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A com parison  o f  tw o  c rite ria  fo r assessing  m a ln u tr itio n  in  in f a n ts  a n d  
ch ild ren  h as b een  ca rried  o u t in  a  sam p le  o f  184 h e a lth y  in fan ts a n d  c h ild re n  
g rouped  acco rd ing  to  tw o  d iffe ren t a n th ro p o m e tr ic  crite ria : co n sid e rin g  th e  
q u a n ti ty  o f  b o d y  m ass fo r linear d im en sio n  b y  th e  ra tio  W /H ; a n d  c o n s id e r­
in g  th e  degree o f  w astin g  accord ing  to  w e ig h t fo r he igh t (W H ).

B iochem ical s tu d ie s  w ere also c a rr ied  o u t in  each child an d  c o rre la te d  
w ith  bo d y  sy s tem s o f  classification . T o ta l am in o  acids in serum  a n d  e ry h tro -  
cy tes , th e  n o n -essen tia l/essen tia l am ino  ac id  ra tio  in  serum  and  e ry th ro c y te s , 
to ta l  serum  p ro te in s  an d  th e  a lb u m in /a lp h a  g lobu lin  ra tio  w ere in v e s tig a te d .

The re su lts  show ed th a t  b o th  c r i te r ia  w ere closely re la ted , th e  lin e a r  
regression be tw een  th e m  w as h ig h ly  s ig n ific an t (r =  0.931). N e v e rth e le ss , 
th e  W /H  c rite r io n  classified  as u n d e rn o u rish ed  a  h igher p ro p o rtio n  o f  ch il­
d ren , because i t  in c luded  those  o f  d e lay e d  biological age th o u g h  n o t  m a l­
nourished . O n th e  c o n tra ry , W H  o n ly  classified  a s  u n d ern o u rish ed  th o se  
w ho p ro b ab ly  h a v e  a c tu a l m a ln u tr it io n . B iochem ical stud ies sh o w ed  sig ­
n if ic a n t co rre la tio n s w ith  b o th  c r ite r ia  b u t  h ig h e r r  values w ere fo u n d  fo r 
W /H  in  som e cases.

T hus, c lassif ica tion  on  th e  basis o f  W H  includ ing  th e  an a ly s is  o f  th e  
degree o f w astin g  a n d  o f  s tu n tin g , is  sa tis fa c to ry  fo r ind iv idua l a n d  c o m ­
m u n ity  assessm en t, b u t  i t  should  in c lu d e  th e  classification  o f  o v e rw e ig h ts . 
I t  m u s t be s tre ssed  th a t  b o th  sy s tem s, b e in g  based  on  w eigh t a s  th e  b a s is  
o f  c lassification , do n o t  consider b o d y  com position  and  th ere fo re  c a n  o n ly  
assess w hole b o d y  m ass a n d  th u s  o n ly  a p p ro x im a te  th e  n u tr it io n a l s ta tu s .

Traditionally, nutritional assess­
m ent has been based upon the magni­
tude of weight impairment to  chrono­
logical age [8, 18]. More recently, new 
criteria of classification have been 
developed which take into account 
height as well as body weight. Accord­
ing to W aterlow’s proposal [27], the 
degree of wasting is measured on the 
basis of weight as the percentage of 
expected weight for actual height, 
independently of chronological age.

McLaren and Read [22, 24] recom ­
m ended the  formula 
actual weight/ actual height 
expected weight/expected height, 
a classification not independent o f age.

As m any controversial opinions 
have been expressed concerning the  
accuracy of both criteria of classifica­
tion, especially in regard to  their 
capacity to  establish the lim it o f risk 
of m alnutrition, we have a ttem p ted  
to correlate both of them w ith  some
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biochemical param eters widely ap­
plied for nutritional assessment and for 
the  early diagnosis of malnutrition. 
A fu rther aim was to  compare the two 
system s in regard of their quality in 
the  discrim ination of underweight or 
overweight children among those who 
are supposed to be normal.

M a t e r ia l s  a n d  Meth o d s

O ne h u n d re d  a n d  e ig h ty -fo u r in fan ts  
a n d  ch ild ren  from  tw o  to  six  m on ths old 
o f  b o th  sexes, a t te n d in g  D ay -C are  C entres 
in  th e  C ity  o f  H a v a n a , w ere  s tud ied . T hey  
re p re se n te d  a  ran d o m  sam p le  o f  th e  ch il­
d re n  fro m  each  reg ion  o f  H a v a n a  included 
in  th e  N a tio n a l In v e s tig a tio n  o f  G row th, 
D e v e lo p m e n t a n d  N u tr i t io n a l S ta tu s  o f 
C h ild ren  a tte n d in g  D ay -C are  C entres, 
c a rr ie d  o u t in  1974 [17].

A n th ro p o m e tr ic  a sse ssm en t w as p e r­
fo rm ed  accord ing  to  th e  m ethodo logy  o f 
th e  C u b an  N a tio n a l C hild  G row th  S tu d y  
[16, 19]. T he va lues o b ta in e d  fo r w eight 
a n d  h e ig h t w ere re fe rred  to  th e  P re lim in a ry  
C h a r ts  fo r w eigh t, h e ig h t a n d  w eigh t fo r 
h e ig h t o r  len g th  o f  th e  P ro v in ce  o f H a ­
v a n a  [19].

In f a n ts  an d  ch ild ren  com prising  th e  sam ­
p le  w e re  g rouped  acco rd in g  to  tw o  d ifferen t 
a n th ro p o m e tr ic  c rite r ia :

1) C onsidering  th e  q u a n ti ty  o f body  
m a ss  fo r  lin e a r  d im ension  b y  th e  ra tio

W /H  =

A c tu a l w e ig h t/A c tu a l h e ig h t
E x p e c te d  w e ig h t/E x p ec ted  h e ig h t for age’ 

a s  p ro p o se d  b y  M cL aren  a n d  R ead  [24];
2) C onsidering  th e  degree  o f  w asting  as 

p ro p o se d  b y  W ate rlo w  (27)

A c tu a l w e ig h t
W H  -------------------------------------------------------- .

E x p e c te d  w e ig h t fo r A c tu a l he igh t

I n  th e  second  criterion  we h av e  inc luded  
a lso  ch ild ren  w ith  m ore th a n  100%  o f 
w e ig h t fo r  heigh t, m ak ing  10%  w ide  c a te ­
go ries. T h is  aspec t has n o t b een  considered  
in  th e  o rig ina l p roposition  w hich  w as con ­
ce iv ed  so le ly  for th e  ev a lu a tio n  o f  under- 
n u tr i t io n .

A  b lood  sam ple was d raw n  fro m  each 
su b je c t  a f te r  a  m orning fa s t a n d  collected  
in  h ep a rin ized  capillary  tu b es . T h e  follow ­
in g  d e te rm in a tio n s  w ere carried  o u t:

1) T o ta l  am ino acids in  p la sm a  (TA A P) 
a n d  e ry th ro c y te s  (TAAE) b y  th e  co lo ri­
m e tr ic  m e th o d  o f R u b in s te in  a n d  P ry ce  
[26].

2) N on-essen tia l/essen tia l am in o  acid 
r a t io  (ne/e) in  plasm a (Pne/e) a n d  e ry th ro ­
c y te s  (E ne /e ), according to  W h ite h e a d  [29] 
w ith  som e m odifications [16].

3) T o ta l serum  p ro te in  (T P) b y  th e  m e th ­
o d  o f  G o rn a ll e t  al. [9].

4) T h e  p ro d u c t a lbum in  b y  a lp h a  g lo b u ­
lin  (A a) b y  W iem e’s m eth o d  [30].

6) T h e  ra tio s  e ry th ro cy te /p la sm a  fo r ne/e 
a n d  fo r T A  A w ere also ca lcu la ted .

6) E ry th ro c y tic  ne/e ra tio  w as o b ta in ed  
a c c o rd in g  to  th e  percen tage o f  n o n -essen tia l 
a n d  e s se n tia l am ino acids a n d  th e i r  n e t 
v a lu e  in  p la sm a  and  to ta l  b lood , con sid er­
in g  th e  n e t  blood volum e (0.1 m l) a n d  th e  
h a e m a to c r i t  b y  th e  fo rm ula  (13),

(a — b) 100
Z = ----------------------- )- b  =  m g /d l o f  to ta l

H a e m a to c rit

am in o  ac id s in  ery th ro cy tes , 
w h e re  a  =  to ta l  am ino acids in  to ta l  

blood (m g/dl),
b  =  to ta l  am ino ac id s in  p la sm a  

(mg/dl),
Z =  to ta l  am ino acids in  e ry th ro ­

cy tes (m g/dl).
F o r  e ry th ro c y tic  to ta l  am in o  ac id s , th e  

p ro c e d u re  w as th e  sam e b u t  re fe rre d  to  
to t a l  am in o  acid  co ncen tra tions.

T h e  co rre la tio n  coefficients b e tw e e n  th e  
tw o  c r i te r ia  o f classification  a n d  be tw een  
e a c h  c r i te r io n  and  each b iochem ical p a ra m ­
e te r  w ere  calculated . A  sign ificance  te s t  
b a se d  u p o n  th e  ap p ro x im ate  t d is tr ib u tio n
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fo r each  co rre la tion  coeffic ien t w as also 
ca rried  o u t [31].

T he d is tr ib u tio n  o f  th e  sam p le  accord ing  
to  th re e  m ain  g roups o f  c lassif ica tio n  was 
a lso  m ade  upon  a  com m on basis . I t  w as 
considered  norm al w eig h t fo r b o th  c rite ria  
o f  c lassification  w hen th e  ra t io  o f  ac tu a l 
w e ig h t fo r expected  w e ig h t w as betw een
0.91 a n d  1.10; u n d erw e ig h t, w hen  th is  
va lu e  w as less th a n  0.909; a n d  overw eigh t, 
if  i t  w as over 1.10. D ifferences o f  d is tr ib u ­
tio n  w ere ev a lu a ted  em p loy ing  th e  tes t. 
F in a lly , a  regression  line w as d raw n  be­
tw e e n  th e  figures o f  b o th  c r ite r ia . In  all 
cases th e  level o f sign ificance  w as e s ta b ­
lished  a t  a  =  0.05. D a ta  w ere  processed 
em p loy ing  a  C uban -m ade m in ico m p u te r 
C ID  —201B.

R e s u l t s

The results shown in Table I  seem 
to  point to  a better discrim ination by 
McLaren and R ead’s th an  by W ater- 
low’s criterion. There was a significant 
difference in the proportion of under­
weights which was higher w ith the 
first method. No differences were 
found in the percentage of over­
weights.

Correlations were significant for all 
the biochemical param eters, except 
for to ta l protein. The correlation co­
efficient was higher for McLaren and 
Read’s criterion (Table II). There was 
a significant difference for ne/e ratio 
in plasm a and for the ratio E /P  for 
ne/e. The product Aa too showed 
significant differences. The regression 
study revealed a linear regression 
between th e  two criteria, the  r  value 
(0.931) being highly significant (Fig. 1).

D is c u s s io n

D eterm ination of the weight of 
a child in relation to  the weight ex­
pected for his actual height has been 
widely used and recommended [20,27]; 
it provides an age-independent index 
of the  current nutritional status. A 
low weight for height suggests th a t 
a given child has been on an energy 
and/or protein deficient diet in the 
period im m ediately prior to  the  ex­
amination, bu t cannot distinguish in­
dividuals who had had m alnutrition 
in the past.

T a b l e  I

D is tr ib u tio n  o f  184 c h ild re n  betw een  2 an d  60 m o n th s  o f  age accord ing  to  tw o  
d if fe re n t sy s tem s o f n u tr it io n a l assessm en t

Criteria
of

Assessment

Weight/height Weight for height

No. per cent No. per cent

Overweights 32 17.4 31 16.9

“N orm al” weight

Оо

54.8 126 68.3

Underweights 52 27.8 27 14.8

Total 184 100.0 184 100.0

X2 =  28.50
p  <  0.001

Acta Pacdiatrica Academiac Scientiarum Hungaricae 20, 1979



38 M . P . Hermelo et al. : Nutritional assessment

T a ble  I I

C o rre la tion  be tw een  tw o  c r i te r ia  o f  an th ro p o m e tr ic  n u tr it io n a l a sse ssm en t 
and  som e b io ch em ica l variab les  in  184 in fa n ts  an d  ch ild ren

Criteria of 
Classification Weight/height Weight for height

Variable r P r P

N on essential/essential amino acid 
ra tio  (Plasma) — 0.499 <0.001 0.145 < 0 .0 5

N on essential/essential amino acid 
ra tio  (Erythrocytes) 0.219 <0 .01 0.188 < 0 .0 5

E /P  R a tio  for ne/e. 0.570 < 0.001 0.186 < 0 .0 5

T o ta l am ino acids (Plasma) —0.458 <0.001 —0.480 <0.001

T o ta l am ino acids (Erythrocytes) —0.694 <0.001 —0.490 <0.001

E /P  R a tio  for TAA —0.463 <0.001 — 0.505 <0.001

A lbum in  b y  Alpha globulin 0.286 <0.001 0.163 < 0 .01

T o ta l Proteins 0.126 > 0 .05  n.s. 0.081 > 0 .0 5  n.s.

T he ratio  W/H measures the  rela­
tiv e  q u an tity  of body mass for a given 
linear u n it and is more precise if we 
consider th a t it takes in to  account 
th e  fac t th a t a t each age a  certain 
w eight (in g) is associated with a 
ce rta in  length (in cm). The weight 
increases with age, being abou t 67.6 g 
per cm a t birth and 132.5 g/cm by 
12 m onths of age. T hereafter it  in­
creases slowly, to 169 g/cm  a t 60 
m onths. Thus, for each age the  ratio 
is different, increasing progressively, 
and  therefore individuals w ith the 
sam e height or length should have 
d ifferen t ratios if their ages are dif­
feren t [22]. Length m ay also differ 
w idely among healthy children of the 
sam e age due to genetic, p rena ta l and 
p o s tn a ta l influences. Consequently, 
w eight is frequently related  to  length

without taking into account physio 
logical or pathological variations in 
body composition [10].

In  recent years, increasing interest 
has been devoted to  th e  body com­
ponents for a more accurate nutrition­
al assessment [2, 3, 4, 6, 7, 11, 14, 
21, 25]. Classifying the sample accord­
ing to  the ratio W /H, we found a 
higher proportion of underweight 
children than  with the use of the W H 
criterion. This agrees w ith McLaren 
and R ead’s observation [24], con­
sidering th a t W aterlow’s system  tends 
to  underestim ate the problem  of the 
detection of m alnutrition. These au­
thors, comparing a group of under­
nourished children according to  both 
classifications, found th a t  the  differ­
ences increase with the  severity of 
m alnutrition, and an im portan t num-
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F ig . 1. C o rre la tion  betw een  th e  tw o  c r i te r ia  o f c lassifica tion

ber of undernourished children should 
not be considered for Public H ealth 
actions or priorities if  classified ac­
cording to  W aterlow’s system.

This higher possibility of discrimi­
nation in McLaren and R ead’s system 
has nevertheless to  be considered 
with caution because it  includes as 
malnourished individuals some who 
actually are not malnourished, and 
even children classified as under­
nourished according to  the W H criter­
ion m ight be constitutionally th in  
and not actually undernourished.

Another im portant fact is th a t the 
differences between both  systems are 
not apparent for the  overweight 
group. The proportion of overweights 
according to both criteria is similar 
and there are no significant differ­
ences between them. The W /H criter­
ion includes underweight children 
who according to W H  are in the  nor­
m al range. The difference could be 
explained on the basis of the  age- 
dependence of W/H. According to 
W H, there is always a determined 
value of weight for a given length,
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even if  the  child is stunted. Stunting 
m ay be the  expression of a  delayed 
biological age and, accordingly, lower 
figures for W/H corresponding to  bio­
logical age could be found in  a child 
w ith  nutritional growth retardation, 
and  n o t the expected (higher) ones 
according to his chronological age.

Thus, children who have nutritional 
grow th retardation, even if  they  are 
n o t w asted, should exhibit a lower 
W /H  ratio , and according to  this 
criterion, should be considered under­
nourished.

Therefore, in this sense, McLaren 
and  R e a d ’s criterion overestim ates the 
problem  if  the degree of stun ting  is 
no t tak e n  into account. According to 
th is  criterion, nutritional dwarfism 
occurs if  the W/H is norm al i.e. above 
90%  an d  height is under 90% , but 
height is not a reliable indication of 
the  present status of m alnutrition 
and, moreover, cannot be used as 
a  fac to r in its classification. Accord­
ing to  these authors, a given height 
deficit m ay result either from  a brief 
period o f retarded growth in early

childhood or from a longer re ta rda ­
tion of growth a t an older age [23].

In  order to  confirm this hypothesis, 
we analysed the 52 underweight 
children detected by the W /H criter­
ion, classifying them again accord­
ing to  both  systems, but considering 
their height for age instead of the 
chronological age for W /H. The results 
appear in Table III . As it is seen, no 
significant differences in distribution 
(p /> 0.05) were found. Another im ­
portan t finding was th a t the  W /H 
ratio is no t normal for chronological 
age when there is a growth re ta rda ­
tion, being only normal if a correction 
is m ade for height for age in  non- 
wasted children.

Thus, the  question arises, which of 
the two systems gives a be tter infor­
m ation? T hat which includes as un ­
derweight children those who are 
retarded in biological age probably 
on account of a compensated previ­
ous undernutrition, or th a t which 
considers underweight those children 
who have some degree of wasting, i.e. 
a low weight for height?

T a ble  I I I

C lassification  o f 62 in f a n ts  a n d  ch ild ren  considered  und erw e ig h t accord ing  
to  W /H , u sin g  h e ig h t fo r age in s tead  o f  chronological age

Criteria
of

Classification

W/H W for H

No. per cent No. per cent

“ Normal” weight 23 44.2 25 48.2
Underweight 29 54.8 27 51.8

Total 52 100.0 52 100.0

X 2 =  0.31 
p  >  0.1 n.s.
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There is no doubt that, if we want 
to  determine current undernutrition, 
W H gives the more reliable informa­
tion. On the other hand, body mass 
for a given linear dimension changes 
with age and this fact may affect the 
accuracy of W H determ ination be­
cause it is im portant to know in which 
children body mass has not changed 
as it ought to according to  age.

The correlation studies between 
each of the  criteria and several bio­
chemical variables used for nu trition­
al assessment showed highly signif­
icant rvalues, except when regressing 
with TP. For the ne/e ratio in plasma 
and erythrocytes and also for the 
ratio E /P  for this variable and for Aa, 
the value of r  and therefore the level 
of significance is higher for the ratio 
W /H th an  for W H. This closer rela­
tionship could be regarded as the ex­
pression of a better quality of W/H 
ratio in nutritional assessment. This 
difference is more significant if we 
consider th a t  the W /H criterion in­
cludes children w ithout actual under­
nutrition  whose values for the bio­
chemical variables are expected to  be 
normal.

I t  is well known th a t indicators 
which use measurements not dis­
tinguishing body composition are not 
completely accurate when dealing 
with values near the cut-off points 
between normal and abnormal. Thus, 
the diagnosis of marginal m alnutri­
tion is still a challenge in the field of 
nutrition.

As a conclusion, there is a signifi­
cant correlation between both systems 
of classification of the nutritional

status, and the differences found are 
due to  the age dependence o f W /H. 
For assessing overweight, bo th  criteria 
are similar, but there is a clear differ­
ence w ith underweights.

I f  we w ant to  assess actual under­
nutrition, W H gives a figure closer to 
the  situation, keeping in m ind th a t 
there are some children who are con­
stitu tionally  thin and not actually 
undernourished and show a low weight 
for height. As W aterlow’s classifica­
tion of undernutrition considers the 
degree of stunting together w ith  the 
degree of wasting, children w ith growth 
retardation  should also be detected 
and classified, and the action diagram  
could be applied [2 8 ] and Public 
H ealth  actions could be carried out.
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