISCUSSION
The main findings of this study showed that PI, like BMIz, was
quite stable along the age range covering the final period of
childhood and throughout adolescence. In addition, PI was as
accurate as BMIz as a proxy of BFP. Nevertheless, PI was superior
to BMIz in avoiding misdiagnoses of obesity and equally good as
classifying weight status in Brazilian children and adolescents with
obesity, so classified in accordance with BFP.
Peterson et al.19 conducted a study using data from NHANES

1999–2006 comparing BMI and PI regarding their stability at
different ages, accuracy in estimating body fat, and accuracy in
classifying overweight and obesity status in children and
adolescents. Based on their data, the authors claimed that PI
could be a substitute for BMIz due to its greater accuracy for the
screening of overweight and obesity.
As well established, for children and adolescents (aged 2 to 19

years) instead of raw BMI, BMIz-scores according to sex- and age-
specific BMI percentiles are necessary to take into account
interindividual differences in pubertal development. When testing
stability with age, Peterson et al.19 included in the study
individuals from 8 to 29 years and compared the stability of PI
and raw BMI within this age range. As previously reported, scaling
of weight to height among children and adolescents is under
significant influence from fatness, since boys and girls with obesity
tend to be taller than their lean counterparts24,25, whereas this
effect of fatness on size attainment is not necessarily observed
among adults26. Moreover, a child’s BMI tends to be lower than
that of an adult even if his body fat is much higher. Considering an
actual example from our databases, an 8-year-old child with BMI
of 21.6 kg/m2 was ranked at the 97th percentile of his
corresponding BMI-for-age, and consequently directed to the
group of individuals with obesity. The body fat measured in this
child was nearly 35% of his total body weight. In contrast, a 29-
year-old man with a similar BMI (21.5 kg/m2) was classified as
normal weight and only 16% of his body weight was composed of
fat. Thus, when we replaced raw BMI by BMIz, which is the
standard for children and adolescents, we observed that BMIz and
PI have a similar pattern of stability in children and adolescents
from 6 to 18 years.
We also demonstrated that both BMIz and PI provided similar R2

values in the non-linear regression analysis both for boys and girls.
In general, BFP explained more than 70% of the variability of both
BMIz and PI. Indeed, our results are in line with that reported by
Katzmarzyk et al.27 who presented the association between BMIz
and BFP in children aged 9 to 11 years from 12 countries spread
over the five continents, including from Brazil. Overall, the
correlation between BMIz (standards by the CDC) and BFP ranged
from 0.71–0.88 for boys and from 0.71–0.93 for girls, which
transforming to R2 would provide a range from 0.50–0.77 for boys
and 0.50–0.86 for girls. In Brazilian children, the R2 resultant from
the regression of BFP on BMIz among boys (0.61) and girls (0.76)
were both close to our results.
In line with our findings, when Peterson et al.19 restricted the

sample to individuals aged 8 to 17 years, they reported that PI was
better than BMIz for accurately classifying overweight and obesity
status in children and adolescents. In this regard Burton et al.28,
addressed the issue of why, in the calculation of BMI, weight scales
to height with a power of 2.0 (expressing area), instead of scaling
with a power of 3.0 (expressing volume), given that for objects
with different size (i.e., length in humans) but identical shape (a
single cylinder as in humans), the volume has to be proportional
to the cube of length, and the ratio of mass/(length3) tends to be
constant. Moreover, even if shape varies, the ratio mass/(length3)

Table 2. Coefficients of variation associated with the mean values of
PI and BMIz

Boys Girls

Age n PI BMIz n PI BMIz

6–7 15 0.09 5.06 13 0.14 11.84

7–8 27 0.18 2.99 25 0.13 1.33

8–9 62 0.18 3.19 67 0.17 1.81

9–10 86 0.19 2.05 80 0.19 2.15

10–11 83 0.17 3.06 72 0.20 5.93

11–12 88 0.17 2.54 45 0.21 1.93

12–13 71 0.21 2.90 61 0.16 3.14

13–14 62 0.19 5.22 60 0.24 3.84

14–15 52 0.20 50.72 58 0.18 4.59

15–16 30 0.14 11.05 30 0.19 4.21

16–18 34 0.15 27.05 26 0.17 14.39

PI Ponderal index, BMIz BMI-for-age percentile z-scores transformed

Table 1. General characteristics of children and adolescents

All Boys Girls P value

n 1149 612 537 —

Age (years) 11.6 ± 2.7 11.6 ± 2.6 11.6 ± 2.7 0.890

Weight (kg) 43.8 ± 15.1 43.8 ± 15.5 43.9 ± 14.7 0.980

Height (m) 1.49 ± .15 1.50 ± .16 1.48 ± .14 0.012

BMIz 0.41 ± 1.32 0.38 ± 1.34 0.45 ± 1.30 0.352

PI (kg/m3) 13.0 ± 2.4 12.7 ± 2.3 13.3 ± 2.5 <0.001

PBF (%) 23.5 ± 9.6 20.6 ± 9.3 26.8 ± 8.7 <0.001

Fat mass (kg) 10.9 ± 7.4 9.5 ± 6.8 12.6 ± 7.7 <0.001

Fat free mass (kg) 17.6 ± 6.4 18.6 ± 7.2 16.6 ± 5.1 <0.001

Data expressed as mean ± standard deviation
BMIz BMI-for-age and sex z-scores transformed, PI Ponderal index, PBF
Percent body fat

Ponderal index classifies obesity in children and adolescents more. . .
D Zaniqueli et al.

130

Pediatric Research (2019) 86:128 – 133



remains as a full index of shape and is independent of size. In this
sense, it seems that BMI has been traditionally used because it is
just a convenient approximation to the Benn index, which is
calculated as mass/heightp, where p is selected to minimize
the correlation with height29. As a matter of fact, it has been
shown that p is nearly 2 in adults, while in children the height is
highly correlated with fat mass (p= 5.8)30, suggesting that a
different approach to the fat content should be provided for
children.
Recently, some studies have tested the effectiveness of PI as a

predictor of cardiometabolic risk31–33. However, it is worth
mentioning that the present study was the second to show that
PI is better for the screening of obesity. Thus, although both
indexes seem to present similar validity as a proxy of BFP, PI
clearly shows some advantages because it can be calculated with
no concerns about adjustments for age, besides being more
accurate than BMIz-scores in avoiding false positive diagnoses of

obesity. These characteristics make PI easier to use in a clinical
setting than the BMI z-scores.
The inconsistent finding on the false positive obesity in boys

and girls may be due to an imbalance between body composition
and the indices of adiposity according to sex, that is, in the
extreme percentiles, neither PI nor BMIz translated into a
proportionally higher percent body fat.
This study has some limitations. First, given the cross-sectional

nature of the study, cause and effect relationship cannot be
determined. Indeed, a prospective analysis would be beneficial in
ensuring that variations over time were not resultant from
interindividual variations. Second, a random sample of the
population of children and adolescents was not tested. Therefore,
there is a limitation in extrapolating the results for the general
population of children and adolescents. Third, we did not perform
an internal validation of multi-frequency bioelectrical impedance
to establish its accuracy in assessing BFP in the studied
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population. However, validation of multi-frequency bioelectrical
impedance with eight-point tactile electrodes versus DEXA has
been provided for children and adolescents34. Besides, a possible
measurement bias does not differently affect the capacity of PI
and BMIz as estimators of body fat. Fourth, BMIz was obtained
from the standards by the Centers for Disease Control and
Prevention, while we cannot guarantee that Brazilian children and
adolescents share physical similarities with American children and
adolescents. Fifth, sample size was small for creating categories of
sex and age groups without interfering with statistical power.
Despite these limitations, our study supports the use of PI as a
proxy of body fat in children and adolescents as being a useful
tool for providing screening for obesity in the pediatric
population.
In conclusion, PI is a promising index for replacing BMIz in

providing screening for obesity in Brazilian children and
adolescents, both in epidemiological studies and in the clinical
routine, due to its potential to reduce false diagnosis of obesity.
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