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Abstract

Both iodine deficiency (ID) and anemia have been known
as health problems for decades, especially in underdeveloped
and developing countries including Egypt. International
recommendations urged all countries to eradicate iodine
deficiency through implementation of salt iodization.
Awareness about anemia and its consequences for the health
and development of women and children has increased in the
past few decades. In Egypt, measures applied to combat iodine
deficiency through salt iodization and combat anemia through
iron fortified school meal are running for more than 20 years.
We aimed to evaluate ID and anemia status in Egyptian children
in rural and urban communities. The study group consisted of
201 Egyptian children of both sexes with mean age 78.24 +
25.01 months. children were recruited from two different
communities: urban (90 children) and rural (111 children).
Study subjects were subjected to medical history recording and
clinical examination, determination of blood hemoglobin and
urinary iodine measuring. The mean levels of urinary iodine
concentrations (UIC) of the studied groups were within normal
accepted values (> 100-199 pg/L). Statistical difference
between urban and rural communities was highly significant
(p=0.0007). Median UIC of total group was 150.65 pg/L. The
% of anemia of the study group was 42.05%. It was higher in
rural (47.62%) compared to urban area (35.56%). Yet, the
difference wasn’t significant. Moderate and severe anemia
degrees were more prevalent in rural compared to urban area
with significant difference (p=0.0436).

In Egypt, the objectives of the salt iodization program could be
considered as met at the national level, we can regard it as
iodine deficiency disorder free country. In Egypt, anemia is still
a health problem that needs national intervention program and
continuous follow up. Monitoring of anemia is critical and
prevention of ID in early childhood should remain a public
health priority.

Keywords: Anemia; Children; lodine Deficiency; Rural; Salt
lodization Program; Urban

Introduction

Both iodine deficiency (ID) and anemia have been known
as health problems for decades, especially in underdeveloped
and developing countries including Egypt. lodine deficiency
hinders growth and cognitive development. It is the single
greatest cause of preventable mental impairment in the world
[1]. In 1990, the World Summit for Children called for the
elimination of iodine deficiency disorders (IDD) by the year
2000. After four years (1994), the Joint UNICEF/WHO
Committee on Health Policy urged all countries to adopt and
implement universal salt iodization (USI) [2]. In low-income
countries, the proportion of households consuming iodized salt
increased from 20% in 1990 to 70%, by 2000 and has expanded
to 88% in 2019 [3]. Urinary iodine concentration (UIC), which
is a quantitative and sensitive biochemical indicator, can assess
the full range of population iodine status [4]. The median
urinary iodine concentration (MUIC) value allows for the
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classification of countries as having optimal iodine nutrition,
IDDs, or iodine excess [5]. In the global burden of disease
(GBD) 2019; anemia was defined as decreased blood hemoglobin
concentrations irrespective of the underlying cause, red blood
cell morphology or red blood cell function [6].

The thresholds used to define individuals as anemic, and the
anemia severity thresholds are based on WHO thresholds for
hemoglobin in g/L [7]. Anemia, or low hemoglobin concentrations,
adversely affects cognitive and motor development and causes
fatigue and low productivity [8]. Symptoms of anemia are diverse
and can include fatigue, weakness, headedness, headache, pallor,
tachycardia, palpitations, chest pain, dyspnea, and cold distal
extremities or claudication. These signs and symptoms vary in
prevalence and magnitude [9]. Awareness about anemia and its
consequences for the health and development of women and
children has increased in the past few decades. In 2012, the 65™
World Health Assembly approved an action plan and global
targets for maternal, infant, and child nutrition, with a
commitment to halve anemia prevalence in women of
reproductive age by 2025, from 2011 levels [10].

Oftentimes anemia is not evaluated or managed adequately.
It is routinely listed as a freestanding diagnosis; however, it is
in fact a clinical sign indicating the presence of an underlying
cause [9]. We aimed to assess the efficacy of salt iodization
program for eradication of iodine deficiency and assess changes
in anemia levels through twenty years for children living in both
urban and rural communities in Egypt.

Subjects and Methods

Study subjects

The total study group consisted of 201 Egyptian children of
both sexes with mean age 78.24 + 25.01 months. Table (1)
represents age, weights, and heights, calculated body mass
index, height for age z-score (HAZ) and weight for age z-score
(WAZ) of the studied children.

The participating children were recruited from two different
communities; the first is urban at Giza city (90 children), while
the second from EI-Nowira village which belongs to the rural
Beni-Suef governorate (111 children). The distance between
the 2 governorates is 200 kilometers. Children below 60 months
of age were recruited from morning care centers, while the older
children were attending primary schools. Data of each subgroup
(Giza and Beni -Suef) are illustrated in Table (1).

The age and sex of each child were obtained from the birth
certificate; body weight and standing height measurements were
taken, while the child was with light clothes and barefooted. Based
on the data of age, sex, body weight, and height for each child,
the respective nutritional indices of physical growth namely
weight for age z- score (WAZ) and height for age z- score
(HAZ) were computed using the EPI-INFO software program
[11]. The child whose WAZ score measures below (-2.0) was
underweight for his age. The child whose HAZ was below (-
2.0) from the WHO child growth standards reference population
was considered short for his age or stunted [12].

Body mass index (BMI) was calculated as weight (Kg)
divided by square height (meter). Children with marked stunting or
under nutrition were excluded.

Inclusion criteria: Acceptance of child’s mother or caretaker
to participate in the study and signing approval certificate.
Clinically healthy children who are free of chronic health
problems or marked stunting or underweight were only included.

Item All children Study community
Al-Giza (urban) Beni-Suef (rural)
Number 201 90 111
Males / females 100/101 44 /46 56 /55
Age (mo) range 34.04-137.0 34.04 - 118.08 34.42 - 137.00
X+SD 78.24 £ 25.01 77.44 £ 24.24 78.68 + 25.70
Weight (Kg) range 13.0 - 50.0 13.50 - 30.0 13.0 - 50.0
X +S.D 21.90 £ 6.20 20.80 £ 4.21 23.0+£7.30
Height (cm) range 80.0 - 139.0 91.0-133.0 80.0 - 139.0
X+SD 113.1 + 13.08 113.7+£12.25 113.0+£14.0
BMI range 13.88 - 37.50 13.88 - 19.20 13.89 - 37.50
X+SD 16.92 + 2.43 15.99 £ 1.20 17.68 + 2.88
HAZ range -3.45-2.96 -2.41-1.48 -3.45-2.96
X+SD -0.87 £ 0.91 -0.78 = 0.68 -0.94 +1.05
WAZ range -2.64 - 2.85 -1.45-1.72 -2.64 - 2.85
X+SD -0.08 = 0.96 -0.10 £ 0.75 -0.08 £ 1.10

Table 1: represents age, gender, and anthropometric data of the study subjects.
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Methods

Sample size was calculated using confidence interval 7.19,
according to the research mediated by Madani et al (2022) [13],
and confidence level 95%. By applying survey system program
for sample size calculation [14]. Accepted sample size is 186.

Studied children were subjected to the following:
1- Medical history was recorded, and clinical examination

was mediated by pediatrician to exclude any child
complaining of chronic or debilitating disease.

Results
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2- Determination of blood hemoglobin was done by the
cyanmethemoglobin method [15]. The degree of
anemia was determined by age according to WHO
classification. Total anemia was defined according to
WHO cut off points of hemoglobin less than 110 g/L
for children younger than 5 years and severe anemia
as hemoglobin less than 70 g/L for children younger
than 5 years [10].

3- Urinary iodine concentration was measured according
to the method of Sullivan (2000) [16].
4- Statistical analysis was mediated using two-sample t-

test to compare means of groups and CHI square test
was used for quantitative data analysis. P< 0.05 was
considered significant.

180
160 150.78

Mean urinary iodine (pg/ L) at study sites

142.51

Total Giza Beni-Suef
Study sites

B Mean

Figure 1: Mean UIC (/L) of the studied children and subgroups.

Figure (1) illustrates the mean of UIC (ug/L) of the studied between Giza and Beni-Suef was highly significant

children and subgroups. All groups show levels of UIC within
normal accepted values (> 100 - 199 pg/L). Statistical difference

(p=0.00007). Median UIC of total group was 150.65 ug/L, That
of Giza was 158.2 pg/L and Beni-Suef was 138.11 pg/L.

Item All children No (%) | Giza No (%) | Beni-Suef No (%)
Norm 113 (57.95%) 58 (64.44%) 55 (52.38%)
All anemia 82 (42.05%) 32 (35.56%) 50 (47.62%)

Degree of anemia

Mild 30 (36.59%) 16 (50.0%) 14 (28.0%)
Mod 40 (48.78%) 16 (50.0%) 24 (48.0%)
Severe 12 (14.63%) 0.0 12 (24.0%)

Table 2: Data of anemia % and anemia degrees’ distribution of studied groups.
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Figure 2:

% of anemia at study sites.
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Figure 3: Distribution of degrees of anemia for study sites.

Table (2) and figures (2 & 3) represent % prevalence of
anemia and anemia degrees’ distribution of the studied groups.
Difference of anemia prevalence between Giza and Beni-Suef
was not significant (p= 0.0889).

The % of anemia of the study group was 42.05% which is
still high. It's higher in Beni-Suef (47.62%) compared to Giza
(35.56%). Yet, the difference wasn’t significant. Moderate and
severe anemia degrees were more prevalent in Beni-Suef
compared to Giza with significant difference (p=0.0436).

Discussion

lodine is an essential trace element required for normal
thyroid hormones activity. Both insufficient and excessive iodine
intake can cause thyroid-hormone disorders [2]. lodine deficiency
hinders growth and cognitive development. It is the single

greatest cause of preventable mental impairment in the world
[17]. Urinary iodine concentration (UIC) is a quantitative and
sensitive biochemical indicator that can assess the full range of
population's iodine status. The median UIC (MUIC) value,
allows for countries' classification as having optimal iodine
nutrition, iodine deficiency disorders (IDDs), or iodine excess
[2]. Using the criteria from WHO/UNICEF/ICCIDD, iodine
status is identified based on the median UIC, where the median
UIC <= 99 pg/L is considered insufficient, 100-199 pg/L is
adequate, 200-299 pg/L is more than adequate and >300 pg/L
is considered excessive [18]. In 1990, the World Summit for
Children called for the elimination of IDDs by the year 2000.
After four years (1994), the Joint UNICEF/WHO Committee
on Health Policy urged all countries to adopt and implement
universal salt iodization (USI) [2]. In low-income countries, the
proportion of households consuming iodized salt increased
from 20% in 1990 to 70%, by 2000 and has expanded to 88%
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in 2019 [3]. Universal Salt lodization (USI) is globally accepted
as the most cost-effective public health strategy for the
prevention and control of IDD [19]. USI has been implemented
in more than 120 countries worldwide, and many of them have
successfully eliminated IDD or made substantial progress in
their control [20]. After 18 years of salt iodization program
more detailed studies are still needed to confirm that all
communities are equally protected of IDD [21]. Implementation of
USI programs (between 1993 and 2019) for 129 countries with
a total population of 5.1 billion in 1993 and 139 countries with
a total population of >7.1 billion in 2019 showed that there has
been a dramatic decline in the number of countries classified as
iodine deficient from 116 countries in 1993 to 19 in 2019. This
estimates the impact over the past 25 years toward the global
elimination of severe iodine deficiency, primarily through USI
program [5]. Salt iodization in Egypt started in 1996. It is now
implemented according to mandatory legislation for iodization
of household salt and of salt used in the baking industry
(Specification No. 2732-1/2005 issued by the Egyptian
organization of standardization and quality). Regulations state
that salt should be iodized at the level of 30-70 mg/kg potassium
iodate (KI103), equivalent to approximately 18-41.5 mg/kg
iodine [17]. Published data before the implementation of salt
iodization in the New Valley governorate showed that the mean
UIC among children was 76+ 50 /L and those having UIC
<100 WL were 76% [22]. A more recent study mediated in
South Sinai after USI implementation defined 57.9% of the
children having UIC <100 w/L, among them 20.12% were <50
W/L [23]. Present results showed nearly complete eradication of
ID with mean Urinary iodine150.78+ 28.29 ug/L The difference
between urban and rural communities was significant (p< 0.001).
MUIC was 150.65 pg/L for the studied group. MUIC for urban
and rural subgroups were 159.2 pg/L and 138.11 pg/L
respectively.

The objectives of the USI program could be considered as
met at the national level, with reference to the adequacy criteria
of a median in the 100 pg/L to less than 300 pg/L range, which
define acceptable iodine status at population level. Additionally,
UIC criteria regarding the “IDD free country” certification was
met [24]. Results of USI were inconsistent in different countries,
many of the became ID free as Tunisia [20] which is comparable to
the low rates observed in the American continent [20]. In China,
there was a dramatic decrease in 1D but MUIC rose to 330 pg/L
in 1997 and became 306 pg/L in 1999 [25]. Some African
countries and East Mediterranean countries still have high %
children with low UIC levels, 41.4%, and 48.8%, respectively
[26].

Anemia, or low concentrations of blood hemoglobin, affects
cognitive and motor development adversely and causes fatigue
and low productivity [8]. Oftentimes anemia is not evaluated or
treated adequately. It is usually listed as freestanding [9]. The
sustainable development goals for 2030 created by the United
Nation organization in the year 2015 imply that each of the 193
member states should do substantial efforts and undertake

actions to reduce stunting, wasting and anemia (indicators of
hunger) by 50 % by the year 2030 (SDG, 2030) [27]. Periodic
evaluation of anemia prevalence at global and national levels
was recorded throughout the last decades to assess improvement in
anemia management. Global mean hemoglobin improved
slightly between 1995 and 2011, from 109 g/L to 111 g/L in
children. Anemia prevalence decreased from 47% (43-51) to
43% (38-47) in children. This prevalence translated to 273
million children with anemia in 2011 [10]. In 2019, there were
1.8 billion prevalent cases of anemia across the world, which is
13.4% lower than in 1990 (the world population was estimated
to be 5.35 billion in 1990 and 7.74 billion in 2019) [6]. The
global number of prevalent cases of anemia increased from 1.4
billion in 1990 to 1.8 billion in 2019. South Asia, East Asia, and
Southeast Asia experienced the largest number of prevalent
cases in 1990, while the highest in 2019 was found in South
Asia, Western Sub-Saharan Africa, and Eastern Sub-Saharan
Africa [6]. Many studies for the estimation of prevalence of
anemia in Egyptian children were mediated. In EI- Fayoum
during 2011- 2012 iron deficiency anemia was found in 64% of
studied children (20% mild, 41.7% moderate, and 2.3% severe)
[28]. In South Sinai, 1832 children were tested for anemia,
37.7% of children had mild to moderate degrees of anemia [29].
One more recent study recorded data of 33150 children
distributed in diverse geographical districts, anemia was
diagnosed in 26% of them [30]. In the present work prevalence
of anemia was 42.05% of the studied children. Mild, moderate,
and severe anemias were 36.59%, 48.78 and 14.63%; respectively.
Prevalence among rural children was 47.62% which is higher than
that of children living at urban communities which were
35.56%. The prevalence of mild, moderate, and severe anemias
among rural children was 28.0%, 48.0%, and 24.0%; respectively.
The corresponding values for urban children were 50.0%,
50.0%, and 0.0%. In China, the mean blood hemoglobin increased
among children and adolescents, from 135.2 + 13.9¢/L in
CNNHS at 2002 to 141.2 + 15.8 g/L in CNNHS at 2010-2012,
the prevalence of anemia decreased from 12.6% to 6.6% (p <
0.0001) [31]. The anemia prevalence of Chinese SAC in
primary schools was 4.4%. Among children with anemia,
(53.5%) had mild anemia, 45.3% had moderate anemia, 1.2%
had severe anemia). There were significant differences in
children’s anemia between urban and rural areas (p < 0.01).
Anemia prevalence of urban children was 3.5% compared to
rural children (5.0%) [32]. In US, the prevalence of anemia
among children 1-5 years using data from 2007-2010 National
Health and Nutrition Examination Survey (NHANES) was
3.2%. This analysis provides an update on the prevalence of
anemia for a representative sample of US children. Little
change in this indicator was observed over the past decade [33].
In Ethiopia, the overall pooled prevalence of anemia among
children was 34.4%. One in three children was anemic in
Ethiopia [34]. In developing countries, about half of children
are estimated to be anemic, and it is prevalent in sub-Saharan
African Countries as Kenya 48.9% [35], Mali 55.8% [36], and
Tanzania 79.6% [37]. The report of the Ethiopian Demographic
and Health Survey (EDHS) at 2016 stated that more than half
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(57%) of Ethiopian children aged 6-59 months have anemia,
which is higher than that reported in EDHS 2011 (44%). The
EDHS 2016 report showed also that mild, moderate, and severe
anemia were 25%, 29%, and 3%, respectively. Children in rural
areas are at higher risk of anemia than children in urban areas
(58% vs 49%) [38]. In Saudi Arabia, the prevalence of anemia
was 27.2% (40/147) in children (age 7-11 years) [13].

Conclusion

In Egypt, the objectives of the salt iodization program could
be considered as met at the national level, we can regard it as
iodine deficiency disorder free country. In Egypt, anemia is still
a health problem that needs national intervention program and
continuous follow up. Monitoring of anemia is critical and
prevention of ID in early childhood should remain a public
health priority.
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