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To estab lish  th e  usefulness o f  th e  E n e rg y /P ro te in  index , a  s tu d y  was 
m ade to  assess its  co rre la tio n  w ith  a  b iochem ical p a ra m e te r  ab le  to  d e tec t 
m arg ina l fo rm s o f  p ro te in -energy  m a ln u tr it io n  such  as  th e  non -essen tia l/ 
essen tia l am inoacid  ra tio .

A sim ple lin ea r regression m odel w as p roposed  an d  te s ted  in a  sam ple 
o f n in e ty -seven  m alnou rished  ch ild ren , by m eans o f an a ly s is  o f  variance. 
T he m odel w as sa tis fac to ry . A h igh ly  s ig n ifican t (p < 0 .0 0 1 )  co rre la
tio n  coeffic ien t o f  r  =  0.552 was found .

Energy/Protein Index is a new 
anthropometric index described by us. 
It relates the logarithm transforma
tion of the triceps skin-fold (S) and 
the logarithm of middle arm muscular 
circumference (MAMC) [1, 4.] The 
index shows little variability among 
well-nourished preschool children, and 
is not sex-dependent [1].

As this index relates a parameter 
such as the triceps skin-fold which 
reflects body energy reserves with 
another one depending on the status 
of protein nutrition [12, 111, 20, 27], 
it allows to assess the relative im
pairment of both factors which charac
terize protein-energy malnutrition 
(pern) thus making it possible to 
distinguish between the two kinds of 
pem, marasmus and kwashiorkor.

Thus, by means of the Wellcome 
Trust Classification [9], we could 
study the behaviour of the index in 
four groups of malnourished children 
and found it possible to discriminate 
between mild and severe forms of 
marasmic pem and between these and 
kwashiorkor [2]. This proved true 
for the clinically detectable forms 
of pem but it remained necessary to 
study the ability of the index to 
detect marginal or subclinical forms, 
when just biochemical changes are 
present.

Protein imbalance may be detected 
according to its severity, by several 
biochemical parameters. The non- 
essential/essential aminoacid ratio 
(neaa/eaa ratio) is one of the first 
factors to show alterations even in

6 Acta Paediatrica Academiae Scientiarum Hungaricae 18, 1077



84 M . Am ador et al. : Energy/Protein Index

marginal cases. Although the issue 
is controversial, the ratio has been 
employed with success by many 
authors [5, 11, 17, 21, 23, 24, 29, 32]. 
Moreover, we found a significant 
correlation between neaa/eaa ratio 
and MAMC [3]. Thus, a significant 
correlation was expected between 
the E /P  index and some biochemical 
parameters such as the neaa/eaa 
ratio.

M a t e b i a l s  a n d  M e t h o d s

N in e ty -se v e n  preschool ch ild ren  a d m it
te d  to  th e  N u tr i tio n  W ard  a t  th e  W illiam  
S o ler P a e d ia tr ic  H o sp ita l, H a v a n a , w ith  
th e  d iag n o s is  o f p ro te in -en erg y  m a ln u tr i
t io n  w e re  stu d ied .

T h e  d iagnosis o f  pem  w as e s ta b lish e d  
fro m  th e  w eight for h e ig h t d e fic it in  
a  ch ild  w ith  p o n d o s ta tu ra l r e ta rd a t io n  
[28]. R e fe ren ce  s ta n d a rd s  fo r w e ig h t an d  
a rm  c ircum ference  (MAC) w as m e a su re d  
in  e a c h  p a t ie n t  in  th e  m idd le  th i r d  o f  
th e  le f t  u p p e r  arm , using a  f ib re -g lass  ta p e . 
T rice p s  sk in-fo ld  th ickness w as o b ta in e d  
a t  th e  sam e  site  using a  H a rp e n d e n  sk in 
fo ld  c a lip e r  w ith  a s ta n d a rd  p re ssu re  
o f  9.3 g /m m 2. All an th ro p o m e tric  m e a s u re 
m e n ts  w ere  recorded in  d u p lic a te  b y  th e  
sam e p rev io u sly  tra in ed  o b se rv e r , an d  
w ith  th e  h e lp  o f an  a ss is ta n t w ho  w ro te  
o u t a n d  verified  th e  d a ta . T he m e th o d s  
o f  m e a su re m e n t w ere as d e sc rib ed  b y  
Je lliffe  [19 ]. S ta r tin g  from  M AC a n d  S 
v a lu es , MAMC w as o b ta in ed  acco rd in g  
to  th e  fo rm u la  [20]
MAM C =  MAC — it X S, w here 
MAO =  m id d le  a rm  circum ference  in  cm ; 
MAM C = m id d le  a rm  m u scu la r c irc u m 

ference in  cm;
S =  tr icep s skin-fold th ic k n e ss  in  cm ; 
ti = 3 .1416

T he  tra n s fo rm a tio n  to  a  log sca le  o f  S 
a c c o rd in g  to  th e  caliper e m p lo y ed  is as 
fo llow s [10]:

Z =  log10 (read ing  in  0.1 m m  — 18). 
The E /P  in d ex  w as ca lcu la ted  b y  th e  fo r
m u la  (3.5):

E /Г  in d ex  =
T ransfo rm ed  S 

log10 MAMC

S im ultaneously  w ith  an th ro p o m e tr ic  
an d  clin ical assessm en t, on  adm ission  
a  venous b lood  sam p le  w as d raw n  from  
each ch ild . A fte r c lo ttin g , se ru m  was 
sep a ra ted  b y  cen trifu g a tio n .

P a p e r  ch ro m a to g rap h y  o f  th e  se rum  
w as p e rfo rm ed  acco rd ing  to  W h iteh ead  
[31], w ith  som e m od ifica tio n  [6]. The 
ra tio  no n  e ssen tia l/e ssen tia l am inoacids 
w as o b ta in ed  as th e  q u o tie n t o f  th e  pho to - 
co lo rim etric  read in g  a f te r  e lu tio n  o f  th e  
co rresp o n d en t spo ts  o f  th e  ch ro m ato g ram . 
[31].

T he P ea rso n  co rre la tio n  coefficient 
be tw een  E /P  in d ex  a n d  n o n -essen tia l/ 
e ssen tia l am inoac id  ra t io  w as ca lcu la ted , 
an d  a  sign ificance te s t  fo r th is  co rre la tio n  
w as perfo rm ed . T hen , a  sim ple  lin ea r 
regression  m odel w as p o s tu la te d , th e  
regression p a ra m e te rs  w ere ca lcu la ted  
and  th e  h y p o th e s is  o f  lin e a rity  w as 
verified  b y  m ean s o f an  an a ly s is  o f  variance . 
The E /P  in d ex  w as ta k e n  as th e  d ep en d en t 
variab le  [8, 22, 33].

R e s u l t s

The correlation coefficient esti
mate was r =  0.552 and it turned 
out to be highly significant at a 
level of a < 0 .0 1 . The significance

test was based upon t = 2
1 -  r2

which follows a t  — Student distribu
tion with n —2 degrees of freedom.

The following ANOVA table sum
marizes the results of the calculations 
performed to test the hypothesis of 
linearitv.
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S o u r c e  o f  v a r i a t i o n S u m  o f  s q u a re s D . P . M e a n s  s q u a re s V a r ia n c e  r a t i o

W ithin groups 3.460 768 73 0.047 408

Regression 1.657 695 1 1.657 695
about the regression 0.949 693 22 0.043 168 0.910 564

Total

F 22 (0.05) =  1.70

2.607 388 23 0.113 365

Thus, the F value was not signifi
cant and the hypothesis of a linear 
relationship between the two vari
ables could not be rejected. Finally, 
the regression equation is
Y —- h X -)- a, where
Y =  E/P index
X =  neaa/eaa ratio 
a =  1.094 56 
h =  0.206 63

D is c u s s io n

We found a close relationship 
between E/P index figures and neaa/ 
eaa ratio values. High values for the 
E/P index corresponded to high 
values of the aminoacid ratio, and 
the results obtained showed that both 
the anthropometric and the biochem
ical parameters have a similar 
capacity for the detection of relative 
changes between energy and protein 
status.

The selection of neaa/eaa ratio as 
the biochemical parameter to be 
correlated was based upon the posi
tive results obtained in a previous 
work, where a correlation coefficient 
r =  0.486 (]) <  0.001) was found 
between this ratio and MAMC [3].

Considering the objections raised 
by several authors regarding the 
neaa/eaa ratio and the influence on 
its value of diet composition instead 
of protein status [7, 25], we tried 
to prevent the eventual influence of 
the dietary factors by taking the 
blood samples at the moment of 
admission, before any treatment had 
been administered. In contrast with 
blood sampling, anthropometric meas
urements are a simple task, easily 
performed by non-medical personnel. 
Moreover, calculation of the E/P 
index is performed by a simple 
mathematical formula which can be 
programmed in a general-purpose 
minicomputer, and applied to field 
studies for the screening of malnutri
tion in the community.

Several authors have attempted to 
quantify the magnitude of the impair
ment of energy and protein status, 
considering the study of adiposity 
and muscle mass at the middle third 
of the upper arm [13, 14, 15, 16].

Gurney and Jelliffe [15] set up 
a hypothesis about the possibility 
of classifying malnourished children 
in different categories of nutritional 
deficiencies. They developed a nom-
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ogram [16] which allows the calcula
tion o f fat and muscle areas at the 
middle upper arm level, and had 
proved useful in community nutri
tion surveys.

Our E/P index quantifies the rela
tive impairment of energy and protein 
nutritional status and therefore offers 
more complementary data than a 
study of separate measurements. The 
ability of the index to discriminate 
among different forms of malnutri
tion (kwashiorkor and marasmic 
forms of pem) and the finding of a 
significant linear correlation with bio
chemical parameters of recognized 
value in the detection of marginal 
protein malnutrition, lend to the 
E/P index a diagnostic value in the 
early detection of energy or protein 
imbalance.

R e f e r e n c e s

1. A m a d o r , M., B acallao , J . ,  H e r m e l o , 
M ., F e r n á n d e z , R ., T o l ó n , C.: Indice 
energia/proteina: un nuevo aporte para 
la  evaluación del estado de nutrición  
I  — Valores en ninos sanos de edad 
prescolar. R ev. In vest. Clin. 27, 247
(1975).

2. A m a d o r , M., B a c a lla o , J ., H e r m e l o , 
M ., F e r n á n d e z , R ., T o l ó n , C., E n ergy/ 
protein  index: A  new  approach for 
assessm ent of the nutritional status. 
P roc. Int. Congress o f  N utrition. 
K y o to . Japan 1975.

3. A m a d o r , M., F e r n á n d e z , R ., V a l l e , 
A ., H e r n a n d e z , I ., M ir a n d a , O., 
P é r e z , F .: Protein m alnutrition: Cor
relation  between anthropom etric and 
biochem ical assessm ent. A cta  paediat. 
A cad . Sei. hung. 15, 287 (1974).

4. A m a d o r , M., H e r m e l o , M., F e r n á n 
d e z , R ., T o lón , C., B acallao , J.: 
N u ev o  indice antropom étrico para 
évaluai' la severidad de la desnu- 
tr ic ión  proteico calórica y  sus distintas 
form as clinicas. R es. X V III  Jornada 
N áción á l de Pediatria, Cienfuegos, 
Cuba 1974.

5. A m a d o r , M., P e n a , M., G o n zá lez , A., 
San  V ic e n t e , J . ,  P é r e z , H .: Com- 
p a rac ió n  de los valores del b a lan c e  de 
am inoac idos en pac ien tes  m a ra sm â tico s  
clasificados según  dos c rite rio s  an tro - 
pom étrico s d is tin to s. R ev . cu b a , P e d ia t 
44, 169 (1972).

6. A m a d o r , M., P é r é z , H ., O b r e g ó n , E .: 
B a lan ce  de am inoacidos: su s valores 
no rm ales en  n u es tro  m ed io . R ev . 
cuba . P e d ia t. 44, 203 (1972).

7. Co m m ittee  R epo r t  — A ssessm en t of 
p ro te in  n u tr it io n a l s ta tu s .  A m . J .  
clin . N u tr . 23, 807 (1970).

8. D ix o n , W . J . ,  Ma s s e y , E . J . :  In tro - 
ducción  a l análisis  e s tad ís tieo . In s ti tu to  
d e l L ibro , L a H a b a n a  1965.

9. E d it o r ia l : C lassification  o f  in fan tile  
m a ln u tr it io n . L an ce t 2, 302 (1970).

10. E d w a r d s , I). A. W ., H am m o n d , H . W., 
H e a l y , M. J .  R ., T a n n e r , J .  M., 
W h it e h OUSE, R . H .: D esign a n d  accu
ra c y  o f  calipers for m easu rin g  s u b c u ta 
neous tissue  th ickness. 'B r it .  J .  N u tr . 
9, 133 (1955).

11. Ga r r o w , J .  P ., F l e t c h e r , K ., H a l- 
l id a y , O.: B ody com p o sitio n  in  severe 
in fan tile  m a ln u tr itio n . J .  clin . In v e s t. 
44, 417 (1965).

12. G o w r in a t h , S. J . ,  V ija y a r a g h a v a n , 
K .: U se  o f a n th ro p o m e try  in g rad ing  
m a ln u tr it io n  in  ch ild ren . In d ia n  J . 
m ed . R es. (11, 1225 (1973).

13. G u r n e y , J .  M.: T he a rm  circum ference  
a s  a  h e a lth  index  o f  pem  o f  ea rly  
ch ildhood  X I I :  F ie ld  ex perience  in 
A b ek o u ta ,N ig e ria , w ith  special reference 
to  d iffe ren tia tin g  p ro te in  a n d  calorie 
re se rv es . J .  tro p . P ed ia t. 15, 225 (1969).

14. G u r n e y , J .  M., J e l l if f e , D. B .:
P ro te in -ca lo rie  m a ln u tr it io n . L ancet 
1, 953 (1972).

15. G u r n e y , J .  M., J e l l if f e , D . B .:
A rm  a n th ro p o m e try  in  n u tr it io n a l 
a ssessm en t: N om ogram  fo r rap id  ca l
cu la tio n  o f m uscle c ircum ference  and  
cross-sec tional m uscle  a n d  fa t  areas. 
A m er J .  clin. N u tr . 26, 912 (1973).

16. Gu r n e y , J .  M., J e l l if f e , D. B .,
N e il l , J . :  A n th ro p o m e try  in  th e
d iffe ren tia l d iagnosis o f pcm . J .  tro p . 
P e d ia t , 18, 1 (1972).

17. G ü r s o n , C. T ., N e y z i , O .: P lasm a  
am inoacid  ra tio  in  in fa n ts  w ith  severe 
ch ron ic  m a ln u tr itio n . In : A b s tr . V II. 
I n t .  C ongress o f N u tr i tio n , H am b u rg  
1966. p . 48.

18. I l l n a it , J . ,  H e r m e l o , M., M il l a r e s , 
T .: T o ta l blood p a p e r  c h ro m a to g ra p h y  
fo r am inoacid  ba lance . A c ta  paed . 
A cad . Sei. hung . 14, 19 (1973).

19. J e l l if f e , D . B .: E v a lu ac ió n  d e l estado  
de n u tr ic ió n  de la  co m u n id ad . O rgani-

Acta Paediatrica Academiae Scientiarum Hungaricae 18, 1977



M . Amador et al.: Energy/Protein Index 87

zación m undial de la Salud. Serie 
de m onografias N o. 53, Ginebra 1908.

20. J e l l if f e , D. B ., J e l l if f e , E. F . P .: 
Prevalence o f  pcm  in H aitian preschool 
children. A m er. J . publ. H lth  50, 
1355 (1900).

21. Mc l a r e n , D . S., K a m el , W. W ., 
A y y o u b , N .: P lasm a am inoacids and 
the d etection  o f  protein-calorie m al
nutrition . Am er. J . clin. N utr. 17, 152 
(1905).

22. R a d h a k r ish n a  R ao , O.: A dvanced s ta 
tistical m ethods in biom etric research. 
John W iley & Sons, N ew  York 1902. 
pp. 92— 102.

23. R u t is h a u s e r , H . E ., W h it e h e a d , 
R . G.: Field evaluation o f tw o b iochem 
ical te s ts  which m ay reflect nutri
tional sta tu s in three areas o f U ganda. 
B rit. J . N utr. 23, 1 (1969).

24. S im m o n s , W. K .: The plasm a am inoacid  
ratio as an indicator o f the protein  
nutrition  sta tu s. A review o f  recent 
work. B ull. W ld Hlth Org. 42, 480 
(1970).

25. S im m o n s , W . K .: Biochem ical m easure
m ents in the assessm ent o f the protein

Prof. M. A m a d o r

Servicio de Nutrición
Hospital Pediátrico “William Soler”
San Francisco 10 112,
Habana 8, Cuba

nutrition  status. Arch, latinoam er. 
N utr. 22, 385 (1972).

26. St u a r t , H . C.: Normal grow th  and 
developm ent. N ew  Engl. J . Med. 234, 
666, 693, 732 (1946).

27. Su á r e z , M., L ó pez-D elg a d ó , I ., R o
m a n o s , A.: Antropom etria en mal- 
nutrición. R ev . esp. P ed iat. 29, 39 
(1973).

28. W a t e r l o w , J . C.: C lassification and 
defin ition  o f protein-calorie m alnutri
tion. Brit. mod. J . 3, 566 (1972).

29. W h it e h e a d , R . G., D e a n  R . F . A.: 
Serum  am inoacids in kw ashiorkor. I: 
R elationship  to clinical condition . Amer. 
J. clin. N utr. 14, 313 (1964).

30. W h it e h e a d , R . G.: Rapid determ ina
tion o f  som e plasma am inoacids in 
subclinical kwashiorkor. L ancet 1, 25 
(1964).

31. W h it e h e a d , R. G.: B iochem ical tests  
in differential diagnosis o f  protein  
and calorie deficiencies. Arch. Dis. 
Childh. 42, 479 (1967).

3 2 .  Y a m a n e , T.: Statistics, an introduc
tion  to  analysis. 2nd ed. In stitu te  del 
Libro, La Habana 1970, p. 21.

A c t a  P a e d i a t r i c a  A c a d e m i a e  S c ie n t ia r u m  H u n g a r i c a e  1 8 , 1 0 7 7


	1. szám
	Amador, M.-Bacallao, J.-Hermelo, M.-Fernández, R.-Tolon, C.-Pérez, H.: Energy/Protein Index: III. Correlation with a biochemical parameter which relfects protein nutritional imbalance

	Oldalszámok������������������
	83���������
	84���������
	85���������
	86���������
	87���������


