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Abstract

In this study, nutritional status of 185 preschool children aged between 3 and 6
years was assessed by investigating dietary intake, anthropometric measurements and
protein status. Results of nutritional status parameters were correlated with a battery
of psychological tests that covered intelligence, memory, learning, thinking, problem
solving and attention. Dietary intake data showed that 49% of the children had caloric
intake and 12% had protein intake that were lower than the recommended dietary al-
lowance. A significant positive correlation was shown between caloric intake and in-
telligence. Plant protein as well showed significant correlation with thinking and
problem solving. Height for age showed deficit in 19% of the children when com-
pared to NCHS standards. Percentage weight for age and height for age were signifi-
cantly correlated to thinking, problem solving and to intelligence. None of the protein
status parameters showed signiflcant correlation with the results of any of the psycho-

fogical tests.

Introduction

DEVELOPMENT is a function of nutri-
tion and learning. Physical maturation in-
cluding maturation of the central nervous
system, consists of increase of size and
greater complexity of structure that leads
to greater functional capacity. Child devel-
opment during the preschool and middle
school years is variable with respect to dif-
ferent domains of development [1].
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ronment display deficits in cognitive devel-
opment [2.3]. Those children are mostly
characterized by chronic protein-energy
malinutrition (PEM), as well as by iron de-
ficiency anemia [4]. Accordingly, investi-
gators have considered cognitive deficits
as correlates of nutritional status as well as
of iron-deficiency anemia [5,6].

Malnutrition, per se, clearly alters the
ceniral nervous sysiem by acuiely or
chronically limiting its metabolic, structu-
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50 Zeinab Bishry, et al.

mance. In other circumstances, malnutri-
tion, reflected in chronic limitation of
amounts of food consumed, may result in
general stunting of growth accompanied by
reduced brain size, decreased brain cell
number and immature or incomplete bio-
chemical organization of the brain [7].

The availability of several criteria to as-
sess the nutritional status raises the possi-
bility to demonstrate the existence of a re-
lationship between nutritional status per se
and behavior.

The aim of this study was to explore
the relationship between nutritional status
and behavior in a group of preschool chil-
dren.

Material and Methods

Recruitment of the subjects:

One hundred eighty five children aged
3-6 years, of both sex were randomly cho-
sen from two-day care centers that are lo-
cated into two zones in a semi-urban com-
munity “Boulak El-Dakrour”, In Giza
governorate, Children having congenital
anomalies of any degree of mental retarda-
tion, or any chronic disease that may inter-
fere with behavioral assessment were ex-
cluded from the study. The aim of the
study design was primarily explained to
the mothers of the children. Accordingly,
mothers signed a written consent that al-
lowed their children to be included in the
study.

Study design:

At the first visit every child was sub-
jected to a thorough clinical examination
that included chest, heart, abdominal and
neurological systems. Nutritional status
was assessed by correlating dietary intake,
anthropometric measurements and bio-
chemical tests of protein status.

Dietary intake was assessed by using
24 hours recall procedure. It was carried
out by asking the mothers about the type
and approximate amount of each food con-
sumed by each child per day and for two
successive days [8].

Anthropometric measurements includ-
ed weight, height, triceps, biceps and sub-
scapular skinfold thickness and mid upper
arm circumference [9].

Psychological assessment of the chil-
dren was accomplished by a battery of be-
havioral tests that covered intelligence,
memory, learning, thinking, problem solv-
ing and attention.

For blood analysis 5 mls blood sample
was collected from each child between 9-
11 am, serum was separated and kept at
-20°C until analysis for albumin, prealbu-
min and transferrin.

Biochemical methods:

Serum albumin was determined by us-
ing bioanalytic Kit No. 27001.2, after the
method of Doumes et al., [10].

Serum prealbumin was determined by
using the M-partigen Immuno Diffusion
plates that were purchased from Bchring
Corp. code no. O.T. 3 W.O. [111.

Serum transferrin was determined by
using Nor partigen Radial Immuno Diffu-
sion plates that were purchased from Beh-
ring Corp. Code no. DUCKO, [11].

Psychological tests:

The children were individually tested
by professional psychologist. Raven's col-
ored progressive matrix (CPM), [12], Digit
span forward and digit span backward,
sub-subjects from the Wechsler Intelli-
gence Scale for children (WISC) [13]. A
free recall test [14] that assesses the child's
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short term memory and organization abili-
ty, a discrimination learning task (DL) {15]
that measures a variety of aspects of short
term memory, short term buffer (rehearsal
memory) and long term memory as a func-
tion of the particular trial and spacing con-
dition [15]. Block Building Design (BD) is
one of the non-verbal test in the MC-
Carthy scales of children, [14). It assesses
the child's reasoning ability through the
manipulation of materials. [t demonstrates
such skills as imitation logical classifica-
tion and visual organization. Atiention is a
measure of the efficiency of signal stimuli
in the context of non-signal stimuli [14].

Results

Mean (+ SD) of daily nutrients intake
as compared to their recommended daily
allowances (RDA), are shown in table (1).

Mean (= SD) of anthropometric meas-
urements of children included in the study
are shown in table 2. Percentage weight for
age and percentage height for age distribu-
tion in standard deviation units (values
were calculated with respect to NCHS
standard) are represented in Figs. 1 & 2.

Mean (= SD) of serum levels of albu-
min, prealbumin and transferrin of children
included in the study are shown in table 3.

Mean (+ SD) and ranges of all the be-
havioral parameters that have been used in
our study are shown in table 4.

Positive correlation was shown be-
tween caloric intake with intelligence (p
<0.01) as well as between thinking and
problem solving with plant proteins (p
<0.01) (table 5).

Positive correlation was shown be-
tween % Wijage and % Ht/age and MAC
with thinking and problem solving (p
<0.05). Positive and strong correlation
were also shown between each of % Wt/
age and % Ht/age with intelligence (p
<0.001) (table 5).

Significant correlation was shown be-
tween serum albumin and attention (p
<0.05) (table 5).

Multiple coefficients showing the ef-
fects of some selected variables on intelli-
gence and on thinking and problem solv-
ing, are shown in tables 6 & 7.

Table (1): Mean (+ SD) of Daily Nutrients Intake of Children (n = 185).

Protein Carboh- Total cal-
ydrates ories
An, PL. An, PL. (gm) (Kcal.)
Mean 16.9 26.5 19.9 27.1 190.0 1319.0
+SD 13.5 12.0 16.9 13.3 82.8 850.2
Range 2.091.5 1.2-93.7 4.0-57.8 3.3-50.8 46.5-571.0 427.0-37539
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Table (2): Mean (+ SD) of Anthropometric Measurements of Children (n=185.

Measurement Mean (SD) Range
Wt (kg) 17.1 (3.2) 10- 29
Ht (cm) 1049 (7.9) 80- 121
MAC* (cm) 15.9 (1.4) 10- 21
Biceps SF** (mm) 7.1 2.8) 3 -19
Triceps (mm) 10.2 (2.9) 3 -22
Subscapular SF (mm) 6.5 2.1) 4 - 17
Fat index (mm) 16.7 (4.6) 7 -39

_

* MAC = Mid arm cirumference.
** SF = Skin fold thickness.

Table (3): Mean ( SD) of Serum Levels of Albumin, Prealbumin and Transferrin of Children Includ-

ed in the Study.

Parameter N Mean (SD) Range
Albumin (gm /dl) 163 4.3 (0.3) 2.7-5.1
Preaibumin (ng /dl) 134 164 (4.9) 3.5-43.7

" Transferrin (mg /dl) 174 312.0 (56.8) 122.0-474.0
Table (4): Mean Scores (+ S.D.) of behavioral Tests (n = 168).

Mean scores

Tests (+ SD) Range
Memory and learning (ML) 90.4 (4.4) 11-38
Free recall (FROR) 6.9 (1.6) 3-12
Organization (ORG) 2.0 (1.2) 0-8
Digit span (DS) 6.0 2.1 0-26
Discrimination learning (DL) 5.6 “.3) 0-26
Thinking and problem solving (BD) 9.1 (1.8) 0-12
Intelligance 17.6 4.9) 2-31
Attention (VIG) 26.7 4.9) 3.32
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Table (5): Pearson Correlation Cofficient between Behavioral Scores and Indicators of Nutritional
Status.

Memory and Thinking and Intelligence  Attention

learning problem solving
Dietary intake:
Calories -0.02 0.13 0.18 -0.01
Animal proteins 0.10 0.09 0.02 -0.03
Plant proteins -0.12 0.19 0.11 0.03
Anthropometric measurement:
Weight /age -0.08 0.21 0.22 0.12
Height /age -0.13 0.19 0.26 0.06
Mid arm circumference - -0.08 0.20 0.14 0.08
Serum proteins: '
Albumin -0.08 -0.03 -0.10 -0.15
Prealbumin -0.04 -0.01 -0.14 -0.00:
Transferrin 0.01 -0.10 -0.02 0.04

* p <005 **p <0001

Table (6): Multiple Regression Coefficients Showing the Effect of Some Selected Variables on Intel-

ligence.
, Regession Standard
Variables coefficient error p -value

Age 0.798 0.228
Height 0.074 000 0,036
Prealbumin -0.186 0.098 0.059
Calories 0.001 0.001 0.354
R-square 0.196

* Variables that entered the regression equation

Table (7): Multiple Regression Coefficients Showing the Effect of Some Selected Variables on
Thinking and Problem Solving.

Regession Standard

Variables coefficient error p -value
Age 0.739 0.190 0.001
Height 0.050 0.022 0.027
Calories 0.001 0.001 0.894
Plant protein 0.019 0.011 0.101
R-square 0.316

* Variables that entered the regression equation
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Fig. (1) Distribution of percentage caloric in-
take as related to caloric allowance of chil-
dren in age range of 3-6 years.
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Fig. (3): Weight for age distribution in standard
deviation units (values were calculated with
respect to NCHS standard).

Discussion

In this study, nutritional status of 185
preschool children age between 3 and 6
years was assessed by correlating dietary,
anthropometric and biochemical parame-
ters. Behavior was assessed by a battery of
tests that covered intelligence, thinking and
problem solving, memory and attention.

The daily caloric intake of children in
the different age groups ranged from 427
to 3753.9 Kcal/day with a mean of 1319.0
+ 530.2 Kcal (table 1). Fifteen percent of
cases were taking between 30-50% of their
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Fig. (2): Distribution of percentage protein in-
take as related to protein allowance of chil-
dren in age range of 3-6 years.
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Fig. (4): Height for age distribution in standard
deviation units (values were calculated with
respect to NCHS standards.

daily recommended caloric allowance and
34% of them were taking 80% of their rec-
ommended caloric allowance (Fig. 1). This
amounts to a total of 49% of the children
were taking lower caloric intake than their
recommended allowance.

The daily intake of animal protein
ranged from 2 to 91.5 gm with a mean of
169 + 13.5 gm and that of plant prote
ranged from 12 to 93.7 gm with a me: :
level of 26.5 £ 12 gm (tabie 1). On com-
paring total protein intake of those children
with recommended daily allowance for this
age range (Fig. 2), it was shown that 12%
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of the children were taking 65% of the rec-
ommended daily protein allowance. The
rest of the children were having adequate
protein intake. This denotes that dietary
protein intake of the children was more ad-
equate as compared to their caloric intake.
However, the higher intake of dietary plant
proteins that amounted to 78.6% of the to-
tal protein intake is not favorable.

Frequency distribution histograms for
weight per age and height per age of the
children as related to NCHS standards [16]
showed normal distributions. Height defi-
cit was more pronounced since 19% of the
children were less than -2 SD of Ht/age
(Fig. 4). This may reflect the reduced ca-
loric intake of the children as mentioned
above. This was demonstrated by the sig-
nificant correlation (p < 0.05) that was
shown between height and caloric intake of
the children.

Triceps, biceps and subscapular skin-
fold thickness and upper are circumference
were assessed. The use of skinfold thick-
ness in the assessment of nutritional status
of children was based on the assumption
that increased subcutaneous fat resulting
from either high caloric intake or low ener-
gy expenditure reflected caloric reserve
[17). In our study, it was found that there
was relative thinness in both sexes. This
was demonstrated in that 37% of the chil-
dren were below 3 SD of their biceps skin-
fold thickness, 32% of them were below 3
SD of their triceps skinfold thickness and
that 14% of them were below 3 SD of their
subscapular skinfold thickness. Similar
thinness in triceps skinfold was previously
reported in black children as compared to
the white ones [18]. The authors attributed
the small triceps skinfold thickness in their
cases either due to differences in socioeco-
nomic levels or due to genetic differences

between black and white. Martorell et al.
[19] attributed the same phenomenon in
their children to limitation in their caloric
intake as opposed to protein ingestion. Ap-
parently the major problem of our children
was the reduced caloric intake as reflected
in height deficit and skinfold deficits.

In this study protein status was assessed
by measuring serum albumin, serum preal-
bumin and transferrin, Serum albumen
ranged between 2.7 and 5.1 gm/dl, with a
mean value of 4.2 + 0.22 gm/dl (table 3).
These results are in accordance with those
previously reported for children in this age
range [20,21]. Serum albumin level could
be matintained despite the reduced protein
supply since the biological half life of al-
bumin is 20 days [22,23]. Serum albumin
level is considered a poor index of short
term status of protein and energy intakes.
Cases in this study with serum albumin
less than 3.0 gm/dl are considered at risk.

Serum prealbumin ranged between 3.5
mg/dl and 43.7 mg/dl with a mean value of
16.4 + 4.9 mg/dl (table 3). Normal distribu-
tion of serum prealbumin was shown, with
26.4% of the children had serum prealbu-
min less than 15 mg/dl. Serum prealbumin
is more responsive to dietary changes than
either albumin or transferrin since it has a
biological half life of two days [22]. Shetty
et al. [20] found that restriction of both ca-
lotic and protein intake led to rapid fall in
prealbumin concentration. This finding
was to some extent demonstrated in our
study since cases with reduced serum pre-
albumin had less caloric and less protein
intakes. Our study as well showed that
both albumin and prealbumin levels were
significantly correlated (p < 0.001). This
means that in some cases serum albumin
was slightly reduced whenever serum pre-
albumin was markedly reduced. The lack
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of international cut-off level of prealbumin
is a limitation to assess protein deficiency
by using this parameter. Serum transferrin
ranged from 122 to 474 mg/dl with a mean
level of 312 + 56.8 mg/dl (table 3). Only
two children showed reduced serum trans-
ferrin level (122.0 and 180 mg/dl). It is
worthy to mention that albumin levels of
those children were 2.8 and 2.9 gm/dl re-
spectively and prealbumin level were 10.9
& 12.1 mg/dl. i.e protein status of those
two children was considerably affected.
Apart from that no significant correiation
was shown between transferrin levels and
each of albumin and prealbumin levels.

Means, standard deviations and ranges
of the scores of all behavioral parameters
that have been used in our study are shown
in table (4). Memory and learning score
(ML) were calculated by adding, free re-
call test (FReR), organization test (ORG),
Digit span test (DS) and discrimination
learning test (D1). This procedure was jus-
tified on the grounds of the highly signifi-
cantly intercorrelations among these indi-
vidual tests (p <0.00).

Pearson's correlation coefficients be-

traro, hohan
tween behavioral scores and indicators of

nutritional status used in this study are
shown in table (5). Apparently, thinking
problem solving and intelligence were
mostly affected as shown by the significant
correlation with each of the dietary intake
and anthropometric measurements. Though
the correlations were significant, yet they
were not strong as shown from the low p
values. Albumin is the only indicator of
protein status that showed weak negative
correlation with attention. Similarly Gupta
et al. [24] and Guzman et al. {251 showed
that intelligence was significantly correlat-
ed with nutritional status, in particular ca-
loric intake. Freeman et al. [26) found that

children who received high protein-caloric

supplement and whose mothers were as
well supplemented during pregnancy were
more likely to score high in cognitive tests.
Body weight and height were shown in
previous studies to be correlated with some
cognitive parameters., This was shown in
the study of Lasky [27], wher¢ he found
that body weight and height of infants
were the best predictors of infant mental
and motor scores. Similar observation on
preschoolers in USA showed that the mean
1Q differed significantly from the lowest to
the highest quartiies of stature [28,2].

Multiple regression analysis of the dif-
ferent variables on intelligence is shown in
table 6, where age, height, prealbumin and
caloric intake entered the regression equa-
tion. However, as indicated from the value
of R-square only 19.6% of the variation in
intelligence could be explained by the sig-
nificant variability in height and prealbu-
min levels. The impact of the variables of
this study on thinking and problem solving
is shown in table (7).

Age and height contributed by 31.6%
of the variation in thinking and probiem
solving. For attention none of the variables
apart from age showed significant relation
to attention with 17.4% of the variation in
attention could be explained by age varia-
tion. Memory and learning were the only
behavioral pmalubwm that were not affect-

ed by any of the variables studied.

In this regard, multiple regression anal-
ysis demonstrated the extent of contribu-
tion of the various nutritional parameters
on behavior. This finding, though prelimi-
nary, yet it confirms the previous view that
nutritional status significantly contributes
to cognitive development. Extensive work
in this regard need to be planned for differ-
ent age groups and with a variety of age
standardized tests.
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