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Abstract: W ith  the purpose of testing th e  usefulness of som atotype determ ina
tions in nu tritional assessm ent, an anthropom etric study  of a selected sample 
of 362 healthy  children betw een 1.50 and  5.49 years of age (190 boys and 172 
girls), was carried out, obtaining the ratings of three components of the  som ato
ty p e  according to  the H eath  and Ca r ter’s (1967) m ethod, and the  figures of 
E /P  Index  according to Amador et al. (1975).

I t  was observed a shift tow ards higher first com ponent ratings w ith age in  
girls and a similar trend  was found in  boys regarding second component. In  bo th  
sexes, ra tings for mesomorphy were ra th e r elevated probably due to  the influence 
of th e  osseous com ponent in  the figures obtained for mesomorphy. Som atotype 
Dispersion Index rem ained w ithin th e  range 1.41— 2.44 except in  tw o-year old 
girls in  w hich it  was 3.99.

We could dem onstrate th a t  a close relationship exists between som atotype 
ratings and E /P  Index figures, especially betw een first component and E /P . 
These results represent a new approach to  nu tritional assessment, taking in to  
account th a t  som atotype ratings are closely related to  body build and body 
composition.

K ey words: Som atotype, E nergy/Protein  Index, body composition, nu tritional 
assessm ent, preschool children.

Introduction

Som atotyping has been scarcely used in  assessing body com ponents and its  
relationships w ith  growth and nutritional status in  children at preschool age 
(H e a t h  and Ca r t e r  1971, W a l k e r  1974a, 1974b, 1978). U ndoubtedly, more 
experience is needed concerning the application o f the distribution o f the  
three com ponents o f  the som atotype at different ages considering th at all 
three have som e kind o f relationship w ith  the tw o tissues more affected by  
nutritional unbalance: fat and muscle.

E nergy/Protein Index  (E /P), which is the ratio betw een transform ed triceps 
fatfold and the logarithm  of mid-arm m uscle circumference, has proved to  be 
very useful indicator for reflecting the status o f fat and muscle com ponents of 
the body and their variations w ith nutritional disturbances (A m a d o r  et al. 
1975, 1976, A m a d o r  et al. 1980, A m a d o r  et al. 1981).

Based on the reasons stated above, we considered o f the greatest interest 
to stu d y  the peculiarities o f the som atotype com ponents in healthy and in  
malnourished preschool children, and the relationships existing between the  
figures obtained and the distribution o f E /P  Index w ith the purpose o f testing  
the possibilities o f  introducing the som atotype as a new tool for a more precise 
diagnosis o f m alnutrition.
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Material and Methods

A selected sam ple o f 362 children betw een 1.50 and 5.49 years (190 boys and  
172 girls) was obtained from those attending the Teaching Polyclinics “ Louis 
Pasteur” and “ P laya” in  H avana, for periodic health surveillance. All the  
children belonged to  the health areas o f the Polyclinics. All those who came 
to consultation in  the ten -day period o f study were included; only children  
w ith chronic diseases or malform ations were excluded.

The data were collected by a measuring team  com posed o f anthropom etrists 
and other members o f the sta ff of the D epartm ent of Physical D evelopm ent o f  
the Institute o f Sports Medicine. The official form for anthropom etric assess
m ent o f that In stitu te  was em ployed for recording the data. These were: 1. 
Nam e o f the subject, 2. Sex, 3. D ate o f m easurem ent, 4. D ate of birth, 5. D eci
mal age, 6. B ody weight, 7. Stature, 8. H um erus w idth (biepicondilar diam e
ter). 9. Femur w idth  (bicondilar diam eter), 10. Flexed biceps girth, 11. Calf 
girth, 12. Mid-arm circumference (MAC), 13. Triceps fatfold (T), 14. Subscapu
lar fatfold (SS), 15. Suprailiac fatfold (SI), 16. Calf fatfold (C).

D ate of birth and date o f recording were com pletely registered in year, 
m onth and day for obtaining the decim al age as described by T a n n e r  et al. 
(1969). Children below 82.5 cm. of height were excluded because charts for 
determ ining the second com ponent (m esom orphy) for shorter subjects were 
not available.

A ll m easurem ents were done on the right hand side of the body. The general 
aspects of the m ethodology em ployed, including general recom m endations, 
subject position, instrum ents and apparatus were those recommended by the  
International B iological Programme (T a n n e r  et al. 1969), and are described  
elsewhere (A m a d o r  1978, A m a d o r , B a c a lla o  and F l o r e s  1980).

The E /P In d ex  was calculated in each child through the expression:

w h e re : TT is t r a n s fo rm e d  fa tfo ld  ( E d w a r d s  e t  a l. 1955), TMAMC is th e  lo g 10 
o f  m id -a rm  m u sc le  c irc u m fe ren c e , o b ta in e d  a c c o rd in g  to  J e l l if f e  (1966).

The som atotype com ponents were obtained according to H e a t h  and Ca r t e r  
(1967), and R o ss, H e b b e l in k  and W il s o n  (1973). Using the som atotype  
plotting grid (R o ss et al. 1973), the som atotypes were plotted by the formulae:

X  =  III— I and Y  =  211— (I +  III),

where: I is the first com ponent (endom orphy), II is the second com ponent 
(m esom orphy), III  is the third com ponent (ectom orphy).

The sample was divided into groups according to decim al age and sex. Four 
groups for each sex were thus formed: from 1.50 to 2.49 year-old, from 2.50 to  
3.49, from 3.50 to 4.49, and from 4.50 to 5.49 year-old.

Mean values and standard deviations for each com ponent of the som atotype  
were calculated in each one of these eight groups.

Som atotype Dispersion D istances (SD D ) were calculated in each subject 
(R o ss et al. 1973) according to the expression:
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The Som atotype Dispersion Index (SDI) for each one o f the groups was 
obtained according to the formula by R oss et al. (1973).

Mean values and standard deviations for the osseous, and muscular com po
nents of the m esom orphy, and finally , for E /P  Index were also calculated.

Percentile reference values for E /P  were referred to those reported by us in 
a previous paper (A m a d o r , B a c a lla o  and F l o r e s  1980).

Simple linear regressions were found between E /P  Index and each one of the 
com ponents o f the som atotype, and also between E /P  and the ratio first/second  
com ponent (Y a m a n e  1970, D a n ie l  1974).

A ll the statistical and com putational work was performed in a Cuban- 
made CID-201-B m inicom puter at the Center o f Cybernetics Applied to Medi
cine o f the Higher Institu te o f Medical Sciences o f H avana.

Results

Mean values and standard deviations for each com ponent o f the som atotype, 
osseous and muscular com ponents of mesom orphy and E /P  Index, and SD I 
figures for each age group in boys and girls are show'n in Tables 1 and 2.

Mean values for each sex and age group were p lotted  in a som atochart which  
appears in Figure 1.

Regression studies betw een E /P  Index and the different com ponents o f the 
som atotype are summarized in  Table 3. The highest correlation coefficient 
was found when regressing the first com ponent w ith E /P. A high “r” figure was 
also found when regressing the ratio first/second com ponent w ith E /P.

Table 1

Mean values and standard deviations for E /P  Index and for different components of the 
som atotype, and SDI figures according to age in 190 boys*

Age group Som atotype Components M esomorphy
SDI

E /P
(decimal)

1 2 3 OC MC
Index

1.50—2.49 
n =  42

2 .0 1
(0.54)

5.54
(0.65)

0 .7 3
(0.47)

1 3 .4 7
(3.40)

3 .3 3
(3.01)

1.54 1 .7 3 3
(0.083)

2.50—3.49 
n =  55

1 .9 3
(0.50)

5 .6 2
(0.53)

0 .8 2
(0.38)

1 2 .9 0
(2.86)

3 .6 6
(2.65)

1.41 1 .7 2 6
(0.069)

3.50—4.49 
n  =  58

1 .8 9
(0.66)

5 .7 8
(0.58)

1 .1 6
(0.68)

1 2 .8 3
(3.02)

3 .8 3
(2.82)

1.98 1 .6 5 6
(0.077)

4.50—5.49 
n =  35

1 .7 1
(0.41)

5 .8 8
(0.84)

1 .4 1
(0.72)

1 2 .7 0
(3.47)

3 .1 7
(2.69)

2.18 1 .6 1 9
(0.091)

Meän valiies in italics, standard  deviations in  brackets. 1 =  F irs t com ponent (Endom orphy), 2 =  Second component 
( esomorphy), 3 =  Third com ponent (Ectom orphy). OC: Osseous com ponent o f the mesom orphy; MC: Muscular com ponent 
ol the  m esom orphy; SDI: Som atotype Dispersion Index; E /P: Energy/Protein Index.
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Table 2

Mean values and standard deviations for E /P  Index and for different components of the 
som atotype, and SD I figures according to  age in 172 girls*

Age group Somatotype Components Mesomorphy
SDI

E /P
(decimal)

* 2 3 oc MC
Index

1.50— 2.49 
n =  24

2 .2 1
(0.73)

5 .3 8
(0.82)

0 .8 4
(0.28)

1 1 .06 
(4.08)

3 .1 2
(3.06)

3.91 1 .7 9 8
(0.082)

2.50— 3.49 
n =  53

2 .3 7
(0.75)

5 .4 3
(0.56)

0 .9 6
(0.16)

1 1 .6 0
(3.19)

3 .0 9
(2.24)

1.59 1 .7 3 5
(0.079)

3.50—4.49 
n =  57

2 .4 7
(0.87)

5 .4 2
(0.69)

1 .0 5
(0.70)

1 0 .8 9
(3.41)

3 .6 9
(1.96)

2.44 1 .7 1 4
(0.088)

4.50—5.49 
n =  38

2 .4 9
(0.86)

5 .4 8
(0.71)

1 .2 8
(0.33)

1 1 .5 7
(3.68)

3 .3 3
(2.39)

1.85 1 .6 9 9
(0.085)

* F or explanation see Table 1.

Fig. 1. Som atotype of preschool boys and girls p lo tted  in a soma to  chart. Mean values are 
represented by different symbols according to sex. Numbers indicate age group
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W ith the purpose o f knowing the differences in  the distribution o f the soma- 
totype com ponents according to E /P  Index values, we grouped all the subjects 
of each sex into three categories as follows:

—  Those w ith  E /P  values under the 10 th , percentile (Lower Group);
— Those w ith E /P  values equal to or over the 10th percentile and under 

the 90th percentile (Middle Group); and
—  Those w ith E /P  values equal to or over the 90th  percentile (Upper Group).

Fig. 2. Frequency distribution  of each component of th e  som atotype in 190 boys grouped 
into three categories according to  E /P  percentile channels
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Figures 2 and 3 show the frequeney distribution o f each com ponent o f the 
som atotype for each group and sex  (boys and girls, respectively). In  boys, as 
w ell as in girls we found a tendency towards high ratings for endom orphy in 
children with E /P  figures in or above the 90th percentile, and the opposite 
situation  was observed in children under the 10th percentile. These tenden
cies were more evident in fem ales. For the second com ponent, both sexes show-

Fig. 3. Frequency distribution of each com ponent of the som atotype in 172 girls grouped 
into three categories according to E /P  percentile channels
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Table 3

Linear regression studies relating E /P  Index w ith som atotype components in 362 preschool
children

X y

y = bx -f a
r P

b a

First component E /P  Index 0.139 1.372 0.732 <  0.001
Second component E /P  Index —0.045 2.035 — 0.451 <  0.001
Third component E /P  Index —0.053 1.739 — 0.383 <  0.001
Ratio lst/2nd E /P  Index 0.153 1.455 0.667 <  0.001

ed a clear upward tendency in the upper groups. W hen observing the third 
com ponent, a remarkable sh ift to lower ratings was observed in the Middle 
Groups and in the Upper ones.

Discussion

Since 1940, when Sh e l d o n  introduced the concept of som atotyping, a grow
ing interest and a great deal o f controversy has developed, encouraging m any  
research workers to propose m odifications to the original m ethod (N o v a k  1952, 
P a r n e l l  1954, H e a t h  1963, H e a t h  and Ca r t e r  1966). The simple m ethod  
devised by H e a t h  and Ca r t e r  in 1967 was a decisive approach for the intro
duction o f som atotyping in clinical practice.

N evertheless, few studies ex ist on som atotype in children, and there is a 
special lack in younger ones. P a r íz k o v á  and Ca r t e r  (1976) considered that 
the va lid ity  of som atotyping in children is som ewhat lower than in adults. 
One of the main factors supporting this criterion is that bone developm ent, 
specially at the femoral condyles and humeral epicondyles influences meso- 
m orphy yield ing higher ratings than in older children, in which a greater 
developm ent o f muscle mass exists. In our subjects, both males and fem ales, 
high ratings for the second com ponent were found and their osseous com ponent 
was particularly elevated and paid a great contribution to the observed values.

Age and sex differences in som atotype distribution were rather sm all in 
our sample, the same as reported by H e a t h  and Ca r t e r  (1971) in their study  
o f Manus children, but those differences were always present. The same shift 
towards higher first com ponent ratings w ith age in girls, was found, and sim i
larly, a shift towards the second com ponent was found in boys. This last fin d 
ing was not clearly observed in  previous studies (A m a d o r  1978, A m a d o r  et al. 
1979), but our present sample is som ewhat larger, and includes the subjects 
previously studied. Shift tendencies described above tend to  increase w ith  age 
as appears in  H e a t h  and Ca r t e r ’s series (1971). P a r íz k o v á  et al. (1977) in  a 
longitudinal study o f som atic and functional developm ent o f children from 3 
to  6 years o f age, reported small increm ents in circumference m easurem ents and 
indicators o f skeletal robusticity, and also a decline in subcutaneous fat, arriv
ing to the conclusion that w eight increm ents during the period of life they  
had studied, are represented only  by lean body mass developm ent. As meso-
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m orphy refers to m usculo-skeletal developm ent, the increase o f second com po
nent ratings observed by us agrees w ith those authors’ findings.

Regarding the first com ponent, P arízicovÁ et al. (1977), found that the  
am ount o f subcutaneous fat in girls does not decrease from three to  six  years 
of age as it  happens in  boys. An apparent relationship betw een E /P  Index and 
the som atotype distribution has come about w ith our work. In girls, the in 
crease o f endom orphy w ith age, and the stab ility  of m esom orphy explains the 
fact th a t age trend of E /P  Index  is less notable than in  boys, which show a 
more distinct trend due to  the decrease w ith age o f the first com ponent w ith a 
sim ultaneous increase o f the second one.

W ith respect to  the third com ponent, we should say th at, from our point 
of view  it  has lim itations because there is no rating below 1/2 for lower figures 
of the Ponderal Index. Thus, in  an age group as the one we are dealing with, 
showing very low  ectom orphy, the individuals tend to cluster just on the low est 
ratings and there are no possibilities to establish a clear correspondence w ith  
E /P . Index.

The evidence th at E /P  Index  values reflect not only the status of energy 
reserves and protein reserves but the relationship betw een both of them , has 
been put into evidence when a significant correlation could be found betw een  
E /P  Index and the first and the second com ponents o f the som atotype, as in 
a previous paper we dem onstrated a significant correlation betw een E /P  Index  
and the cross sectional areas o f fat and muscle at the middle third of the upper 
arm (A m a d o r , R o d r íg u e z  and B a ca lla o  1980). Of a particular im portance 
is the significant correlation found when regressing E /P  w ith the ratio which  
relates endom orphy and m esom orphy.

The negative “ r” values in the regression studies of E /P  w ith  the second com 
ponent, might be explained by the fact th at m esom orphy is an indicator o f  
muscle mass, which is in the denom inator in E /P  formula. Thus, lower figures 
for muscle mass correspond to higher values o f E /P  Index, as low  figures for 
the second com ponent m ean a light skeletal frame and little  muscle mass.

N egative “r” values were found when regressing E /P  w ith  the third com po
nent, which is given by Ponderal Index. This means th a t, as the ratings of  
this com ponent increase, a lower weight for stature is found. Thus, the lighter 
the individual, the lower E /P  Index  figures and the higher ratings he w ill bave. 
W ith the purpose o f testing  the correspondence betw een ectom orphy ratings 
and S h e l d o n ’s Ponderal Index, we made a  linear regression study between  
E /P  and Ponderal Index. The “ r” value obtained (— 0.371) was highly signif
icant and very similar to  that obtained regressing ectom orphy w ith E /P  
(— 0,383), in m agnitude and sign.

It is evident th at the highest “ r” values were obtained when relating fat  
indicators. This suggests th at E /P  Index has a better discrim inating quality  
for the assessm ent of energy status. However, we m ust point out that, although  
the first com ponent has been considered a good indicator of body fat, for the  
second com ponent it  is not exactly  the sam e, —  at least in  sm all children —- 
because it includes not on ly  muscle but also bone. WiLMORE (1970) found prac
tically  no relationship betw een the second com ponent o f H e a t h  and Ca r t e r ’s 
som atotyping m ethod and lean body weight. One of us ( R o d r íg u e z  1981), has 
recently applied E /P  Index to  boxers, and found a high correlation between  
this Index and the first com ponent (r =  0.62) and between E /P  and the per
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centage o f body fa t (r =  0.66) but no significant correlation was observed when  
relating E /P  w ith  the second com ponent.

The in troduction  o f som atotyping as a new  and prom isory approach to  the 
study o f nutritional status has been indorsed b y  our results in which we have  
dem onstrated the close relationship existing betw een som atotype ratings and 
E /P  figures. Taking in to  account that estim ates o f obesity and leanness in  a 
population are subject to  variation according to  the criteria used for classifica
tion , we consider th at th is study contributes to  support the increasing a tten 
tion  which is currently given to the study o f body com position, and dem on
strates that the search for new tools for nutritional assessm ent is far form  
being exhausted .
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A SZOM ATOTIPIZÁLÁS, MINT AZ ÓVODÁSKORÚ G Y ER M EK EK  
TÁPLÁLKOZÁSÁNAK É R T É K E L É S É R E  SZOLGÁLÓ ELJÁRÁS

ír ta :  A m a d o r , M.— R o d r i g u e z , C .— G o n z á l e s , M. E.

Összefoglalás

A szerzők arra  a kérdésre kerestek választ, hogy vajon  használható-e a szom atotipizálás 
a táplálkozás értékelésére. E gy 362 1,05—5,49 éves egészséges gyermekekből (190 fiú és 172 
leány) álló m in tán  an tropom etriai vizsgálatot végeztek, és m eghatározták  a három  szomato- 
típus komponens értéké t H e a t h  és C a r t e r  (1967) módszerével, valam int az E /P  index érté
két A m a d o r  és m tsai (1975) nyomán.

Az első kom ponens esetében a leányoknál az életkorral párhuzam osan emelkedő értékeket 
kap tak . Hasonló tendenc iá t ta lá ltak  a fiúknál is, a m ásodik komponens értékeiben. A mezo- 
morfia értékek m indkét nemnél igen m agasak voltak , am i feltehetően a csont komponens 
hatásával m agyarázható. A „Som atotype Dispersion Index” a 2 éves leányok (SD I =  3,99) 
kivételével az 1,41— 2,42 intervallum on belül m arad t.

Szoros kapcsolato t tá r ta k  fel a szom atotípus értékek és az E /P  index között, s ezen belül 
a legjelentősebb az első kom ponens és az E /P  index összefüggése.

A szerzők eredm ényeik alap ján  a táplálkozás értékelésének egy új megközelítési m ódját 
m u ta tják  be, figyelem be véve, hogy a szom atotípus értékek szoros kapcsolatban vannak  a 
testfelépítéssel és a testösszetétellel.

Received 29th O ctober 1982.
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