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BMI: Body Mass IndexBMI: Body Mass Index

a critique of its use in human biology 
and the health professions.

A  wry presentation based on a paper by

WD Ross and OG Eiben

Children and Youth at the Beginning of the 21st Century
7th International Symposium on Human Biology

Köszeg, Hungary
25-28 April 2001
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1974 Altair 8800: a new scientific era1974 Altair 8800: a new scientific era

Year One PC*
•• 100 years after the 100 years after the 

death of Adolph death of Adolph 
Quetelet.Quetelet.

•• Phantom StratagemPhantom Stratagem
•• Richard Nixon resigns Richard Nixon resigns 

and Gerald Ford and Gerald Ford 
becomes President.becomes President.

•• West Germany wins West Germany wins 
Football World Cup for     Football World Cup for     
the second timethe second time.

First personal computer First personal computer 
entered the market. entered the market. 
Altair 8800: no operating Altair 8800: no operating 
system, no keyboard, system, no keyboard, 
mouse, or monitormouse, or monitor
Only 256 bytes memory. Only 256 bytes memory. 
It was programmed with It was programmed with 
switches and toggles.switches and toggles.
Results were  read from Results were  read from 
on and off lights on a on and off lights on a 
binary board.binary board.

*1974 AD*1974 AD
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Commemorative stamp 100Commemorative stamp 100thth anniversaryanniversary
of death of  Adolph Quetelet  (1796of death of  Adolph Quetelet  (1796--1874)1874)
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QueteletQuetelet, 175 years before 2008, 175 years before 2008

Quetelet, A.,  Quetelet, A.,  RecherchesRecherches sursur Le Le PoisPois de de L’HommesL’Hommes Aux Aux 
DifférensDifférens Ages, Ages, présentéesprésentées a la a la séaneséane dudu 5 Mai et 5 Mai et lueslues dansdans la la 
séance séance dudu 3 3 JuinJuin 1832, 1832, L’AcadémieL’Académie RoyaleRoyale, , BruxellesBruxelles, 1833, 1833

In adult males and females weight is nearly the square of heightIn adult males and females weight is nearly the square of height

Assumption & leap of faith

If,  [W] =  H2

The assumption is that dividing W 
by H2 yields a ponderosity index 
and that this is a function of the 
relative fatness of the individual.
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Quetelet absolvedQuetelet absolved

• Quite the opposite, Quetelet recognized the 
uniqueness of human physique and inspired 
Alphonse Bertillon (1853-1914) to develop a 
criminal identification system based on the 
principle that no two individuals were alike.

• Quetelet never made this assumption.  This 
is a contemporary perception.

Alphonse Alphonse BertillonBertillon
(1853(1853--1914)1914)
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There may be some matchingThere may be some matching

• However, the human physique is as 
individualistic as one’s finger prints.

• Finger printing, replaced Bertillonage, 
and this is giving way to DNA profiling.

• The principle of individual uniqueness 
has never been repudiated (except by except by 
those who make unwarranted those who make unwarranted 
assumptions of convenienceassumptions of convenience))

Panic button for BMI advocatesPanic button for BMI advocates

The predictive index for r = .80 is only 40 % better The predictive index for r = .80 is only 40 % better 
than pure chance. BMI correlations  with  the sum of than pure chance. BMI correlations  with  the sum of 
skinfolds are less  than 15% .        Much lower and skinfolds are less  than 15% .        Much lower and 
mostly trivial with other health risk factors.mostly trivial with other health risk factors.
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BMI (x) Sum of 6 Skinfolds (y)BMI (x) Sum of 6 Skinfolds (y)
215 males and 175 females215 males and 175 females

Predictability?  Nonsense!Predictability?  Nonsense!
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Systematic gender differenceSystematic gender difference
• This interactive in the Excel Charts but not 

in the PDF version on  the next slide.
• From  PPT presentation mode. Press ESC 

to get to the Excel construction mode.

• When activated, and click on any point in 
the series.

• e.g. Series 1 Point " PROP_BM" Value 46
(female is proportionally lighter than the male Value 50)
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Sexual dimorphism in aquatic sport, 455 female and 464 male compSexual dimorphism in aquatic sport, 455 female and 464 male competitors etitors 
in the 1991 World Championships, Perth, Australia (Carter & Acklin the 1991 World Championships, Perth, Australia (Carter & Ackland 1994)and 1994)

50 proportionally identical, > 50 female females larger, < 50  t50 proportionally identical, > 50 female females larger, < 50  they are smaller.hey are smaller.
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Significance: General FormulaSignificance: General Formula

IF((M1IF((M1--M2)>=(se1+se2) ,"+", M2)>=(se1+se2) ,"+", 
IF((M2IF((M2--M1)>=(se1+se1),"M1)>=(se1+se1),"--",""))",""))

F proportionally > MF proportionally > M

Sitting Height Triceps sf
Biiliocristal Breadth Biceps sf
Hip Girth Subscapular sf
Head Girth Abdominal sf
Upper Thigh Girth    Front Thigh  sf
Medial Calf Girth n/s Medial Calf sf
Ankle Girth n/s  
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M proportionally > FM proportionally > F
Body mass AP Chest Depth
Span Humerus Breadth
Arm Length Femur Breadth
Forearm Length   Neck Girth
Hand Length Arm Girth
Leg Length Forearm Girth
Foot Length Wrist Girth
Biacromial Breadth Waist Girth
Trans Chest B Ankle Girth n/s

Common Scale for Men and WomenCommon Scale for Men and Women

•• This is a mathematical artifact.This is a mathematical artifact.

•• One should not combine samplesOne should not combine samples
that differ allometrically with size.that differ allometrically with size.

“Even when two million people believe “Even when two million people believe 
a stupid thing, it still is a stupid thing”a stupid thing, it still is a stupid thing”
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Bailey et al YMCA LIFE 1981Bailey et al YMCA LIFE 1981

Canada Fitness Survey 1981Canada Fitness Survey 1981
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Combining exponents thatCombining exponents that
differ allometrically with sizediffer allometrically with size

F& M 2+

M 1.8

F 1.5F 1.5

Illustrative, not to scale

Sad but trueSad but true

The log-log exponent, in the 
combined sample of men and 
women, does not represent 
the true relationship in either 
sub-sample..
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Weeds in professional bouquets?Weeds in professional bouquets?

“The same cut off points for 
the Body Mass Index, Wt 
(kg)/Ht2 (m), are appropriate 
for both men and women 20 
to 65 years of age.”
Report of an Expert Group, convened by 
the Health Promotion Directorate, Health 
Services and Promotion Branch. Health 
and Welfare Canada, Santé et Bien-etre
Social Canada 1988.

Estimated Muscle, Bone, FatEstimated Muscle, Bone, Fat

•• MUSCLEMUSCLE – Sum skinfold corrected girths
(arm girth minus triceps skinfold and calf girth  
minus medial calf skinfold).

•• BONEBONE – Sum humerus and femur breadths

•• FATFAT – Sum skinfolds (triceps, biceps, 
subscapular, supraspinale, and medial calf )
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Prediction better than chancePrediction better than chance

•• In the YMCA LIFE sample of 12,282 men and In the YMCA LIFE sample of 12,282 men and 
6,693 women, age 20 to 70 years, the 6,693 women, age 20 to 70 years, the 
predictive indices for muscle, bone and fat predictive indices for muscle, bone and fat 
were 18.5, 14.0 and 13.6 percents. were 18.5, 14.0 and 13.6 percents. 

•• The BMI was more a function of muscle and The BMI was more a function of muscle and 
bone mass than fatness.  bone mass than fatness.  

•• None of the relationships were remotely high None of the relationships were remotely high 
enough for individual prediction. enough for individual prediction. 

PI =100*(1PI =100*(1--((1((1--rr22))0.50.5))

Gross misclassificationGross misclassification

In the combined sample, 26% of those 
rated extremely lean (BMI<20), had 
skinfold totals above the 50th percentile.  
At the other end of the continuum, 16% 
of those rated fat (BMI>27) had skinfold 
totals that were below the 50th percentile.

Ross et al. 1988Ross et al. 1988
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CommonsenseCommonsense

Let us consider two subjects a male and Let us consider two subjects a male and 
female, 170 cm tall, both having a BMI  female, 170 cm tall, both having a BMI  
27, i.e. body mass 78 kg.  It is ludicrous 27, i.e. body mass 78 kg.  It is ludicrous 
to conclude they would have the same to conclude they would have the same 
level of adiposity and health risk.  level of adiposity and health risk.  
Indeed, for each increment in stature,  Indeed, for each increment in stature,  
there is about a 4.5 kg sexual dimorphic there is about a 4.5 kg sexual dimorphic 
difference in body massdifference in body mass

It should be obviousIt should be obvious

Two hundred men and women the 
same height and weight, young and 
old, fit and unfit have the same BMI.  
They do not have the same level of 
adiposity and health risk.

DurninDurnin (1985)(1985)
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RatiosRatios

•• Ratios are neither as simple or as Ratios are neither as simple or as 
informative as they seem.informative as they seem.

•• Let’s look at some embarrassing Let’s look at some embarrassing 
facts condemning BMI for use as facts condemning BMI for use as 
an index of adiposity to ascribe an index of adiposity to ascribe 
an ideal body weightan ideal body weight..

Variability of Xof X
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Variance of X and YVariance of X and Y

Ratio mixing varianceRatio mixing variance

Dominated by the variable with greatest varianceDominated by the variable with greatest variance
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Correlation  of ratiosCorrelation  of ratios

Correlation coefficient itself is a variance ratio

MultiMulti--variatevariate analysisanalysis

Suicide from  inextricable Suicide from  inextricable 
spurious relationshipsspurious relationships
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Variance and the BMIVariance and the BMI

• Coefficient of variation 
body mass is 12%
height is 4%

• Ratio of variance of 
weight to height is 9:1

BMI contrives evidence based on an erroneous BMI contrives evidence based on an erroneous 
assumption of biological constancyassumption of biological constancy

BMI must be validBMI must be valid

•• BMI correlates highly with body BMI correlates highly with body 
density that is the "gold standard" density that is the "gold standard" 
for estimation of percent body fat.for estimation of percent body fat.

•• Indeed, there is overwhelming Indeed, there is overwhelming 
confirmation in the literatureconfirmation in the literature?
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Amazing isn’t it?Amazing isn’t it?

We refute the two compartment We refute the two compartment 
model assumptions, but NOT that:model assumptions, but NOT that:

Density (M/V), correlates Density (M/V), correlates 
highly with the BMI (M/Hhighly with the BMI (M/H22))

Let’s get a grant or write a doctoral Let’s get a grant or write a doctoral 
dissertation to prove conclusively that dissertation to prove conclusively that 
Body Mass correlates highly with itselfBody Mass correlates highly with itself..

““MitMit diesemdiesem TrankTrank imim LeibeLeibe siehtsieht man man 
eineeine Helena in Helena in jedemjedem WeibeWeibe”

The BMI has perhaps become the 
Mephistophelian drink where, with this 
drink in the belly, one sees the face of 
Helen of Troy in every woman.  Its use 
is pervasive.  Critics rare.  A recent 
2008 search of Pub Med, a service of 
the National Library of Medicine, 
revealed 23,900,900 citations of the 
BMI. /
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EpigramsEpigrams

•Epidemiology n. A methodology in which 
randomly-occurring statistical 
associations are elevated to a cause-
and-effect status (Milloy, 1995) 

•66% of all the heavyweight world boxing 
champions since John L Sullivan had 
BMI’s greater than 27 when they were 
lean and mean and won the title.

The world turns, heedlesslyThe world turns, heedlessly

••Tanner JMTanner JM (1949)(1949) Fallacy of perFallacy of per--weight and weight and 
perper--surface area standards and their relation to surface area standards and their relation to 
spurious correlation. J spurious correlation. J ApplAppl PhysiolPhysiol 2: 12: 1--15.15.

••Packard GC and Boardman TJPackard GC and Boardman TJ ((1988)1988)
The misuse of ratios, indices and percentages in The misuse of ratios, indices and percentages in 
ecophysiologicalecophysiological research. research. PhysiolPhysiol ZoolZool 61: 161: 1--99.

They were right then and now..
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What is the health risk of What is the health risk of 
dieting to some individually dieting to some individually 

inappropriate BMI level?inappropriate BMI level?

Loss of  muscle mass and Loss of  muscle mass and 
bone mineral content?bone mineral content?

F R A G I L I T YF R A G I L I T Y
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rosscraft@shaw.ca
The BMI is a travestyThe BMI is a travesty.

Gresham’s Law, "Bad money ousts good", may Gresham’s Law, "Bad money ousts good", may 
be  applied to researchers using the BMI to be  applied to researchers using the BMI to 
drive out the true scientists (those who look at drive out the true scientists (those who look at 
the nature of things and the consequence of the nature of things and the consequence of 
misjudgment in the conduct of human affairs).misjudgment in the conduct of human affairs).
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PEER-TO-PEER: an awesome geometrical progression

50           2,500           6,250,000                everyone

RC/TePRC/TeP RC/TeP

Not          Not          
Client/ServerClient/Server

Polyhedron   Polyhedron   
PeerPeer--toto--PeerPeer

5050

Polyhedron Organizational PlanPolyhedron Organizational Plan

Our strength and versatility is from our mobile, 
many-sided, flexible, structure; our respect  for 
our co-workers and our willingness to apprentice 
ourselves to one another.  Our dedication to 
human biology and the health professions is 
serious business. This does not exclude humor, 
fun, laughter and good fellowship. The  personal 
interaction among friends within the polyhedron 
is the catalyst for our individual growth and our 
collective  power of accomplishment.

Mary L Ross, President
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Are you with us?

We always have a place for talent 
and dedication to excellence
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