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Abstract: Iron deficiency anemia is still common in children under five years of age and 
may impair their growth and cognitive development. Diarrhea is the second most common 
reason for seeking medical care for young children in Nepal. However, neither screening 
programs nor effective preventive measures for anemia and iron deficiencies are in place 
among children with diarrhea in many developing countries. The aims of this study were to 
determine the prevalence of anemia and iron deficiency and explore their associations with 
clinical, socioeconomic, and anthropometric parameters in Nepalese children. This was a 
cross-sectional study based on 1232 children, six to 35 months old, with acute diarrhea 
participating in a zinc supplementation trial. The mean (SD) hemoglobin was 11.2 g/dL 
(1.2). Anemia was found in 493 children (40%); this estimate increased to 641 (52%) when 
we adjusted for the altitude of the study area (hemoglobin <11.3 g/dL). One in every three 
children had depleted iron stores and 198 (16%) of the children had both depleted iron stores 
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and anemia, indicating iron deficiency anemia. The prevalence of anemia among children 
presenting with acute diarrhea was high but the degree of severity was mainly mild or 
moderate. Iron deficiency explained less than half of the total anemia, indicating other 
nutritional deficiencies inducing anemia might be common in this population. 
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1. Introduction 

Iron deficiency (ID) is still a common nutritional deficiency in developing countries responsible for 
more than 50% of total anemia cases in children under 5 [1]. Iron deficiency anemia (IDA), which is a 
severe form of ID, is associated with impairment of motor development and cognitive performance, as 
well as fatigue, sleep disturbance, irritability, and poor memory and school performance [2–4]. Clinical 
or subclinical inflammation may also cause anemia, which is common among children in resource-poor 
settings [5,6]. An optimal balance of iron in our body is essential and both excess and deficiency may 
be harmful [7]. Thus, more population-based information on iron status data is warranted for the 
development of an effective nutritional program to combat ID [7]. 

Children, particularly young ones, are more susceptible to anemia and ID because of high iron 
requirements during growth, low intake of iron from complementary foods, and frequent episodes of 
infection [8]. Breast milk contains relatively low levels of iron but it is readily absorbable and sufficient 
for infants up to six months of age [9–11]. However, a longer duration of breastfeeding may increase the 
risk for ID [12,13]. Extra iron is required from six months of age onward, either from complementary 
foods or as a supplement [14]. A traditional Nepali diet and Nepali complementary foods are usually 
monotonous cereal (rice) based and contain very few nutrients from animal sources [15]. In the last national 
survey of 2011 among children under 12 months, only about 13% were reported as having consumed 
iron-rich foods (meat, fish, poultry, or eggs) in the previous 24 h [16]. Grains, in particular rice, which 
provides most of the total calories in the diet, contain low bioavailable iron and high phytate, which 
interferes with iron absorption [15,17]. The absorption of bioavailable iron of foods depends not only on 
its actual content but also on vitamin C, the amount that is bound to heme iron, and also on the status of 
body iron stores. 

Due to its simplicity of use in field settings and low cost, anemia detected by only hemoglobin (Hb) 
measurement has been widely used as a proxy for detection of ID and IDA [14]. Although ID is a major 
cause of nutritional anemia in developing countries, deficiencies of other nutrients like vitamin A, C, 
B9, B12, vitamin D, and zinc as well as toxicity of lead may also cause anemia [18–21] and Hb alone is 
a poor predictor for detection of iron status [22,23]. Moreover, the detection of anemia and ID may be 
obscured due to clinical or sub-clinical infections and concomitant multiple micronutrient deficiencies, 
which are common in developing countries [24]. 

In Nepal, there is not a regular screening program for anemia and ID in children and population-based 
data on anemia, including ferritin concentration in children, are still scarce. Detection of anemia is 
usually done when a child is attending a health center for other illnesses. Diarrhea is, after fever, the 
main presenting symptom in young Nepali children visiting health centers [16]. This paper focuses on 
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the prevalence of anemia and iron deficiency and explores their associations with socioeconomic and 
anthropometric parameters in children of 6–35 months old with acute diarrhea, who were taking part in 
a zinc intervention trial in Bhaktapur, Nepal during June 1998–September 2000. The main outcomes of 
this trial have been published elsewhere [25,26]. 

2. Experimental Section 

2.1. Study Area and Recruitment Procedure 

The study participants were residents of Bhaktapur municipality, which is a semi-urban city in 
Kathmandu valley. Bhaktapur is situated approximately 1400 m above sea level. There are approximately 
80,000 inhabitants in Bhaktapur municipality and most people have agriculture as their main occupation. 
The municipality is one of the most densely populated areas in Nepal with 11,058 people per sq km [27]. 
The houses are mostly attached to each other and made of brick and mud. Most of the traditional residents 
of Bhaktapur (80%) belong to the Newar ethnic group and are non-vegetarian but consumption of meat 
products is infrequent and usually only when there are local festivals or celebrations. Local vegetables 
including leafy green vegetables are abundant during seasons, and are usually grown on their own land. 
The main sources of income are daily wage earning, selling of agricultural products, self-employment 
in small scale businesses, and service in government or private sector. The study had ethical clearance 
from the institutional review board, Institute of Medicine, Kathmandu, Nepal and the Human Research 
Ethical Committee of the Medical Faculty at the University of Bergen. 

This was a cross-sectional study where we collected blood samples between June 1998 and September 
2000 from 1792 children. Children aged six to 35 months with acute diarrhea were recruited through 
weekly surveillance or spontaneous visits to a field hospital. This was the only pediatric hospital in the 
community and during the study period we had regular weekly household surveillance visits so we 
believe that we picked up most of the diarrheal illness in the community. Anemic children got extra attention 
from a study physician and, if required, were treated with iron and anti-helmenthic drugs according to 
the national guidelines. 

2.2. Data Collection 

We weighed the children with minimal clothes at enrollment using a scale with 100 g sensitivity 
(Salter, SECA, Hamburg, Germany) and measured length or height using a locally made wooden board, 
which read to the nearest 0.1 cm. We collected baseline blood from the cubital vein into heparinized 
polypropylene tubes (Sarstedt, Nümbrecht, Germany) irrespective of feeding status. The Hb concentration 
was analyzed immediately after blood collection with HemoCue (Ångelholm City, Sweden) according 
to the manufacturer’s guidelines. The heparinized blood was centrifuged for 10 minutes and plasma was 
separated. The specimens were transported to Norway on dry ice and stored at −70 °C for 3–4 years before 
analysis. The plasma ferritin and C-reactive protein (CRP) were analyzed by a turbidimetric immunoassay 
(Tina-Quant, Roche, Mannheim , Germany) on a Hitachi 917 (Tokyo, Japan) at the Laboratory of Clinical 
Biochemistry, Haukeland University Hospital in Bergen, Norway. We analyzed Hb from 1419 children 
as Hb measurement was not possible in the first ~300 enrollments because of logistical problems. Some 
of the samples did not contain enough volume to obtain reliable estimates of ferritin and CRP concentration. 
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The analyses and statistical tests were thus based on the 1232 children for whom results for CRP, ferritin, 
and Hb are available. 

2.3. Definitions 

According to the WHO, Hb concentration <11 g/dL in younger children is defined as anemia and 
severe anemia when Hb was lower than 7 g/dL [14]. The Centers for Disease Control (CDC) have developed 
altitude-specific adjustment of Hb to get a proper diagnosis of anemia for people residing at a higher 
altitude like in Bhaktapur (1400 m) [28]. We therefore also reported data based on an altitude-adjusted 
cutoff (Hb <11.3 g/dL). Depleted iron stores was defined as plasma ferritin <12 μg/L [14]. Plasma ferritin 
concentrations are highly vulnerable to change during infection or inflammation [29]. Thus, we also 
presented our analyses that include ferritin in children with CRP <10 mg/L. IDA was considered when 
anemia was associated with depleted iron stores and possible anemia due to other causes was considered 
when it was not associated with depleted iron stores. Definition of diarrheal illnesses and categorizations 
of dehydration were done according to the WHO/IMCI guidelines [30]. 

2.4. Statistical Analysis 

The Hb concentrations were symmetrically distributed. The distribution of plasma ferritin was skewed 
towards higher values. The descriptive statistics included means, medians, interquartile ranges, and 95% 
confidence intervals as appropriate. Student t-test or Chi-square tests were used to determine the 
difference between Hb and ferritin with clinical or other baseline features. Anemia and depleted iron 
stores were used as dependent variables in crude and in multiple logistic regression analyses to determine 
its relation with other variables. As we enrolled children with acute diarrhea, possible confounding factors 
like the baseline number of diarrheal stools and dehydration as well as CRP concentration were adjusted 
in the multiple regression analyses. Based on their associations and relevance, a total of five variables (age 
of child, stunting, numbers of stool >10 times, family ownership of land, and birth order) were selected 
for the final model in the logistic regression analyses. We considered p-values of less than 0.05 to 
represent statistical significance. The z-scores of weight for age, length, or height for age were calculated 
using the WHO growth chart [31]. The statistical analyses were undertaken using Stata®, version 10.1 
(STATA Corp, Houston, TX, USA). 

3. Results and Discussion 

3.1. Baseline Features and Association with Hb and Ferritin Concentration 

A total of 1792 children were enrolled in the study and analysis of Hb and ferritin was based on 1232 
children. The mean age was 15.4 months (SD 7.7) and 40% (n = 494) were infants (Table 1). Overall, 
85% children were still breastfeeding at the time of enrolment but almost all (99%) infants below one 
year of age were breastfeeding. About half of the total children (n = 634) were from joint families. The 
age of the mothers of the enrolled children ranged from 17 to 45 years (mean ± SD = 25 ± 4.6) and 16%  
(n = 201) were 20 or younger. Nearly half of the children’s mothers (n = 599) had no formal education 
and another 20% (n = 241) had just primary level or informal education. Most of the women (n = 665) 
were not engaged in any formal job but one in every three spent more than 5 h per day working away 
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from home, particularly in agricultural work. Although most of the children (95%) below one year of 
age were introduced to semi-solid foods, particularly rice, only one-third of parents reported giving 
animal or formula milk to their children. 

Table 1. Baseline characteristics among children evaluating for anemia and iron deficiency 
in Bhaktapur, Nepal 1. 

Characteristics n = 560 n = 1232 
Mean age, months (SD) 15.7 (7.8) 15.4 (7.7) 
Male child 308 (55) 684 (55) 
First-born child 220 (39) 471 (38) 
Mean number of loose stools 24 h prior to enrolment (SD) 9.3 (4.3) 8.7 (3.9) 
Some dehydration 2 90 (16) 118 (10) 
Stunted (<−2Z length for age) 187 (33) 341 (28) 
Wasted (<−2Z weight for length) 127 (23) 271 (22) 
Underweight (<−2Z weight for age) 279 (50) 565 (46) 
Breast feeding infants 3 225 (96) 491 (99) 
Infants introduced to animal or formula milk 3 93 (40) 158 (28) 
Infants introduced to solid or semisolid foods 3 211 (91) 524 (95) 
Family having drinking water from a tap 535 (96) 1175 (95) 
Family having toilet 544 (97) 1175 (95) 
Cemented household 126 (24) 296 (24) 

1: Values are n (%), unless otherwise mentioned. Baseline characteristics were compared between children 
available for blood sampling (n = 1232) and children not available for blood sampling due to not enough blood 
(n = 560). Figures in bold indicate p-value < 0.05; 2: Defined according to World Health Organization/IMCI 
guidelines; 3: Among infants <12 months of age, n = 494. 

Underweight (low weight for age) was the most common form of malnutrition affecting almost every 
second child (46%), followed by stunting (low height or length for age) and wasting (low weight for 
height or length). The mean duration of diarrhea before enrollment was 2.2 (SD 1.1) days and the mean 
number of stools was 8.7 (SD 3.9) times during the preceding 24 h prior to the enrollment. Approximately 
one in every 10 children had blood in the stool or some signs of dehydration. The mean total number of 
stools 24 h prior to the enrolment was 9.0 among children who were anemic and 8.6 among non-anemic 
(p = 0.05). However, there were no apparent associations between Hb with proportion of children with 
blood in stool, dehydration status, and post-enrollment diarrheal durations. 

The mean plasma ferritin concentration among children with blood in the stool (21.1 μg/L vs. 17.4 μg/L, 
p = 0.0001) or axillary temperature >99 °F (20.6 μg/L vs. 17.4 μg/L, p = 0.0002) was significantly higher 
than in children without blood in the stool or temperature ≤99 °F, respectively. Children with a higher 
CRP (>10 mg/L) also had significantly higher plasma ferritin concentration (21.6 μg/L vs. 16.1 μg/L,  
p = 0.0001) but there were not significant differences in Hb concentration (11.1 g/dL vs. 11.2 g/dL, p = 0.08). 
  



Healthcare 2015, 3 598 
 
3.2. Prevalence of Anemia and Depletion of Iron Stores 

The mean values and 95% CI of Hb and ferritin concentrations are presented in Table 2. The overall 
prevalence of anemia (Hb < 11 g/dL) was 40% (n = 493) and after adjusting for the altitude of the study 
area (1400m), it became 52% (n = 641). Among the infants below one year of age, the anemia prevalence 
was 54% (n = 267), which is substantially higher than the 31% (n = 226) prevalence in older children  
(p = 0.0001). The overall prevalence of depleted iron stores (plasma ferritin <12 μg/L) was 33% (n = 407), 
but when we restricted the analyses to those with CRP concentration of <10 mg/L (n = 867), it increased 
to 39% (n = 340). The mean ferritin concentration was not significantly different between infants and 
older children. Out of a total of 1232 children, 43% (n = 530) had normal Hb and ferritin concentrations, 
17% (n = 209) were iron deficient but not anemic, probably indicating a transient stage of iron deficient 
erythropoiesis, and 24% (n = 295) were anemic but not iron deficient, possibly due to other causes of 
anemia. A total of 198 children (16%) were found to be both anemic and ID, which is according to our 
definition considered as IDA. Severe anemia was found in only one child, indicating that most of the 
anemia in this population was of a mild and moderate type. 

Table 2. Mean hemoglobin and plasma levels of ferritin and prevalence of anemia and iron 
deficiency among children aged 6–35 months with acute diarrhea in Bhaktapur, Nepal. 

Biochemical Markers N (1232) Cutoff Values Results 
Mean (SD) hemoglobin level, g/dL   11.2 (1.2) 
Anemia 493 11 g/dL 40% 
Anemia adjusted to altitude 1 641 11.3 g/dL 52% 
Median (IQR) plasma ferritin, μg/L   16.0 (10, 25) 
Depleted iron stores 407 12 μg/L 33% 
Depleted iron stores among children with 
CRP <10 mg/L 2 

340 12 μg/L 39% 

Iron deficiency anemia 3 198  16% 
Anemia without iron deficiency 295  24% 

1: 0.3 g/dL of Hb value is added for the altitude (1400 m) of Bhaktapur; 2: Among children with CRP <10 mg/L 
(n = 867); 3: Defined as anemia with the depleted iron stores (plasma ferritin <12 μg/L). 

3.3. Correlation and Regression Analyses 

Spearman’s rank order correlation analysis showed a positive association between Hb and plasma 
ferritin (r = 0.18, p = 0.0001) and age (r = 0.36, p = 0.0001). Most of the infants (84%) were enrolled 
during spring or summer and post-monsoon months as compared with winter months (October–January), 
but the prevalence of anemia or depleted iron stores was not significantly associated with seasons. In the 
multiple logistic regression analysis, the odds of having anemia were lower in older children and in those 
who came from families that owned a piece of land (Table 3). Only the age of children older than 24 
months significantly predicted depleted iron stores when it was used as a dependent variable in multiple 
regression analyses. Zinc deficiency (plasma zinc <10 μmol/dL) was found among 84% of children and 
the figure among anemic children was 85% (82% in non-anemic, p = 0.1); among children with depleted 
iron stores it was 87% (90% among non-depleted iron stores, p = 0.5). 
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Table 3. Multiple logistic regression for the association of age and nutritional status of children 
and socio-demographic characteristics with anemia and iron deficiency among children aged 
6–35 months in Bhaktapur, Nepal. 

   Anemia 1  Depleted Iron Stores 1  
Variables n = 1232  Adjusted   Adjusted  
  OR2 95% CI p-value OR 2 95% CI p-value 
Age of children (Months) 
≤12 554 (45%) 1      
13–24 498 (40%) 0.31 (0.24, 0.40) <0.0001 0.98 (0.77, 1.4) 0.9 
>24 180 (15%) 0.21 (0.12, 0.35) <0.0001 0.52 (0.32, 0.83) 0.006 
Stunted (<2Z length for age) 
No 891 (72%) 1      
Yes 341 (28%) 0.97 (0.74, 1.3) 0.7 1.1 (0.83, 1.4) 0.4 
Total number of stool >10 times in past 24 h 
No 946 (77%) 1      
Yes 286 (23%) 1.1 (0.83, 1.5) 0.5 0.91 (0.69, 1.2) 0.3 
Family ownership of land 
No 360 (29%) 1      
Yes 872 (79%) 0.57 (0.44, 0.74) <0.0001 0.95 (0.75, 1.2) 0.3 
Birth order third or above 
No 880 (71%) 1      
Yes 352 (29%) 0.79 (0.60, 1.0) 0.08 0.78 (0.75, 1.2) 0.6 
Seasons of enrolment 3 
Summer 
(monsoon) 

520 (42%) 1   1   

Winter 189 (16%) 0.75 (0.53, 1.1) 0.1 0.78 (0.59, 1.0) 0.09 
Spring 523 (42%) 0.88 (0.68, 1,1) 0.3 0.81 (0.63, 1.0) 0.08 

1: Anemia was defined as hemoglobin <11.3 g/dL and depleted iron stores when plasma ferritin <12 μg/L;  
2: Adjusted regression coefficient and p values obtained from logistic regression model adjusted for the 
variables included in this Table and breastfeeding, animal, or formula feeding and dehydration status. Age was 
used as a continuous variable; 3: Summer season is from June to September, winter from October to January, 
and spring from February to May. 

Despite a substantial declining trend over the last decades, the current prevalence of anemia in Nepal 
is still high, affecting one in every two children under five years of age [16]. Our study, which included 
children agef 6–35 months with acute diarrhea, also showed that anemia is a common nutritional problem 
as 40% of the included children were anemic. A community-based study from the southern parts of 
Nepal reported an even higher prevalence of anemia of 78% (using a cutoff of Hb 11 g/dL) and IDA of 
43% [32]. Unfortunately, there are not many published studies on anemia and ID in young Nepalese 
children and the available data are often based on a small number of participants or hospitalized children. 
Some available figures from adolescents in schools or refugee camps found that the prevalence of anemia 
ranged from 24% to 68% [33–35]. Many indicators of anemia and iron deficiency, particularly the ferritin 
concentration, are susceptible to change during an infection so caution is warranted when comparing our 
results to otherwise healthy children. Besides, our estimation of anemia and iron deficiency is based on 
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children suffering from diarrhea and is not from a representative sample of infants, which may be one 
of the limiting factors when comparing our results with otherwise healthy infants. The volume of total 
body fluids and dehydration status influences the hemoglobin concentration [36], so our children with 
diarrhea, especially with signs of some dehydration, may have some degree of hemo concentration. 
However, we restricted the sample to children with normal CRP (<10 mg/L) when interpreting the value 
of ferritin and adjusted for dehydration status and stool frequency at baseline, which we believe to some 
extent took care of this possible source of bias. Diarrhea is still a major cause of morbidity and mortality 
in Nepal [37] and understanding anemia prevalence among these children will provide useful information 
for initiating preventive strategies. Thus, although our data are a bit old, we believe that the results can 
still contribute to a better understanding of the anemia problem among young children who are most 
vulnerable. Moreover, most of our children did not have any signs of dehydration and due to regular 
weekly household surveillance we believe that we picked up most of the diarrheal illness in the community, 
so our findings of anemia prevalence may resemble the figures from healthy children. The duration of 
exclusive breastfeeding may also influence the iron status of infants [12,38] but, unfortunately, we did 
not have information on exclusive breastfeeding in the first six months as we enrolled children six 
months or older. 

Most anemia in developing countries is probably due to ID, though other nutritional or hematological 
abnormalities or parasitic infestation may also cause it [14]. The high burden of anemia among children 
is also due to inflammation (clinical or sub-clinical) [6], which is very common in resource-poor settings 
such as our study area [5]. Our study area is not endemic for malaria and hemoglobinopathies. Although 
hookworm is still common in some other parts of Nepal, it is not common in our study area. IDA is the 
end stage of a chronic process and reflects the tip of the “iceberg” problem; underlying sub-clinical ID 
is usually expected to be far more common in the population [39]. Indeed, it is estimated that the 
prevalence of ID is 2.5 times higher than the anemia prevalence [14]. However, we find this relation in 
our study as the prevalence of both depleted iron stores, which reflects ID, and anemia were almost 
identical. The transit stage of ID, also known as iron-deficient erythropoiesis, may be more common in 
this young population and further worsening of iron supply may lead to IDA. Or it could be due to the 
fact that ferritin concentrations are still falsely high even among those with a CRP concentration of less 
than 10 mg/L, the cutoff which we have used. Notably, for better estimating of plasma ferritin value 
during infection, the WHO suggests using a cutoff of 30 μg/L [14]. If we had used this cutoff, the 
prevalence of depleted iron stores would have been 84% (n = 1034), which is twice the prevalence of 
anemia and may be a true reflection of ID in this population. Another limitation of our study was that 
we did not measure zinc protophorphyrin, MCV, RBC, or plasma-soluble transferrin receptor, which 
can identify iron-deficient erythropoiesis as an early stage of ID and is not affected by infection [40,41]. 

The 16% prevalence of IDA, which explained less than 50% of the total anemia prevalence, indicates 
that other causes of anemia could also be prevalent in this population. Notwithstanding iron, several 
other nutrient deficiencies like folate, B12, zinc, vitamin A, vitamin D, and selenium have also been 
found to be associated with the development of anemia [42–46]. Similar anemia prevalence (but not 
accompanied by low ferritin concentration) was also observed among young Mexican infants [47]. 
Plasma zinc concentration was also associated with Hb concentration among pregnant Ethiopian women, 
indicating that zinc may be one of the nutrients causing anemia [48]. Indeed, zinc and vitamin B12 
deficiencies were found to be common among these children [49] and women in our study area, affecting 
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more than three-fourths of its population [50], but plasma zinc was not associated with the hemoglobin 
and ferritin concentrations in this population. 

We used a portable Hemocue photometer for estimating Hb. This method has been widely used for 
the estimation of anemia prevalence in developing countries and is well validated for this purpose. The 
use of Hemocue on venous blood was recommended for the estimation of anemia in a hospital setting as 
estimation from capillary blood tends to give values that are 0.5 g/dL higher on average [51]. The time 
between breaking the seal of the microcuvette containers and hemoglobin assessment may also affect 
the readings. If the micrucuvette was used after the twelfth day of opening the seal of the container, then 
it overestimated the Hb concentration, which may be due to the hydroscopic nature of the cuvette in a 
humid environment [52]. The use of cuvettes in our study depended upon the rates of enrolment and 
unfortunately we did not record the day of opening the container seal and the time until the cuvette was used. 

Traditionally, when the prevalence of anemia exceeds 40%, it is regarded as a serious public health 
problem, prompting interventions including fortification or universal iron supplementation without 
screening [53]. However, a recent finding on iron supplementation to healthy children did not favor this 
recommendation, particularly for children who were not iron deficient or in a population where infections 
such as malaria are common [54]. The revised recommendations now focus on targeted rather than 
universal iron supplementation for children [55]. Our results, which are based on blood analyses of more 
than 1000 children, also indicate that most of the observed anemia cases were mild or moderate and  
were not due to iron deficiency favoring a targeted rather than a universal approach of supplementation. 
Improvement in complementary feeding could also be one of the acceptable options to enhance the iron 
status in young children in a community [56]. Generally, in developing countries, foods used as 
complementary foods are not of high quality due to poverty, lack of knowledge, food taboos, and cultural 
practices [57]. 

Monotonous rice or other cereal-based complementary foods are predominantly used in Nepal and 
other developing countries and also have high phytate levels, leading to further inhibition of already 
compromised iron absorption [32,58]. Our finding of a positive association between ownership of land 
as a marker of socioeconomic status and anemia prevalence also indicated that children from these families 
get relatively diverse, iron-rich foods. Unfortunately, we did not collect systematic information on dietary 
habits including intake of iron-rich or -inhibiting foods from these children. Green leafy vegetables, 
fruits, yoghurt, and meat products are generally not given to young children in Nepal due to the belief 
that they are difficult to digest or because they may cause a cough and difficulty breathing [15]. Similarly, 
tea with milk is commonly consumed and given to infants from eight to 10 months of age [59]. Drinking 
tea may also interfere with the absorption of iron because of tannins, phytophenols, and calcium [60]. In 
our area, many give their infants eggs from around seven months of age [61]. Eggs are a good source of 
iron and are culturally acceptable and comparatively less expensive than other animal-based foods. Apart 
from this, introduction of anti-helmenthic drugs to children older than one year of age was also found to 
be effective in decreasing the anemia burden [62], but we are still not certain of its impact on infants 
younger than one year. 
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4. Conclusions 

The proportion of anemia in children presenting with acute diarrhea was high but mostly mild or 
moderate. Iron deficiency anemia explained less than half of the total anemia burden, suggesting that 
other nutritional deficiencies inducing anemia might be common in this population. 

Acknowledgements 

We are grateful for the contribution of Pushpa Raj Sharma, Hemang Dixit, Fakir C. Gami, 
Chandrawati Chitrakar, Narayan Regmi, Samir KC, Uma Regmi, and the field staff. We thank the staff 
and the founder Shyam Dhaubhadel of Siddhi Memorial Hospital in Bhaktapur for their co-operation 
and the families and children who participated in the study. The study was funded by the EU-INCO-DC 
(contract number IC18-CT96-0045: “Effect of zinc and vitamin A supplementation on diarrhea and 
physical growth in children”) and NUFU (project number PRO 52-53/96: “Institutional capacity and 
competence building in research and education for promotion of child health and nutrition in South Asia”). 

Author Contributions 

Ram K Chandyo: Participated in data collection and statistical analyses and wrote the first draft of 
the manuscript; Manjeswori Ulak: Supervised data collection and participated in data analyses and 
writing the manuscript; Ramesh K Adhikari: Participated in study design and in writing the manuscript; 
Halvor Sommerfelt (overall project coordinator): Participated in the study design and in writing the 
manuscript; Tor A Strand: Participated in study design, computer entry, data collection, statistical 
analyses, and manuscript writing. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References and Notes 

1. World Health Organization (WHO). Worldwide Prevalence of Anemia 1993–2005: WHO Global 
Database on Anemia; de Benoist, B., McLean, E., Egli, I., Cogswell, M., Eds.; WHO: Geneva, 
Switzerland, 2008. 

2. Pollitt, E. The developmental and probabilistic nature of the functional consequences of iron-deficiency 
anemia in children. J. Nutr. 2001, 131, 669S–675S. 

3. Kordas, K.; Siegel, E.H.; Olney, D.K.; Katz, J.; Tielsch, J.M.; Chwaya, H.M.; Kariger, P.K.; 
Leclerq, S.C.; Khatry, S.K.; Stoltzfus, R.J. Maternal reports of sleep in 6–18 month-old infants from 
Nepal and Zanzibar: Association with iron deficiency anemia and stunting. Early Hum. Dev. 2008, 
84, 389–398. 

4. Beard, J.L. Why iron deficiency is important in infant development. J. Nutr. 2008, 138, 2534–2536. 
5. Eneroth, H.; Persson, L.A.; el Arifeen, S.; Ekstrom, E.C. Infant anaemia is associated with infection, 

low birthweight and iron deficiency in rural Bangladesh. Acta Paediatr. 2011, 100, 220–225. 



Healthcare 2015, 3 603 
 
6. Asobayire, F.S.; Adou, P.; Davidsson, L.; Cook, J.D.; Hurrell, R.F. Prevalence of iron deficiency 

with and without concurrent anemia in population groups with high prevalences of malaria and 
other infections: A study in Cote d’Ivoire. Am. J. Clin. Nutr. 2001, 74, 776–782. 

7. Iannotti, L.L.; Tielsch, J.M.; Black, M.M.; Black, R.E. Iron supplementation in early childhood: 
Health benefits and risks. Am. J. Clin. Nutr. 2006, 84, 1261–1276. 

8. Adelekan, D.A. Multiple micronutrient deficiencies in developing countries. Nutrition 2003, 19, 
473–474. 

9. Kramer, M.S.; Kakuma, R. Optimal duration of exclusive breastfeeding. Cochrane Database Syst. Rev. 
2002, doi:10.1002/14651858.CD003517.pub2. 

10. De Oliveira, A.S.; de Cássia Ribeiro Silva, R.;  Fiaccone, R.L.; de Jessus Pinto, E.;  Assis, A.M.O. 
Effect of length of exclusive breastfeeding and mixed feeding on hemoglobin levels in the first six 
months of life: A follow-up study. Cad. Saude Publica 2010, 26, 409–417. 

11. Sawasdivorn, S.; Taeviriyakul, S. Are infants exclusively breastfed up to 6 months of age at risk of 
anemia? J. Med. Assoc. Thail. 2011, 94, S178–S182. 

12. Chantry, C.J.; Howard, C.R.; Auinger, P. Full breastfeeding duration and associated decrease in 
respiratory tract infection in US children. Pediatrics 2006, 117, 425–432. 

13. Maguire, J.L.; Salehi, L.; Birken, C.S.; Carsley, S.; Mamdani, M.; Thorpe, K.E.; Lebovic, G.; 
Khovratovich, M.; Parkin, P.C.; TARGet Kids Collaboration. Association between total duration of 
breastfeeding and iron deficiency. Pediatrics 2013, 131, e1530–e1537. 

14. World Health Organization (WHO). Iron Deficiency Anemia. Assessment, Prevention and Control. 
A Guide for Programme Manager, Contract No.: WHO/NHD/01.3; WHO: Geneva, Switzerland, 2001. 

15. Helen Keller International (HKI). Breastfeeding and Complementary Feeding Practices are Less 
than Adequate among Mothers of Children 12–23 Months in the Baitadi Districts of Nepal. Nepal 
Nutrition and Food Security Bulletin; HKI: Kathmandu, Nepal, 2010. 

16. Ministry of Health and Population (Nepal); New ERA and ICF International Inc. 2012 Macro. 
Calverton, MD, USA. Nepal Demographic Health Survey—2011; Kathmandu, Nepal, 2011. 
Available online: http://www.dhsprogram.com/pubs/pdf/FR257/FR257%5B13April2012%5D.pdf 
(accessed on 12 June 2014). 

17. Chandyo, R.K.; Strand, T.A.; Ulvik, R.J.; Adhikari, R.K.; Ulak, M.; Dixit, H.; Sommerfelt, H. 
Prevalence of iron deficiency and anemia among healthy women of reproductive age in Bhaktapur, 
Nepal. Eur. J. Clin. Nutr. 2007, 61, 262–269. 

18. Shah, F.; Kazi, T.G.; Afridi, H.I.; Baig, J.A.; Khan, S.; Kolachi, N.F.; Wadhwa, S.K.; Shah, A.Q. 
Environmental exposure of lead and iron deficit anemia in children age ranged 1–5 years: A cross 
sectional study. Sci. Total Environ. 2010, 408, 5325–5330. 

19. Yoon, J.W.; Kim, S.W.; Yoo, E.G.; Kim, M.K. Prevalence and risk factors for vitamin D deficiency 
in children with iron deficiency anemia. Korean J. Pediatr. 2012, 55, 206–211. 

20. Ronnenberg, A.G.; Wood, R.J.; Wang, X.; Xing, H.; Chen, C.; Chen, D.; Guang, W.; Huang, A.; 
Wang, L.; Xu, X. Preconception hemoglobin and ferritin concentrations are associated with pregnancy 
outcome in a prospective cohort of Chinese women. J. Nutr. 2004, 134, 2586–2591. 

21. Allen, L.H. Anemia and iron deficiency: Effects on pregnancy outcome. Am. J. Clin. Nutr. 2000, 
71, 1280S–1284S. 



Healthcare 2015, 3 604 
 
22. Cohen, J.H.; Haas, J.D. The comparison of mixed distribution analysis with a three-criteria model 

as a method for estimating the prevalence of iron deficiency anaemia in Costa Rican children aged 
12–23 months. Int. J. Epidemiol. 1999, 28, 82–89. 

23. Schneider, J.M.; Fujii, M.L.; Lamp, C.L.; Lonnerdal, B.; Dewey, K.G.; Zidenberg-Cherr, S. 
Anemia, iron deficiency, and iron deficiency anemia in 12-36-mo-old children from low-income 
families. Am. J. Clin. Nutr. 2005, 82, 1269–1275. 

24. Stoltzfus, R.J.; Chwaya, H.M.; Montresor, A.; Albonico, M.; Savioli, L.; Tielsch, J.M. Malaria, 
hookworms and recent fever are related to anemia and iron status indicators in 0- to 5-y old 
Zanzibari children and these relationships change with age. J. Nutr. 2000, 130, 1724–1733. 

25. Strand, T.A.; Chandyo, R.K.; Bahl, R.; Sharma, P.R.; Adhikari, R.K.; Bhandari, N.; Ulvik, R.J.; 
Mølbak, K.; Bhan, M.K.; Sommerfelt, H. Effectiveness and efficacy of zinc for the treatment of 
acute diarrhea in young children. Pediatrics 2002, 109, 898–903. 

26. Strand, T.A.; Adhikari, R.K.; Chandyo, R.K.; Sharma, P.R.; Sommerfelt, H. Predictors of plasma 
zinc concentrations in children with acute diarrhea. Am. J. Clin. Nutr. 2004, 79, 451–456. 

27. Central Bureau of Statistics (CBS). Government of Nepal. National Planning Commission 
Secretariat. Kathmandu, Nepal, 2001. 

28. Centers for Disease Control (CDC). CDC Criteria for anemiain children and child bearing aged 
women. CDC MMWR 1989, 38, 400–404. 

29. Eskeland, B.; Baerheim, A.; Ulvik, R.; Hunskaar, S. Influence of mild infections on iron status 
parameters in women of reproductive age. Scand. J. Prim. Health Care 2002, 20, 50–56. 

30. IMCI. Integrated Management of Childhood Illness (IMCI)—Handbook. Department of Child and 
Adolescent Health and Development; World Health Organization: Geneva, Switzerland, 2003. 

31. World Health Organization (WHO). WHO Anthro 2005, Beta Version, Feb17th, 2006: Software for 
Assessing Growth and Development of the World’s Children; WHO: Geneva, Switzerland, 2006. 

32. Siegel, E.H.; Stoltzfus, R.J.; Khatry, S.K.; Leclerq, S.C.; Katz, J.; Tielsch, J.M. Epidemiology of 
anemia among 4- to 17-month-old children living in south central Nepal. Eur. J. Clin. Nutr. 2006, 
60, 228–235. 

33. Woodruff, B.A.; Blanck, H.M.; Slutsker, L.; Cookson, S.T.; Larson, M.K.; Duffield, A.; Bhatia, R. 
Anaemia, iron status and vitamin A deficiency among adolescent refugees in Kenya and Nepal. 
Public Health Nutr. 2006, 9, 26–34. 

34. Shah, B.K.; Gupta, P. Anemia in adolescent girls: A preliminary report from semi-urban Nepal. 
Indian Pediatr. 2002, 39, 1126–1130. 

35. Tiwari, K.; Seshadri, S. The prevalence of Anemia and morbidity profile among school going 
adolescent girls of Kathmandu, Nepal. J. Nepal Med. Assoc. 2000, 39, 319–325. 

36. Tannheimer, M.; Fusch, C.; Boning, D.; Thomas, A.; Engelhardt, M.; Schmidt, R. Changes of 
hematocrit and hemoglobin concentration in the cold Himalayan environment in dependence on 
total body fluid. Sleep Breath. 2010, 14, 193–199. 

37. Murray, C.J.; Vos, T.; Lozano, R.; Naghavi, M.; Flaxman, A.D.; Michaud, C.; Ezzati, M.; Shibuya, K.; 
Salomon, J.A.; Abdalla, S.; et al. Disability-adjusted life years (DALYs) for 291 diseases and 
injuries in 21 regions, 1990–2010: A systematic analysis for the Global Burden of Disease Study 
2010. Lancet 2012, 380, 2197–2223. 



Healthcare 2015, 3 605 
 
38. Tawia, S. Iron and exclusive breastfeeding. Breastfeed. Rev. Prof. Publ. Nurs. Mothers Assoc. Aust. 

2012, 20, 35–47. 
39. Yip, R. Iron nutritional status defined. In Dietary Iron: From Birth to Two Years; Filer, I.J., Ed.; 

Raven Press: New York, NY, USA, 1989; pp. 19–36. 
40. Chang, J.; Bird, R.; Clague, A.; Carter, A. Clinical utility of serum soluble transferrin receptor levels 

and comparison with bone marrow iron stores as an index for iron-deficient erythropoiesis in a 
heterogeneous group of patients. Pathology 2007, 39, 349–353. 

41. Vazquez Lopez, M.A.; Carracedo, A.; Lendinez, F.; Munoz, F.J.; Lopez, J.; Munoz, A. The usefulness 
of serum transferrin receptor for discriminating iron deficiency without anemia in children. 
Haematologica 2006, 91, 264–265. 

42. Mohamed, A.A.; Ali, A.A.; Ali, N.I.; Abusalama, E.H.; Elbashir, M.I.; Adam, I. Zinc, parity, infection, 
and severe anemia among pregnant women in kassla, eastern Sudan. Biol. Trace Elem. Res. 2011, 
140, 284–290. 

43. Bondevik, G.T.; Schneede, J.; Refsum, H.; Lie, R.T.; Ulstein, M.; Kvale, G. Homocysteine and 
methylmalonic acid levels in pregnant Nepali women. Should cobalamin supplementation be 
considered? Eur. J. Clin. Nutr. 2001, 55, 856–864. 

44. Zimmermann, M.B.; Biebinger, R.; Rohner, F.; Dib, A.; Zeder, C.; Hurrell, R.F.; Hurrell, R.F.; 
Chaouki, N. Vitamin A supplementation in children with poor vitamin A and iron status increases 
erythropoietin and hemoglobin concentrations without changing total body iron. Am. J. Clin. Nutr. 
2006, 84, 580–586. 

45. Gurgoze, M.K.; Aygun, A.D.; Olcucu, A.; Dogan, Y.; Yilmaz, E. Plasma selenium status in children 
with iron deficiency anemia. J. Trace Elem. Med. Biol. 2004, 18, 193–196. 

46. Hegazy, A.A.; Zaher, M.M.; Abd El-Hafez, M.A.; Morsy, A.A.; Saleh, R.A. Relation between 
anemia and blood levels of lead, copper, zinc and iron among children. BMC Res. Notes. 2010, 
doi:10.1186/1756-0500-3-133. 

47. Duque, X.; Flores-Hernandez, S.; Flores-Huerta, S.; Mendez-Ramirez, I.; Munoz, S.; Turnbull, B.; 
Martínez-Andrade, G.; Ramos, R.I.; González-Unzaga, M.; Mendoza, M.E.; et al. Prevalence of 
anemia and deficiency of iron, folic acid, and zinc in children younger than 2 years of age who use 
the health services provided by the Mexican Social Security Institute. BMC Public Health 2007, 
doi:10.1186/1471-2458-7-345. 

48. Gibson, R.S.; Abebe, Y.; Stabler, S.; Allen, R.H.; Westcott, J.E.; Stoecker, B.J.; Krebs, N.F.; 
Hambidge, K.M. Zinc, gravida, infection, and iron, but not vitamin B-12 or folate status, predict 
hemoglobin during pregnancy in Southern Ethiopia. J. Nutr. 2008, 138, 581–586. 

49. Ulak, M.; Chandyo, R.K.; Adhikari, R.K.; Sharma, P.R.; Sommerfelt, H.; Refsum, H.; Strand, T.A. 
Cobalamin and folate status in 6 to 35 months old children presenting with acute diarrhea in 
Bhaktapur, Nepal. PLoS ONE 2014, 9, e90079. 

50. Chandyo, R.K.; Strand, T.A.; Mathisen, M.; Ulak, M.; Adhikari, R.K.; Bolann, B.J.; Sommerfelt, H. 
Zinc deficiency is common among healthy women of reproductive age in Bhaktapur, Nepal. J. Nutr. 
2009, 139, 594–597. 

51. Neufeld, L.; Garcia-Guerra, A.; Sanchez-Francia, D.; Newton-Sanchez, O.; Ramirez-Villalobos, M.D.; 
Rivera-Dommarco, J. Hemoglobin measured by Hemocue and a reference method in venous and 
capillary blood: A validation study. Salud Publica Mex. 2002, 44, 219–227. 



Healthcare 2015, 3 606 
 
52. Sari, M.; de Pee, S.; Martini, E.; Herman, S.; Sugiatmi; Bloem, M.W.; Yip, R. Estimating the 

prevalence of anaemia: A comparison of three methods. Bull World Health Organ. 2001, 79, 506–511. 
53. Stoltzfus, R. Defining iron-deficiency anemia in public health terms: A time for reflection. J. Nutr. 

2001, 131, 565S–567S. 
54. Sazawal, S.; Black, R.E.; Ramsan, M.; Chwaya, H.M.; Stoltzfus, R.J.; Dutta, A.; Dhingra, U.; 

Kabole, I.; Deb, S.; Othman, M.K.; et al. Effects of routine prophylactic supplementation with iron 
and folic acid on admission to hospital and mortality in preschool children in a high malaria transmission 
setting: Community-based, randomised, placebo-controlled trial. Lancet 2006, 367, 133–143. 

55. World Health Organization (WHO). Iron Supplements of Young Children in Regions where Malaria 
Transmission Is Intense and Infectious Disease Is Highly Prevalent-WHO Statement; World Health 
Organization: Geneva, Switzerland, 2006. 

56. Zlotkin, S.H.; Christofides, A.L.; Hyder, S.M.; Schauer, C.S.; Tondeur, M.C.; Sharieff, W. 
Controlling iron deficiency anemia through the use of home-fortified complementary foods. Indian 
J. Pediatr. 2004, 71, 1015–1019. 

57. Dewey, K.G. The challenges of promoting optimal infant growth. J. Nutr. 2001, 131, 1879–1880. 
58. Gittelsohn, J.; Shankar, A.V.; West, K.P., Jr.; Ram, R.; Dhungel, C.; Dahal, B. Infant feeding practices 

reflect antecedent risk of xerophthalmia in Nepali children. Eur. J. Clin. Nutr. 1997, 51, 484–490. 
59. Subba, S.H.; Chandrashekhar, T.S.; Binu, V.S.; Joshi, H.S.; Rana, M.S.; Dixit, S.B. Infant feeding 

practices of mothers in an urban area in Nepal. Kathmandu Univ. Med. J. 2007, 5, 42–47. 
60. Zijp, I.M.; Korver, O.; Tijburg, L.B. Effect of tea and other dietary factors on iron absorption. Crit. 

Rev. Food Sci. Nutr. 2000, 40, 371–398. 
61. Ulak, M.; Chandyo, R.K.; Mellander, L.; Shrestha, P.S.; Strand, T.A. Infant feeding practices in 

Bhaktapur, Nepal: A cross-sectional, health facility based survey. Int. Breastfeeding J. 2012, 
doi:10.1186/1746-4358-7-1. 

62. Khanal, P.; Walgate, R. Nepal deworming programme ready to go worldwide. Bull. World Health 
Organ. 2002, 80, 423–424. 

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/4.0/). 


