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Body Mass Index: A Scientific Evidence-Based Inquiry
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Objective -To objectively and critically assess body
mass index and to propose alternatives for relating body
weight and height that are evidence-based and that elimi-
nate or reduce the limitations of the body mass index.

Methods - To analyze the relations involving weight
and height, we used 2 databases as follows: 1) children
and adolescents from Brazil, the United States, and Swit-
zerland; and 2) 538 university students. We performed ma-
thematical simulations with height data ranging from 115
to 190 cm and weight data ranging from 25 to 105 kg. We
selected 3 methods to analyze the relation of weight and
height as follows: body mass index - weight (kg)/height
(m?); reciprocal of the ponderal index - height (cm)/
weight'’ (kg), and ectomorphy. Using the normal range
from 20to 25 kg/m? for the body mass index in the reference
height of 170 cm, we identified the corresponding ranges
of 41 to 44 cm/kg'” for the reciprocal of the ponderal in-
dex, and of 1.45 to 3.60 for ectomorphy.

Results - The mathematical simulations showed a
strong association among the 3 methods with an absolute
concordanceto a height of 170 cm, but with a tendency to-
wards discrepancy inthe normal ranges, which had alrea-
dy been observed for the heights of 165 and 175 cm. This
made the direct convertibility between the indices unfeasi-
ble. Thereciprocal of the ponderal index and ectomorphy
with their cut points comprised a larger age rangein chil-
dren and adolescents and a wider and more central range
in the university students, both for the reported (current)
and desired weights.

Conclusion - The reciprocal of the ponderal index and
ectomorphy are stronger and are more mathematically logical
than body mass index; in addition, they may be applied with
the same cut points for normalfrom the age of 5 /2 years on.
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The human body haslinear, area, and volume measu-
rements. A tendency towards anatural proportionality in
body measuresexists, andit varieswith sex andthegrowth
and developmental degrees®. According to allometry,
height and body weight are, respectively, measuresof theli-
near and volumenatureof an organism?. These2 anthropo-
metric variables, whose measures are simple and reliable,
havebeen classically used to morphol ogically characterize
anindividual. Inthe X1X century, Quételet proposed astra-
tegy to mathematically relate an individual’ s weight and
height. Accordingto aMEDLINE search, this strategy,
which waslater named body massindex 2, hasappearedin
morethan 6,000 articlessince 1994, andit hasscientificand
epidemiological consistency. Different authorsandinterna-
tional agencies*” have proposed normal rangesfor the
body massindex of adults, which allow theidentification of
undernourished, overweight, and obeseindividuals. The
normal valuesin adol escents, children, andinfants, howe-
ver, aredistinct and based on percentiles®*,

Recently, the preval ence of overweight and obesity
hasincreased in all countriesworldwide; inthe United
States, the proportion of obese adults practically doubled,
increasing from 12.8% between 1960-1962 to 22.5% between
1988-1994%, According to IBGE (Brazilian I nstitute of Geo-
graphy and Statistics) data®?,inBrazil, thenumber of obese
mal esincreased from4.5to 7% between theyears 1989 and
1997, showing that thisisaproblem not only in devel oped
countries, but alsoin devel oping ones.

Overweight has been associated historically with
chronic and degenerative diseases, such asischemic
heart disease’ 416, systemic arterial hypertension'78,
dyslipidemia'®2, chronic obstructive pulmonary disea
se?, gallbladder disease?, diabetes mellitus'®, and so-
me types of cancer 228, Elevated values of body mass
index have been associated with high rates of moridi-
ty and mortality71529-32,

Even though body massindex has been widely used
inclinical practice, several theoretical restrictionstoitsuse
anditsrecommended normal rangesexist. Sexual andethnic
differences, and differencesinthepatternsof regular physi-
cal activity3*%, and consequently, inthelevel of adiposity,
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may contributeto somelimitationsof thebody massindex.
Itiseven possiblethat the passage of time, stressed by bio-
logical and even cultural factors, may interferewiththecon-
sistency of thebody massindex. An examplemay beseenin
the anthropometric data of famouswomen, such asfemale
models3” or thoseparticipatingintheMissAmericaBeauty
Pageant 8. Eventhough thesewomenmay socially becon-
sidered acceptable, ahigh prevalence of patternscorres-
pondingto clinical undernourishment would be observedif
thecurrent criteriafor body massindex wereapplied.

Therefore, it seemsappropriatetocritically review the
useof thebody massindex, especially inchildren and ado-
lescents, and, if possible, to proposealternativesthat provi-
de simplicity associated with agreater mathematical and
theoretical coherence.

Theobjectiveof thisstudy wasto compare 3 methods
of presenting theweight and height relationsfor children,
adol escents, and adults, assessing their consistency and
mathematical formulation. Wealso aimed at identifyingthe
respective normal ranges, determining in a satisfactory
manner theindividua swhofit those spectraof linearity con-
sidered normal . Our study comprised 3independent studies
designed to analyze the results obtai ned from the wei ght
and height relationsin different populations.

Methods

Wesel ectedthefollowing 3 procedurestoanalyzethe
body weight/height relation: 1) the body massindex, in
whichtheweight/height relationismathematically defined
by thefollowing equation: wei ght (kg)/height?(m); 2) there-
ciprocal of the ponderal index, also known as Sheldon’s
index 3, whichis cal culated using the following equation:
height (cm)/weight¥3 (kg). According to the allometric
model, thelatter relation has astronger mathematical fo-
undation, becauseweight isavariableof cubicdimensions
and height isavariable of linear dimensions®; 3) the ec-
tomorphy, the third component of the somatotype, repre-
sentstherelativelinearity of theindividual 4. Inthe 1960s,
theanthropologist BarbaraHeath and the Physical Educa-
tion professor John E. Lindsay Carter“?proposed, based on
the previous studies by Parnell, the Heath-Carter anthro-
pometric somatotyping method to determinethesomatoty-
pe. And even moreimportant, they recognized thelimita-
tionsinherentintheclosed numerical scale, which had been
originally proposed by Sheldon, and those authors began
toaccept anunlimited and open scaleinonly onedirection.
Later, Aralljo*stressed thetheoretical inconsistency of the
method of open scalesin only one direction and showed
with actual examplesof obeseindividualsitspractical limi-
tations, especialy inregardto ectomorphy. Therefore, occa-
sional negative values obtained with the formul ae of the
components became accepted and no longer arbitrarily
transformedinto0.1.

Thescal efor measuring ectomorphy isnondimensional
and of acontinuousand intervallic nature. In practice, ec-
tomorphy isdetermined on the basisof thereciprocal of the
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ponderal index usingthelinear equation: ectomorphy =[2.42
x ((height (cm)/2.54)/(weight (kg)/0.4536)Y/%) —28.58]. Itis
worth noting that the unitswere converted to cm and kg2#.
Eventhoughthereciprocal of theponderal index and ecto-
morphy represent basically the sameinformation, ectomor-
phy ismorefrequently used and isone of the components
of the somatotype, whichisavery frequently used kinan-
thropometry technique. It allowsamore global analysis of
thebody compositionand physiqueof theindividual when
analyzed alongwiththe 2 other components, endomorphy
and mesomorphy.

Thecut pointsweredividedinto 3 categoriesfor all the
selected methods: underweight, normal weight, and
overweight (tab.1).

For body massindex, weused thelimitsrecommended
by the International Obesity Task Force (IOTF) Even
though that institution considers as underwei ght abody
massindex below 18.5 kg/nt, wechoseahigher cut point as
reported by Wang et al 6. Therefore, we considered values
below 20 kg/n? as underwei ght, because no consensusin
regardtolower cut pointsexistsamongtheinstitutionsand
the specialistsinthearea. To definethe cut pointsand the
normal range for the reciprocal of the ponderal index and
ectomorphy, weused therespectiveequiva ent valuesof the
normal body massindicesfor aheight of 170 cm. Wehad
aready validated thereferred cut pointsfor thereciprocal of
the ponderal index and ectomorphy in another population,
and concluded that thediscrimination power of bothwassi-
milar tothat originally proposed for thebody massindex #.

Instudy 1, weanalyzed theweight/height relationsin
children and adol escents with agesranging from 2to 12
yearsin 3different countries(Brazil, the United States, and
Switzerland). Dataregarding Brazil were collected in the
cross-sectional study by Marcondeset al 45, who assessed
9,258 children (4,603 boysand 4,655 girls) inthecity of San-
to André, in the state of Séo Paulo. These children belon-
gedtoasocial classconsidered normal inregardtolifecon-
ditionsandfromthenutritional point of view. Dataonthese
children were grouped in tableswith 5 columns, and the
middlecolumn correspondedtothemediumvalue. Tomake
the 3 databases uniform, we considered thismedium value
equivalenttothemedianvalue, ie, the 50t percentile.

TableI-Cutpoints for the weight and height relations

Method Cut points
BMI (kg/m?) <20- underweight
20 a25- normal
>25- overweight
RIP (cm/kg*?) >44- underweight
41 a44- normal
<41- overweight
ECTO (nondimensional) >3,6 - underweight

1,45a3,6 - normal
<1,45- overweight

BMI- body massindex; RPI - reciprocal of the ponderal index; ECTO -

ectomorphy
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Thevaluesof weight and height regarding the popul a-
tion sampleof theUnited Stateswerecollectedinapublica-
tion of the National Center for Health Statistics (NCHS) 46
withatotal of 20,000individual sof both sexesand agesran-
ging from 2to 18 yearsduring the period from 1963 to 1975.

We also analyzed the anthropometric data from the
northwesternregionof Switzerland (Basel) foundinastudy of
4,300individualswith an equal proportion of sexes, and ages
ranging from 2to 17 years, carried out from 1956 t0 195746.1n
our study, weonly used datarel ating tothe age bracket from
2to 12 years, minimizing the occasional influences of pro-
cessesof biologica maturationwith distinct rhythms.

Oncedatawerearrangedinatable, weestablishedthe
cut points- underweight, normal weight, and overweight -
proposed for each method (body massindex, reciprocal of
the ponderal index, and ectomorphy). If the methods ap-
pliedequally well for theanal ysisof theweight/heightratio
of children and adol escents of both sexesand all ages, the
individualsin the 50" percentile for weight and height
would bewithinthenormal range.

To check the consistency of theindicatorsto foretell
the normal range in adults, which comprised study 2, we
performed amathematical simulation using dataof heights
between 115and 190 cm (at every 5 cm) and of weightsbet-
ween25and 105kg (at every 2.5kg). Thisway, weobtained
atotal of 528 weight/height rati osfor each of the3 methods.
Inaddition, datafor 3different heightswere separated - 145,
160, and 170 cm - in the following body weight ranges:
between 25 and 60 kg, between 40 and 85 kg, and between
45 and 90 kg, respectively. The height 145 cm was chosen
because, according to Marcondes (1978), it representsthe
approximatevalueof aBrazilian peripuberal adolescent. The
remai ning heights selected, 160 and 170 cm, represent,
respectively, atypical Brazilian femaeand male!s. Wealso
determined the linear regressi ons between the body mass
index and ectomorphy for the 3 above-mentioned heightsin
at least 10 distinct body weights.

I'n the composition of study 3, we used data of the
heightsand current and desired weightsof 538 (331 females
and 207 mal es) students of the Universidade GamaFilho?’,
and calculated theweight/height ratiosaccordingtothe3
methods selected. After that, we demarcated the normal
rangesfor the predictors of weight/height relations accor-
dingto previousstudies.

Theindividualswerearrangedin percentiles(fromthe
18tothe 99") fromthelightestindividual totheheaviestindi-
vidual according totheresults of theweight/height ratios.
We could assessthestrength of eachmethod accordingto
the number of individual swithinthenormal range.

In asubsequent analysis, we checked the validity of
the methodsto estimate the normal range for body weight
inrelationto height, independent of sex, comparingthewei -
ght/height relationsreported by theintervieweesusing the
desired body weight.

Inthisspecificstudy, weperformed adescriptiveana-
lysisof thescores, and we used the Pearson linear correla-
tion coefficient to assessthe degree of association between
theindicators.
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Results

Study 1 — Analyzing the weight/height relationsin
children, we observed that none of the methods studied
(body massindex, reciprocal of theponderal index, and ecto-
morphy) had asatisfactory consistency to safely identify
the normal rangesfor the age bracket from 2to 5%2yearsin
the 3 databases assessed. However, from that ageto 12
years, thereciprocal of theponderal index and ectomorphy
almost correctly identified childrenin the 50 percentiles
for height and weight in both sexes. Wecould also observe
that thebody massindex did not reflect therel ativelinearity
for any ageor sex inthispopul ation when the 50" percentile
wasconsidered for weight and height. Thiscanbeseenin
tablesll and 11 inwhichthenormal rangeisrepresented as
agray background.

Study 2 - Themathematical simulationsperformedin
the 2n study showed that the 3 methods used to analyze
theweight/height relationarestrongly associated (r > 0.97,
P<0.001), especially when limited weight and height ran-
gesare considered with an absol ute coincidence at the
height of 170 cm. However, we observed atendency to-
wardsdiscrepancy inthenormal rangesinthe3 methods,
and this tendency could already be observed for the
height values of 165 and 175 cm (not shown in thetable),
and it was even more marked in extreme height val ues,
suchas 145 cm (tab. V).

Even though astrong association existsamong the 3
methodsinrelating weight and hei ght, the coefficientsof re-
gression tend to be distinct, because the predictive
equationsdivergeinregardtotheconstant andthecorrela-
tion coefficient (coefficient X), therefore, hindering the di-
rect convertibility between the methods. Thisfact may be
seeninthesimulationsof height (145, 160, and 170 cm), in
which we observed that thelinear equation of prediction
proposed for acertain height could not beused for another
height, asshownintableV.

For example, theectomorphy of a160-cm-tall individu-
a weighing 50 kg would be 3.21. On the other hand, if we
used the proposed equationfor theheight of 170cm, amis-
takewould occur in that prediction, asexemplified bel ow:
BMI =-2.168. X + 28.3 (where X = ECTO); BMI =- 2.168.
3.21 + 28.3, where the body massindex (predicted through
theequation) = 21.34 kg/nt and theactual body massindex
=19.53[(weight (kg)/height?(m)].

Study 3 —The 2 predictors of the weight/height rela-
tion presentedinthisstudy found agreater number of indi-
vidualswithin the normal range proposed for thereferred
methodswhentheweightsand heightsreported by theuni-
versity studentswereconsidered. Thisphenomenon could
be better observed when the results of the weight/height
relationsweretransformedinto percentiles, wherethereci-
procal of the ponderal index and the ectomorphy discrimi-
nated from the 30 to the 90" percentilesand from the 20"to
the 95" percentilesfor males and females, respectively.
Thiswasdifferent from the finding when we used body
massindex, in which the normal range encompassed only
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Table II - The 50" percentile for weight and height — boys

Brazil United States Switzerland
Age BMI RPI ECTO BMI RPI ECTO BMI RPI ECTO
(kg/m?) (cm/kg™®) (kg/n?) (cm/kg™®) (kg/m?) (cm/kg™®)
2 17.2 37.0 -1.49 16.4 37.6 -1.08 16.4 37.6 -1.06
25 16.9 37.8 -0.93 16.5 37.9 -0.80 15.8 38.8 -0.17
3 16.5 38.6 -0.30 16.2 38.8 -0.17 157 394 0.26
35 16.4 39.1 0.05 16.0 39.6 0.40 157 39.9 0.66
4 16.3 39.6 0.39 15.8 40.3 0.90 156 40.5 1.06
45 16.3 40.0 0.68 15.6 40.9 1.37 16.5 39.8 0.52
5 16.3 40.3 0.94 155 41.4 1.75 16.5 40.2 0.85
55 16.1 41.0 1.44 15.4 41.9 2.09 15.6 41.8 2.00
6 16.2 41.3 1.65 15.3 42.3 2.38 155 42.2 2.33
6.5 16.3 41.6 1.85 15.4 42.6 2.63 15.5 42.6 2.59
7 16.4 41.8 2.05 154 429 2.82 155 429 2.84
75 16.4 42.1 2.27 15.5 43.1 2.98 15.5 43.2 3.06
8 16.4 42.5 2.52 15.7 43.3 3.09 154 43.6 3.34
85 16.7 42.5 2.54 15.9 43.4 3.18 15.5 43.9 3.55
9 16.6 429 2.82 16.1 43.5 3.24 155 442 3.75
9.5 16.8 43.0 2.87 16.4 43.5 3.27 155 44.4 3.93
10 17.0 43.0 291 16.6 43.6 3.31 15.9 44.4 3.89
105 17.2 43.0 291 16.9 43.6 3.34 16.5 44.0 3.61
11 17.6 429 2.83 17.2 43.7 3.40 17.2 43.6 3.36
115 18.2 42.7 2.66 17.5 43.8 3.45 17.8 43.3 3.12
12 18.7 42.5 2.55 17.8 43.9 3.52 18.3 43.2 3.02
Table III — The 50" percentile for weight and height - girls
Brazil United States Switzerland
Age BMI RPI ECTO BMI RPI ECTO BMI RPI ECTO
(kg/n?) (cm/kg*®) (kg/n?) (cm/kg*™®) (kg/n¥) (cm/kg®®)

2 16.9 37.0 -1.46 15.7 381 -0.67 15.9 37.9 -0.84

25 16.5 38.1 -0.71 16.1 38.2 -0.58 15.8 38.6 -0.32

3 16.3 38.8 -0.18 15.9 39.0 -0.07 15.8 39.2 0.13

35 16.3 39.2 0.10 15.7 39.6 0.43 15.7 39.8 0.55

4 16.0 40.0 0.69 155 40.4 0.96 15.6 40.3 0.96

45 15.9 40.4 0.99 15.2 41.0 1.43 155 40.9 1.37

5 15.9 40.8 1.28 15.0 41.6 1.89 153 41.4 1.76

55 15.9 41.2 1.56 14.9 42.2 2.28 153 419 2.10

6 16.2 41.2 1.56 14.9 42.6 2.58 15.3 42.3 2.37

6.5 16.2 41.5 1.83 14.2 44.0 3.62 15.3 42.7 2.66

7 16.2 41.9 2.10 15.0 43.1 3.00 17.5 41.2 1.59

75 16.2 423 2.36 15.3 43.3 3.09 16.0 42.8 2.73

8 16.1 42.6 2.63 15.5 43.3 3.13 16.2 429 2.82

85 16.4 42.7 2.65 15.9 43.3 3.14 16.2 43.2 3.03

9 16.4 43.0 2.90 16.3 43.3 3.12 16.2 43.5 3.23

9.5 16.4 433 3.12 16.7 43.3 3.11 16.4 43.6 3.32

10 16.7 43.2 3.07 17.0 43.3 3.13 16.7 43.5 3.29

10.5 16.9 434 3.18 17.3 434 3.17 17.0 43.5 3.26
11 17.2 43.4 3.21 17.6 43.5 3.25 17.3 43.4 3.21

115 17.7 43.3 3.12 17.9 43.6 3.35 17.6 43.5 3.29

12 185 42.9 2.89 18.1 43.7 3.45 17.7 43.8 3.48

fromthe5™tothe65™ percentilesand from the 30" to the 85"
percentiles, respectively for university malesand females.
Thereciprocal of the ponderal index and the ectomorphy
encompassed amorecentral andwider rangefor theuniver-
sity students of both sexes than the body massindex did
(tabs. VIand VII).

For anindex considered ideal by the university stu-
dents, ie, the desired weight (the amount theindividual
wouldliketoweigh) and thereported height (current), data

strengthen even morethevalidity of the measuresand the
normal rangesof thereciprocal of the ponderal index and of
ectomorphy ascompared with body massindex, onceagain
encompassi ng awider and morecentral rangeof thesample.
Another interesting fact wasthe asymmetry foundin the
desired body massindex f or malesand females, whichran-
ged fromlower valuesin malesto higher valuesinfemales.
Theseresultsenabl ed acrossed validation of theindicators
here studied, because the desired indicesrepresent theli-
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Table IV - Mathematical simulations of weight and height relations

Height = 145cm*

Height = 160cm*

Height = 170cm*

Peso BMI ECTO Peso BMI ECTO Peso BMI ECTO
(kg) (kg/mr) (kg) (kg/n¥) (k) (kg/nr¥)

25 11.9 7.72 40 15.6 5.67 45 156 6.41
275 13.1 6.59 425 16.6 4.98 475 16.4 5.78
30 14.3 5.58 45 17.6 435 50 17.3 5.20
325 155 468 475 186 3.76 525 182 4.66
35 16.6 3.87 50 195 3.21 55 19.0 4.14
375 17.8 3.13 525 205 2.70 575 19.9 3.66
40 19.0 2.46 55 215 2.22 60 20.8 3.21
425 20.2 1.84 575 225 1.77 62.5 21.6 2.78
45 214 1.26 60 234 1.34 65 225 2.37
475 226 0.73 625 244 0.93 67.5 234 1.98
50 238 0.23 65 254 0.55 70 242 1.62
525 25.0 -0.23 67.5 26.4 0.19 725 25.1 1.27
55 262 -0.67 70 273 -0.16 75 26.0 0.93
575 273 -1.08 725 283 -0.49 775 26.8 0.61
60 285 -1.47 75 293 -0.81 80 217 0.30

* These 3 heights respectively correspond to those of a peripuberal adolescent, an average Brazilian female, and an average Brazilian male*®

Table V — Equations of prediction

Simulated heights 145cm 160cm 170cm
Equation Y =-1.822 Y =-2.324 Y =-2.168
X +24.42 X +27.36 X +28.29

Y =BMI ; X =ECTO or RPI values

nearity that the university studentswould liketo have, ie,
anideal weight for acertainheight. Inthisspecificcase, the
reciprocal of theponderal index and ectomorphy showed a
greater discriminating power than that of body massindex.
Assuggested by themathematical simulationinstudy
2, therelation among body massindex, theectomorphy, and
thereciprocal of theponderal index (r =-0.89; P<0.001), des-
piteitssignificance, haslower correl ation coefficients, sho-
wingthat, eventhoughfor thefixed height of 170cmthat re-
lationisalmost perfect, for real datainwhichheight varies,
asignificantlossoccursintheassociation.

Discussion

Obesity in childhood isapublic health problem,
whose importance has progressively increased in the last
few years®92948, Evidence suggeststhat the chance of an
obese child or adolescent becoming an obese adult is
approximately 30% “°. On the other hand, obesity in adul -
thood is associated with chronic and degenerative disea-
ses, morbidity, and mortality*4*. However, estimationof the
prevalenceof obesity inchildhoodwith asafe, reliable, and
validindicator using criteriasimilar tothoseusedfor adults
had not yet been possible.

Themethods used to diagnose overwei ght and obesi-
ty, and to determine the normal ranges and underweight in
thispopulationarenumerous. Theskinfold measure, mainly
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thetricepsskinfold measure, hasbeenlargely usedto estima-
te overweight and obesity in children and adol escents#95!
withahigh associationwiththedirect measuresof adiposi-
ty, especially betweentheagesof 10 and 15 years™. Itsap-
plication, however, islimited, becauseit requireshighly ex-
perienced eval uators, and al so because of the existence of
therecognized intra- and interevaluator variability of the
measures 5. Other anthropometric measures have al so
beenused, among whichwecan highlight thefollowing: the
circumference, relativeweight, weight for age, somatotype,
andfinally theweight and height rel ations, anongwhichwe
stressbody massindex.

Theresultsof study 1 confirmthe unfeasibility of the
application of thenormality criteriaof the body massindex
usedfor adultsasanindicator of overwei ght and obesity for
children, becauseit did not reflect the relative linearity of
that population. In contrast, thereciprocal of the ponderal
index and theectomorphy using normal rangesderived from
the body mass index for the standard height of 170 cm
could identify individualsin aspectrum of linearity consi-
dered normal (50" percentil e of wei ght and height) indepen-
dent of sex and between the ages of 5.5and 12 yearsin 3
databasesof different regionsof theplanet. Theonly excep-
tiontothisrulewasobserved at onesingleageinthedataba-
seof theSwisschildren, probably related to theinfluence of
theearly pubescent growth spurtin part of thesampleor to
another unidentified sample characteristic. Thisshowed a
greater independenceof thesepredictorsinregardtothein-
tervening variables, which areinherent in the weight and
height relations, such as age, sexual maturation, ethnicity,
sexual dimorphism, and heightitself.

Height has arelevant influence on the estimation of
obesity by these indicators3454%, drastically interfering
withtheir results, mainly inchildren,inwhomthey remainin
constant change up to adulthood, in addition to having a
strict correl ation with body wei ght¢. Based onthisassum-
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Table VI - Weight/height relations — male university students
Percentil ECTO RPI BMI ECTOd* RPId* BMId*
(kg/cmt=) (kg/mre) (kg/cm®) (kg/rre)

1 -2.31 35,9 18.2 -0.93 37.8 19.6

2 -0.28 38.7 19.0 -0.10 38.9 20.2

3 -0.20 38.8 19.8 0.52 39.8 20.3

5 0.00 39.0 20.2 0.80 40.1 20.8
10 0.76 40.1 21.0 1.30 40.8 21.8
15 0.93 40.3 21.3 1.46 41.0 22.2
20 1.11 40.6 22.1 1.59 41.2 22.6
25 1.39 40.9 22.5 1.69 41.4 22.8
30 1.57 41.2 22.8 1.86 41.6 23.1
35 1.69 41.3 23.3 1.97 41.7 23.2
40 1.83 41.5 23.5 2.02 41.8 23.4
45 1.96 41.7 23.7 2.13 42.0 23.5
50 2.05 41.8 24.1 2.22 42.1 23.7
55 2.15 42.0 24.4 2.29 42.2 239
60 2.32 42.2 24.6 2.34 42.2 24.1
65 2.48 42.4 24.8 2.42 424 24.2
70 2.62 42.6 25.2 2.51 42.5 24.6
75 2.92 43.0 25.6 2.69 42.7 24.8
80 3.04 43.2 26.0 291 43.0 25.0
85 3.29 43.5 26.7 3.05 43.2 255
90 3.60 44.0 27.8 3.29 43.5 26.0
95 4.24 44.8 29.3 3.60 44.0 26.8
97 4,51 45.2 30.2 3.78 442 27.3
98 4.56 453 311 3.80 442 28.3
99 4.67 45.4 35.1 4.28 449 324

* Theseindices represent the weights desired by the university males and the reported heights (current), ie, the weight/height relations aimed for by them.

ption, avalid and reliableindicator that may safely reflect
overweight and obesity inadditiontoexpressingthe proper
linearity for achild should haveahigh correl ationwith body
weight, but aminimum association with height>”%8. Unfortu-
nately, thisstatement doesnot apply to body massindex, be-
cause, accordingto Garn et al *°, body massindex hadastrong
relation to height in children (r=0.30) when an expressive
number was considered (n=40,000). Garn % confirmed the
influenceof height on body massindex and even added that
the divisor of the equation (weight/height?) wasoriginally
sguaredinanattempt to correct thisfact. Bellizzi and Dietz#,
reported that even though body massindex had ahigh
correlation with the measures of body density, it was not a
perfect indicator for children dueto its association with
height. Therefore, weinfer that body massindex should only
beused with criteriaadequatefor thisage bracket.

Another important question rel atesto the mathemati-
cal foundation of body massindex originally proposed by
the Belgian astronomer and mathematician Lamber Adol-
phe Jacques Quétel et (1769-1874) °, according to whom,
that index would be provided by dividing weight (kg) by
height squared. Accordingtoallometry, 2 variablesgrow at
differentrates, bothinstructureandfunction. Inthismodel,
masshasavolumetric proportion, and, therefore, shouldbe
cubed; height, ontheother hand, hasalinear dimensionand
should beraisedto thepower of 124, Boththereciprocal of
theponderal index and theectomorphy respect thisrelation
of dimension; therefore, they have abetter mathematical
logicfromthebiological system point of view.

Therefore, thereciprocal of theponderal index and ec-

tomorphy have greater accuracy and strength for identif-
yingthoseindividualswho fit anormal standard of weight
for acertain height. Thisisobserved only from the age of
5.5 yearson, because none of the methodsrelating weight
and height managedtoreflect theadequatelinearity for the
agebetween 2 and 5.5years. Thismay beduetoaquestion
related to the compl ex disproportion of the child ascompa-
redwiththeadult.

A relevant fact to bediscussed, specifically instudy 1,
regardsthecut pointsproposedfor thedifferent methodsfor
estimating the nutritional status of achild or adolescent,
and upon which theinternational scientific community
has not yet agreed®>:34, Recently, Coleet al *°havepropo-
sed for children and adol escentsacut point for body mass
index in percentiles based on the cut points used for 18-
year-old adults (25 and 30 kg/n#, respectively for over-
weight and obesity). In most studies considering body
massindex in children and adol escents, the percentileis
themeasure of dispersion most usedto classify theindivi-
duals, apercentile>85 being used to identify overweight
and a percentile >95 to indicate obesity®.62. However,
these cut pointsare arbitrary®, becausewe consider that5
and 15% of the population are, respectively, obeseand
overweight; sometimes, these numbers do not represent
the sample universe®,

Neverthel ess, we need strategiesthat may be used to
comparethedifferent existing databasesand that may serve
asareferencefor comparisonsbetweenthelinearity found
inchildren and that of the parents. Body massindex seems
not to servethisfinality, but thereciprocal of the ponderal
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Table VII — Weight/height relations - female university students
Percentile ECTO RPI BMI ECTOd* RPId* BMId*
(kg/cmi®) (kg/rr?) (kg/cm®) (kg/rr?)

1 -1.10 375 174 0.92 40.3 17.6

2 -0.66 38.1 17.8 1.31 40.8 17.7

3 -0.36 385 17.9 141 41.0 17.9

5 0.23 39.4 18.2 1.60 41.2 18.3
10 0.73 40.0 18.8 1.84 41.5 18.7
15 1.28 40.8 19.1 2.21 42.1 19.0
20 1.46 41.0 193 2.27 42.1 19.2
25 1.82 41.5 19.6 2.48 424 19.3
30 2.02 41.8 20.1 2.67 42.7 195
35 2.09 41.9 20.3 2.81 429 19.7
40 2.27 42.1 20.5 2.83 42.9 19.9
45 2.42 4.3 20.8 3.00 43.1 20.0
50 2.62 42.6 21.1 3.18 43.4 20.2
55 2.81 4.9 21.5 3.19 43.4 20.3
60 2.99 43.1 21.7 3.21 43.4 20.5
65 3.13 43.3 22.1 3.38 43.7 20.7
70 3.26 43.5 225 3.47 43.8 209
75 3.40 43.7 22.7 3.59 43.9 21.1
80 3.57 43.9 23.3 3.77 44.2 21.5
85 3.76 44.2 24.1 3.85 443 21.9
90 3.97 44.5 25.2 4.14 4.7 22.3
95 4.34 45.0 26.7 4.37 45.0 23.1
97 4.59 45.3 27.8 4.72 455 23.4
98 4.83 45.6 29.0 4.80 45.6 23.9
99 5.10 46.0 31.4 5.25 46.2 245

* These indices represent the weights desired by the university males and the reported heights (current), ie, the weight/height relations aimed for by them.

index and the ectomorphy allow that, from the age of 5.5
yearson, the same cut points of adults may be used regar-
dlessof thesex.

Inadults, weobserved that theresultsof study 2 con-
firmed those of the study by L ee et al *® who reported that
the weight and height relations strongly correlate with
height for values below 150 cm and above 190 cm. These
relationsinterferedinarelevant manner with theresultsof
those indicators, even though those authors did not
analyzethereciprocal of the ponderal index and ectomor-
phy. Thisconfirmed thediscrepancy foundinthecorrela-
tion coefficientsandintheconstant of thelinear equations,
when, inthe 3 methods adopted, height separated out at
170 cm.

Theresultsfoundin study 3 showed that therecipro-
cal of the ponderal index and ectomorphy were stronger
than body massindexinuniversity studentsbecausethose
indicesidentified agreater range of normal-weight indivi-
dualsin agiven height both for the reported and desired
weight and height relations. The cut points proposed for
body massindex should be reviewed for an adult popula-
tion, because, as observed in the database analyzed, this
method indicated that 35% of the maleuniversity students
wereoverweight and, therefore, would beat ahigher risk for
morbidity and mortality. This seems not to correspond to
reality, because, according to datareported by the I BGE %3,
Brazil has 22% of overweight malesin awider range of age
and socioeconomic conditions.

The limitations of body massindex as an instrument
for identifying overweight and obesity in children, adol es-
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cents, adults, andtheelderly arewidely documented. Chart
| briefly showssomerelevant factorsthat interferewiththe
validity of body massindex.

The present study confirms some previouscriti-
cismsinregard to body massindex and proposes other
strategiesto assesstherelative linearity and the nutri -
tional statusin distinct phases of life. Thereciprocal of
theponderal index and ectomorphy al so havelimitations
inherent in the indices that relate weight and height.
They, however, were stronger and had a better mathe-
matical foundation, in addition to having more adequate
cut points, allowing, therefore, greater control upon
someintervening variables.

Inconclusion, based on our data, we confirmthelimi-
tations of body massindex, not only becauseit does not
reflect body composition, but it also hasintrinsic mathe-
matical limitations that become more evident in the ex
tremities of the height scale. Even though widely usedin
clinical practiceand in studies of epidemiological charac-
teristics, body massindex should be cautiously used even
asan instrument of obesity and overweight screening,
especially inchildren and adol escents, inwhom other cut
pointsare mandatory.

Thereciprocal of the ponderal index and ectomorphy
have better mathematical |ogic and greater consistency.
Therefore, they undergo asmaller influence of extreme
height data, and can be appliedtoadultsand children older
than5yearsand of both sexes. Likewise, therecommended
cut pointsfor thenormal rangesof these methodsarevalid
for auniversity population, especially when the desired
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Chart I — Factors affecting the validity of the body mass index
Phases of life Limitations Authors
Childhood and adol escence * Weight and height grow at distinct proportions throughout life Sinclair *
* Growth differencesin regard to the maturation process Danielset al
(ex. menarcheal age and the peak height velocity time) Michielutte et al *
¢ Influenceof height
* Proportionality: trunk and lower limb relations Malinaet al
* Age, sexual dimorphism, ethnicity, and social class Gallagher et al %;
Bellizzi et al 3
Adults * Correlation with height, which, despite being low, is still significant Brambillaet al 5;
Garn et al *°
¢ Highlean mass Himes et al 5%
Deurenberg et al %
* Proportionality: trunk and lower limb relations Garn ©
* High specificity and low and variable sensitivity Willett et al ’
Malinaet al *
* Reflects neither the body fat nor its distribution Marshall et al %
Elderly * Sarcopenia: muscular mass |oss accompanied by an increase in adiposity Seidell et al ¢
* Centripetal body fat distribution Willtet et al 7;

and not the current body weights are considered, sugges-
ting apotentially consistent clinical application.

Finaly, itispossiblethat with the simple height and

weight measuresand consequent useof thereciprocal ponde-
ra index or ectomorphy, thelatter for thosewhowork with so-
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