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IN ASSESSING ORESITY

by M. Am ad o r , M. E. G onzalez and M. H erm elo  
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A b str a c t : The values for Energy/Protein  Index (E /P) in selected samples of 
120 healthy  school children aged 8 —14 years (53 boys and  67 girls) and  in 
78 healthy  young adults aged 17 — 19 years (30 men and 48 women), were ob ta in 
ed. Correlations w ith body fa t percen t and the ratio  Fat/L ean Body Mass were 
highly significant, and a high degree of association between E /P  and several 
variables used as criterion of obesity  like body weight for height, body weight 
for age, body weight percentile, body fa t percent and triceps skinfold percentile 
was also dem onstrated. Cut-off values for E /P  of 1,500 for boys and young men, 
and  of 1,650 and 1,700 for girls and young women respectively, were established 
as lim its above which obesity could be diagnosed w ith accuracy.

Our present results prove th a t E /P  — which is the ratio  between transform ed 
triceps skinfold and the log10 of m id-arm  muscle circumference — is a reliable 
indicator for assessing obesity and for establishing the differences betw een “ con
stitu tionally  heavy” and true obese subjects. E /P  gives similar inform ation th an  
body fa t percent through two simple m easurem ents, and i t  is m uch more reliable 
th a n  those measurem ents like body weight or arm  circumference which can only 
appraise variations in  whole body mass and not in  body composition.

K ey words: Energy/Protein Index , obesity , body composition.

Introduction

E n e rg y /P ro te in  In d e x  (E /P ) has been  defined  as th e  ra tio  b e tw een  t r a n s 
fo rm ed  fa tfo ld  a t  tricep s (TTS) a n d  th e  lo g arith m  o f m id -arm  m uscle c ircum 
ference (TMAMC) (A m a d o r  e t al. 1975). F u r th e r  s tud ies have  d e m o n s tra te d  
th a t  th e re  is a close re la tio n sh ip  o f  E /P  figures w ith  ad ip o sity  a n d  th a t  these  
are  s ig n ifican tly  h igher in  overw eigh t sub jec ts  th a n  in  lean  ones (A m a d o r  
e t al. 1976).

A lth o u g h  several c rite ria  fo r d iagnosing  o besity  have  been d efined , d iffi
cu lties s till arise w hen  overw eight is due to  th e  developing  o f  fa t-free  m ass 
(FFM ) ( F o r b e s  1964) an d  th e  so m ato m etric  m easu rem en ts w h ich  app ra ise  
th e  v a r ia tio n s  in  w hole b o d y  m ass, —  like bo d y  w eight (for age or fo r he igh t) 
an d  m id -a rm  circum ference (MAC) —  are considered  for c lassifica tion  (G a r n , 
C l a r k  a n d  G u i r e  1975).

T he s tu d y  o f fa tfo ld s app roaches m ore closely to  th e  a c tu a l en e rg y  s ta tu s  
(C om m ittee  on N u tr itio n , 1968), a n d  th e  percen tile  d is tr ib u tio n  o f  tricep s 
sk in fo ld  has p roven  to  be v e ry  u sefu l for th is  pu rpose , being  also ra th e r  easy  
to  o b ta in  th is  m easure from  th e  su b je c t. E /P  re la tes  ad ip o sity  to  m uscle m ass 
a t  th e  level o f  th e  m id -arm  an d  th e re fo re  gives in fo rm a tio n  a b o u t th e  s ta tu s  
o f th e  tw o  com ponen ts o f bo d y  m ass: adipose tissue  a n d  fa t-free  m ass, b o th  
a ffec ted  in  obese in d iv id u a ls ; hence , i t  has been ou r a im  to  deep  in to  th e  
q u a litie s  o f E /P  for th e  assessm ent o f  obesity .
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Material and methods

A selected  sam ple o f  120 h e a lth y  school ch ild ren  (53 boys an d  67 girls) was 
o b ta in ed  from  th o se  a tte n d in g  th e  T eaching  P o lyclin ic  “ P la y a ”  in  H av an a , 
for period ical su rveillance . T h e ir ages ran g ed  fro m  8 to  14 years. A n o th er 
selected  sam ple o f  78 h e a lth y  young ad u lts  aged  17— 19 years (30 m en and  
48 w om en), was o b ta in e d  from  f irs t an d  second y e a r  m edical s tu d e n ts  a tte n d in g  
th e  In s t i tu te  of B asic  Sciences “ V ictoria  de G irón”  (ISCM H ) in  H av an a .

S om atom etric  m easu rem en ts  were perfo rm ed  b y  skilled  personnel p rev iously  
tra in e d  in  th e  D e p a rtm e n t o f  P hysica l D eve lopm en t o f  th e  In s t i tu te  o f  Sports 
M edicine, accord ing  to  th e  m ethodo logy  recom m ended  b y  th e  U N O  In te r 
n a tio n a l Biologic P ro g ram m e (IB P ) (W e in e r  an d  L o u r ie  1969; W H O /N U T R ., 
1970), and  b y  th e  In te rn a tio n a l Child C enter, P a ris  (F a l k n e r  1960). This 
m ethodo logy  was also em ployed  in  th e  N a tio n a l C hild G row th  S tu d y  ( J ordán  
e t al. 1975).

T he m easu rem en ts  o b ta in ed  w ere: b o d y  w eig h t, s ta tu re , MAC, triceps 
sk in fo ld  (TS), b iceps sk info ld  (BS), su b scap u la r sk info ld  (SE S), supra iliac  
sk in fo ld  (SIS) an d  ca lf  sk in fo ld  (CS). B ody  w eigh t w as m easured  em ploying  
a H e rb e rt an d  Sons scale w ith  a c a p ac ity  of 0— 155 kg an d  aprecision  up  to  
0,1 kg. S ta tu re  w as o b ta in ed  using a H o lta in  p o rta b le  s ta d io m e te r  w ith  a 
range 840— 2050 m m . C ircum ferences w ere m easu red  w ith  a fiberg lass ta p e , 
one m ete r long a n d  15 m m  wide w ith  a 10 cm  b la n k  leader. F a tfo ld s  were 
o b ta in ed  using a H o lta in  skinfold  caliper range  0— 45 m m  w ith  a s ta n d a rd  
pressure  o f 10 g /m m 2. C ircum ferences, as well as fa tfo ld s  w ere ta k e n  from  th e  
r ig h t h a n d  side o f th e  body .

S ta r tin g  from  MAC an d  TS values, MAMC w as o b ta in ed  accord ing  to  th e  
form ula ( J e l l if f e  1966): MAMC =  M A C — tiTS.

The tra n sfo rm a tio n  to  a log. scale o f  TS accord ing  to  th e  caliper em ployed  
is as follows (E d w a rd s  e t al. 1955):

TTS =  log10 (read ing  in  0,1 m m — 18).
The E /P  In d e x  w as ca lcu la ted  b y  th e  expression :

E /P  _ TTS - .
TMAMC

B ody  fa t pe rcen t w as ca lcu la ted  accord ing  to  th e  regression eq u a tio n s for 
th e  sum  o f five skinfolds (TS -j- BS +  SES -f- S IS  +  CS), developed  b y  
P arízkovÁ an d  R o th  (1972) for school ch ild ren , an d  accord ing  to  D u r n in  
and  R ahaman  (1967), for y o u n g  ad u lts . L ean  b o d y  m ass (LBM ) was considered 
as th e  difference b e tw een  to ta l  body  w eight a n d  th e  k ilogram s o f b o d y  fa t 
o b ta in ed  from  th e  p e rc e n tu a l value ca lcu la ted  follow ing th e  regression eq u a 
tions.

R eference values for b o d y  w eight, he ig h t, w eig h t for h e ig h t an d  fatfo lds 
were o b ta in ed  from  th e  s ta n d a rd s  o f C uban p o p u la tio n  accord ing  to  th e  
N ationa l Child G ro w th  S tu d y  ( J ordán  1979).

R egression lines a n d  co rre la tion  coefficients b e tw een  E /P  figures an d  d iffer
en t v a riab les w ere ca lcu la ted . In  o rder to  e s tab lish  th e  degree o f association  
betw een  E /P  and  sev era l v ariab les used  as c rite r io n  o f o b esity , £ 2 te s ts  were 
perfo rm ed . The m ed ian  for E /P  was ca lcu la ted  fo r each o f th e  four groups, 
and  in  each  one, tw o  subgroups were fo rm ed: one w ith  E /P  above th e  m edian ,
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an d  a n o th e r  w ith  E /P  eq u a l or below  th e  m ed ian . E ach  o f th ese  su b g ro u p s 
was once m ore classified  accord ing  to  th e  d iffe ren t an th ro p o m e tric  c rite r ia  fo r 
assessing o b es ity :

Body weight fo r  height (F orbes 1964); C ut-o ff p o in t, 120%  o f ex p ec ted  
w eight for a c tu a l he igh t.

Body weight fo r  age (Ga r n , Clark  a n d  G u ir e  1975): C ut-off p o in t, 120%  
o f ex p ec ted  w eigh t for chronological age.

Body weight percentile (W il k in so n  e t al. 1977): C u t-o ff p o in t, 9 7 th  percen tile .
B ody fa t  percent (B ray  an d  D a v id so n  1972): C u t-o ff p o in t, 25 %  in  m ales 

(we used  20 %  in  th is  case), an d  30%  in  fem ales.
T S  percentile  (Stu n k a r d  e t al. 1972): C u t-o ff p o in t, 9 0 th  percen tile .

Results

E n erg y /P ro te in  In d e x  figures were co rre la ted  to  b o d y  fa t pe rcen t b o th  in  
school ch ild ren  an d  in  young  ad u lts . In  figures 1, 2, 3 an d  4, th e  regression  
lines are d raw n , an d  th e  sign ifican t co rre la tio n  coefficients are show n. T he 
d o tte d  line from  th e  side o f th e  abscissa  rep re sen ts  th e  cu t-o ff p o in t above 
w hich th e  p e rc e n t o f b o d y  fa t  is considered  co n sis ten t w ith  th e  c rite rio n  o f 
obesity . I n  fem ales, we have  follow ed B ra y  an d  D a v id so n  (1972), considering  
th e  cu t-o ff p o in t in  30 p er cen t, b u t in  m ales we e stab lish ed  th e  cu t-o ff  p o in t 
in  20 p e r c en t in s te a d  o f 25. The second  d o tte d  line , p e rp en d icu la r to  th e  
o rd in a tes , rep re sen ts  th e  cu t-o ff po in t above  w hich E /P  figures could  be con
sidered  co n sis ten t w ith  th e  crite rion  o f o b esity . F o r m ales, th e  c u t-o ff  p o in t 
for E /P  is 1,500, an d  for fem ales it  is h ig h er, being 1,650 for school girls an d  
1,700 for y o u n g  w om en. As can  be seen in  th e  fo u r figu res, th e re  is a corre

Fig. 1. Correlation between percent body fa t and E nergy/Protein Index in school boys aged
8 —14 years
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Fig. 2. Correlation between percent body fa t and E nergy/Protein Index in  school girls aged
8 — 14 years

Fig. 3. Correlation between percent body fa t and E nergy/Protein Index in  young male adults
aged 17 —19 years
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Fig. 4. Correlation betw een percent body fa t and E nergy/Protein Index in  young female
adults aged 17 —19 years

spondence betw een  E /P  an d  b o d y  fa t  p ercen t in  m o st o f  tb e  cases, an d  th e  
obese su b jec ts , accord ing  to  b o th  c rite ria  c lu ster in  tb e  u p p e r r ig h t q u a d ra n t.

E n erg y /P ro te in  In d e x  was also co rre la ted  w ith  th e  ra tio  F a t/L e a n  B ody  
M ass (F /L B M ). In  th is  occasion, boys an d  young m en w ere grouped  to g e th e r 
(83 sub jec ts) an d  also we did  w ith  girls an d  y o u n g  w om en (115 sub jec ts). 
In  b o th  groups, h ig h ly  s ign ifican t co rre la tion  coeffic ien ts w ere o b ta in ed  
(Table 1).

Groups n y =  ax +  b r P

Boys and young men 83 y  =  1.37 X +  1.131 0.900 <0.001

Girls and young women 115 y  =  0.77 x -0 .8 7 5 0.781 <0.001

T he resu lts  show n above estab lish  th e  correspondence o f E /P  values w ith  
th e  re la tio n sh ip  o f b o d y  w eight in  fa t  an d  fat-free  m ass, w hich is o f g rea t 
im p o rtan ce  in  th e  e stab lish m en t th e  diagnosis o f o b es ity  w ith  accu racy . T he 
ra tio  E /P  could be th e re fo re  considered th e  local exp ression , a t  th e  m id-arm  
level, o f th e  ra tio  F /L B M .

T he re la tio n sh ip  o f E /P  w ith  th e  degree o f fa tness h as  been d em o n stra ted  
in  th e  d ispersion g raphs o f  figures 5 an d  6, w here —  as in  th e  prev ious case —  
age groups w ere g a th e red  accord ing  to  sex. In  b o th  fig u res , su b jec ts  are  sca t-
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Correlation between Fat/LBM  ratio  and Energy/Protein Index in  males and females aged 8 —19
years



Fig. 5. Relationship betw een E /P  Index, weight for height and percent body fa t in males
aged 8 —19 years

Fig. 6. Relationship betw een E /P  Index, weight for height and percent body fa t in females
aged 8 — 19 years
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te re d  accord ing  to  th e ir  w eigh t for h e igh t an d  E /P  values. D ifferen t sym bols 
id e n tify  tho se  w ith  bo d y  fa t  p e rcen t above th e  cu t-o ff po in ts  (20 or 30 per cen t 
accord ing  to  sex). As th e  figures show , obese ind iv iduals c lu s te r  in  th e  u p p er 
r ig h t q u a d ra n ts , an d  a c u t-o ff lin e  can  be defined , co rrespond ing  ap p ro x im ate ly  
to  th e  sam e E /P  values o b ta in e d  w hen co rre la tin g  E /P  w ith  b o d y  fa t p ercen t. 
A  ra th e r  im p o r ta n t p ro p o rtio n  o f in d iv idua ls w ith  w eight for h e ig h t above 
120%  (cu t-o ff p o in t for o b esity  accord ing  to  th is  crite rion ), a re  below  th is  line, 
an d  m ost o f  th em  are n o t obese accord ing  to  th e ir  bo d y  fa t  p ercen t. T hus, 
E /P  has a b e tte r  co rrespondence w ith  b o d y  fa t  th a n  w eight fo r he igh t.

Fig. 7. D istribution  of boys and m ale 
adolescents w ith E /P  values above 1.500 
according to  the percentile d istribution  of 

triceps skinfold

I f  we sep a ra te  those  sub jec ts  above th e  cu t-o ff p o in t for E /P  va lu e , an d  we 
place th e m  in  a c h a r t accord ing  to  th e ir  percen tile  d is tr ib u tio n  for triceps 
sk info ld , w e’ll f in d  th a t  a lm ost th e  to ta l  n u m b er o f th em  fall above th e  90 th  
percen tile  (F igures 7 an d  8).
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T he resu lts  o f th e  te s ts  p erfo rm ed  in  o rder to  e s tab lish  th e  degree o f 
association  betw een  E /P  a n d  severa l v ariab les used  as c rite r ia  o f o besity  
ap p ea r in  Tables 2, 3 a n d  4 , an d  th e y  p roved  to  be sig n ifican t.

Table 2

Association of Energy/Protein Index w ith several variables used in  the assessment of obesity
School Boys (8—14 years)

Boys > 2 0 %  BF <  20% BF Total

>  Median E /P 27 00 27 z 2 =  33.357
<, Median E /P 6 20 26 p <  0.001

33 20 53

>  90th p TS ^  90th p TS Total

>  Median E/P 27 00 27 z 2 =  30.757
<, Median E /P 7 19 26 p <  0.001

34 19 53

>  120% WH <; 120% WH Total

>  Median E /P 27 00 27 z 2 =  36.119
<; Median E/P 5 21 26 p <  0.001

32 21 53

>  120% W/AGE ^  120% W/AGE Total

>  Median E /P 26 l 27 z 2 =  !8.319
<; Median E /P 11 15 26 p <  0.001

37 16 53

>  97th p W <; 97th p W Total

>  Median E/P 24 3 27 x 2 =  28.717
<  Median E P 4 22 26 p <  0.001

28 25 53

E /P  =  Energy/Protein Index 
B F  =  Body F a t
W H  =  W eight for H eight
W/AGE =  W eight for age 
W  =  Body weight
TS =  Triceps skinfold
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Table 3

Association of Energy/Protein Index w ith several variables used in  the assessment of obesity
School Girls (8 — 14 years)

Girls > 3 0 %  BF ^  30% BF Total

>  Median E /P 27 6 33 x 2 =  42.830
Median E/P 1 33 34 p <  0.001

28 39 67

>  90th p TS <  90th p TS Total

>  Median E /P 31 2 33 x 2 =  42.288
<  Median E /P 5 29 34 p <  0.001

36 31 67

>  120% WH ^  120% WH Total

>  Median E /P 28 5 33 x 2 =  30.257
<  Median E /P 6 28 34 p <  0.001

34 33 67

> 1 2 0 %  W/AGE ^  120% W/AGE Total

>  Median E /P 28 5 33 x2 =  20.964
<  Median E /P 10 24 34 p <  0.001

38 29 67

>  97th p W ^  97th p W Total

>  Median E /P 27 6 33 x 2 =  36.085
<C Median E /P 3 31 34 p <  0.001

30 37 67

E /P  =  Energy/Protein Index 
B F  =  Body F a t
W H  =  W eight for H eight
W/AGE =  W eight for age 
W  =  Body weight
TS =  Triceps skinfold



Table 4

Association of Energy/Protein Index w ith several variables used in the assessment of obesity
Young Adults (17—19 years)

Females > 3 0 %  BF £  30% BF Total

>  Median E/P l i 13 24 f  =  19.556
<  Median E/P 0 24 34 p <  0.001

l i 37 48

> 3 0 %  BF <; 30% BF Total

>  120% WH 5 12 17 Z2 =  1.272
<! 120% WH 6 25 31 n.r s.

11 37 48

Males > 2 0 %  BF á  20% BF Total

>  Median E/P 4 11 15 f  =  4.615
<  Median E /P 0 15 15 p <  0.05

4 26 30

> 2 0 %  BF á  20% B F Total

>  120% WH 3 2 5 Test Fisher
(PE)

^  120% WH 1 24 25 p =  0.0092

4 26 30

E /P  =  Energy/Protein Index
B F =  Body F at
W H  =  W eight for Height

Discussion

E n e rg y /P ro te in  In d e x  has been  designed w ith  th e  pu rpose  o f o b ta in in g  an  
in d ic a to r  for th e  assessm ent o f th e  n u tr itio n a l s ta tu s  su itab le  to  ev a lu a te  th e  
v a ria tio n s  of b o d y  com ponen ts w hich  re flec t energy  an d  p ro te in  s ta tu s . This 
is b a sed  on th e  a ssu m p tio n  th a t ,  a t  d ifferen t ages, th ese  tw o com ponen ts 
(ad ip o s ity  and  m uscle m ass), rep re sen ted  b y  fa t  fold a t  tricep s a n d  MAMC, 
keep  a ce rta in  re la tio n sh ip  w hich  is pecu liar, n o t on ly  fo r each  age group , 
b u t  also for each  sex. This hyp o th esis  has been confirm ed  an d  re p o rte d  in  
p rev ious papers (A m ador , Bacallao  a n d  F lores 1980, Va lle  an d  A mador 
1981), in  preschool ch ild ren  an d  in fa n ts  respective ly .

T he d iffe ren t b eh av io u r of E /P  in  in fa n ts  an d  ch ild ren  classified  accord ing  
to  th e  wreigh t fo r he igh t as ev idenced  b y  th e  m ean  values assu m ed  b y  th e  
In d e x  in  overw eigh t, “ av erag e”  an d  un d erw eig h t ch ild ren , an d  con firm ed  by  
th e  regression  eq u a tio n s  (A m ador , B acallao  an d  F lores  1980, V a lle  and
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A m ador 1981), re inforces th e  assu m p tio n  th a t  E /P  is closely re la te d  w ith  th e  
v a ria tio n s  of b o d y  m ass. O ur p resen t re su lts  show  t h a t  th is  is also applicab le  
to  school ch ild ren  a n d  y oung  ad u lts .

E n e rg y /P ro te in  In d e x  is n o t on ly  re la te d  to  b o d y  m ass b u t also i t  m easures 
energy  reserves (rep resen ted  b y  ad iposity ) an d  th e ir  re la tio n  to  fa t-free  m ass 
(rep resen ted  b y  m uscle m ass a t  m id-arm  level). S ign ifican t regression  coeffi
c ien ts have been fo u n d  betw een  E /P  an d  m id-arm  f a t  a rea  an d  b e tw een  E /P  
an d  th e  ra tio  F a t  A rea/M uscle A rea a t  th e  m iddle  th ird  o f th e  u p p e r a rm  
(A m ador , R o d r íg u ez  a n d  B acallao 1980) an d  also b e tw een  E /P  an d  th e  f irs t 
co m ponen t o f th e  so m a to ty p e  an d  w ith  E /P  an d  th e  ra tio  F irst/S econd  com 
p o n en ts  (A m ador , R o d r íg u ez  an d  B acallao 1979). T he sig n ifican t co rre 
la tio n s  betw een  E /P  a n d  bo d y  fa t  pe rcen t are  co n sis ten t w ith  these  find ings, 
an d  confirm  th e  a sse rtio n  th a t  we can  use th is  In d e x  as a m easure o f ad ip o sity , 
th e  w hilst th e  co rre la tio n  betw een  E /P  an d  th e  ra t io  F /L B M  d em o n stra te s  
th a t  E /P  rep resen ts  v e ry  closely th e  re la tio n sh ip  b e tw een  ad ip o sity  a n d  fat-free  
m ass in  th e  w hole b o d y .

Since E /P  p e rm its  a m ore precise assessm ent of b o d y  com ponen ts v a ria tio n s  
th a n  o th e r w idely used  m eth o d s such  as w eight a n d  a rm  circum ference, an d  
i t  can  be read ily  c a lcu la ted  s ta r tin g  from  m easures w hich  are easier to  o b ta in  
th a n  tho se  necessary  fo r de te rm in in g  b o d y  com position  w ith  m ore accuracy , 
its  use could  be ad v an tag eo u s  in  n u tr itio n a l assessm en t. The design o f a 
nom ogram  for th e  ra p id  ca lcu la tion  o f E /P  (Am ador , B acallao a n d  F lores 
1980), avoids m a th e m a tic a l calcu la tions an d  p e rm its  to  o b ta in  th e  In d e x  
d irec tly  from  TS an d  MAC figures.

The d e te rm in a tio n  o f cu t-o ff po in ts  for estab lish in g  p rac tica l lim its  be tw een  
“ ty p ic a l”  o r “ a ty p ic a l”  figures for a given value is a d ifficu lt m a tte r , tak in g  
in to  accoun t th a t  a g iven  in d iv id u a l m easure has to  be com pared  w ith  som e 
ex p ec ted  v alue  considered  no rm al or u su a l fo r th e  age or sex  group an d  for 
th e  in d iv id u a l genetic  p o te n tia l. The cu t-o ff p o in t shou ld  be th e  lim it beyond  
w hich, th e  values o b ta in e d  are  m ore likely  to  occur o u t o f  th e  d is tr ib u tio n  of 
va lues o f a com parison  p o p u la tio n .

I t  is a m a tte r  o f g rea t co n tro v ersy  to  determ ine  a t  w hich  v alue  a sub jec t 
begins to  be a ty p ica l fo r a given m easure. B ray  an d  D a v id so n  (1972) e s tab lish  
th e  cu t-o ff p o in t for th e  pe rcen t o f body  fa t  in  30%  fo r fem ales a n d  25%  in  
m ales. In  our ow n experience, th e  m ean  value o f b o d y  fa t  percen t was 15.1%  
in  h e a lth y  school boys and  14.2%  in  young  m en (H erm elo  e t al. 1981), 
figures w hich are co inciden t w ith  those  o b ta in ed  b y  N ovak  (1963), D u r n in  
an d  R aham an  (1967) an d  W eltm an  an d  K atch  (1978). T hus, th e  va lu e  o f 
25%  is, for these  figu res, too  h igh  as a cu t-o ff p o in t, a n d  there fo re  we choosed 
2 0 % , w hich rep resen ts  a p p ro x im a te ly  a 20%  o f overw eig h t in  fa t  above our 
m ean.

T he cu t-o ff po in ts  fo r E /P  w ere estab lished  a t th e  v a lu e  1,500 for m ales an d  
a t  th e  values 1,650 an d  1,700 fo r school girls and  y o u n g  w om en respective ly , 
co rrespond ing  ap p ro x im a te ly  to  th e  9 0 th  percentile  fo r E /P  a t  th is  age (Ca n etti 
e t al. 1981, to  be pub lished) an d  th e  correspondence be tw een  th e  In d e x  an d  
th e  pe rcen t o f bo d y  fa t  could  be ap p rec ia ted  in  th e  reg ression  stud ies.

A lthough  in  b o th  sexes, th e  co rre la tion  w as h igh ly  s ig n ifican t, i t  w as h igher 
in  m ales, we th in k , due to  differences in  fa t d is tr ib u tio n , w hich is sex  d epen 
d e n t (P arízková  an d  R oth  1972), D u r n in  an d  W o m e r sl e y  1974, P arízicová 
1976).
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T he few non-co rrespond ing  cases could  he exp la ined  as follow s:
—  Those w ith  fa t  p e rcen t above th e  cu t-o ff line an d  E /P  below  it ,  should

be su b jec ts  w ith  an  u p p e r a rm  m uscle m ass p ro p o rtio n a lly  m ore increased
th a n  fa tfo ld .

—  Those w ith  fa t  pe rcen t below  th e  cu t-o ff line an d  E /P  above  it, should
be su b jec ts  w ith  a specially  f a t ty  a rm , p ro b ab ly  re la te d  to  genetic  or o th e r
in d iv id u a l cond itions, w ith  re la tiv e ly  low  m uscle d ev e lo p m en t.

T hese exceptions do n o t a ffec t o u r conclusions, an d  m oreover, th e y  reinforce 
o u r assu m p tio n  th a t  E /P  m ay  be used  as a p rac tica l s u b s ti tu te  in s te a d  of 
b o d y  fa t  pe rcen t fo r assessing a n d  q u an tify in g  obesity .

R egard ing  w eight for h e ig h t as an  in d ic a to r  o f o b esity , a s im ila r s itu a tio n , 
p e rh ap s  m ore ev id en t, can  be n o ticed . In  m ales, th e  correspondence betw een  
E /P  an d  w eight for h e igh t is, like  i t  h ap p en ed  w ith  b o d y  fa t  p e rcen t, b e t te r  
th a n  in  fem ales. T he n u m b er o f “ h e a v y ” , non  obese fem ales, is h igher th a n  
th e  n u m b er of “ h ea v y ”  n o n  obese m ales. This could  seem  a c o n tra d ic tio n  if  
we look  th is  fin d in g  from  th e  p o in t o f v iew  th a t  overw eigh t due  to  m uscu lar 
d ev e lo p m en t should  to  be ex p ec ted  to  h ap p en  m ore f re q u e n tly  in  boys an d  
y o u n g  m en.

As we expec ted , th e  su b jec ts  w ith  E /P  values above th e  cu t-o ff  lines fell 
a lm o st in v a ria b ly  above th e  9 0 th  p ercen tiles o f T S . Ga r n , Cla r k  and  G u ir e  
(1975), consider as obese th o se  su b jec ts  above th e  85 th  pe rcen tile  for TS, b u t 
we p refered , accord ing  to  St u n k a r d  e t al. (1972), th e  9 0 th  pe rcen tile  as cu t-o ff 
p o in t for s tu d y in g  th e  associa tion  b e tw een  E /P  a n d  TS.

Seltzer  an d  Ma y er  (1964) an d  K n it t l e  (1972) m ade v e ry  clear rem ark s 
a b o u t th e  fa c t th a t  o b es ity  m u st be on ly  d iagnosed  w hen th e  a m o u n t o f  fa t 
o f  th e  b o d y  is increased . W e h a d  follow ed th is  concep t an d  th e re fo re  we tr ie d  
to  re la te  E /P  w ith  in d ica to rs  such  as b o d y  fa t  pe rcen t an d  pe rcen tile  o f tricep s 
sk in fo ld . B u t nevertheless i t  w as also in te re s tin g  to  co rro b o ra te  how' th is  
In d e x  is re la te d  w ith  bo d y  w eigh t. E /P  p roved  to  be asso c ia ted  in  m ore or 
less degree to  w eight for age an d  to  th e  percen tile  d is tr ib u tio n  o f  bo d y  w eight. 
B u t b o d y  w eight is n o t itse lf  a re lia b le  m easu rem en t for n u tr i t io n a l assessm ent 
w hen  considered  alone. Ga r n , Cla rk  an d  G u ir e  (1975), c lea rly  d em o n stra ted  
t h a t  th e  120%  o f w eight for age does n o t alw ays correspond  to  th e  85 th  p e r
cen tile  o f TS, an d  m oreover, th e  co rrespondence changes w ith  age from  b ir th  
to  old age; th e  co rre la tion  coeffic ien ts betw een  TS an d  re la tiv e  w eigh t, change 
in  a w ide range  in  m ales as well as in  fem ales.

T he defin ition  and  m easu rem en t o f  o besity  is s till a d ifficu lt and  com plex 
ta s k , an d  y e t m an y  stud ies h av e  to  be perfo rm ed  reg ard in g  b o d y  com position  
a n d  b o d y  bu ild  in  o rd er to  define o b esity  an d  d iffe ren tia te  i t  from  overw eight 
p re se n t in  “ co n stitu tio n a lly  h e a v y ”  in d iv id u a ls . W e consider t h a t  E /P  In d ex  
goes a step  fu r th e r  in  c larify ing  tho se  aspects.

Acknowledgements

Our grateful acknowledgement to  the In s titu te  of Sports Medicine, specially to Lie. Carlos 
Rodriguez-Alonso, for training our m easuring team ; to  the Teaching Polyclinic “ P laya” , 
specially to  Prof. Santos Canetti for the facilities in obtaining the sample of school children; 
and to the In s titu te  of Basic Sciences “ Victoria de Girón” and the U niversity  S tudents Fe
deration  for their help in  obtaining the samples of young adults among th e ir students.

We are also indebted to  Lie. Jorge Bacallao, for statistical advice.

14



R E FE R E N C E S

A m a d o r , M. —B acallao , J . — F lo r es , P. (1980): Indice Energía/Proteína: nueva validación 
de su aplicabilidad en evaluación nutricionaí. — Revista Cubana de Medicina Tropical, 
32; 1 1 -2 4 .

A m a d o r , M .—B acallao , J . —H er m e l o , M. —F e r n a n d e z , R .— T o lon , C. (1975): Indice 
E nergía/Proteína: un nuevo aporte para  la evaluación del estado de nutrición. I) Valores 
en ninos sanos de edad preescolar. — R evista de Investigation Clinica, 27; 247—253.

— — — — — — (1976): Indice Energía/Proteína: Su utilidad en el diagnóstico de distin- 
tas form as de mala nutrición. — R evista Cubana de Medicina Tropical, 28; 127 —132.

A m a d o r , M. — R o d r ig u ez , C. — B acallao , J . (1979): Som atotipo en preescolares: sus rela- 
ciones con el Indice Energía/Proteína. — A bst. II . In ternational Congress of Auxology, 
H avana, December 10 —15, pp. 125 —126.

A m a d o r , M. — R o d r ig u ez , C. — B acallao , J .  (1980): C ontribution del Indice E nergía/Proteína 
en la evaluación de la composición corporal en preescolares. — Boletín Medico del H ospital 
In fan til de Mexico, 37; 631 — 644.

B r a y , G. A. — D a v id so n , M. B. (1972): Obesity: a serious sym ptom . — Annals of In ternal 
Medicine, 77; 797—806.

Ca n e t t i, S. (1981): Indice E nergía/Proteína en escolares y  adolescentes. — R evista Cubana 
de P cd istriä  53

COMMITTEE ON N U TR ITIO N  (1968): M easurement of skinfold thickness in  childhood. — 
Pediatrics, 42; 538 — 544.

D u r n in , J . V. G. — R aham an , M. M. (1967): The assessment of the am ount of fa t in  the hum an 
body from  measurem ents of skinfold thickness. — Brit. J .  N utr., 21; 681 — 689.

D u r n in , J . V. G .—W o m e r sl ey , J . (1974): Body fa t assessed from to ta l body density  and its 
estim ation from skinfold thickness: m easurem ents of 481 men and women aged from 16 
to 72 years. — B rit. J .  N u tr., 32; 77 — 97.

E d w a r d s , D. A. W. —H am m ond , W. H. —H e a l y , M. J . R .—T a n n e r , J . M .—W h it e h o u s e , 
R. H. (1955): Design and accuracy of calipers for measuring subcutaneous tissue thickness.
— B rit. J . N utr., 9; 133 —143.

F a l k n e r , F. (1960): Child development: an international method o f study. — Annales de 
Pédiatrie , Sup pl. 72; pp. 237.

F o r b e s , G. B. (1964): Lean body mass and fa t in obese children. — Pediatrics, 34; 308 — 314.
Ga r n , S. M. — Cla r k , D. C. — Gu ir e , K. E. (1975): Growth, body composition and  develop

m ent of obese and lean children. — In :  W in ic k , M. (Ed.): Childhood Obesity, pp. 23—46. 
John  Wiley and Sons, New York.

H e r m e l o , M. —Cru z , J .  —Com panions, M .—V in g u t , J .  L. —Gonzalez, M. E. —A m a d o r , M. 
(1981): U tilidad de algunas variables lipídicas en la evaluación del estado de nutrición 
en ninos. — R evista Cubana de Pediatria , 53;

J e l l i f f e , D. B. (1966): Assessment o f the Nutritional Status o f the Community. —  W HO Mono
graph Series No. 53; Geneva, pp. 77.

J o rd a n , J . R. (1979): Desarrollo Humano en Cuba. E ditorial Científico-Técniea, La H abana,
pp. 1 0 1 -2 1 0 .

J o rd a n , J . R. —R u b e n , M. — H e r n a n d e z , J . —B e b e la g u a , A .—T a n n e r , J . M. —G o l d st e in , 
H. (1975): The 1972 Cuban N ational Child Growth Study as an example of population health 
m onitoring; design and methods. — Annals of H um an Biology, 2; 153 —171.

K n i t t l e , J . L. (1972): Obesity in childhood: a problem in adipose tissue cellular developm ent.
— The Journal of Pediatrics, 81; 1048 —1059.

N ovak , L. P. (1963): Age and sex differences in  body density and creatinine excretion of High 
School children. — Annals of the New Y ork Academy of Sciences, 110; 545 — 577.

P a rÍzk o vá , J . (1976): Growth and growth velocity of lean body mass and fat in  adolescent 
boys. — Pediatric Research, 10; 647 — 650.

P a r Ízk o vá . J . —R o th , Z. (1972): The assessment of depot fa t in children from skinfold th ick
ness m easurem ents by H oltain (Tanner-W hitehouse) caliper. — H um an Biology, 44; 
6 1 3 -6 2 0 .

Se l t z e r , C. C. — Ma y e r , J . (1964): Body build and obesity. Who are the obese? — Journal 
of the American Medical Association, 189; 677 — 684.

St u n k a r d , A. — D ’A q u il i, E. — F o x , S. (1972): Influence of social class on obesity and  thinness 
in  children. — Journal of The American Medical Association, 221; 579 — 584.

Va l l e , A. — Am ad o r , M. (1981): Indice E nergía/Proteína en lactantes. Revista Cubana de 
Pediatria , 53;

W e in e r , J . S. —L o u r ie , J . A. (1969): H um an Biology: A  guide to fie ld  methods. In ternational 
Biological Program m e, H andbook No. 9. — Blackwell Scientific Publications, Oxford.

15



W el t  man, A. —K a tch , V. L. (1978): A non population-specific m ethod for predicting total 
body volume and percent fa t. — H um an Biology, 50; 151 —158.

W il k in s o n , P. W. — P a r k in , J .  M. —P ea r lso n , J . —P h il ip s , P. R. (1977): Obesity in child
hood: a com m unity study  in Newcastle upon Tyne. — The Lancet, 1; 350 — 352.

W ORLD HEALTH ORGANIZATION (1970): M anual p ara  la  evaluación antropom étrica 
de las tendencias del estado de nutrición de las poblaciones. W HO/NUTR, 70; p. 129. 
(Translation into Spanish from the English original.).

Authors’ address: P r o f . D r . M. Am ador  
D r . M. E. G onzalez 
D r . M. H erm elo
H igher In s titu te  of Medical Sciences of H avana 
Ave. 25, No. 15005, P laya 
H abana 16 
Cuba

16


