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Relationship of the availability of micronutrient 
powder with iron status and hemoglobin among 
women and children in the Kakuma Refugee Camp, 
Kenya

This article has been amended to include Table 2. 

Abstract

Background. Micronutrient powder is a potential strat-
egy to improve iron status and reduce anemia in refugee 
populations.
Objective. To evaluate the effect of the availability of 

home fortification with a micronutrient powder contain-
ing 2.5 mg of sodium iron ethylenediaminetetraacetate 
(NaFeEDTA) on iron status and hemoglobin in women 
and children in the Kakuma Refugee Camp in northwest 
Kenya.
Methods. Hemoglobin and soluble transferrin recep-

tor were measured in 410 children 6 to 59 months of 
age and 458 women of childbearing age at baseline (just 
before micronutrient powder was distributed, along with 
the regular food ration) and at midline (6 months) and 
endline (13 months) follow-up visits.
Results. At the baseline, midline, and endline visits, 

respectively, the mean (± SE) hemoglobin concentra-
tion in women was 121.4 ± 0.8, 120.8 ± 0.9, and 
120.6 ± 1.0 g/L (p = .42); the prevalence of anemia 
(hemoglobin < 120 g/L) was 42.6%, 41.3%, and 41.7% 
(p = .92); and the mean soluble transferrin recep-
tor concentration was 24.1 ± 0.5, 20.7 ± 0.7, and 
20.8 ± 0.7 nmol/L (p = .0006). In children, the mean 
hemoglobin concentration was 105.7 ± 0.6, 109.0 ± 1.5, 

and 105.5 ± 0.3 g/L (p = .95), respectively; the prevalence 
of anemia (hemoglobin < 110 g/L) was 55.5%, 52.3%, 
and 59.8% (p = .26); and the mean soluble transferrin 
receptor concentration was 36.1 ± 0.7, 29.5 ± 1.9, and 
28.4 ± 3.2 nmol/L (p = .02), in models that were adjusted 
for age using least squares means regression.
Conclusions. In children and in women of childbear-

ing age, the availability of micronutrient powder was 
associated with a small improvement in iron status but 
no significant change in hemoglobin in this refugee camp 
setting.
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Introduction

Anemia and iron-deficiency anemia are extremely 
common among women and children in sub-Saharan 
Africa [1]. Anemia, as one indicator of micronutrient 
deficiencies, is largely attributed to iron deficiency, 
but it is also related to deficiencies of vitamin A, folic 
acid, and vitamin B12 [2]. In addition, non-nutritional 
factors such as parasitic infections, malaria, infectious 
diseases, and hemoglobinopathies contribute to anemia 
[3]. The main cause of micronutrient deficiencies 
in developing countries is a poor-quality diet that is 
largely plant-based, with limited inclusion of animal-
source foods and fortified food products [4, 5]. Micro-
nutrient malnutrition is common among people who 
consume a largely plant-based diet that also includes 
few fortified foods. In diets that are high in unrefined 
grains and legumes, the amount of nutrients consumed 
may be adequate, but dietary constituents, such as 
phytates and tannins, limit their absorption [6].

Home fortification with micronutrient powder has 
been developed to ensure an adequate intake of mi-
cronutrients in specific, high-risk target populations. 
Micronutrient powder is used to fortify ready-to-eat 
foods, such as porridge or a solid meal, at home just 

Philip Ndemwa, Christine L. Klotz, David Mwaniki, Kai Sun, Erastus Muniu, 
Pauline Andango, Joyce Owigar, Jee Hyun Rah, Klaus Kraemer, Paul B. Spiegel, 
Martin W. Bloem, Saskia de Pee, and Richard D. Semba

Philip Ndemwa, David Mwaniki, Erastus Muniu, and Paul-
ine Andango are affiliated with the Kenya Medical Research 
Institute, Nairobi. Christine L. Klotz, Joyce Owigar, Martin W. 
Bloem, and Saskia de Pee are affiliated with the World Food 
Programme, Rome, Italy. Kai Sun, Jee Hyun Rah, and Klaus 
Kraemer are affiliated with Sight and Life, Basel, Switzerland. 
Richard D. Semba is affiliated with the Johns Hopkins Uni-
versity School of Medicine, Baltimore, Maryland, USA. Paul 
B. Spiegel is affiliated with the United Nations High Commis-
sioner for Refugees, Geneva, Switzerland.

Please direct queries to the corresponding author: Richard 
D. Semba, Johns Hopkins University School of Medicine, 
Smith Building, M015, 400 N. Broadway, Baltimore, MD 
21287, USA; e-mail: rdsemba@jhmi.edu.

http://crossmark.crossref.org/dialog/?doi=10.1177%2F156482651103200314&domain=pdf&date_stamp=2011-09-01


287Availability of micronutrient powder in relationship to iron status and hemoglobin

before consumption [7]. The powder is generally dosed 
to provide one full Recommended Nutrient Intake 
(RNI) of each of several vitamins and minerals in 
the form of 1 g of powder contained in a sachet. The 
formulation may vary according to local conditions, 
such as the availability of fortified food rations and the 
demographic characteristics of the target group. 

Micronutrient powder has been shown to reduce 
anemia and iron deficiency among young children in 
various settings [8]. Experience with its use in large-
scale programs has been gathered more recently, main-
ly in development settings, but also in a few emergency 
and refugee settings, including in Aceh, Indonesia [9]. 

The Kakuma Refugee Camp is located in Turkana 
District in the Rift Valley Province, about 110 km from 
the Sudanese border at Lokichoggio and about 50 km 
from the Ugandan border. The altitude of the camp is 
580 m. The camp was established in 1992 to accommo-
date about 17,000 southern Sudanese refugees fleeing 
the civil war in their country. In 2009, the Kakuma Ref-
ugee Camp had a population of approximately 51,000 
people, mostly Sudanese, Somalis, and Ethiopians. The 
refugees in the camp are provided with insecticide-
treated mosquito nets and have access to medical treat-
ment in the International Red Cross facilities.

The population of the camp relies upon the general 
food ration distributed by the United Nations World 
Food Programme (WFP). The food ration consists 
of maize, fortified wheat flour, pulses, vegetable oil 
fortified with vitamin A, fortified corn–soy blend, and 
iodized salt. The refugees also generally receive com-
plementary foods such as green grams or groundnuts 
from the United Nations High Commissioner for Refu-
gees. The refugees have limited access to fresh foods. 

The food ration provides an average of 2,100 kcal/
person/day, but it does not contain all the required 
micronutrients. For the average person, based upon 
the specific age and sex distribution of the population, 
the general food ration provides 81% of iron, 43% of 
vitamin C, 62% of riboflavin, and 89% of thiamin re-
quirements. Moreover, micronutrient intake is further 
reduced by poor bioavailability of some of the micro-
nutrients, particularly iron and zinc.

Whether home fortification with micronutrient pow-
der can reduce anemia in large refugee camp settings 
in sub-Saharan Africa has not been well characterized. 
We hypothesized that the availability of micronutrient 
powder for home fortification would be associated 
with an improvement in iron status and hemoglobin 
concentrations in women and preschool-aged children 
in the Kakuma Refugee Camp in northwest Kenya. 
Because the camp is located in a malaria-endemic 
area, the quantity of iron in the micronutrient powder 
was reduced compared with the micronutrient powder 
used in areas where there is little to no malaria. The 
form of iron in the powder was sodium iron ethylen-
ediaminetetraacetate (NaFeEDTA), which has high 

bioavailability. To address the hypothesis, we measured 
iron status using serum soluble transferrin receptor, a 
marker for tissue iron deficiency [10], and hemoglobin 
concentrations among women of childbearing age and 
children aged 6 to 59 months, before and after micro-
nutrient powder was made available in food distribu-
tion centers within the camp.

Materials and methods

The study population consisted of 410 children 6 to 59 
months of age and 458 women of childbearing age (18 
to 49 years) in the Kakuma Refugee Camp in northwest 
Kenya. Subjects were eligible for the study if they were 
resident in the camp with no plans to move in the next 
12 months, were children aged 6 to 59 months or non-
pregnant women of reproductive age (18 to 49 years), 
and agreed to participate in the study and give written, 
informed consent or had a parent or guardian who 
gave written, informed consent. Subjects were excluded 
from the study and referred to the health center for 
further management if they had a hemoglobin level 
< 80 g/L at the time of screening.

The participants in the study were a representa-
tive sample of the population in the Kakuma Refugee 
Camp. Households were selected for the study by clus-
ter sampling (probability proportional to size) of 32 
households from 25 administrative units in the camp. 
Subjects were enrolled in January 2009 in a baseline 
survey. The cohort was seen at midline and endline 
follow-up visits at 6 and 13 months after the baseline 
survey. The study protocol was approved by the Insti-
tutional Review Boards of both the Johns Hopkins 
University School of Medicine and the Kenya Medical 
Research Institute.

Boxes containing 30 sachets of MixMe micronutrient 
powder (DSM Nutritional Products Ltd., Kaiseraugst, 
Switzerland) were offered at the monthly food distribu-
tion at the camp beginning in the month following the 
baseline study visit. Prior to and in the first months of 
distribution of the micronutrient powder, social mar-
keting efforts were undertaken to inform the inhabit-
ants of the camp about the potential health benefits 
and proper use of the micronutrient powder. The 
micronutrient formulation was specifically tailored for 
the Kakuma Refugee Camp setting. The refugees were 
educated to use one sachet per family member each 
day, mixing the contents with food that was ready for 
consumption. One sachet of the micronutrient powder 
(1 g ) contained vitamin A (100 μg RE), vitamin D3 
(5 μg), vitamin E (5 mg), vitamin K1 (30 μg), thiamin 
(0.5 mg), riboflavin (0.5 mg), pyridoxine (0.5 mg), 
folic acid (90 μg), niacin (6 mg), vitamin B12 (0.9 μg), 
vitamin C (60 mg), iron (2.5 mg), zinc (2.5 mg), sele-
nium (17 μg), copper (0.34 μg), iodine (30 μg), and 
maltodextrin as a carrier. 



288 P. Ndemwa et al.

Iron was calculated based upon reference values 
for medium bioavailability. The iron content of the 
formulation was reduced from 10 mg per serving to 
2.5 mg in order to minimize the risk due to use of 
iron in malaria-endemic areas [11]. The form of iron 
was NaFeEDTA, a highly bioavailable form. The iron 
content of 2.5 mg was meant to complement approxi-
mately 3 mg of iron that was provided by fortification 
iron in corn–soy blend and wheat flour. With total iron 
absorption from the fortified foods and the micronutri-
ent powder of 10%, it was estimated that the 0.55 mg of 
iron absorbed would provide most of the daily require-
ment of a 1- to 3-year-old child. The zinc content was 
reduced to 2.5 mg to maintain an equal ratio to iron, 
as zinc can interfere with the absorption of iron. The 
proportion of families who picked up the boxes of 
micronutrient powder was monitored at each of the 
monthly food distribution cycles.

A 4-day training and a 1-day pretest were conducted 
prior to each of the three surveys to equip the survey 
staff with the objectives of the micronutrient powder 
intervention and techniques for accurate collection of 
data (blood samples, anthropometric measurements, 
and administration of questionnaires). The teams were 
composed of local agency staff (community health 
workers and laboratory staff), national staff supervisors 
(health personnel and nutritionists), and data entry 
clerks. Nine teams of six members each (one supervi-
sor, one enumerator, two anthropometrists, and two 
phlebotomists) collected the survey data at baseline, 
midline, and endline. Interviews were conducted in 
the language of the respondent and translated back 
into English for enumeration in a standardized ques-
tionnaire. The same survey staff members were used 
wherever possible, although many new workers were 
recruited for the midline and endline surveys due to the 
high turnover of local workers in the camp. The Prin-
cipal Investigator from the Kenya Medical Research 
Institute (P.N.) led a quality control team to recheck 
anthropometric measurements.

After the mother, father, or guardian gave written, 
informed consent, data regarding basic demographic 
characteristics, morbidity, food intake, food security, 
and knowledge of anemia were collected using stand-
ardized questionnaires. Children were weighed with 
UNICEF Salter scales. Children were minimally or 
lightly clothed and placed in the weighing pants, with 
weight recorded to the nearest 0.1 kg. Height was meas-
ured to the nearest 0.1 cm with wooden height boards. 
Children under 24 months of age were measured in the 
recumbent position; older children were measured in 
the upright position. Women were weighed to the near-
est 0.1 kg with electronic scales. Adult height boards 
were used to measure heights of women.

According to data from the United Nations High 
Commissioner on Refugees Health Information 
System, the crude malaria incidence per month (per 

1,000 persons) during the 13-month study period from 
January 2009 through February 2010 was 20.75, 27.76, 
16.04, 32.47, 21.43, 23.93, 19.07, 16.14, 23.09, 27.69, 
20.85, 23.17, 48.56, and 32.83, with no temporal trend 
by logistic regression (p = .13). The malaria incidence 
among children under 5 years of age per month (per 
1,000 persons) during the same time period was 74.33, 
87.42, 61.48, 154.27, 85.66, 95.35, 68.89, 66.61, 92.2, 
107.84, 89.77, 85.28, 152.42, and 110.62 (p = .24).

Fingerstick blood samples were collected using capil-
lary tubes at each visit. Hemoglobin was measured by 
HemoCue. Capillary tubes were stored in cool boxes 
with gel packs for 2 to 4 hours until they were processed 
in a central laboratory. Serum was separated by cen-
trifugation, aliquoted into cryovials, and immediately 
placed in liquid nitrogen refrigerators in the field. 
Samples were later transferred to a freezer for long-
term storage at −70° C. Soluble transferrin receptor was 
measured in serum by a commercial ELISA (Human 
sTfR Quantikine, R & D Systems). In a coinvestiga-
tor’s laboratory (R.D.S.), the interassay and intra-
assay coefficients of variation were 5.3% and 4.7%, 
respectively. The lower limit of detection of the assay 
was 0.5 nmol/L, and the range of the assay was 3 to 80 
nmol/L, according to the manufacturer’s description. 
No samples were below the limit of detectability or 
above the range of the assay. 

Statistical analysis

The sample size of the study was based upon a 90% 
power to detect at least a 20% reduction in anemia in 
both women and children with a two-sided test, α = .05, 
and an estimated loss to follow-up of 30%. Continuous 
variables were described by means and standard errors. 
Skewed variables were log transformed to achieve a 
normal distribution. Weight-for-age, height-for-age, 
and weight-for-height z-scores were calculated using 
the World Health Organization (WHO) child growth 
reference population [12]. Underweight, stunting, and 
wasting, respectively, were defined as weight-for-age, 
height-for-age, and weight-for-height z-score < −2. 
Body mass index (BMI) was calculated as the weight 
in kilograms divided by the square of the height in 
meters. Anemia was defined as hemoglobin < 110 g/L 
for children and < 120 g/L for women, according to 
WHO definitions [3]. In children, least squares linear 
regression models were used to examine respective 
changes in hemoglobin and soluble transferrin receptor 
over time, with adjustment for child age. All analyses 
were performed by SAS with a type I error of 0.05.

Results

The demographic and anthropometric characteristics 
of the 458 women and 410 children at baseline are 
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shown in table 1. Of the 458 women seen at baseline, 
175 (38.2%) were lost to follow-up by the endline visit. 
Of the 410 children seen at baseline, 111 (27.1%) were 
lost to follow-up by the endline visit. There were no sig-
nificant differences in age, BMI, ethnicity, hemoglobin 
concentration, or soluble transferrin receptor concen-
tration between women who were lost to follow-up and 
women who remained in the study (data not shown). 
There were no significant differences in age, sex ratio, 
weight-for-age, height-for-age, weight-for-height, 
hemoglobin concentration, or soluble transferrin 
receptor concentration between children who were lost 
to follow-up and children who remained in the study 
(data not shown).

The proportion of boxes of micronutrient powder 
picked up at the monthly food distribution in the camp 
were as follows: February 2009, 99%; March 2009, 85%; 
April 2009, 71%; May 2009, 60%; June 2009, 49%; July 
2009, 30%; August 2009, 45%; September 2009, 40%; 
October 2009, 48%; November 2009, 46%; December 

2009, 47%; January 2010, 49%; and February 2010, 50%.
In women of childbearing age, the mean hemoglobin 

concentration and the prevalence of anemia did not 
change significantly from baseline through midline 
and endline (table 2). The mean soluble transferrin 
receptor concentration decreased between baseline and 
endline (p = .0006). In children, after adjustment for 
age by least squares means regression, the mean hemo-
globin concentration did not change significantly from 
baseline through endline (table 2). The prevalence of 
anemia, adjusted for age by least squares means regres-
sion, did not change significantly between baseline 
and endline. After adjustment for age by least squares 
means regression, the mean soluble transferrin receptor 
concentration decreased between baseline and endline 
(p = .02).

Discussion

The findings of the present study, although relatively 
modest, corroborate the findings of other studies that 
show home fortification using micronutrient powder 
improves iron status. The use of home fortification has 
consistently improved iron status of children in experi-
mental studies [13–16], even in malaria-endemic areas. 
Although the present study was limited by the absence 
of a control group and cannot rule out other factors as 
being responsible for the observed improvement in iron 
status, the findings from other studies on home fortifi-
cation and the efficacy of NaFeEDTA in high-phytate 
diets support an effect of the iron intervention [17].

Low compliance may have played a role in the 
results of the present study. The barriers to use of the 
micronutrient powder in the camp are presented in a 
separate paper [18]. A common factor in the studies 
cited above is a compliance rate that exceeded 80% [13, 
16, 19]. In a study by Suchdev and colleagues in west-
ern Kenya [20], final hemoglobin concentrations were 
associated with the number of micronutrient powder 
sachets purchased. Given that availability was assessed 
in terms of sachets purchased, the likelihood that these 
were also consumed may be higher than in our study, 
where picking up micronutrient powder sachets at the 
distribution center may not necessarily have translated 
to compliance in terms of consumption. 

The micronutrient powder used in the present study 
should deliver an amount of absorbable iron compara-
ble to that delivered by the formulations used in most 
of the studies noted above [21] and hence should suf-
ficiently improve iron status if compliance is good. It 
is probable, therefore, that with improved compliance, 
home fortification could achieve greater gains in reduc-
ing the prevalence of anemia in refugee camps. 

The micronutrient powder was especially formulated 
for the situation of the Kakuma Refugee Camp and did 
not contain the Recommended Nutrient Intakes (RNIs) 

TABLE 1. Characteristics of women and children at the 
baseline visita

Characteristic Valueb

Women (n = 458)
Age—yr 29.4 ± 0.4

BMI (kg/m2)—%
< 18.5 59.0
18.5–24.9 20.3
25.0–29.9 14.5
≥ 30 6.2

Ethnic group—%
Sudanese 49.3
Somali 39.1
Ethiopian 9.4
Ugandan or Congolese 2.2

Children (n = 410)
Male sex—% 50.7

Age (mo)—%
6–11 9.3
12–23 21.7
24–35 23.7
36–47 22.4
48–59 22.9

Weight-for-age z-score –0.57 ± 0.06
% with z-score < –2 8.7

Height-for-age z-score –0.16 ± 0.08
% with z-score < –2 15.3

Weight-for-height z-score –0.66 ± 0.06
% with z-score < –2 13.6

BMI, body mass index
a.	 Data are missing for maternal BMI (12 subjects), ethnicity 

(3 subjects), and child anthropometric measurements (9 subjects).
b.	 Plus–minus values are means ± SE.
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of iron and vitamin A. The iron content was reduced 
because malaria is endemic in the region. Absorp-
tion of iron is expected to be more gradual with the 
chelated form of iron and less likely to cause a peak of 
non-transferrin-bound iron. The vitamin A content 
was reduced because vitamin A–fortified cooking oil 
is provided in the monthly food basket by WFP. 

The limitations of this study include the high rate 
of loss to follow-up and low uptake of the micronutri-
ent powder. The high loss to follow-up reached nearly 
40% for women of childbearing age and nearly 30% 
for preschool-aged children and is largely attributed 
to the population dynamics of the camp. The propor-
tion of adults who collected the micronutrient nutrient 
powder dropped steadily from 99% to 30% within the 
first 6 months that the powder was available at the 
food distribution center. In the remaining 7 months of 
the study, the proportion of adults who collected the 
micronutrient powder at the center remained fairly 
steady at 40% to 50%. It is interesting to note that 
among women of childbearing age and children, the 
decrease in mean soluble transferrin receptor occurred 
from baseline to midline visits and then showed no 
change from midline to endline visits. 

Soluble transferrin receptor is a sensitive indicator 
of tissue iron deficiency and is less affected by inflam-
mation than is serum ferritin [10]. Although there was 
a significant decrease in soluble transferrin receptor 
in women of childbearing age and children during the 
study, it appears that the improvement in iron status 
was not sufficient to increase hemoglobin concentra-
tions or the prevalence of anemia during follow-up. 
The mean soluble transferrin receptor concentrations 

at midline and endline visits in women were close to 
the mean levels of 19.5 nmol/L reported in a study 
of 225 healthy white, black, and Hispanic adults and 
20.9 nmol/L reported in 61 black adults [22]. Age-
specific soluble transferrin receptor concentrations 
in healthy children aged 2 to 6 years showed a refer-
ence interval (2.5th to 97.5th percentile) of 14.0 to 
40.8 nmol/L [23]. The mean soluble transferrin recep-
tor concentrations of children in the present study were 
toward the upper end of this reference interval. 

In conclusion, the availability of micronutrient 
powder was associated with a small improvement in 
iron status in children and women of childbearing age 
in the Kakuma Refugee Camp. Further work is needed 
to address and overcome the barriers to utilization of 
micronutrient powder in this refugee camp setting.
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TABLE 2. Hemoglobin and soluble transferrin receptor in women and children at three visits during the studya

Variable Baseline Midline Endline

P value

Baseline to 
midline

Midline to 
endline

Baseline to 
endline

Women 
n 458 317 283
Anemic (hemoglobin 

< 120 g/L)—%b
42.6 41.3 41.7 .72 .82 .92

Hemoglobin—g/L 121.4 ± 0.8 120.8 ± 0.9 120.6 ± 1.0 .57 .81 .42
Soluble transferrin 

receptor—nmol/L
24.1 ± 0.5 20.7 ± 0.7 20.8 ± 0.7 .0002 .83 .0006

Childrenc

n 410 320 299
Anemic (hemoglobin  

< 110 g/L)—%b
55.5 52.3 59.8 .36 .05 .26

Hemoglobin—g/L 105.7 ± 0.6 109.0 ± 1.6 105.5 ± 0.3 .05 .25 .95
Soluble transferrin 

receptor—nmol/L
36.1 ± 0.7 29.5 ± 1.9 28.4 ± 3.2 .001 .76 .02

a.	 Plus–minus values are means ± SE.
b.	 P value for anemia prevalence is based upon chi-square test of prevalence at all three visits.
c.	 Least squares means regression was used to adjust for age in children, since increasing age is associated with a decrease in hemoglobin and 

an increase in soluble transferrin receptor.
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