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Abstract

Objectives To assess iodine and iron nutritional status among
Nepalese school children.

Methods A cross-sectional, community based study was con-
ducted in the two districts, Ilam (hilly region) and Udayapur
(plain region) of eastern Nepal. A total of 759 school children
aged 6-13 y from different schools within the study
areas were randomly enrolled. A total of 759 urine sam-
ples and 316 blood samples were collected. Blood he-
moglobin level, serum iron, total iron binding capacity and
urinary iodine concentration was measured. Percentage of
transferrin saturation was calculated using serum iron and total
iron binding capacity values.

Results The mean level of hemoglobin, serum iron, total
iron binding capacity, transferrin saturation and median
urinary iodine excretion were 12.29 + 1.85 g/dl,
70.45 + 34.46 pg/dl, 386.48 + 62.48 ug/dl, 19.94 + 12.07 %
and 274.67 pg/L respectively. Anemia, iron deficiency and
iodine deficiency (urinary iodine excretion <100 pg/L) were
present in 34.5 %, 43.4 % and 12.6 % children respec-
tively. Insufficient urinary iodine excretion (urinary iodine
excretion <100 pg/L) was common in anemic and iron defi-
cient children.
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Introduction

Multiple micronutrient deficiencies continue to be the major
nutritional problem in the developing countries [1]. lodine and
iron are two essential micronutrients whose deficiencies have
adverse effects on growth and development, especially in preg-
nant women and children. Iron deficiency is the main cause of
anemia and is a frequent cause of psychomotor disorders, poor
coordination and decreased physical activity, whereas iodine
deficiency has remained as the most common cause of pre-
ventable brain damage in children worldwide [2, 3].

Nepal demographic and health survey in 2006 revealed that
iron deficiency manifested mostly as iron deficiency anemia
(IDA), has a prevalence of nearly 48 % in 659 mo-old chil-
dren of Nepal [4]. Studies by Baral et al. in 2009 and
Khatiwada et al. in 2012, reported anemia in 65.6 % adoles-
cents and 37.9 % children respectively, and a large number of
children are presumed to suffer from iron deficiency [5].
Iodine nutrition has been improving in Nepal during the past
decades.The proportion of school aged children with urinary
iodine excretion (UIE) <100 pg/L decreased from 35 % in
1998 to 19.4 % in 2007 and iodized salt supplementation
has been shown to improve iodine nutrition; yet sustainable
elimination of iodine deficiency remains to be achieved [6].

Iodine and iron deficiencies are also often found coexisting.
Extensive data from animal studies have shown that iron
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deficiency, with or without anemia, impairs thyroid metabolism
[7]. Iron status has not been described previously for Nepalese
children. Thus, considering the limited data on iron status, high
vulnerability of children towards micronutrient deficiencies,
and the reported coexistence of iodine and iron deficiencies in
many communities, the present study was conducted. School
children were enrolled randomly from the two districts of east-
e Nepal, and urine and blood samples were analyzed to assess
iodine and iron status.

Material and Methods

A community based, cross-sectional study was conducted
among children aged 6—13 y in the year 2013 in the two
districts (Ilam and Udayapur) of eastern Nepal to assess ane-
mia, iron status and iodine status by measuring children’s
blood hemoglobin level, serum iron, serum total iron binding
capacity and urinary iodine. The two districts were selected
randomly, as a representative of plain (Udayapur) and hilly
(llam) districts, from total of 16 districts in eastern Nepal. A
total of 759 children aged 6—13 y (325 and 434 from Ilam and
Udayapur respectively), whose parents gave consent were
randomly selected from different schools (5 schools in each
district) within the study districts. The authors first selected
schools (government and private) randomly from among the
list of schools in each district, and then selected children ran-
domly from each school. Children who were apparently
healthy and did not have any serious illness were enrolled.
The exclusion criteria was children taking any form of micro-
nutrient supplements. The ethical clearance for this study was
provided by the Institute Review Board of B P Koirala
Institute of Health Sciences (BPKIHS) in 2013. The study
sample size was calculated on the basis of prevalence of iodine
deficiency (approximate 15 %) and iron deficiency (approxi-
mate 35 %) among Nepalese children.

Anthopometric variables (weight, height) were noted and
casual urine samples (5-10 ml) were collected from all 759
children who participated in the study. However, venous
blood samples (3 ml) were collected only from 316 school
children, a subpopulation group made by random selection
of subjects (166 and 150 from Udayapur and Ilam, respective-
ly) from total study population. Urine samples were collected
in a sterile tight screw capped plastic vials and venous blood
was collected in the sodium EDTA tubes (1 ml) and plain vials
(2 ml). The samples were transported to the biochemistry lab-
oratory of BPKIHS maintaining cold chain. Hemoglobin was
estimated within 24 h of sample collection and urinary iodine,
serum iron and total iron binding capacity were estimated
within a week of sample collection. Cyanmethemoglobin
method was used to estimate blood hemoglobin (Hb) level
[8]. Urinary iodine excretion (UIE) was measured by using
ammonium persulphate digestion method (APDM) which is

based on the principle of Sandell Kolthoff reaction [9]. Serum
iron and total iron binding capacity (TIBC) were measured by
colorometric methods using commercial kits (Roche
Diagnostics) and transferrin saturation was calculated using
serum iron and TIBC value [10]. Children were classified as
having insufficient UIE (iodine deficiency) or sufficient UIE
on the basis of UIE cutoff of 100 pg/L [11], into anemic or
non-anemic groups on the basis of hemoglobin cutoff value
for different age groups, and into iron deficient or iron suffi-
cient groups on basis of transferrin saturation value. The he-
moglobin levels less than 11.0 g/dl, 11.5 g/dl and 12.0 g/dl
were considered as anemia for age groups 659 mo, 5-11 y
and >12 y respectively. Similarly, transferrin saturation value
less than 16 % was considered as iron deficiency condition
[12]. Data from the study were entered in MS Excel 2007 and
Statistical Package for Social Sciences (SPSS) version 11
(SPSS Inc., Chicago USA) was used for statistical analysis.
The data was expressed as mean + SD except for UIE.
Independent t test and Mann Whitney test was applied for
continuous variables at 95 % confidence level. For categorical
variables Chi square test was applied at 95 % confidence level.
Pearsons correlation analysis (for normally distributed vari-
ables) and Spearmans rank correlation analysis (non normally
distributed variables) were done for calculating correlation
among the variables.

Results

The study population comprised 759 children from rural and
urban areas of the two districts of Nepal (Ilam and Udayapur).
Children population was heterogeneous, comprising children
of different ethnicity (major castes included Brahmin, Chhetri,
Tharu, Rai/Limbu, Newar, other Terai origin and other castes),
and with different economic status. The mean age, weight and
height of study population were 9.2+ 1.9y, 24.99 £ 6.32 kg and
127.19 £ 11.7 cm respectively. Characteristics of study popu-
lation according to gender and districts are shown in Table 1.
The median UIE in total population was 274.67 pg/L. The
mean level of Hb, serum iron, TIBC and transferrin saturation
were 12.29 + 1.85 g/dl, 70.45 + 34.46 pg/dl,
386.48 £ 62.48 ng/dl and 19.94 + 12.07 % respectively in the
study sub-population. Children having insufficient UIE
(UIE < 100 pg/L, which is considered as iodine deficiency on
basis of WHO criteria) in the total population were 12.6 %
(n = 96). Anemia and iron deficiency in the study subpopula-
tion were found in 34.5 % (n = 109) and 43.4 % (n = 137)
children respectively. No significant differences in iodine sta-
tus, anemia and iron status were observed between males and
females (p = 0.51, 0.42 and 0.89 respectively) and in between
the two districts (p = 0.98, 0.51 and 0.068 respectively).
Children with UIE <100 pg/L had significantly lower Hb
(11.47 £ 1.95 g/dl vs. 12.47 + 1.78 g/dl; p = 0.001) and
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Table 1  Characteristics of the study population
Variables Population size Gender Districts
(n=1759,316)
Males Females P value Ilam Udayapur P value

Age (Years) 92+19 9.48 £ 1.94 8.9 £ 1.81 <0.001 948 +1.66 9 +2.04 <0.001
Weight (kg) 24.99 + 6.32 25.63 + 6.38 243 +6.19 0.001 26.76 = 5.97 23.67 £ 6.25 <0.001
Height (cm) 127.19 £ 11.7 128.48 + 11.98 125.79 £ 11.25 0.001 128.95 + 10.41 125.87 + 12.43 <0.001
Hb* (g/dl) 1229 £ 1.85 12.35 £ 1.83 12.23 £1.88 0.65 12.26 £ 1.77 12.33 £1.92 0.572
Serum iron* (pg/dl) 70.45 + 34.46 70.94 £ 34.8 69.8 + 34.1 0.72 76.27 £ 36.15 65.19 £ 32.05 0.003
TIBC* (ng/dl) 386.48 + 62.48 384.6 £ 62.5 388.72 £ 62.6 0.572 376.64 £ 61.38 39537 £ 62.32 0.011
Transferrin saturation® (%) 19.94 + 12.07 202 +12.28 19.62 + 11.86 0.66 22.07 £12.72 18.01 £ 11.15 0.002
UIE (pg/L) 274.67 283.87 258.58 0.259  282.62 268.02 0.867
Anemia status*®

Anemic 345 % (n=109) 32.6% (n=156) 368% (n=2753) 042 327% (m=49) 36.1 % (n=60) 051

Non-anemic 65.5 % (n=207) 67.4% (n=116) 63.2 % (n=91) 67.3 % (n = 101) 63.9 % (n = 106)
Iron status*

Iron deficient 434 % (n=137) 43.0%n="74) 43.8% (n=063) 0.89 380% (n=57) 482 % (n=280) 0.068

Iron sufficient 56.6 % (n=179) 57.0% (n=98) 563 % (n = 81) 62.0 % (n=93) 51.8 % (n = 86)
Iodine status

Todine deficient 126 % (n=96) 11.9% n=47) 135%n=49) 051 126 % (n=41) 12.7% n =55 098

Iodine sufficient

87.4 % (n = 663) 88.1 % (n=348) 86.5 % (n = 315)

87.4 % (n=284) 87.3 % (n=379)

The data is expressed as mean + SD (except for UIE) and percentage (number). Sample size for the variables age, height, weight, UIE and iodine status is
759, and for variables Hb, serum iron, TIBC, transferrin saturation, anemia status and iron status sample size is 316. Asterik (*) indicates the value is for

sample size 316. P value was calculated at 95 % confidence interval

transferrin saturation (13.44 + 8.97 % vs. 21.34 £ 12.21 %;
p < 0.001) than those with UIE >100 pg/L. Anemic children
had significantly lower serum iron (39.16 + 18.9 pg/dl vs.
86.93 + 28.94 ug/dl; p < 0.001), higher TIBC
(436.83 £ 48.9 pg/dl vs. 359.97 + 51.66 pg/dl; p <0.001) and
lower transferrin saturation (9.56 + 6.44 % vs. 25.4 £ 10.68 %;
p <0.001) than non-anemic children. Anemia was significantly
common in iron deficient (72.26 %, n = 99) than iron sufficient
children (5.6 %, n = 10) (p < 0.001). Iron deficiency, with and
without anemia was present in 31.3 % (n = 99) and 12.0 %
(n=38) children respectively. The relative risk for iron deficien-
cy in anemic children was 12.93 (95 % CI: 7.02-23.83;
p < 0.001) and the relative risk for anemia in iron deficient
children was 4.94 (95 % CI: 3.68-6.63; p < 0.001).
Hemoglobin (Hb) had significant positive correlation with

serum iron (# = 0.576, p < 0.001) and transferrin saturation
(r=0.565, p <0.001) and significant negative correlation with
TIBC (r =—0.483, p < 0.001).

Median UIE and iodine status in anemic and iron deficient
children is shown in Table 2. In the subpopulation of 316 chil-
dren, 17.72 % (n = 56) had UIE <100 pug/L. Iodine deficiency
in anemic and iron deficient children was 30.27 % (n = 33) and
26.27 % (n = 36) respectively. Median UIE was significantly
different among iron deficient and iron sufficient chil-
dren (p = 0.007) and among anemic and non-anemic
children (p < 0.001). UIE had significant positive cor-
relation with Hb (»=0.313, p <0.001), serum iron (» = 0.136,
p = 0.016) and transferrin saturation (» = 0.126, p = 0.025),
and weak negative correlation with TIBC (» = —0.107,
p =0.057).

Table 2 Median urinary iodine excretion and iodine status in the anemic and iron deficient children

Variables Population (n = 316) Anemia status Iron status
Anemic Non-anemic P value Iron deficient Iron sufficient P value
Median UIE (pug/L) 256.8 212.39 283.62 <0.001 243.46 258.02 0.007
Iodine status
lodine deficient  17.72 % (n = 56) 10.44 % (n = 33) 7.27 % (n = 23) <0.001 1139 % (n=36) 632 % (n=20) <0.001

Iodine sufficient  82.27 % (n = 260)

24.05 % (n=76) 5822 % (n = 184)

31.96 % (n = 101)  50.31 % (n = 159)

UIE is expressed as median and number as % (n). P value was calculated at 95 % confidence interval
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Discussion

Micronutrient deficiencies especially affect the population in
the growing phase. These deficiencies often co-exist along
with other macronutrient and vitamin deficiencies [13]. The
authors studied two important micronutrients, iodine and iron
and their coexisting deficiencies in Nepalese children. The
study revealed that 34.5 % and 43.4 % children in eastern
Nepal have anemia and iron deficiency respectively.
Non-iron deficient and non-anemic, iron deficient but
non-anemic, and iron deficient and anemic children were
53.48 %, 12.02 % and 31.32 % respectively in the study pop-
ulation. Though previous data are unavailable for iron defi-
ciency in Nepalese children, yet iron deficiency is considered
to be highly prevalent in Nepal, especially among young chil-
dren, pregnant women and teenage girls [14]. In a previous
study done by authors’ team in eastern Nepal in 2012, anemia
was observed in 37.9 % children, which is slightly higher than
the current finding [5]. In one study in children aged 4-17 mo
of South Central Nepal, Siegel et al. reported that 58 % chil-
dren have anemia and 43 % have iron deficiency anemia [15].

The median UIE in the present study was 274.67 ug/L,
which indicates that children have more than adequate iodine
nutrition. Universal salt iodization program has been much
successful in decreasing iodine deficiency throughout the
country. Latest report shows that 85 % of households in east-
ern Nepal consume adequately iodized salt with mean iodine
level 0f 37.45 ppm [16]. A study in eastern Nepal reported rise
in median UIE after iodized salt supplementation [6]. The
present median UIE is higher than in the previous study con-
ducted by authors’ team in 2012 in Terai regions of eastern
Nepal, where median UIE was reported to be 226.33 ng/L.
High iodine intake as shown by increased median UIE can
cause iodine induced hyperthyroidism in children [17]. The
authors found insufficient UIE in 12.6 % children, which is
similar to their previous study results in Terai region, where
iodine deficiency was observed in 12.7 % children [17]. The
present findings show good improvement in iodine nutrition
than shown by National Survey in 2007, which has found
19.4 % children iodine deficient across the whole country
[6]. Intricate balance of iodine intake is necessary to maintain
optimum iodine nutrition, because both excess and inadequate
intake of iodine have harmful effects on thyroid function [17].

The present findings suggest that anemia and iron deficiency
are more common in females than males, and in Terai region
than hilly region. Anemia and iron deficiency were found in
36.1 % and 48.2 % children respectively in plain district
(Udayapur) as compared to 32.7 % and 38 % children respec-
tively in hilly district (Ilam). Dreyfuss et al. reported that high
prevalence of hookworms, malaria and vitamin A deficiency
are associated with anemia and iron deficiency in the plains
(Terai) regions of Nepal [18]. The authors observed iron defi-
ciency in 90.82 % of anemic children, and anemic children had

low serum iron and transferrin saturation, and high TIBC.
Anemic children had about 13 times more risk of having iron
deficiency than non-anemic children. This suggests that iron
deficiency is the most common cause for anemia in Nepalese
children. Since iron deficiency anemia is the outcome of
prolonged iron deficiency, the present finding of majority of
iron deficient children (72.26 %) having anemia suggests that a
large part of iron deficient population had already suffered from
chronic iron deficiency [12]. In Nepal, only 32 % of pre-school
children and 29 % of pregnant women were found to consume
an adequate amount of iron to fulfill their daily requirements
[14]. Globally, the most common cause of anemia is believed to
be iron deficiency due to inadequate dietary iron intake, greater
physiologic demands and iron losses due to parasitic infections.
Other prevalent causes of anemia include malaria, chronic in-
fections and nutritional deficiencies of vitamin A, folate and
vitamin B12. The relative contributions of these causes of ane-
mia and iron deficiency vary by sex, age and population and are
not well described in many populations including Nepal [18].
While, anemia is the outcome of prolonged iron deficiency,
iron deficiency without anemia also has severe effects on
child’s physical and mental development [12].

In the present study, the authors observed significant asso-
ciation of UIE with Hb and iron status indicators which has
not been reported in earlier studies. They found iodine defi-
ciency to be more common in anemic and iron deficient chil-
dren than in non-anemic and iron sufficient children. Since,
iron is constituent of many enzymes involved in iodine me-
tabolism, coexisting iron deficiency may further deteriorate
thyroid hormone synthesis. Iron-deficiency anemia also blunts
the efficacy of iodine supplementation [7, 19].

Conclusions

The present study shows high prevalence of anemia and iron
deficiency and more than adequate iodine nutrition in
Nepalese children. Low urinary iodine excretion was associ-
ated with anemia and iron deficiency. Further studies are re-
quired to examine the effects of iron deficiency on iodine
status in children.
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