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Nutritional stunting in Egypt: which
nutrient is responsible?

S.A. Ibrahim,’ A. Abd El Maksouc? and M.F. Nassar®
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ABSTRACT We looked at the relationship between linear growth retardation and deficiencies of certain
nutrients in Egyptian children. A group of 107 stunted children aged between 10 and 18 years were subjected
to history-taking, physical examination and laboratory investigations. Selected cases were referred to
radiology for assessment of bone age. Thirty-nine children were enrolled as controls. Serum haemoglobin,
a-tocopherol, retinol and magnesium lavels were significantly decreased in stunted children compared with
the controls. Serum zinc ievels were aiso luwer in the slunled yroup bul nol significantly so. We conclude that
several nutrient deficiencies occur simuttaneousiy in stunted chiidren and afl of them may be responsible for
stunting.

Le retard de croissance d’origine nutritionnelle en Egypte : quel nutriment est en cause ?
RESUME Nous avons examing larelation entre le retard de croissance statural et les carences en certaing
nutriments chez des enfants égyptiens. Un groupe de 107 enfants &gés de 10 & 18 ans presentant un retard
de croissance a faitF'objet d'une anamnése, d'un examen physique et d'examens de laboratoire. Certains
cas ont été orientés vers un radiologue pour évaluation de ' dge osseux. Trente-neuf enfants appariés ont 16
inclus cormme €moins. Les taux d'hémogtobine, d’alpha-tocophérol, de rétinol et de magnésium sériques |
étaient significativement réduits chez les enfants présentant un retard de croissance par rapport aux
témoins. Les niveaux de zinc sérique étaient également plus faibles dans le groupe des enfants presentant
un retard de croissance mais de maniére moins significative. Nous concluans que plusieurs carences en
nutriments surviennent simuttanément chez les enfants présentant un retard de croissance et que toutes
ces carances peuvent étre responsables du retard de croissance.
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Introduction

Linear growth retardation (stunting) is
common among children in Egypt [/]. It
has been shown repeatedly that extreme
short stature of preschool children in devel-
oping countries is not genetically deter-
mined but is a consequence of poor
socioeconomic conditions [2]. Stunting in
children is related to concurrent, and possi-
bly later, delayed mental and motor devel-
opment [J]. The negative effects in
adulthood include limited work capacity
owing to reduced muscle mass [4] and in-
creased obstetric risks in women because
of short stature [5]. Studies have shown
that deficiencies of single or multiple mi-
cronutrients, such as zinc, iron, vitamin A
or iodine [6—8], may cause linear growth
retardation. The effects of infection on lin-
ear growth are also well known [9]; for
example, an association between intestinal
parasitosis and reduced height in children
has been deseribed [70]. Inadequate dietary
energy intake may also be a factor in the
process of linear growth retardation [[/].
This study looked at the relationship be-
tween deficiencies of certain nutrients and
stunting among Egyptian children,

Methods

‘The study included 107 stunted children at-
tending the outpatient clinic of the Nutrition
Institute in Cairo from September 2000 to
January 2001. Stunting was defined as
height-for-age of 2 or more standard devia-
tions below the expected mean of the refer-
ence standard [/2]. Patients with known
causes of short stature were excluded (e.g.
hormonal, chromosomal, bone disease and
coeliac disease). Children of short mothers
(maternal height less than 145 cm) [/3]
were also excluded from the study. The
stunted children were 69 males and 38 fe-

males, aged between 10 and 18 years. All

children were clinically in good health with

no complaint apart from short statue.

The control group included 39 children (25

males and 14 females); they were recruited

frumn the relatives of paticuts avending the
outpatient clinic for medical complaints.

The control group was chosen to have a

sitnilar distribution of age, sex and suciv-

economic status as the study children.

Those with acute infections or chronic

comnplaints were excluded. None of (he

children had received multivitamins or min-
eral preparations before the study.

Alter taking verbal consent from the
parents, the stunted children and the con-
trols were assessed through the following.
* Educational and clinical history. Parents

were asked about: school grade and ex-
amination marks, previous diseases or
operations, history of drug therapy in-
cluding inhaled or topical preparations,
parental heights and family history.

* Medical history and clinical examina-
tion. The clinical assessments included:
pubertal state; head and neck for signs
of vitamin deficiency; teeth for dental
caries or tooth decay; heart, chest and
abdomen for chronic diseases; skin for
café au lait patches, vitiligo, etc.; other
clinical signs, such as white nails and
pityriasis alba.

* Anthropometric measurements. These
were performed according to standard
procedures [72], Height was measured
to the nearest 0.1 cm using a stadiome-
ter. ANTHRO software {version 1.01,
1990) was used to calculate Z-scores
for height-for-age, weight-for-height
and body mass index (BMI) for age
[/4].

* Laboratory investigations. Complete
analysis of blood, urine and stool sam-
ples was carried out on the whole sam-
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ple. Analysis of serum levels of retinol,
¢-tocopherol, zinc and magnesium was
carried out on a sample of the stunted
children and controls. Blood samples
were collected from fasting individuals
between 09:00 and 10:00. Sampling
was done in a room free from direct
light. Serum was rapidly separated by
centrifugation at 3000 rpm for 10 min-
utes. Separated serum aliquots were re-
moved and stored frozen at —70 °C until
analysis. Serum rectinol and «-toco-
pherol levels were estimated by high
pressure  liquid  chromatography
(IIPLC) according to the method of
Bieri et al. [15]. Serum zinc and magne-
sium levels were determined by flame
atomic absorption spectrophotometry
{Unican 929), according to the method
of Falchuk and colleagues [76].

= Radiological examination. Assessment
of bone age on the left hand and wrist
was made on a sample of cases.
‘I'he data were analysed using SPSS ver-

sion 5.0.1.

Results

Clinical histories suggestive of rickets dur-
ing infancy were found in 21.8% of stunted
children. None of the control children had a
history of rickets. Moreover clinical exam-
ination showed that 27.3% had skeletal
manifestations of rickets (frontal bossing,
rachitic chest or knock knees). Goitre was
visible in 32 (19.3%) of the stunted chii-
dren (7.8% males and 11.5% females) and
nane of the contral children.

A BMI below the 5th percentile for age
indicating malnutrition was found in 43
(40.2%) of the stunted children: 18§
{47.4%) of the females and 25 (36.2%) of
the males. A BMI between the 85th and
05th percentiles indicating risk of obesity

was found in | female (2.6%) and none of
the males. None of the stunted children had
a BMI greater than the 95th percentile (indi-
cating obesity). None of the control group
was underweight or obese; risk of obesity
was found in 2 females and 3 males.

The mean height-for-age among the
stunted children was -2.70 + 0.99 standard
deviations from the reference. The majority
of stunted children (68.2%) had moderate
stunting (height-for-age between -2 and -3
standard deviations from the reference)
{Table 1).

The laboratory results showed stunted
children had significantly lower mean se-
rum levels of haemoglobin (P < 0.01),
magnesium (£ < 0.01). c-tocopherol (P <
0.001) and retinol (P < 0.03) compaied
with the controls. Mean serum zinc levels
were lower in the stunted children than in
the controls but this was not statistically
significant (Table 2). None of the controi
children showed deficiencies in any of the
measured micronutricnts except for a-to-
copherol (25.6% were deficient compared
with 78.2% of stunted children).

Although more fermales than males had
nutrient deficiencies, the differences were
not significant (Table 3). Correlation stud-
ics (Table 4} showed no significant correla-
tion between the severity of stunting and
the serum levels of the studied nutrients.
However, a highly significant correlation
was found between serum zinc and serum
retinol and between serum ¢-tochopherol
and scrum rctinol levels (7 < 0.01). There
was no significant difference in the preva-
lence of deficiencies of the studied nutri-
cnts between males and females.

With the exception of 2 cases, bone age
was delayed by an average of 2 years, One
casc had 5 years’ delay in bone age and an-
other case had bone age corresponding to
chronological age.
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Table 1 Severity of growth retardation in stunted children

Degree of stunted Males Females Total
growth reiative to No. % No. % No. Yo
reference standard

<-28§ 45 65.2 28 73.7 73 682
<-3s 21 30.4 7 18.4 28 26.2
<-4s 2 2.8 2 53 4 37
<-5s 1 1.4 1 28 2 1.9
Total 69 1000 38 1000 107 100.0

x¥?= 2.03, P > 0.05 comparing males and females.

$ = standard deviation.

The prevalence of intestinal parasitosis
was similar among the stunted and the con-
trol group. The most common recovered
organisms were Entamoeba histolyrica fol-
lowed by Oxyuris species (pinworms) and
Giardia species.

Reports of school performance showed
that 10.3% of the stunted children had

dropped out of school: most of them had
failed at the third primary level. Nearly half
the children (46.3%) reported repeating
one or more school years, having to take
summer examinations to catch up for the
school year or passing their examinations
with low grades. A further 39.2% of stunt-
ed children showed good to average

Table 2 Comparison of serum leveis of haemoglobin
and micronutrients in stunted and control children

Variable Mean levels + s Pvalue
Haemoglobin (g/dL}

Stunted (r=107) 11.66:1.13

Control {n = 39) 12.30 £ 0.68 <0.01
Retinol (ug /dL)

Stunted {n=77) 43.87 £17.46

Control (r=39) 52.66 + 12.01 <0.05
a-tocopherol (ug/dL)

Stunted (n=78) 320,83 + 166.28

Control (n=39) 606.86 + 125.68 <0.001
Zine (ug/al)

Stunted (n = 57) 63.46 £ 16.78

Control (n=39) 97.38+12.33 >0.05
Magnesium (mg/dl)

Stunted (n - 54) 2.09+0.37

Control (n=39) 2.39+0.27 <0.01

s = gtandard deviation,
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Table 3 Prevalence of deficiency of the micronutrients in stunted

children
Micronutrient Children with Children with Pwvalue
deficient levels® normal levels
No. % No. %

w.-tocopherol (ug/al)

Males (n=44) 33 75.0 11 25.0

Females {n=34) 28 82.4 8 17.6

Total (n=78) 61 78.2 17 21.8 >0.05
Retinol (ug/dL)

Males (n = 43} 4 0.3 30 80.7

Females (n=234) 5 14.7 29 85.3

Total (n=77) 9 1.7 68 88.3 >0.05
Zinc {ug/dL)

Males (n =33} 8 242 25 75.8

Females (n=24) 5 20.5 19 79.2

Total (n=57) 13 228 44 77.2 > (.05
Magnesium (mg/dL}

Males (n=31} 4 12.9 27 871

Females (n=23) 7 304 16 69.6

Total (n=54) 11 204 43 79.6 > (.05

*Deficiency levels defined as follows: retinol <« 20 ug/dl, a-tocopherof < 500
ug/dl. zinc < 70 pg/dL [25). magnesium < 1.6 mg/dl 31].

achievement while a minority (4.2%) was  Discussion
very good. All the control group children . ) N
showed good to average school achieve-  Heightreflects the genetic composition of a

ment; none reported l'epeatjng a school popu]ation as well as its socioeconomic,
year. health and nutritional status [17]. The role

Table 4 Correlation between the degree of growth retardation
and serum micronutrient levels and between different
micronutrient levels in stunted children

Variable R P-value

Degree of stunting versus retinol levels 0.0488 »0.05
Degree of stunting versus a-tocopherol fevels  —0.0694 >0.05

Degree of stunting versus zinc levels 0.1851 >0.05
Degres of stunting versus magnesium leveis 0.2025 = 0.05
Serum retinol levels versus zinc levels 0.4044 <0.01
Sarum retinol ievels versus r-tocopherol levels  0.3046 <0.01
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of environment is illustrated by the im-
provements in average height shown by
popularions over the last century in both
European and non-European countries
[/8]. In developing countries, poor nutri-
tion plays a major role in the etiology of
stunting, although there is no clear consen-
sus as to which nutrients are important.
Deficiencies of energy, protein, zine and
iron have all been implicated [6]. Since
most stunted children in this study were of
normal weight-for-height, the quality of
their diet may be a more important factor
than the quantity.

In the present study 27.3% of the stunt-
ed children had skeletal manifestations of
old rickets (frontal bossing, rachitic chest
or knock knees), and 21.8% of them had a
history highly sugpestive of rickets during
the first 2 years of life. The influence of
vitamin D on bone mineralization is particu-
larly important in children during the devel-
opment of Jong bones, as bone
mineralization is an integral part of the pro-
cess of bone development [19]. Overt vita-
min D deficiency in children leads to
rickets. Sub-clinical vitamin D deficiency
may be associated with deficits in bone
mineralization in both adults and children
but the exact definition of this condition re-
mains controversial [20]. In our study the
children who had a history of rickets had
probably suffered vitamin D deficiency
during their early and late childhood. Stunt-
ing was reported during the nineteenth cen-
tury among children involved in coal
mining, probably owing to the suppressive
etfect of sunlight deprivation on skeletal
development [27].

Stunting seemed to have a relationship
to school performance. All the control
group children showed good to average
school achievement; none reported repeat-
ing a school year. However, 10% of the
stunted children reported failing at school.

All of this group repeated the third primary
year but some of them passed the fourth
with difficulty and then failed to pass the
tifth grade. This may indicate that the age
of onset of stunting in those children is ear-
ly, cccurring before the age of maximum
brain maturation. Many of the other stunted
children showed average to below average
school achievement, usually passing their
examinations with low grades. The nega-
tive effect of factors causing stunting on
the brain functions cannot be ignored in
these children and it is likely that they may
be failing to reach their full potential in
brain development. Mendez and Adair
demonstrated that moderate to severe
stunting in the first 2 years of life is associ-
ated with poor performance on cognitive
tests in late childhood [3]. Associations be-
tween height-for-age and school achieve-
ment have been found in older children
[/7]. Nearly 40% of stunted children
showed good to average achievement while
a small percentage were very good, which
suggests that brain functions can proceed
unabated even while somatic growth is af-
fected.

Goitre was visible in nearly one-fifth of
stunted children (7.8% males and 11.5%
females) compared with none of the con-
trols: figures that are higher than those re-
ported recently among schooichildren in
Caira (3 2% males and 7.9% females) [7].
The high prevalence of goitre among the
stunted children reaffirms the need to con-
finnously monitor the iodine fortification
programme that was implemented in Egypt
in 1996. Marginal iodine deficiency is asso-
ciated with short stature and its effects are
probably underestimated |22].

Mean retinol (vitamin A) levels were
significantly lower in the stunted children;
serum retinol below 20 ug/dL was present
in [1.7% of stunted children and none of
the controls. None of the children had ocu-
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lar manifestations of vitamin A deficiency.
Abd El Maksoud et al. found that the prev-
alence of rerinol deficiency among siunted
children was more than double than in nor-
mal children [23].

The mosi striking result in this study
was the higher prevalence of -tocopherol
(vitamin E) deficiency among the stunted
children (78.2%) compared with the con-
trols (25.6%). This difference was highly
significant. Rosado reported a high propor-
tion of w-tocopherol deficiency (68%)
among stunted preschool Mexican children
{24]. Vitamin E not only contributes to the
stabilization of membrane structure, but
also stabilizes active agents such as vitamin
A, hormones and enzymes [25]. Without
vitamin E, pituitary and adrenal [unctions
may be impaired as these glands may suffer
the cumulative effects of oxidation [26].
Although there was no siguificant differ-
ence in mean serum zine levels between the
stunted and the control children, 22.3% of
stunted children had levels below 70 pg/dL
compared with none of the controls. Our
results are similar to those of Rosado [24]
who found that 25% of swunted children
had low serum zin¢. Zinc deficiency pre-
sents as growth diminution, possibly as a
way of reducing the demand for zing by the
most metabolically active tissues, although
a reduction of zinc concentrations in tis-
sues and fluids is not usually seen [27].

In the present study magnesium levels
were significantly lower in stunted children
than in the cuntrols. Magnesium is a cofac-
tor in nearly all enzyme reactions requiring
ATP in the body. It also serves the impor-
tant funciions of protein formation and
DNA production. Magnesium deficiency
affects the production of the biologically
active [orm of vitamin D and thereby pro-
motes osteoporosis [28].

A highly significant positive correlation
was [uund between zine and serum retinol

levels. Zinc participates in the absorption,
mobilization, transport and metabelism of
vitamin A, most likely through its involve-
ment in protein synthesis and cellular en-
zyme functions. There is also evidence that
vitamin A affects zinc absorption and utili-
zation. Thus, fluctuation in the status of
one or both micronutrients may be expect-
cd to alter the metabolism of the other, with
functional consequences for the health of
the individual [29]. Correlations between
serum levels of a-tochopherol and retinol
were highly positive. Both these vitamins
are fat soluble and o-tochopherol maintains
the biological activity of vitamin A [25].

Among the stunted children in this
study, there was a delay in bone age by an
average of 2 years, Martorell ct al. stated
that the potential for catch-up growth in-
creases as maturation is delayed and the
growth period is prolonged [30]. However,
maturational delays in developing couniries
are fess than 2 years, only enough to com-
pensate for a smatl fraction of the growth
retardation in early childhood [30].

The prevalence of intestinal parasitosis
was similar among the stunted and the con-
trol group, hence a relationship with linear
growth retardation could not be demon-
strated.,

Conclusion

Decreased levels of several micronutrients
were associated with linear growth retarda-
tion and it is highly likely that several nutri-
ent deficiencies occur simultaneously in
stunted children. Deficiencies of nutrients
such as vitamin D, ca-tocopherol, magne-
sium and iodine may be underestimated at
these ages and there may be many others
that should be considered.
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