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COMMUNITY LED INITIATIVE FOR CONTROL OF ANEMIA AMONG 
UNMARRIED ADOLESCENT GIRLS FROM RURAL WARDHA, INDIA

A Dongre, P Deshmukh, S Datta, B Garg
Mahatma Gandhi Institute of Medical Sciences, Sewagram, Wardha, India
Objective: To evaluate the effect of “Community Led Initiative” for control of iron deficiency 
anemia among unmarried rural adolescent girls (12-19 years) through weekly iron 
supplementation and health education. 
Material and Methods:  The present participatory action research was carried out in 23 villages 
of Primary Health Centre, Anji having population of 31,482. The study subjects were unmarried 
rural adolescent girls of age group 12-19 years. Community based organizations (CBOs) like 85 
women’s self help groups; 20 Kishori Panchayat (KP, forum of adolescent girls) and 27 Kisan Vikas 
Manch (KVM, Farmers’ club) and 20 Village Coordination Committees (VCC - a representative 
committee of above mentioned CBOs) were formed in all villages to form a platform at 
community level for actions. In March 2008, needs assessment was undertaken by interviewing 
260 adolescent girls by trained personnel by paying house to house visits. Hemoglobin 
examination of girls was done by using Hemoglobin color scale. Later, Community organizers 
made survey findings available to VCC members for facilitating discussion and decision making 
process on intervention package. The intervention package consisted of weekly ferrous sulfate 
(60mg) tablet supplementation and health education. After intervention, the follow up 
assessment was undertaken in July 2008 by triangulation of quantitative (survey) and qualitative 
(Force Field Analysis, FFA) Methods. 
Results: The overall prevalence of iron deficiency anemia significantly declined from 73.8% 
to 54.6% (p=0.001). The overall mean hemoglobin also increased significantly from 10.0 + 
1.82 g/dL to 11.0 + 1.47 g/dL (p=0.001). There was significant decline in moderate and severe 
anemia among adolescent girls. As found in force field analysis with 28 CLICS doots, the main 
positive forces for program were co-operation from the adolescent girls and their mothers due to 
perceived benefits like, increased appetite, reduction in problem of scanty menses, tiredness and 
weakness. The only major negative force was side-effects like nausea and vomiting. 
Conclusion: Community mobilization for once weekly iron supplementation and diet education 
could improve hemoglobin status of rural adolescent girls.
Keywords: Community mobilization, weekly iron supplementation, rural, adolescent girls, iron 
deficiency anemia, health education
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HEMOGLOBIN CONCENTRATION AND IRON STATUS AMONG 
INDONESIAN ADOLESCENT SCHOOLGIRLS ARE NOT RELATED TO 
RIBOFLAVIN STATUS BUT TO VITAMIN A STATUS
D Dillon1,2, C West1, M Bos2, H Meester2, J Hautvast2, H Verhoef3,4

1University of Indonesia, SEAMEO-TROPMED Regional Center for Community Nutrition and  
Department of Nutrition, Jakarta, Indonesia, 2Wageningen University, Division of Human Nutrition, 
Wageningen, Netherlands, 3Wageningen University, Cell Biology and Immunology Group, 
Wageningen, Netherlands, 45London School of Hygiene and Tropical Medicine, Nutrition and Public 
Health Intervention Research Unit, London, United Kingdom
Background: Anemia is mostly caused by iron deficiency, while several vitamins are related 
to anemia. Riboflavin and vitamin A are postulated to have relationship with anemia or iron 
deficiency; however, data on adolescent girls are scarce.
Objective: To assess the relationship between status of riboflavin or vitamin A and iron among 
adolescent schoolgirls in Indonesia.
Methods: Three cross sectional studies were carried out in arbitrarily selected secondary 
schools in different locations, of urban slum and rural areas, during dry and rainy seasons. 
Subjects were 749 post-menarchal adolescent girls of schools that had not been involved in 
any deworming nor iron supplementation programs. Concentrations of C-reactive protein, 
hemoglobin, plasma ferritin, and retinol, as well as the erythrocyte glutathione reductase 
activity coefficient were assessed. We excluded girls with inflammation as indicated by plasma 
C-reactive protein >5mg/L.
Results: The prevalence of anemia, deficiencies of iron, riboflavin and vitamin A were in the 
ranges 9-57%, 20-57%, 59-96% and 7-21%, respectively. Concentrations of hemoglobin or 
plasma ferritin were not related to riboflavin status across study sites or when all data were 
combined, with or without adjustment for vitamin A status. When all data were combined, 
hemoglobin concentration was lower among vitamin A deficient compared to non-deficient girls, 
while plasma ferritin concentration was positively associated with vitamin A status, whether or 
not adjusted for riboflavin status.
Conclusion: Hemoglobin concentration or reduced iron status are not related to riboflavin status 
but to low vitamin A status and vitamin A deficiency.
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SCHOOL-BASED IRON AND FOLIC ACID WEEKLY 
SUPPLEMENTATION PROGRAMS SIGNIFICANTLY REDUCE 
ANEMIA IN ADOLESCENT GIRLS IN BIHAR…BUT MUCH REMAINS 
TO BE DONE 
F Saiyed, M Ayoya, V Aguayo
UNICEF, Patna - Bihar, India
Background:  India has one of the highest prevalences of anemia in adolescent girls worldwide. 
However, India’s national programme for the control of anemia does not include adolescent 
girls as an eligible group for services. Therefore, it is important to build the evidence base 
about the need for and the feasibility of programs to control anemia in adolescent girls. It is 
documented that anemia is a risk factor for low school enrolment and high absenteeism and 
drop out rates due to the poor concentration ability and learning capacity of anemic girls. To 
respond to this challenge, Government of Bihar is scaling up with UNICEF’s support a large-scale 
program to control anemia and improve nutrition, health, and education outcomes in school-
going girls.
Aims: The aim of the program is to make use of the school infrastructure to deliver evidence-
based, low-cost, high-impact interventions for the control of anemia to school-going 
adolescent girls. 
Framework: A total of 300,884 adolescent girls from 1,348 schools across 16 districts 
(provinces) in the state of Bihar received weekly supplements containing iron (100 mg) and 
folic acid (0.5 mg) for 52 weeks (one year) along with factual information on the etiology 
and prevention of anemia, dietary counseling, and counseling for addressing some social 
determinants of anemia such as gender discrimination, discrimination in intra-household food 
allocation, and early marriage/pregnancy. A random sample of 3,953 girls from 80 schools was 
identified to assess the impact of the program. Outcomes: The evaluation shows that 85 percent 
of the girls took a weekly iron and folic acid supplement. Counseling sessions in schools were 
attended by 94 percent of the girls and 91 percent of them took advice from teachers on how to 
overcome the potential side-effects associated with iron and folic acid supplementation. After 
a year of implementation (52 weeks) the prevalence of anemia in adolescent girls decreased 
from 93 percent to 84 percent (11 percent reduction); high school performance rates improved 
from 16 percent to 24 percent. Implications: These positive results have been used as evidence 
base to leverage government resources for scaling up school-based anemia control programs 
for adolescent girls in Bihar. Assessments are underway to increase the impact of the program; 
the inclusion of bi-annual deworming, younger adolescent girls (before the onset of menarche), 
and non-school going girls through the community-based Integrated Child Development 
Services program are three major innovations being considered. Key words not in the title: 
school performance, non-school going girls.
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LOW IRON INTAKE AND ANAEMIA IN FEMALE ADOLESCENTS IN 
UGANDA’S BOARDING SCHOOLS

S Ngalombi, J Kikafunda, A Namutebi
Makerere University, Kampala and RECSO (Uganda), kampala, Uganda
Although Anaemia was ranked among the leading causes of morbidity and mortality of all 
admissions and out-patient cases in Uganda, little attention has been given to this significant 
public health issue among adolescent females. The countries demographic health surveys 
of 2001 (24.5%) and 2006 (43%) showed high anaemia (7.0 – 10.9 g/dl) prevalence among 
adolescent (15-19 years) females. The adolescent females in boarding schools have higher 
anaemia prevalence rates probably brought about by consumption of a seemingly balanced but 
restrictive diet. The diet may not be able to meet the increased iron needs of adolescent females 
as it  mainly consist of phytate contain legumes and lightly milled cereals, all of which are 
known to greatly inhibit iron bio-availability. 
A cross-sectional study involving 198 students in 6 schools in central Uganda. Dietary intakes 
were obtained using a self administered structured questionnaire including a 24-hour food 
recall on three non consecutive days and the wfood2 (1997) used to convert intake into 
nutritional content. iron intake (23.3 ± 11.7 mg/day) was significantly (P < 0.01) below the 
nation’s RDA of 30 mg with the majority (69.5%) below this. Only 0.010% of iron was in the 
form of the more absorbable haem iron. Intake of iron absorption enhancers vitamin C (18.1 
± 36.8 mg/day) and meat, fish and poultry (3.97 ± 11.5 mg/day) was also low with 85.5 % 
having inadequate vitamin C intakes.  Iron status (Hb concentration) was assessed using a 
hemocue and the means in all schools was significantly (P < 0.01) below the WHO cut-off for 
anaemia (<11g/dl). The anaemia prevalence (68.7%) in this group is indeed a serious public 
health concern as defined WHO (2001)
If the country is to combat anaemia, a whole lifecycle approach should be considered so as to 
ensure that the period of adolescence is utilised to develop adequate iron stores, ensuring that 
they enter the adult stage with sufficient loads to cater for the demands of pregnancy in the 
near future.We cannot afford to ignore such a significant public health issue in adolescents 
because the prevalence exceeds the 5% cut off point set by WHO (2001).
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STRENGTHENING PROGRAM DESIGN AND PLANNING: THE CASE 
OF THE NEPAL MATERNAL IRON/FOLIC ACID SUPPLEMENTATION 
PROGRAM
R Pokharel1, M Maharjan2, P Mathema3, R Shrestha4

1Nutrition Section, Child Health Division, Department of Health Services, Kathmandu, Nepal, 
2The Micronutrient Initiative, Kathmandu, Nepal, 3UNICEF, Kathmandu, Nepal, 4Nepali Technical 
Assistance Group, Kathmandu, Nepal
Background: In 1998 the prevalence of Iron Deficiency Anemia among pregnant women in Nepal 
was 75%.  In 2001 coverage with iron/folic acid (IFA) supplements was only 23%, with poor 
compliance considered to be a key constraint.  IFA tablets were available only at health facilities 
and there was lack of awareness and counselling. In 2003-04, the Department of Health Services 
developed a program of intensified maternal micronutrient interventions that involved Female 
Community Health Volunteers (FCHVs) in awareness creation as well as distribution of IFA tablets. 
The program was launched in 5 districts with initial training and then incorporated into the 
routine activities of the government health care facilities and FCHVs.
Aims: To assess whether the coverage and compliance of IFA supplementation could be 
significantly increased and sustained for long time by introduction of a community-based 
intensification program.
Methods: Baseline, midline-1, midline-2, midline-3 and endline surveys were done in the 5 
districts of the phase-one program in 2003, 2004, 2005, 2006 and 2008 respectively to evaluate 
the program outcomes. In each round of enumeration, 160 pregnant women in 2nd trimester 
(P2T), 160 pregnant women in 3rd trimester (P3T), and 160 Postpartum women (PP) were 
selected by using a two-stage sample design. The main indicators were coverage and compliance 
of IFA tablets among pregnant and postpartum women. Compliance was defined as consumption 
of at least 80% of prescribed IFA tablets.
Results: P2T, P3T and PP coverage with IFA supplements increased from 27%, 47% and 23% 
at baseline respectively to 56%, 86%, and 64% at endline. Compliance among women in P2T, 
P3T and PP increased from 9%, 29%, and 8% at baseline respectively to 26%, 76%, and 48% 
at endline.  At national level, national IFA supplementation coverage had in 2006 (by when the 
program had already been introduced to 20 districts) risen to 59% (Nepal Demographic and 
Health Survey) compared to 23% in 2001.
Conclusions:  The main drivers of the increase – a combination of greater ease of access to 
and supply of IFA tablets plus the awareness creation activities of FCHVs - are thought to have 
contributed significantly to the very positive increases in coverage and compliance.  Following 
these positive results, the program has been expanded to 52 out of total 75 districts (as of 
December 2008) in a phased manner. The Department of Health Services now plans to introduce 
the program to all 75 districts by 2010.
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THE PREVALENCE OF ANEMIA IN MEXICAN WOMEN LESSENED IN 
THE PAST SEVEN YEARS BUT STILL IS UNRESOLVED PROBLEM 
T Shamah-Levy, S Villalpando, A Garcia-Guerra, V Mundo-Rosas, F Mejía Rodríguez, C Dominguez
National Public Health Institute, Cuernavaca, Morelos, Mexico
Background: Anemia is a public health problem affecting millions of people producing grave 
consequences for human health and social and economic development. Severe anemia in women 
is associated with a higher risk of perinatal morbidity and mortality, it is also associated to 
impaired cognitive and physical development in children and to low work productivity in adults.
Objective: To describe the prevalence and distribution of anemia in Mexican women and to 
analyze its tendency in the last two Mexican National Nutrition Surveys of 1999 and 2006.
Material and Methods: Data of women (12 and 49 years old) from two National Nutrition 
Surveys carried out in 1999 (ENN99), and (ENSANUT 2006) were retrieved for these analysis. 
Hemoglobin concentrations were measured in both surveys in capillary blood, using a portable 
photometer Hemocue (Hemocue Inc., Angelholm, Sweden). The prevalence of anemia adjusted 
by socioeconomic profile (high, medium, and low) and by potentially explanatory variables were 
modeled by multiple logistic regressions; probabilities and 95% C.I. were estimated. 
Results: The overall prevalence of anemia was 20.2% (95% C.I. 15.9, 26.2%) for pregnant 
women and 15.5% (95% C.I. 14.7, 16.4%) for non-pregnant women. The prevalence of anemia 
diminished from 1999 to 2006 in all three socioeconomic profiles by about 5 percentage points. 
Adjusted OR for adolescent women living in the Northern and Southern regions was higher 
than that of those living in Mexico City (p = 0.05).  Other risk factor was belonging to low 
socioeconomic level (p< 0.06). For adult women parity greater than 3 was a significant risk (p 
< 0.05).  Having Indian ethnicity or being beneficiary of food distribution programs was not 
associated with anemia.
Conclusion: Anemia in women of reproductive age continues to be a public health problem in 
Mexico, although of medium importance (medium = 5 - 19.9%) according to WHO grading for 
the prevalence of anemia in non-pregnant women and in pregnant women (>20). In the 7 years 
period elapsed between 1999 to 2006 there was a 5.6 PP decrease for non-pregnant and 4.5 PP 
for pregnant women. If the changes observed between 1999 and 2006 continues at the same 
pace, there would be needed 8.4 and 9.6 years to reduce the prevalence of anemia of non-
pregnant and pregnant women, respectively,  to acceptable rates (<5.0%). Regardless of the 
progress achieved in reducing anemia in women of reproducing age it is far from being resolved.
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DETECTING ANAEMIA PREVALENCE AMONG FRONT LINE 
HEALTH CARE PROVIDER AS THE FIRST STRATEGY FOR ANAEMIA 
CONTROL IN JHARKHAND STATE OF INDIA.
P Kotecha1, C Mishra2, S Roy2

1A2Z MICRONUTRIENT PROJECT, ACADEMY FOR EDUCATION DEVELOPMENT, NEW DELHI, India, 
2A2Z MICRONUTRIENT PROJECT, ACADEMY FOR EDUCATION DEVELOPMENT, RANCHI, India
Background: Government of Jharkhand State, India, has initiated on priority basis the anaemia 
control program among pregnant women within the broad program of reproductive and child 
health. Prevalence of anaemia among pregnant mothers was recorded to be as high as 70% in 
the survey conducted by A2Z Micronutrient project in three districts covering over 900 pregnant 
women. With the technical support from A2Z Micronutrient Program, the training is conducted 
for all front line health care providers using the government resources.
Aim:  As a part of motivation and education to them, all frontline health workers’ haemoglobin 
testing was done to show them their level of haemoglobin and measure anaemia prevalence 
among the front line health care providers. Those found anaemic, would get treatment and 
would also get extra motivation to control anaemia among their clients’ pregnant women.
Methods: From nine batches of 15-20 health workers in each batch, total of 139 front line 
workers were screened for anaemia prevalence using HemoCue 201 machine during the lunch 
hour break for the training. The results were instantly shared with them. Three categories of 
health workers were identified, auxiliary nurse midwife (ANM) who are full time, government 
paid employees covering 5000 population, aanganwadi workers (AWW), who are part time 
stipendiary workers  from women and child development department who are covering 1000 
population and volunteers categorized as others.
Results: Total 91% (126/139) of health workers themselves were found to be anaemic using 
World Health organization criteria of 12 g/dL for women and 13 g/dL for men as the cut off 
points for diagnosis of anaemia. Among ANMs, 74% were anaemic, while AWW, most of them 
young women in reproductive age themselves, 97% were anaemic and 91% of volunteers were 
anaemic. This result was eye opening to all of them as well as Medical Officers who expected 
these workers to counsel their clients for anaemia control. Motivation of health workers after 
this exercise was very high for anaemia control activities.
Conclusion: Anaemia has been neglected morbidity and even though there is a program in 
place, none of the health workers seriously considered that as in important problem. They did 
not know their own level of haemoglobin and this exercise proved very important to educate 
and motivate them for anaemia control
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IS NUTRITIONAL ANAEMIA A RARE PROBLEM IN ETHIOPIA
J Haidar
Addis Ababa University, Addis Ababa, Ethiopia
Background: WHO has categorized nutritional anaemia particularly iron deficiency anaemia 
as one of the top ten serious public health problems. Nonetheless, in Ethiopia, nutritional 
anaemia is documented as a rarity by few investigators despite the fact that the country 
being among the poorest and least developed countries, with a high burden of macro-and 
micronutrient deficiencies.
Aim: The continued controversies on the existence of the problem in the country necessitated 
this work with the aim to clarify the uncertainties and demonstrate the existence of nutritional 
anaemia using evidence-based findings.
Methods: A total of 270 clustered villages from 9 administrative regions representing different 
food staple diets in proportion to their size of population were selected from June to July 2005 
using multi-stage cluster-sampling method. In each cluster, about 100 women or a total of 
27,000 reproductive women were considered. Of the total 27,000 eligible lactating women 
assessed for clinical anaemia through interviews and clinical observations, only 5 percent of 
them who were lactating mothers were selected systematically and assessed for haemoglobin 
(Hb) and serum ferritin (SF) status and qualitative information on dietary practice and 
consumption was also collected.
Results: The mean Hb was 12.9 gm/dl ranging from 6 to 22.0 gm/dl with an overall prevalence 
rate of 28.1% indicating the prevalence is of moderate public health problem. The mean SF 
level was 58µg/l ranging from 0.70 to 244.0 µg/l with a prevalence rate of 49.8% for iron 
deficiency further substantiates the existence of nutritional anaemia. The overall prevalence 
rate of iron deficiency anaemia was 17.0%. The prevalence of all types of anaemia among 
the age groups between 31-49 years was higher and the difference noted however was 
statistically significant only for anaemia. Overall, the proportion of women observed with 
frequent consumption of animal sources of iron rich foods was uniformly lower (18.9%) than 
plant sources.
Conclusion: Moderate nutritional anaemia in the form of iron deficiency anaemia appears to be 
a problem and therefore, the need for improved iron supplementation to vulnerable groups is 
the way forward to achieve several MDG goals.
Keywords:  anaemia; rarity; lactating; inadequacy; supplementation.
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WEEKLY IRON-FOLIC ACID SUPPLEMENTATION REDUCES ANEMIA 
AMONG WOMEN OF REPRODUCTIVE AGE IN THE SEKONG 
PROVINCE OF LAO PDR
B Phengdy, K Montha, K Houaboun, J Rah, T Cavalli-Sforza
Ministry of Health, Vientiane, Lao People’s Democratic Republic
Background: The prevalence of anemia, which increases the risk of adverse birth outcomes 
among pregnant women, is high in Lao PDR affecting 37% of women reproductive age (WRA). 
Daily administration of iron during pregnancy has had little success due to low program 
coverage. Weekly iron-folic acid (IFA) supplementation has been shown to be an effective 
alternative strategy to prevent anemia in various Southeast Asian countries as well as elsewhere.
Objectives: To determine the effect of weekly IFA supplementation in reducing anemia 
prevalence among non-pregnant WRA in the Sekong Province of Lao PDR and to examine change 
in knowledge and intake of foods rich in iron following community-based nutrition education
Methodology: The program targeted 830 WRA (12-49y) living in 9 rural villages and 1230 
schoolgirls (12-19y) living in one district of the Sekong province. They received 60 mg of 
elemental iron and 3.5 mg of folic acid weekly for 28 wk. Information and education (IEC) 
materials on the causes, consequences, and the prevention of anemia were provided and 
community-based nutrition education was conducted each month. All subjects received 
500 mg of mebendazole prior to the IFA supplementation. An evaluation of this pilot project 
was conducted among 364 secondary school girls and 599 non-pregnant WRA. Capillary 
hemoglobin, women’s knowledge and dietary consumption were measured at baseline and 
after 28 wk of intervention.
Results: At baseline, 34% of school girls and 49% of village WRA were anemic (hemoglobin 
<120g/L). By the end of the intervention, >90% of the subjects had taken ≥20 of the 28 tablets 
and the prevalence of anemia was significantly reduced to 13% and 29% among school girls 
and village women, respectively. After monthly education for 6 mo, women’s knowledge on the 
symptoms, causes, and prevention of iron deficiency anemia improved remarkably. For example, 
the percentage of women who were aware that IFA supplementation can prevent anemia 
increased from 1% to 99% among school girls and from 17% to 97% among village women 
(both p<0.05). Compared to baseline, more women reported consuming iron-rich foods such as 
meat (17% vs. 40%) and fish (31% vs. 67%) following the intervention (both p<0.05).
Conclusion: Weekly IFA supplementation was found to be a practical and effective method for 
reducing anemia in adolescent schoolgirls and village WRA in rural Lao PDR. Nutrition education 
using effective IEC materials remarkably improved women’s knowledge of anemia and intake of 
dietary iron sources.

W85BARRIERS TO IMPROVE HIGH COVERAGE OF IFA IN PREGNANT 
WOMEN IN THREE EASTERN DISTRICTS OF UP (UTTAR PRADESH) 
INDIA
V Joshi, A Jain, P Kotecha, S Muttoo
A2Z-AED, Allahabad Uttar Pradesg, India
Background: Anemia is the second highest cause of maternal deaths in Asia (Lancet 2006; 
367:1066-74). Universal IFA supplementation of 100 tablets to all pregnant women through 
government public health system is part of national anemia control strategy. Nation wide 
population based survey data (National Family Health Survey III: 2005-7) for Uttar Pradesh has 
reported 51.6% anemia prevalence among pregnant women and  8.7% pregnant women have 
consumed IFA for 90 days or more in their index pregnancy.
Aim: To study and determine barriers to achieve high coverage of distribution and consumption 
of IFA (Iron Folic Acid) tablets among pregnant women.
Methods: All the processes like micro planning, supplies, identification and registration of 
pregnant women, administration of IFA supplementation, counselling and advocacy, recording 
and reporting of IFA distribution and consumption and delivery of other services in government 
system in 9 blocks of 3 eastern districts (2.28 million populations and 75518 estimated number 
of pregnant women) of UP are observed by A2Z (USAID Micronutrient Organization) with 
support of GOUP (Health and ICDS departments). Systematic support is also provided by A2Z 
and GOUP in terms of field coordinators and mentors to improve internal monitoring processes 
at all levels in identified districts.
Results: The gaps identified were inadequate micro planning, problem in supply chain 
management, unsystematic Methods of identifying and following pregnant women, gaps in 
recording and reporting of IFA distribution, no tracking of consumption of IFA, inadequacy 
of internal monitoring and lack of coordination between two key departments (Health and 
Integrated Child Development Scheme) responsible for delivering services to pregnant women.
Conclusion: Lessons learned in 3 eastern districts are likely to be relevant to the other sixty 
eight districts of the state. Substantial coverage of IFA is possible if leadership at state and 
district levels give priority to addressing operational constrains identified.
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WEIGHT GAIN AND RETENTION IN WOMEN SUPPLEMENTED WITH 
ONE OF THREE SUPPLEMENTS WITH IDENTICAL MICRONUTRIENT 
CONTENT IN MEXICO
S Hernandez-Cordero1, L Neufeld1, A Garcia-Guerra1, C Dominguez-Islas1, R Garcia Feregrino1, A Hernandez1, I Blanco1, 
S Young2, 
A Bonvecchio-Arenas1

1National Institute of Public Health, Cuernavaca, Morelos, Mexico, 2University of California, Berkeley, 
CA, United States
Background: The Mexican health system is facing a challenge on how to tackle the public 
health problems within the population. In Mexico there is a coexistence of nutritional problems 
related to deficiencies (i.e. anemia) and excess (i.e. obesity). One of the organized responses to 
nutritional deficiencies health related problems is the Oportunidades program in Mexico. This 
program delivers fortified food (Nutrivida) to pregnant and lactating women beneficiaries of the 
program. However, knowing that prevalence of overweight and obesity in women is increasing, 
it is of paramount importance to ensure that Nutrivida consumption is not associated with a 
greater risk to develop overweight and obesity in women and to look for alternative strategies to 
improve micronutrient status during pregnancy and lactation.
Aim: To evaluate the impact of three supplements with identical micronutrient content 
(Nutrivida (Nv), tablets (T) and Sprinkles (S))  on the weight change during pregnancy and early 
postpartum period in women beneficiaries of the Oportunidades program in urban Mexico.
Methods: Communities (18 per supplement) were randomly assigned to receive Nv, T or S. All 
pregnant women (< 25 wks), beneficiaries of the Oportunidades program were eligible to 
participate. Supplements were delivered daily (9 mo) then weekly from recruitment through 
3 mo postpartum and compliance recorded. We included in the study, qualitative Methods to 
evaluate the acceptability of the supplements.
Results: A total of 694 women were recruited and started supplementation (Nv n=224, T n= 
235, S n= 235) and 571 of them (82%) finished the study. There was no statistically significant 
difference demographic and other characteristics at recruitment. There was no difference on 
weight change from recruitment to 37 wks of pregnancy (Nv 6.4±3.7; T 6.3± 3.7; S 6.2±3.4, 
p >0.1), and to 1 mo (Nv 0.9±3.4; T –1.0± 3.4 ; S –0.8±3.4, p >0.1) or 3 mo postpartum (Nv 
–0.3±3.4; T –0.4± 3.9 ; S –0.3±4.3, p >0.1) after adjusting for gestational age at recruitment, 
and supplement consumption. Although women in the S group consumed a greater number 
of dosis during the study, compared to T (S:167 ± 40 vs. T:157± 40 dosis ;p= 0.02), women 
reported that tablets were the first choice because of their convenience  and the absence of 
perceptible taste or smell.
Conclusions: Given that weight gain and retention did not differ, it is likely that women 
consuming Nutrivida displace a similar amount of energy from the habitual diet. Considering 
the qualitative and quantitative analysis, tablets may be a more cost-efective alternative for the 
delivery of micronutrients in the Oportunidades program.
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MONITORING COVERAGE, PROMOTIONAL STRATEGIES, AND 
PERCEPTIONS OF FACTORS INFLUENCING SALES OF SPRINKLES 
IN RURAL WESTERN KENYA: THE NYANDO INTEGRATED CHILD 
HEALTH AND EDUCATION PROJECT (NICHE)
L Ruth1, M Jefferds1, R Quick1, L Ogange2, F Ngure3, A Obure2, K Teates1, C Jung4, V Were2, M Owuor2, P Juliao1, P Suchdev1, 
C Ochieng2

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 2Centers for Disease Control 
and Prevention/Kenya Medical Research Institute, Kisumu, Kenya, 3Cornell University, Ithaca, NY, 
United States, 4Emory University, Atlanta, GA, United States
Background: The Safe Water and AIDS Project (SWAP) combined social marketing with 
mobilization of local institutions to promote the sale of Sprinkles by vendors who sell health 
products to neighbors in 30 intervention villages.
Aim: Describe monitoring of wholesale sales, household demand, promotional strategies, and 
perceived factors influencing Sprinkles sales among vendors.
Methods: Ongoing quantitative and qualitative monitoring began in February 2007. Office records 
monitored wholesale vendor purchases, distribution of incentives and promotions. Biweekly 
household surveillance monitored retail household purchases for 9 months. Qualitative data 
collection included 14 focus groups and 66 key informant interviews with vendors. Quantitative 
data analysis calculated frequencies and qualitative data were analyzed for recurring themes.
Results: From July 2007-June 2008, wholesale sales trends were strongly influenced by initial 
enthusiasm and intense promotion; national elections and later violence; and free sachet and cup 
promotions. Vendors who lived closer to the wholesale office purchased more Sprinkles; in response 
a 2nd office was opened closer to remote vendors. Over 9 months of biweekly surveillance, on 
average 33% of households purchased and/or received gift of Sprinkles during the prior 2 weeks. 
In qualitative data, vendors reported the most important factors perceived to influence sales were 
Sprinkles knowledge, health benefits, formal trainings, community launches, low price, seasonal 
cash flows, and consumer and vendor incentives. Reported major barriers to selling were lack of 
time and walking long distances in villages to sell. Vendors described inter-personal promotion of 
Sprinkles occurring formally and informally by vendors and among the population, and testimonials 
of positive experiences as powerful motivators. Vendors reported formal training was important 
and that untrained vendors gave incorrect information. Vendor sale incentives are vital to motivate 
vendors over time; consumer incentives were perceived to motivate sales, but changing the 
incentives was needed to maintain sales. Vendors reported changing consumer incentive guidelines 
to garner sales.
Conclusions: Monitoring informs trends in promotions and sales, and is critical for effective 
strategic program implementation. These data led to decisions to expand, implement more 
trainings and launches, limit free sachets, and ensure sufficient vendor and consumer incentives. 
Quality trainings and launches, repeated with wide access, are necessary for promotion by vendors 
and community members.

TH03

DISTRIBUTION OF MULTI-MICRONUTRIENT SPRINKLESTM 
THROUGH THE COMMUNITY-BASED LADY HEALTH WORKERS 
EFFECTIVE IN REDUCING ANEMIA IN 6-23 MONTHS CHILDREN IN 
RURAL PAKISTAN
N Ansari1, N Khan2, R Solangi2, A Javed3, Z Bhutta1

1Aga Khan University, Karachi, Sindh Province, Pakistan, 2The Micronutrient Initiative, Islamabad, 
Pakistan, 3national Program for Family Planning and PHC (LHW Program), Islamabad, Pakistan
Background: According to Pakistan National Nutrition Survey 2001-02, nearly 48% 
children aged 6-23 months are anemic with nearly 37% having iron deficiency anemia. 
Fortifying home-available foods with SprinklesTM (containing 12.5 mg of iron and other key 
micronutrients) may be an effective and feasible strategy for addressing childhood anemia 
especially if it can be successfully integrated into the government sponsored Lady Health 
Worker (LHW) program.
Aims: To assess the effectiveness in reducing anemia among children aged 6-23 months by 
integrating SprinklesTM into LHW program in rural/ peri-urban Pakistan.
Methods: The study was conducted from October 2007 to April 2008 in district Naushero Feroze. 
To assess effectiveness, a pre-post intervention design compared before and after hemoglobin 
(Hb) measurements among children who received SprinklesTM with counselling (Sprinkles 
group) and children who only received feeding advice (Control group) during routine LHW 
visits. To assess the operational feasibility of integrating SprinklesTM intervention into LHW 
program, M&E visits were made to eligible households to assess the distribution and usage of 
SprinklesTM along with exit interviews of mothers at the end of the study. In-depth interviews 
were also carried out with LHWs and Lady Health Supervisors (LHSs).
Results: A total of 613 children were included in the study at baseline, 308 in the SprinklesTM 
group and 305 in the control group. At endline, data were available on 269 children in the 
SprinklesTM group and 269 children in the control group. The attrition rate was high (11% in 
intervention group and 13% in the control group) due to unforeseen migration. 96% of the 
intervention mothers reported ever using SprinklesTM with a mean of 44.4 sachets per child 
(SD ± 22.4). Nearly 57% mothers reported completing the full 60 sachets. Overall, 61% of 
the mothers liked using SprinklesTM and over ½ stated they usually mixed it in the child’s 
breakfast. Anemia prevalence was reduced to 19% (from 36 to 29%) in the SprinklesTM group, 
and increased from 40 to 49% in the control group. A rate of anemia recovery among the 
SprinklesTM group was twice as large as in the control group (24% vs 11%). There was also 
a significant trend towards higher Hb response with increasing consumption of SprinklesTM. 
Wide distribution of SprinklesTM by LHWs to households was observed. The LHWs and LHSs 
reported that the activity was challenging but feasible and doable.
Conclusions: The study indicates that the integration of a SprinklesTM intervention into the 
LHW program is potentially feasible and effective in reducing anemia.

TH02

RESEARCH TO PRACTICE: A MULTISECTORIAL APPROACH 
TO PRODUCT DEVELOPMENT, RESEARCH AND GLOBAL 
DISTRIBUTION TO PREVENT MICRONUTRIENT DEFICIENCIES
S Zlotkin1,3, C Grasset3, T Aupperle2, D Yeung4

1University of Toronto, Toronto, Ontario, Canada, 2HJ Heinz Company Foundation, Pittsburgh, 
United States, 3Sprinkles Global Health Initiative, Toronto, Ontario, Canada, 4H.J. Heinz Company 
Foundation, Toronto, Ontario, Canada
Multisectorial approaches to address the problem of malnutrition are encouraged by world and 
local health organizations.  These approaches have been the mainstay for eliminating malnutrition 
since the introduction of the concepts of food diversity and nutrient fortification. Nutritionally-
enhanced products are available in the market place that address needs throughout the life span. 
The process begins when scientists discover the problems. The food industry manufactures and 
markets products to ameliorate the problems; public health professional promote the products; 
and the regulators set the standards and good manufacturing procedures as well as monitor 
the outcome of the practice. Consequently, many vitamin and mineral deficiencies have been 
eliminated in industrialized countries. Unfortunately in developing countries and in poverty 
stricken and remote areas, micronutrient malnutrition remains prevalent.
The H. J. Heinz Company Foundation established the Micronutrient Campaign (HMC) 8 years ago. The 
aim is “to combat iron-deficiency anemia and vitamin and mineral malnutrition in the developing 
world, especially as they affect young children”. Starting small, with efficacy studies and expanding 
to intervention programs in Indonesia, India, and China, the Micronutrient Campaign has become 
the Heinz Company Foundation signature program. Since 2001, The Foundation has provided grants 
to the Sick Children Hospital for research on the efficacy of Sprinkles in different parts of the world. 
Separately it formed a partnership with the Helen Keller International to further research on the 
efficacy of the micronutrient powder, Vitalita, and its distribution in Indonesia. Vitalita was found to 
be a critical intervention for emergencies such as the tsunami, floods and earthquakes in Indonesia. 
Partnership with the King Edward Memorial Hospital in Pune further established the efficacy and 
effectiveness of Sprinkles in India. With the partnership of the Commissioner of Health in the State 
of Maharashtra and Helen Keller International, the anganwadi under the ICDS was found to be an 
excellent route for the distribution of Sprinkles in the rural and congested areas of the Maharashtra. In 
China, the Heinz Foundation has provided a grant to the Ministry of Health to assess the distribution 
of a rice-based micronutrient powder, NurtureMate, in four ‘poor’ provinces in western China.
Production of Vitalita in Indonesia and Sprinkles in India is done by co-packers which are monitored 
for quality by Heinz.  Both sites were audited and are approved suppliers of UNICEF. HMC is ambitious 
in its endeavour to eliminate micronutrient malnutrition among infants and young children in 
different parts of the world. It is expanding its involvement to Africa and South America and has 
formed partnerships with NGOs where it operates. HMC will continue to provide technical assistance 
where requested, develop and reformulate new products where required, and invite partners in the 
public and private sectors to assist in sustainable distribution of nutritionally-enhanced products to 
eradicate micronutrient malnutrition.
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EFFECTIVENESS OF ZINC SUPPLEMENTATION PLUS ORAL 
REHYDRATION SALTS COMPARED WITH ORAL REHYDRATION SALTS 
ALONE AS A TREATMENT FOR ACUTE DIARRHEA IN A PRIMARY CARE 
SETTING: A CLUSTER RANDOMIZED TRIAL

N Bhandari1, S Mazumder1, S Taneja1, B Dube1, R Agarwal3, D Mahalanabis2, O Fontaine4, R Black5, M Bhan6

1Society for Applied Studies, New Delhi, India, 2Society for Applied Studies, Kolkata, India, 3Badshah Khan 
Hospital, Faridabad, Haryana, India, 4World Health Organization, Geneva, Switzerland, 5Johns Hopkins 
Bloomberg School of Public Health, Maryland, United States, 6Department of Biotechnology, New Delhi, India
Introduction: Zinc treatment is efficacious in individually randomized, placebo-controlled trials, but this 
may not equate to effectiveness under real-life conditions in developing counties, because impact may be 
altered by community perceptions, Methods of intervention delivery, and logistics. We conducted a cluster 
randomized trial to test the hypothesis that education about zinc supplementation in acute diarrhea and 
provision of zinc supplements along with ORS packets to caregivers through public and private health care 
providers is effective in the treatment of acute diarrhea among children <5 years old.  Objectives The purpose 
of this trial was to evaluate whether education about zinc supplements and provision of zinc supplements to 
caregivers is effective in the treatment of acute diarrhea and whether this strategy adversely affects the use of 
oral rehydration salts. Methods Six clusters of 30 000 people each in Haryana, India, were randomly assigned to 
intervention and control sites. In collaboration with the district authorities, government and private providers 
and village health workers were trained to prescribe zinc and oral rehydration salts for use in diarrheal episodes 
in 1-month-old to 5-year-old children in intervention communities; in the control sites, oral rehydration salts 
alone was promoted. In two cross-sectional surveys commencing 3 months (Survey 2) and 6 months (Survey 
3) after the start of the intervention, care-seeking behavior, drug therapy, and oral rehydration salts use 
during diarrhea, diarrheal and respiratory morbidity, and hospitalization rates were measured. Key Results The 
characteristics in the households included in the baseline survey were similar in the intervention and control 
areas with the exception of ALRI prevalence which was significantly higher in the control areas (p =0.0001). In 
the two surveys, zinc was used in 36.5% (n=1571 in Survey 2) and 59.8% (n= 1649 in Survey 3) in diarrheal 
episodes occurring in the 4 weeks preceding surveys in the intervention areas. The use rates of ORS were higher 
in the intervention communities than in control communities; 34.8% vs 7.8% in Survey 2 (Odds Ratio [OR] 
6.33, 95% confidence interval [CI] 2.38 to 16.80; p <0.0001) and 59.2% vs 9.8% in Survey 3 (OR  13.36, 95% CI 
9.00 to 19.8; p <0.0001). In the intervention communities, care seeking for diarrhea reduced by 34% (Survey 
3), as did the prescription of drugs of unknown identity (Survey 3) and antibiotics (Survey 3) for diarrhea. The 
24-hour prevalence of diarrhea (p= 0.03)and acute lower respiratory infections (p <0.0001) were significantly 
lower in the intervention communities (Survey 3). All cause hospitalizations were also significantly lower in 
the intervention areas than control areas in Survey 3 (p <0.0001), as also were hospitalizations due to diarrhea 
(p=0.023) and pneumonia (p < 0.0001). The median (IQR) out-of-pocket cost for treatment of a diarrheal 
episode was Rupees 25 (IQR 8 to 60) and Rupees 50 (IQR 25 to 100) in Survey 2, and nil (IQR 0 to 28) and 
Rupees 40 (IQR 20 to 85) in Survey 3 in the intervention and control communities, respectively.
Discussion: Diarrhea is more effectively treated when caregivers receive education on zinc supplementation 
and have ready access to supplies of oral rehydration salts and zinc, and this approach does not adversely 
affect the use of oral rehydration salts; in fact, it greatly increases use of the same. Sources of Support Financial 
support from United Nations Children’s Fund (New Delhi) and Department of Biotechnology, Government of 
India (New Delhi). Department of Child and Adolescent Health and Development, World Health Organization 
(Geneva) provided the zinc tablets. United States Agency for International Development (USA) provided 
financial support for the pilot project.

TH08

INTRODUCING ZINC AS CHILDHOOD DIARRHEA TREATMENT 
THROUGH THE PRIVATE SECTOR IN NEPAL: RESULTS AND LESSONS 
LEARNED
W Wang1, V MacDonald1, N Maharjan2

1Abt Associates, Inc., Bethesda, MD, United States, 2Population Services International, Kathmandu, 
Nepal
Beginning in 2005, Nepal’s MOH embraced the WHO/UNICEF recommendation to integrate zinc 
into its diarrhea management program encouraging the launch of  zinc treatment programs 
through both public health facilities and private sector channels. Support for these programs 
was provided by the U.S. Agency for International Development.  The Social Marketing for 
Diarrheal Disease Control (POUZN) Project, implemented by Abt Associates in collaboration with 
Population Services International, led the private sector initiative.  The private sector program 
focused on training private providers and pharmacists while public sector efforts focused on 
training and distributing zinc via female community health volunteers and public sector clinics. 
Multiple communications channels targeted caregivers and providers to ensure they understood 
that zinc together with ORT/ORS is the appropriate treatment for uncomplicated diarrhea, 
that inappropriate diarrhea treatments may be harmful, and where to obtain zinc.  Initially, no 
appropriate zinc products were available in Nepal, but collaboration with local pharmaceutical 
manufactures resulted in three companies producing and introducing zinc in the private sector 
by August 2007. A population-based research study conducted by the project in August 2008, 
surveyed caregivers of children under five in 3500 households in the 30 program districts. 
Multivariate analysis was used to identify factors influencing the use of zinc use and to assess the 
impact of the communication campaign. The study found that 15.4% of children with diarrhea 
in the past two weeks were treated with zinc.  Zinc tablets were obtained from private chemist 
shops (32%), private clinics (26%), public sector health posts (29%), hospitals (18%), or a female 
community health volunteer (15%). Fifty three percent of respondents had heard about a zinc 
product—50% on the radio and 85% via the television commercial.  Television and radio were 
the most effective means of transmitting key messages to the population. Research also found 
that caregivers exposed to the media messages were two times as likely to have treated their 
children zinc and to have used it correctly for 10 days along with ORS or ORT. They were also 
much more likely to know where to purchase zinc (77% of those exposed vs. only 2 % of those 
not exposed). The private sector program, although only active in 30 districts but covering 65% 
of the population for six months, successfully contributed to an increase in zinc use from 0.4% in 
2005 to 15.4% in 2008. Of users, 78% correctly took zinc and ORS together, 64% correctly took 
zinc for the full 10 days, and 53% did both.

TH07

TANZANIA PUBLIC-PRIVATE PARTNERSHIP TO PROMOTE 
RATIONAL DIARRHEA MANAGEMENT 
C Saade, C Winger
Academy for Educational Development, Washington, DC, United States
Background:  In Tanzania the WHO estimated more than 25,000 childhood deaths annually in 
2004 due to dehydration from diarrhea, placing Tanzania in the top 15 countries for diarrhea-
caused mortality.  Diarrhea is estimated to be the third largest individual cause of infant 
mortality in Tanzania after malaria and acute respiratory infection.       
Aims: POUZN partners with the public sector, private sector, NGOs and donors to promote to 
caregivers improved diarrhea management, which includes oral rehydration therapy, zinc 
treatment, appropriate antibiotic use and continued feeding during diarrhea and to ensure that 
all portions of the population are reached. 
Methods: To assure local supply, POUZN selected a partner, Shelys, according to criteria 
including quality assurance, production capacity, extensive distribution and willingness to co-
create demand with POUZN.  The project provided technical assistance via US Pharmacopoeia, 
an organization that works to certify the quality, safety and benefit of medicines, to ensure the 
zinc’s quality. To assure demand, POUZN and Shelys agreed on a marketing plan that targeted 
health providers via a range of activities, including regular health professional contacts with 
medical representatives, hospital and MCH Center meetings. In parallel, POUZN supported trade 
activations to supply drugstores with initial stock and motivate retailers to sell zinc treatment 
along with ORS.  Simultaneously, the Ministry of Health (MoH) promoted improved diarrhea 
management within Tanzania.  
Results: Shelys has upgraded its quality assurance standards, developed/registered the zinc 
dispersible tablet, distributed it in districts with 57% of the country’s population and has sold 
more than 206,000 treatment courses in 22 months in the private sector and another 14,000 
doses to the public sector.  The public sector received 1.2 million doses donated by UNICEF 
and is distributing them to health posts.  The IMCI guidelines were updated to reflect a range 
of improved treatments for diarrhea, malaria and other diseases. However, the MoH has not 
released the revised guidelines to many health professionals due to budget constraints.  The 
guidelines’ roll-out is expected to increase the uptake of the product.
Conclusions:  In countries where the public sector provides a high percentage of health 
care, the private sector can catalyze demand, but support of the public sector is critical to 
long-term uptake.  

TH06

SCALING UP ZINC AS TREATMENT OF CHILDHOOD DIARRHEA IN 
BANGLADESH

T Ahmed, M Mahfuz, A Khan
ICDDRB, Dhaka, Bangladesh
Background: There are 18.9 million (United Nations Population Division 2007) under five children in 
Bangladesh. About 8% of them are reported to have had diarrhea in the past 2 weeks (BDHS 2004). It is 
estimated that zinc treatment could save the lives of 70,000 children per year in Bangladesh (Jones G, 
Lancet 2003; 362: 65–71). 
Program: The SUZY project launched by ICDDR,B with support from the Bill and Melinda Gates 
Foundation has been, for the first time, providing zinc treatment for diarrhea on a large scale, targeting 
the entire under-five population in Bangladesh. 
Objective: The objective of the SUZY project is to implement a zinc treatment scheme for Bangladesh 
that will reach all children with diarrhea, irrespective of gender and equity
Description: ICDDR,B, through the SUZY Project, purchased the patent license for dispersible zinc tablets 
with the recipe from Nutriset and subcontracted a local pharmaceutical company, ACME Laboratories 
Limited, to produce the tablets in Bangladesh. ‘Baby Zinc’ dispersible tablets were launched in November 
2006. To disseminate the message of using zinc with ORS for treatment of childhood diarrhea, a vigorous 
communication campaign is ongoing that Aims to reach all segments of the Bangladeshi population, 
including health providers, parents, opinion leaders and drug sellers. 
At the beginning, all activities were planned and partially initiated in a bottom-up manner. However, 
since the key stake holders including the Pediatricians and the medical community were by-passed, the 
Program faced obstacles and could not start. The strategy was then changed and introduction of zinc 
tablets through the Pediatricians and other medical professionals was reorganized, and the Program 
became successful. A national policy was formulated in September 2006 incorporating zinc in the 
management of childhood diarrhea through the IMCI program. All IMCI training courses now include zinc 
in the management of diarrhea. In collaboration with the SUZY Project, and through the Planning and 
implementation committee of the Ministry of Health and Family Welfare, the IMCI Program is providing 
zinc tablets free to children with diarrhea. From November 2006 to February 2007, ACME sold more than 
12 million zinc tablets with an annual growth of about 110%. According to a market research, 116,000 
zinc tablets per day are required. Only this amount of tablets is currently being produced. However, 
considering the total estimated episodes of diarrhea among all under-5 children, the requirement of zinc 
should be much higher than what is currently being produced in the country. 
Conclusion: The relatively greater coverage of zinc within the short time frame in Bangladesh compared 
to other countries has been possible because of 1) leadership of a research institute having credibility, 2) 
support from a major donor, 3) endorsement from the Pediatricians, and drug administration authorities 
4) local production and marketing of the tablets, and 5) an effective communication strategy. To improve 
national coverage further, zinc should be included in the essential drugs list to make it available at all 
levels of health care. Along with ORS, zinc should be distributed free to the poor in all Government 
facilities including outpatient dispensaries. There is an urgent need for establishing a cell in the Ministry 
of Health for monitoring the procurement and distribution of zinc. The ongoing communications needs 
to be continued.
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GOLDEN RICE AS A FOOD SOURCE OF VITAMIN A 
G Tang1, Z Wang2, S Yin3, J Qin1, G Dolnikowski1, M Grusak4, R Russell1

1Tufts University, Boston, United States, 2Nanjing Medical University, Nanjing, China, 3Natl Inst Nutr & 
Fd Safety of Chinese CDC, Beijing, China, 4USDA/ARS Children’s Nutrition Research Center, Houston, 
United States
Golden Rice (GR) is a transgenic product that is enriched with beta-carotene (β-C) genetically. 
To determine its vitamin A value, intrinsically labeled GR was obtained by growing plants in 
a nutrient solution containing 23% D2O. The GR β-C was enriched with deuterium with the 
highest abundance isotopomer peak at M+9.  Healthy subjects were given a known amount of 
an oil capsule of 13C10 - retinyl acetate as a reference dose, in addition to deuterium-labeled 
GR.  Serum samples collected from the subjects were analyzed using advanced technology (GC/
ECNCI-MS) for the enrichments of labeled retinol by monitoring the isotopomers M+5 (derived 
from GR) and M+10 (derived from 13C10 - retinyl-acetate).  By using the response to the dose 
of 13C10 - retinyl acetate as reference, one completed study (n = 5) showed that the conversion 
efficiency of GR β-C was 3.8 ± 1.7 to 1 (Mean ± SD) by weight (GR β-C dose of ~1 mg).  More 
vitamin A equivalency studies with GR are ongoing (GR with/without added dietary fat, etc). 
Results of these studies will be presented and will be discussed in the context of GR's potential 
contribution to population-based vitamin A adequacy. (Funded by USAID, NIH DK60021, USDA 
58-1950-7-707, 1950-51000-065-04, 6250-2150-042, and Syngenta Foundation).

TH10VITAMIN A EQUIVALENCE OF BETA-CAROTENE-BIOFORTIFIED 
MAIZE IN WOMEN
S Li1, A Nugroho1, T Rocheford2, W White1

1Iowa State University, Ames, IA, United States, 2University of Illinois, Urbana, IL, United States
Beta-carotene (BC)-biofortified maize is being developed through plant breeding as a 
sustainable agronomic approach to alleviate vitamin A deficiency in Africa.  Our objective was 
to quantify the vitamin A equivalence of BC-biofortified maize based on ingestion of a single 
realistic serving of maize porridge.  Women (n = 6) each consumed in random order 3 maize 
porridges (250 g each) containing 62.5 g maize flour: 1) BC-biofortified maize porridge (526.8 
ug beta-carotene); 2) white maize porridge with BC reference dose (535.7 ug added BC); 3) 
white maize porridge with vitamin A reference dose (285.6 ug added retinol).  Blood samples 
were collected over 9 h.  Retinyl palmitate was analyzed in triacylglycerol-rich lipoprotein 
fractions by HPLC with coulometric array electrochemical detection.  Areas under the curve 
(AUC) for retinyl palmitate were 9.46 ± 1.41 nmol·h/L, 34.06 ± 4.31 nmol·h/L, and 32.32 ± 
5.05 nmol·h/L after ingestion of BC-biofortified maize porridge, white maize porridge with 
BC reference dose, and white maize porridge with vitamin A reference dose, respectively.  
The vitamin A equivalence of the BC in BC-biofortified maize was 6.90 ± 1.53 to 1 (by wt); 
the vitamin A equivalence of the BC reference dose (2.11 ± 0.59 to 1) approximated that 
established by the U.S. Institute of Medicine. BC-biofortified maize is a bioavailable source of 
vitamin A.  Supported by USAID/CIAT and HarvestPlus.
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SPRINKLES AND SYRUP CONFER THE SAME BENEFITS IN ACTIVITY 
AND EXPLORATION AS DOES THE FORTIFIED-FOOD SUPPLEMENT 
CURRENTLY PROVIDED BY THE MEXICAN POVERTY-ALLEVIATION 
PROGRAM OPORTUNIDADES: RESULTS FROM A RANDOMIZED 
TRIAL
N Jennings Aburto1, M Ramirez-Zea2, A Garcia-Guerra3, R Flores-Ayala1, L Neufeld3

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 2Instituto de Nutricion de 
Central America y Panama, Guatemala, Guatemala, Guatemala, 3Instituto Nacional de Salud 
Publica, Cuernavaca, Morelos, Mexico
Background: The Mexican government sponsors a national poverty-alleviation program, 
Oportunidades, which provides a fortified-food supplement, Nutrisano, to all children less than 
2 years of age in beneficiary families. Nutrisano provides iron, zinc, vitamins A,E,C,B2,B12, folic 
acid, and energy (carbohydrate, fat and protein). The lack of wasting (< 2%) and the high rates of 
overweight in Mexico, even in the economically disadvantaged, put in question the need for the 
energy supplied by Nutrisano.
Aims: To compare the impact of Nutrisano (MME) to Sprinkles and micronutrient syrup, both having 
an identical micronutrient profile as Nutrisano but not energy, on physical activity and exploration 
in children.
Methods: In a sample of 169 beneficiary children 6–12 months of age at baseline, we measured 
height, weight, Hb concentration, motor development, and physical activity and exploration at 
baseline and after 4 months of supplementation with Nutrisano, Sprinkles, or syrup. We measured 
activity and exploration by direct observation during 15 minutes of individual play in a novel 
environment and generated 3 activity and 2 exploration clusters using two separate cluster analyses 
based on 6 activity and 5 exploration variables. We used logistic regression to test the effect of 
the MME relative to Sprinkles and syrup, and relative to Sprinkles and syrup combined (MM) on 
inclusion in the higher activity or exploration cluster.
Results: There was no effect difference between Sprinkles and syrup on either outcome (p > 0.05). 
There was a tendency for children receiving MME to have lower odds of being in the high activity 
cluster relative to those receiving MM (OR=0.48, p 0.06). Anaemia at baseline modified the effect 
of MME relative to MM on activity (p < 0.01). In children anaemic at baseline, those receiving MME 
had lower odds of being in the high activity cluster (OR=0.13, p < 0.01). There was no significant 
difference between MME and MM when children did not have anaemia (OR = 3.97, p = 0.10). There 
was no difference in odds of being in the high exploration cluster between MME and MM (OR= 
0.99, p = 0.99). There was no effect modification by anaemia at baseline (p > 0.10).
Conclusions: After 4 months of supplementation, Nutrisano did not confer additional benefits on 
activity and exploration compared to those provided by Sprinkles and syrup having an identical 
micronutrient profile but not energy. The impact of Sprinkles on activity and exploration was not 
different than that of syrup. Additional outcomes including acceptance and cost will be assessed to 
determine whether Sprinkles and/or syrup should be suggested for use by the program.

TH40IRON ABSORPTION OF FROM HOMEMADE COMPLEMENTARY 
FOOD FORTIFIED WITH FERROUS SULPHATE AND SODIUM IRON 
EDTA IN CHINESE CHILDREN
S Chang, Z Huang, I Egli, X Yang, C Zeder, J Piao, R Hurrell, Y Ma
1National Institute for Nutrition and Food Safety, Beijing, China, 2ETH, Zurich, Switzerland, 3Hebei 
Medical University, Shijiazhuang, China
Background: According to the Chinese Nutrition and Health Survey 2002, circa 30% of young 
children are anaemic, mainly due to iron deficiency. Food fortification with micronutrients as 
a cost-effective and sustainable strategy is currently being evaluated in China and other Asian 
countries. However, young children do often not consume enough of the fortified products such 
as soy sauce. Therefore “in home” fortification of complementary foods should be considered to 
improve the micronutrient status of young children.
Aims: To optimize the iron absorption from homemade complementary foods in young children. 
Iron absorption from a complementary food fortified with ferrous sulfate or sodium iron EDTA at 
two different fortification levels was investigated in young Chinese children. 
Methods: The complementary food chosen for the study, i.e. millet porridge and dumplings with 
cabbage and tofu, was identified in a dietary assessment as a commonly consumed food in a rural 
community in Yuanshi County, China. The complementary foods were fortified with either 2 mg 
ferrous sulfate or sodium iron EDTA (study 1) or 4 mg ferrous sulfate or a mixture of ferrous sulfate/
sodium iron EDTA (study 2) and administered to the children under close supervision. The iron 
was labeled with iron stable isotopes 57Fe and 58Fe and iron bioavailability was measured based 
on erythrocyte incorporation of iron stable isotopes 14 days after oral administration. Fourteen 
children aged 2-2.5 years completed study 1, 15 children of the same age completed study 2 
Results: Geometric mean (-SD,+SD) iron absorption from the fortified complementary food

Study 1 Absorption (%) Absorption ratio 
NaFeEDTA/FeSO4

P 
(paired t-test)

2 mg Fe as FeSO4 8.0 (3.1, 20.8)

2 mg Fe as NaFeEDTA 9.2 (3.1, 27.0) 1.15 0.19

Study2 Absorption (%) Absorption ratio 
NaFeEDTA/FeSO4

P 
(paired t-test)

4 mg Fe as FeSO4 4.1 (1.9, 8.9)

4 mg Fe equally from FeSO4 
and NaFeEDTA 6.4 (3.0, 13.5) 1.56 0.03

Conclusions: No significant difference was found between the iron absorption from FeSO4 and 
NaFeEDTA at a fortification level of 2 mg. At the higher fortification level of 4 mg a significant 
difference was found between FeSO4 to FeSO4 /NaFeEDTA. In this study the combination of 
FeSO4 and NaFeEDTA at a fortification level of 4 mg per meal was shown to lead to the highest 
amount of iron absorbed from the tested complementary food. 
The financial support of the International Atomic Energy Agency is gratefully acknowleged.

TH39

Scaling-up New Technologies: Micronutrient Powders, Spreads, Home-based Fortification Thursday, 14 May, 2009



Abstracts

M i c r o n u t r i e n t s ,  H e a lt h  a n d  D e v e lo p m e n t:
E v i d e n c e - b a s e d  P r o g r a m s

1 2 –1 5  M ay  2 0 0 9      b e i j i n g ,  c h i n a112

EFFECTIVENESS OF COMMUNITY LEVEL FORTIFICATION OF 
SCHOOL LUNCH MEALS IN INDIA
A Osei1, D Hamer1,2, R Houser1, N Scrimshaw1,3, S Bulusu4, M Mathews5, I Rosenberg1

1Friedman School of Nutrition Science and Policy, Tufts University, Boston, MA, United States, 2Center 
for International Health and Development, Boston University School of Public Health, Boston, 
MA, United States, 3International Nutrition Foundation, Boston, MA, United States, 4Micronutrient 
Initiative, Delhi, India, 5World Food Program, Delhi, India
This study determined the effectiveness of micronutrient fortification of school meals cooked 
and fortified at the school on anemia and micronutrient status of schoolchildren in Himalayan 
villages of India.  This was a placebo controlled, cluster-randomized study in which 499 
schoolchildren (6-10y) received either a micronutrient (treatment group) or placebo (control 
group) as part of their school meals (6d/wk) for 8 months.  The micronutrient premix provided 
10mg iron, 375µg vitamin A, 4.2mg zinc, 225µg folic acid and 1.35µg vitamin B12 for each child 
per day (~75% RDA).  Blood samples drawn before and after the intervention were analyzed for 
hemoglobin and serum ferritin, retinol, zinc, folate and vitamin B12.
Baseline prevalences of anemia, iron deficiency anemia and low serum concentrations of ferritin, 
retinol, zinc, folate and vitamin B-12 were 36.7%, 10.2%, 24.1%, 56.1%, 74.3%, 67.9% and 
5.7% respectively, with no significant differences between-groups.
At the end of the intervention, the treatment group was less likely to have low serum retinol [OR 
(95% CI): 0.57 (0.33 – 0.97)] and low serum folate [OR (95% CI): 0.47 (0.26 – 0.84)] compared 
to the control group.  Vitamin B-12 significantly increased in both groups, but the magnitude of 
change was less in the treatment compared to the control group (p<0.05).
School-level micronutrient fortification of school meals was effective in improving folate and 
serum retinol status and reduced the magnitude of seasonal decrease in vitamin B-12 status.  It 
also has potential for improving body iron status.
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SPRINKLES USE NOT ASSOCIATED WITH MORBIDITY AMONG 
YOUNG CHILDREN IN WESTERN KENYA: THE NYANDO INTEGRATED 
CHILD HEALTH AND EDUCATION PROJECT (NICHE)
P Suchdev1,2, C Jung2, L Ruth1, A Obure3, A Sharma1, K Teates1, B Woodruff2, M Jefferds1, R Quick1

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 2Emory University, Atlanta, 
GA, United States, 3Kenya Medical Research Institute, Kisumu, Kenya, Kenya
Background: Treatment of iron deficiency with home-fortificants, such as Sprinkles, is 
efficacious and cost-effective. However, the safety of Sprinkles use in malaria-endemic areas 
has not been established. As part of the Nyando Integrated Child Health and Education Project 
(NICHE), Sprinkles are sold by women’s groups with monitoring of coverage and biological 
impact. Children 6-59 months are instructed to consume not more than one sachet per day. 
im: To measure morbidity associated with Sprinkles use among children in the NICHE project. 
Methods: In a cohort of children aged 6-59 months, data from baseline and follow-up cross-
sectional surveys and from biweekly household surveillance visits during 12 months were 
analyzed using logistic regression to assess the association between Sprinkles use and morbidity. 
Sprinkles use was measured at each surveillance visit and defined as any reported household 
purchase across the study period. Morbidity was reported by the household respondent and 
defined as either hospital or clinic visits for malaria in the previous two weeks, or fever in the 24 
hours preceding the surveillance visit. Models were adjusted for age, sex, socioeconomic status, 
and residence in intervention or comparison village. We also tested for interaction between 
Sprinkles use and anemic status at baseline, since non-anemic children may be at increased risk 
for malaria with iron use. Logistic models were analyzed using generalized estimating equations 
to account for correlations in repeated measures. 
Results: Of the 990 children followed in intervention and comparison villages (14,511 
observations), 12.7% reported at least one hospital or clinic visit for malaria, 80.4% reported at 
least one episode of fever, and 66.5% came from households that purchased Sprinkles sachets 
(median=1.6 [range 0.06-15] sachets purchased per 2 weeks). Sprinkles use was not associated 
with hospital or clinic visits for malaria (OR=0.65, CI=0.41-1.02), and there was no difference 
in hospital or clinic visits for malaria by baseline anemia status (non-anemic OR=0.54, CI=0.29-
0.98; anemic OR=0.70, CI=0.38-1.3). Results were similar using reported fever as the morbidity 
outcome (OR=0.89, CI=0.76-1.05, p for interaction= 0.42). 
Conclusions: Although NICHE was not designed to look specifically at adverse events, preliminary 
data indicate that Sprinkles use was not associated with a measurable increase in hospitalization or 
clinic visits due to malaria or reports of fever. Ongoing longitudinal monitoring of Sprinkles use and 
morbidity will further assess the safety and effectiveness of Sprinkles.

TH42EFFECTIVENESS OF SPRINKLES SALES IN WESTERN KENYA IN 
REDUCING CHILDHOOD ANEMIA AND IRON DEFICIENCY: THE 
NYANDO INTEGRATED CHILD HEALTH AND EDUCATION PROJECT 
(NICHE)
P Suchdev1,3, L Ruth1, M Usha1, R Quick1, C Mbakaya2, L Kaduka2, 
M Jefferds1, B Woodruff3

1Centers for Disease Control and Prevention, Atlanta, GA, United States, 2Center for Public Health 
Research/Kenya Medical Research Institute, Nairobi, Kenya, Kenya, 3Emory University, Atlanta, GA, 
United States
Background: In March 2007, CDC joined with partners to implement the Nyando Integrated Child 
Health and Education Project (NICHE), an effectiveness study that combines social marketing with 
mobilization of local institutions to promote the sale of Sprinkles along with other health products.  
Children 6-59 months were instructed to consume <1 sachet a day.
 Aim: To measure the impact of Sprinkles sales on anemia and iron deficiency among children in the 
project area. 
Methods: We randomly selected 60 villages from Nyando Division (population 80,000) and allocated 
them into intervention and comparison groups. In intervention villages, Sprinkles are distributed 
by vendors who sell health products to neighbors. In comparison communities, Sprinkles are 
not promoted nor marketed by this network. Biweekly household visits measured Sprinkles use. 
Representative cross-sectional surveys collected blood and anthropometry at baseline (n=1056 
children 6-35 months) and at 12 months follow-up (n=855 children 18-47 months). Prevalence 
of anemia was compared between and within groups using Chi-square analysis. Linear regression 
models measured change in hemoglobin by Sprinkles consumption, adjusting for age and sex. Data 
were analyzed accounting for cluster sampling.
Results: The change in anemia prevalence by intervention and comparison group is presented below:

% Anemia (95% CI) Intervention Comparison P value

Baseline 64.6 
(60.4-68.6)

66.9 
(62.5-71.0) 0.50

12-month follow-up 39.1 
(34.6-43.9)

47.2 
(42.3-52.2) 0.02

p-value within group <0.01

Difference (%) 
in anemia 25.5 19.7

 
Average intake was 1.2 sachets per week among children from households in intervention 
villages reporting purchase of Sprinkles. Regression analysis showed a significant 
positive association between the number of sachets purchased by households and final 
hemoglobin (p=.04). There was also a 35% decrease in iron-deficiency among children 
in intervention households (p=.04). No change in the prevalence of malaria, wasting, or 
stunting was observed. 
Conclusions: Sprinkles household-based distribution through community vendors is effective 
in reducing anemia and iron deficiency in a resource poor-setting and endemic malaria area. 
NICHE will also assess the long-term effectiveness of Sprinkles distribution in this setting.
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PROGRAM EVALUATION STUDY TO DETERMINE THE 
EFFECTIVENESS OF WEEKLY ‘SPRINKLES’ ADMINISTRATION 
IN CONTROLLING ANEMIA AMONG YOUNG CHILDREN IN 
KYRGYZSTAN
T Schuth1, N Toktobaev1, E Lundeen1, S Hyder2, S Zlotkin2

1Kyrgyz-Swiss-Swedish Health Project (funded by Swiss Agency for Development and Cooperation 
and the Swedish International Development Cooperation Agency and implemented by the Swiss 
Red Cross), Bishkek, Kyrgyzstan, 2Hospital for Sick Children, Toronto, Canada
Background: Iron deficiency anemia is widespread among children in Kyrgyzstan. The 1997 
DHS in Kyrgyzstan found that 50% of children under the age of three have anemia. A program 
evaluation study and an efficacy study have been conducted to determine the feasibility of using 
‘Sprinkles’ micronutrient supplements for home fortification to prevent and treat anemia among 
children in Kyrgyzstan. The two studies evaluated different dosing regimens. The programmatic 
study is described in this abstract and the efficacy study is summarized in a separately submitted 
abstract.
Aim: Determine the effectiveness of weekly Sprinkles administration for 6 months in reducing 
the prevalence of anemia among children 6-36 months of age, and to determine whether 
Sprinkles could be an effective intervention in a national anemia control strategy.
Methods: Longitudinal pre- post- study with random cross-sectional samples measured at 
baseline and follow-up (occurred within the context of a regional program). The study included 
a control group, and the intervention was allocated randomly to clusters (communities). 
Pre- and post- intervention hemoglobin (Hb) was measured using HemoCue photometers. 
The intervention group was given 30 Sprinkles sachets (each with 30 mg iron) to be taken 
weekly for 6 months. A questionnaire on diet, overall health, compliance, and side effects was 
administered at baseline and follow-up. 4,762 children received Sprinkles in the intervention 
area. Random cross-sectional samples of children were selected for Hb measurement pre- and 
post- intervention from the control and intervention groups (intervention – 438-pre/397-post; 
control – 309-pre, 297-post).
Results: In the intervention group, the mean Hb increased (104.4 to 110.0 g/L), and the 
percentage of anemic children (Hb<110 g/L) decreased (77.8% to 69.2%). In the control 
group, the mean Hb also increased (102.0 to 104.5 g/L), and the percentage of anemic children 
decreased (83.2% to 76.1%). At follow-up, there was a significant difference between the control 
and intervention groups in mean Hb (p=0.001) and anemia prevalence (p=0.047). Compliance 
was high (on average 76%).
Conclusion: Weekly Sprinkles administration did not produce the anticipated effect. An 11% relative 
reduction in anemia prevalence among intervention children was much less than expected. The 
control group experienced an 8.5% relative reduction in anemia prevalence, indicating results 
among the intervention group were not due to the intervention. The disappointing results prompted 
the initiation of an efficacy study on daily Sprinkles supplementation (12.5 mg iron) for 2 months.
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PROSPECTIVE COHORT STUDY TO TEST THE EFFICACY OF 
‘SPRINKLES’ IN CONTROLLING ANEMIA AMONG YOUNG CHILDREN IN 
KYRGYZSTAN
E Lundeen1, N Toktobaev1, T Schuth1, S Zlotkin2

1Kyrgyz-Swiss-Swedish Health Project (funded by the Swiss Agency for Development and 
Cooperation and the Swedish International Development Cooperation Agency and implemented 
by the Swiss Red Cross), Bishkek, Kyrgyzstan, 2Hospital for Sick Children, Toronto, Canada
Background: Iron deficiency anemia is widespread among children in Kyrgyzstan. The 1997 DHS 
in Kyrgyzstan found that 50% of children under the age of three have anemia.  Efficacy research 
was conducted to determine the feasibility of using ‘Sprinkles’ micronutrient supplements for 
home fortification to prevent and treat anemia among children in Kyrgyzstan.
Aim: Determine the efficacy of daily Sprinkles administration for 2 months in reducing the 
prevalence of anemia among children 6-36 months of age, and determine whether Sprinkles 
could be an effective intervention within a national anemia control strategy.
Methods: Prospective, pre-post cohort study with a control group. The intervention was allocated 
randomly to clusters (communities). At baseline, children in the randomized clusters were 
enrolled in the study if their hemoglobin (Hb) was ≥70 g/L. Pre- and post- intervention Hb was 
measured on all subjects using HemoCue photometers. The intervention group was given 60 
Sprinkles sachets (each with 12.5 mg iron) to be used daily for 2 months. A questionnaire on diet, 
overall health, compliance, and side effects was administered at baseline and follow-up. From 
the 2,283 children screened at baseline, 1,834 were eligible for the study and available for Hb 
measurement at baseline and follow-up (932-intervention; 902-control).
Results: Sprinkles reduced the prevalence of anemia. In the intervention group, the mean Hb 
increased (101.0 to 108.2 g/L), and the percentage of anemic children (Hb<110 g/L) decreased 
(71.9% to 52.0%). In the control group, the mean Hb decreased (100.5 to 98.6 g/L), and the 
percentage of anemic children increased (71.8% to 74.9%). At follow-up, there was a significant 
difference between the control and intervention groups in mean Hb (p=0.00) and anemia 
prevalence (p=0.00). Compliance was high (on average 75%).
Conclusion: A 28% relative reduction in anemia prevalence among intervention children was 
achieved within the 2-month period. These results demonstrate that 60 Sprinkles sachets taken 
daily for 2 months can reduce the prevalence of anemia among young children in Kyrgyzstan. 
The study provided evidence that Sprinkles could be an effective intervention within a national 
anemia control strategy, which is currently being developed.  As a part of the national anemia 
control strategy, a pilot intervention with Sprinkles is presently being planned.
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COMBATING ANAEMIA AND MICRONUTRIENT DEFICIENCIES 
AMONG YOUNG CHILDREN IN RURAL CAMBODIA THROUGH 
IN-HOME FORTIFICATION AND NUTRITION EDUCATION. (GOOD 
FOOD FOR CHILDREN STUDY)
S Jack1,6, K Ou2, R Reach2, S Prak2, M Chea2, K Koum3, C Mom4, C Am4, 
S Leang4, K Hou5, M Khin5, S Ly5, A Talukder5, M Dunbar6, C Eang6, 
L Tokmoh1, V Berdaga7, L Chhin7, R Johnston6

1World Health Organization, Phnom Penh, Cambodia, 2National Nutrition Programme, 
Ministry of Health, Phnom Penh, Cambodia, 3National Maternal Child Health Centre, Ministry 
of Health, Phnom Penh, Cambodia, 4National Institute of Public Health, Ministry of Health, 
Phnom Penh, Cambodia, 5Helen Keller International, Phnom Penh, Cambodia, 6A2Z, Phnom 
Penh, Cambodia, 7UNICEF, Phnom Penh, Cambodia, 8National Paediatric Hospital, Phnom 
Penh, Cambodia
Background: Indicators of child survival are improving in Cambodia. However, both 
micro and macronutrient malnutrition are widespread along with a high prevalence of 
haemoglobinopathies. Efficacy studies using multiple micronutrients have been successful 
on a small scale in reducing anaemia among young children in Cambodia. Currently, only 
Government health services have nationwide coverage.
Aim: To test the operational feasibility of delivering multi-micronutrient “Sprinkles” with 
nutrition education through existing government health services linked to the community in 
order to inform policy and nationwide programs to address under-nutrition.
Methods: Cluster randomized effectiveness study recruiting all infants aged 6 months from one 
operational health district with 20 health centres (approximately 3600 infants) to receive daily 
micronutrient home fortification (Sprinkles) and infant and young child feeding (IYCF) education 
versus IYCF education alone for 6 months, implemented through existing Government health 
services linked to the community. A sub-sample of 1200 infants monitored at aged 6 mo, 12 mo 
and followed up at 18 mo for biochemical assessment of anaemia and iron, vitamin A and zinc 
deficiencies, growth and feeding practices.
Implications: By testing the effectiveness of delivering Sprinkles and IYCF education through 
existing systems, realistic policies and scale up plans can be formulated to address the huge 
problem of anaemia and other micronutrient deficiencies among infants and young children 
in Cambodia.
Conclusions: The National Nutrition Program (MoH, Cambodia) is capably implementing the 
delivery of Sprinkles and infant and young child feeding education in one operational health 
district in rural Cambodia. If this intervention is effective in combating anaemia and other 
micronutrient deficiencies and improving growth, there will be plans to scale it up nationwide.
Funded by: USAID, A2Z Cambodia; Health Sector Support Project, World Bank Cambodia; World 
Health Organization Cambodia.
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SCALE UP SPRINKLES SUPPLEMENTATION FROM PILOT PROJECT 
TO DISTRICT – WIDE IMPLEMENTATION

F Budiman, A Maruti, H Ndolu
UNICEF Indonesia, Jakarta, Indonesia
UNICEF Indonesia working together with MoH in introducing sprinkles supplementation to 
children age 6-59 months in larger sclae. Through Community Health and Nutrition System 
Strengthening (CHANSYS) Project, sprinkles introduced in 2 pilot districts (Sikka and Lombok 
Tengah). First stage of sprinkles distribution, covering around 25-30% children in each districts. 
Strategy in distributing sprinkles for the first time was using momentum of Vitamin A month in 
August 2007, that usually the coverage are high. We were able to distribute 90 sachets sprinkles 
to 27,661 Children in Lombok Tengah and 11,818 CU5 in Sikka. The total amount was projected 
for 6 months supplies.
In February 2008, we agreed to adjust 6 months supplies distribution into one or two months 
redistribution. Main reason is to increase coverage and answers doubts/questions/difficulties 
on consuming sprinkles.
We are in the process of evaluating sprinkles distribution after one year intervention, looking 
how health system adopting sprinkles intervention, behavior change in child feeding, and 
impact on child’s nutrition/growth.
Next October and April 2009, UNICEF and MoH is going to conduct Hemoglobin study to 
sprinkles and non sprinkles children. Sikka as an malaria endemic, we going to have joint study 
on sprinkles impact to children Nutrition and malaria.
Starting February 2009, CHANSYS project is going to scale up the sprinkles distribution to all 
children in Sikka district and 80% children in Lombok Tengah. Total number of children that will 
receive sprinkles will be around 70,000.
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EVALUATING ACCEPTABILITY OF HOME BASED FORTIFICATION 
APPROACH FOR DELIVERY OF ZINC AND IRON IN CHILDREN AGED 
6-24 MONTHS
P Dhingra2, S Sazawal1, U Dhingra1, V Iyengar3, V Menon2, A Sarkar2, R Black1

1Department of International Health, Johns Hopkins Bloomberg School of Public Health, Baltimore, 
United States, 2Center for Micronutrient Research,Annamalai University, Annamalai,Tamilnadu, 
India, 3Biomineral Sciences Internationa, Washington DC, United States
Background: More than half of children in the age group of 1-4 years in the developing world 
have zinc and iron deficiencies which predispose them to infectious diseases, anemia, impaired 
growth and development. Sustainable strategies to combat these deficiencies are thus a public 
health priority. Given the failure of supplementation programs, home based fortification of iron/
zinc may be an effective alternative strategy for delivery of these micronutrients. Acceptability of 
this concept by mothers is a key determinant for successful implementation of such a program.
Aim: To evaluate the parent and child acceptability of two home based food fortification 
approaches.
Methods: In peri-urban settlement of New Delhi, 796 children aged 6-24 months with no 
major illnesses and consuming complementary foods in addition to breast milk were randomly 
allocated to receive either fortified powder added to regular food (FP = 265) or one of three 
varieties of pre-fortified weaning food (prepared with water) [Ragi (RG) =265; Extruded Rice 
(EX) =134; Roasted Rice (RR) = 132] once daily for 15 days. Home visitation was undertaken 
twice a week and at the end of study to gather information on overall acceptance of these 
approaches.
Results: Proportion of mother/child pairs who took fortified food for 15 days was FP. 85.3%; 
RG. 88.3%, EX. 84.1%, RR 80.6%. Evaluation of overall acceptance from mother’s perspective 
indicated that they accepted and liked the concept of fortification FP: 97.3%; RG: 93.7%, EX: 
100%, RR: 95.3%.  More than 85% of the mothers indicated willingness to give all of the 
products in the future. In all the four groups, mothers observed a change in child’s food habits 
in terms of increased frequency of meals (36-44% of children) and increased quantity of over all 
food consumption (>80% of children).
Conclusions: The study concluded that both the approaches of food fortification using fortified 
powder and pre-fortified weaning food were found to be acceptable among the parents and 
children, with the acceptability of pre-fortified weaning food being slightly higher. Thus, both 
food fortification approaches is a feasible strategy for delivery of zinc and iron.
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MONITORING ADHERENCE & COVERAGE OF SPRINKLES: THE CASE 
OF GUATEMALA
U Dhingra, A MacLean, E Boy
Micronutrient Initiative, Ottawa, Ontario, Canada
Background: In Guatemala, anemia prevalence in children under 5 is 41%, sub-clinical vitamin 
A deficiency is 16%, and the prevalence of stunting associated with zinc deficiency is 49%.  Prior 
supplementation programs utilized ferrous sulphate drops to reduce iron deficiency anemia, but 
reached only low coverage rates (5%). Sprinkles, a multiple micronutrient powder, composed of 
iron, vitamin A, vitamin C, folic acid and zinc, was trialled instead in health centers and hospitals in 
3 public health districts in the province of Alta Verapaz. The Ministry of Health (MoH) established 
protocols for the Sprinkles program in the following areas: Coordination, Logistics, Capacity-
building, Education & Promotion, and Monitoring & Supervision.
Aims: To monitor adherence and coverage to help justify a scale-up of the program to a wider 
population.
Methods: To carry out the monitoring plan for the Sprinkles program, MoH identified 
personnel to perform regular visits to health centers, developed a schedule for supervision, 
designed monitoring instruments to measure coverage indicators, and supported a study on 
mothers’ adherence to the fortification directives. The monitoring protocol included logistical 
surveillance of the supply of Sprinkles, revision of forms to register Sprinkles distribution, 
supervision of the counseling given in health centers, the display of monitoring data in each 
health center, and visits to households to directly monitor usage. Lastly, technical meetings 
were held on a monthly basis at local and central levels, to assess implementation progress, 
disseminate coverage data and discuss obstacles and limitations.
Results: The MoH monitoring protocol indicated coverage from 86 to 94% of children aged 6 to 
59 months, with 84% of those receiving Sprinkles adhering to the directives. 
Conclusions: A number of factors are thought likely to have contributed to these positive 
results.  Firstly, engaging MOH staff in the design and implementation of the program, protocols 
and instruments helped to ensure political will at central level and the dedication of health 
center staff at local level.  Secondly, involvement of the field staff and provision of the financial 
resources needed to carry out visits encouraged the commitment of health center staff. Lastly, 
planning of monthly technical meetings proved essential to ensure regular monitoring of 
coverage data and disseminate lessons learned in a timely manner. The pilot program in 3 health 
districts has since been expanded to include all health districts in Alta Verapaz, to benefit a total 
of 119,044 children under 5 years.
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DIFFERING DOSE-RESPONSE OF SYRUP, A FORTIFIED FOOD AND 
SPRINKLES ON HAEMOGLOBIN CONCENTRATION IN MEXICAN 
CHILDREN
A Garcia-Guerra1, L Neufeld1, N Jennings Aburto2, C Domínguez1, R Garcia-Feregrino1, A Hernández-Cabrera1

1Center for Nutrition and Health Research, National Institute of Public Health, Cuernavaca, 
Morelos, Mexico, 2Centers for Disease Control and Prevention, Atlanta, Georgia, United States
Background: Oportunidades, a conditional cash transfer program with over 5 million 
beneficiary families in Mexico distributes of a fortified milk-based complementary food 
(Nutrisano) to children 6 to 23 mo of age. Although the program has had an impact on child 
growth, the prevalence of anemia, micronutrient deficiency and growth faltering remain high 
in the population.  We have been working with the program to find alternative supplements to 
improve impact on nutritional outcomes.
Aim: In this analysis we compare the dose-response of three supplements (Nutrisano 
(FF), Sprinkles (SP) and syrup (SY)) with identical micronutrient content on haemoglobin 
concentration after 2 and 4 mo of supplementation.
Methods: Communities (18 per supplement) were randomly assigned to receive FF (44 g 
powder dissolved in water), SY (5 ml) or SK (1 g dissolved in food). Children 6 to 12 mo of age, 
beneficiaries of the program were eligible to participate. Supplements were delivered and 
adherence and amount of dose consumed (0, ¼, ½, ¾, 1) were recorded daily. Measurements 
were taken after 2 and 4 mo of supplementation. Linear regression modelling was used to 
estimate the average haemoglobin increase per dose.
Results: 927 children were recruited (SY n=323; FF n=265; SK n=339) with no statistically 
significant differences at baseline between groups in haemoglobin concentration (SY 109.3 
± 12.5; FF 109.9 ± 12.0; SK 110.6 ± 12.8 g/L). After 2 mo of supplementation, a mean of 
34±11.5 doses had been consumed by the children with no difference between groups. 
Change in Hb concentration per dose was lower in the FF group (p<0.05) relative to the other 
groups and differed by anaemia status at baseline (p=0.06). Estimated change in children with 
anaemia at baseline was 0.12 g/L (p=0.06) for FF, 0.24 g/L for SY (p<0.01), and 0.20 g/L for 
SK (p<0.01). Among non-anaemic children estimated change was -0.01 g/L for FF (p=0.84), 
0.12  g/L (p=0.03) for SY, and 0.07 g/L (p=0.12) for SK. After 4 mo of supplementation, the 
estimated change in haemoglobin concentration did not differ by anaemia status at baseline, 
but was still lower in FF group (0.02 g/L, p=0.34) relative to the SY (0.08 g/L, p<0.01) and SK 
(0.08 g/L, p<0.01) groups.
Conclusions: Syrup and Sprinkles provided a greater per-dose increase in haemoglobin 
concentration than Nutrisano. Children with anaemia at baseline responded more rapidly to 
supplementation with greatest benefit in the first 2 mo of supplementation. The Oportunidades 
program financed this study and holds the rights to the data.
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SIGNIFICANT DOSE-RESPONSE OF SUPPLEMENTATION WITH 
MICRONUTRIENT SYRUP, A FORTIFIED FOOD OR SPRINKLES ON 
CHILD LENGTH AT 24 MO OF AGE IN MEXICAN CHILDREN
L Neufeld1, C Dominguez1, A García1, J Habicht2

1National Institute of Public Health, Cuernavaca, Mor, Mexico, 2Cornell University, Ithaca, NY, 
United States
Background: Oportunidades, a conditional cash transfer program with over 5 million 
beneficiary families in Mexico distributes a fortified milk-based complementary food 
(Nutrisano) to children 6 to 23 mo of age. Although the program has had some impact on child 
growth, the prevalence of anemia, micronutrient deficiency and growth faltering remain high 
in the population.  Other supplements might be as effective and less expensive.
Aim: In this analysis we compare the dose-response of three supplements, Nutrisano (NU), 
Sprinkles (SP) and syrup (SY) with identical micronutrient content per dose on child length and 
weight-for-length at 24 mo of age.
Methods: Communities (18 per supplement) were randomly assigned to receive NU (44 
g powder dissolved in water), SY (5 ml) or SP (1 g dissolved in food) and all children 6-12 
mo of age, beneficiaries of the Oportunidades program in each community were invited to 
participate. Supplements were delivered daily (9 mo) then weekly and consumed amount (0, 
¼, ½, ¾, 1) were recorded for the dose (SY) or the portion served (NU and SP). Length and 
weight were measured at baseline and at 24 mo of age. Mixed modelling which takes into 
account the randomization at the community level was used to estimate the average increment 
in length and weight-for-length per dose consumed. Doses consumed during the first 10 mo of 
supplementation (data cleaned to date) are included in this analysis.
Results: 927 children were recruited (NU n=265; SY n=323; SP n=339) with no statistically 
significant differences between groups in child age, weight, length, haemoglobin 
concentration or other measured variables at baseline.  Mean length-for-age Z score at 
baseline was -1. The dose-response was significant overall with no significant difference 
among the three groups. For each additional dose of supplement, children were 0.006±0.003 
cm longer in the NU group (p<0.05), 0.004±0.003 cm in the SY group (0.05<p<0.10) 
and 0.005±0.002 cm in the SP group (p<0.05) There was no significant difference in dose 
response between children who were stunted or not at baseline.  There was no significant 
dose-response on weight-for-length (p=0.78) for any of the supplements.
Conclusions: This dose-response analysis provides evidence that the 3 supplements were 
equally efficacious to increase child length, but not weight-for-length.  The additional 
macronutrients in the food Nutrisano appear to provide no additional benefit to child growth 
in this population over and above what can be attributed to their micronutrient content.  The 
Oportunidades program funded this study and holds the rights to the data.
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DIETARY ZINC INTAKE DID NOT MEET THE CHINESE DIETARY 
REFERENCE INTAKES IN JIANGSU PROVINCE, EASTERN PART OF 
CHINA
Y Qin1,2, A Melse-Boonstra2, Z Shi1, X Pan1, B Yuan1, Y Dai1, J Zhao1, F Kok2, M Zhou1

1Jiangsu Provincial Center for Disease Control and Prevention, Nanjing, China, 2Wageningen 
University, Wageningen, Netherlands
Objectives: To evaluate dietary zinc intake among the population of Jiangsu Province.
Methods: 3,867 subjects aged 4 years and older were representatively sampled in 2 urban and 
6 rural areas of Jiangsu Province. Dietary intake was assessed using 24-hour recalls on three 
consecutive days. Zinc insufficient intake was calculated based on Chinese Dietary Reference 
Intakes (DRIs).
Results: The mean±SD of zinc intake was 8.1±2.7, 10.3±3.1, 12.3±3.7, and 11.6±3.7 mg/d for 
age groups of 4-11 years, 11-17 years, 18-49 years, and 50 years and older, respectively. Except 
for the group ≥50 years, mean zinc intakes in other groups were below the age- and sex- specific 
recommended values. Overall, the Percentage of subjects with insufficient intake of zinc was 
22.9%, with a declining trend with age. However, approximately 2/3rds of subjects ≤17 years 
of age had insufficient zinc intakes. Male have higher risk for zinc insufficient intake (OR:1.45, 
95% CI: 1.31-1.60) compared to female. There was an increased risk of zinc insufficient intake in 
the age group of 11-17 years (OR:2.10, 95% CI: 1.86-2.36), but a decreased risk in the age group 
18-49 years and ≥50 years (OR: 0.76, 95% CI: 0.66-0.86; OR:0.55, 95%CI:0.47-0.64, respectively), 
in comparison with that in age group of below 11 yrs. Risk for insufficient zinc intakes was higher 
among lower socioeconomic groups.
Conclusions: Dietary zinc intakes among the population of Jiangsu Province generally do not 
meet the Chinese DRIs. Children and adolescents are at particularly high risk of insufficient 
zinc intake.
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STATUS ZINC DEFICIENCY AMONGST CHILDREN IN 6 MONTHS TO 
60 MONTHS OF AGE IN DIFFERENT REGIONS OF INDIA 
U Kapil
All India Institute of Medical Sciences, New Delhi, India
The government of India has adopted a policy to Zn supplementation in treatment of diarrhoea, 
on pilot basis, in selected districts of the country, amongst children below five years of age. 
The prevalence of zinc deficiency in children from different regions of the country was  lacking  
hence present community based, cross-sectional study conducted in 5 states namely - Uttar 
Pradesh (Northern),  Karnataka (Southern), Orissa  (Eastern), Gujarat (Western) and Madhya 
Pradesh (Central )regions. The study data was collected between January 2006 and April 2007. 
The sample size was calculated considering the prevalence of zinc deficiency in children as 40%, 
the relative precision of 10% and 95% confidence level was considered. The sample size of   300 
children per State was calculated. In each state, one district was selected randomly and in the 
selected district, all the ICDS projects were enlisted and one project was randomly selected 
and subsequently 5 Anganwari centers (AWC) were randomly selected from the project. From 
each AWC, 60 children in the age group of 6 - 60 months were covered. A total of 1,665 children 
(836 males and 819 females) in the age group of 6 to 60 months were covered. The data was 
collected on age, sex, socio-demographic profile, breast feeding and infant feeding practices, 
the dietary habit of the family, current and past morbidity status of each child. Anthropometric 
measurements of weight and height were undertaken. The blood sample of each child was 
collected for the estimation of its serum Zinc and CRP level. Standardized Methods were used 
for collection, processing and storage of blood samples. A total of 1,655 children were covered: 
Gujarat, (353), Karnataka (356), MP (285), Orissa (345) and UP (316). The mean age of the 
subjects was 35.24 months + 15.47 years. The cut-off used for zinc deficiency was 65 mg/dl. 
The prevalence of zinc deficiency found was to be Gujarat, Karnataka, M.P., Orissa and U.P. was 
found to be 44.2, 36.2, 38.9, 51and 48.1 percent. It was found that 34.2% of the children who 
were zinc-deficient were stunted, 17.5% were wasted and 48.3% were underweight. Results 
of multiple regression analysis showed that state, caste, roots & tubers and sugar & jaggery 
were significantly associated with zinc deficiency. Study documented high prevalence of zinc 
deficiency amongst children in the 5 states studied. The zinc supplementation can be undertaken 
along with ORS for treatment of diarrhoea the entire country as the high deficiency exists.
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THE IMPACT OF FEEDING CORN-SOY BLEND ON SERUM ZINC OF 
6-9 YEARS OLDS, SUBA DISTRICT, KENYA
O Ohiokpehai1, D Mbithe - David2, J Kamau2

1CIAT-TSBF, c/o ICRAF, UN Ave, Nairobi, Nairobi, Kenya, 2Kenyatta university, Foods, Nutrition and 
Dietetics, Nairobi, Kenya, 3Kenyatta University, Public Health, Nairobi, Kenya
Background: This project was carried out in Suba district of Kenya where the HIV prevalence is 
31 percent –one of the highest in Kenya. The high prevalence is exacerbated with poverty and 
malnutrition.
Aims: The objective was to determine the effect of corn soy supplementation on serum zinc 
levels among primary school pupils in Suba District. This was necessary as the district had one 
of the highest HIV levels in the country and zinc was implicated in the progression of HIV to 
AIDS. In the presence of good zinc levels HIV progression to AIDS and death is slowed down. It 
was  hypothesise that corn-soy blend contained enough zinc levels to reduce the rate at which 
HIV progresses to AIDS and give a better quality of life to people living with HIV and AIDS.
Methods: Three primary schools took part in the experiment. Two schools were fed corn-soy 
blend while one was not fed. Assessment of blood serum zinc levels were carried out using 
data drawn from 156 school children at baseline and 138 school children at follow up (after 
feeding). Blood samples were wrapped in foil, centrifuged at 3,000 revolutions and stored in 
liquid nitrogen at -70ºC for onward transportation to the analysis centre. The WHO precautions 
and guidelines for drawing blood were followed. SPSS and Nutri-survey packages were used to 
analyze data into descriptive and inferential statistics.
Results: At baseline, nearly all (95.7%) the pupils were with low serum zinc (<10.7µm/l). 
There was a significant reduction (p=0.0421) to 70.2% after a 3 month corn soy blend 
feeding trial. The mean serum zinc improved from 8.4µm/l to 10.2µm/l (p=0.002).
Conclusions: The food porridge (corn-soy blend) had a positive effect on serum zinc levels. 
A longer intervention could have significantly improved zinc deficiency. Therefore a longer 
period (e.g. 18-24 months) is recommended to clearly show the degree of increase. The authors 
recommend a similar study in a different area among the same age group be conducted and 
results compared to those of this study.
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FORMATIVE RESEARCH ON ZINC TREATMENT AS AN ADJUNCT 
THERAPY FOR CHILDHOOD DIARRHOEAL ILLNESS
S Mbuyita1, P Winch2, A Makemba1, N Rusibamayila3, N Wilson5, R Klemm2, N Prail5

1Ifakara Health Institute, Dar es Salaam, Tanzania, United Republic of, 2John Hopkins Bloomberg 
School of Public Health, Baltimore, United States, 3Ministry of Health and Social Welfare, Dar es 
Salaam, Tanzania, United Republic of, 4Academy for Educational Development, Washington DC, 
United States, 5Helen Keller International, Dar es Salaam, Tanzania, 
Background: Tanzania is about to introduce zinc and low-osmolarity ORS as adjunct treatment 
for diarrhea among underfive children. In order to obtain high coverage in isolated rural areas 
and among the urban poor, operational issues must be examined at the country level
Objectives: Apart from other objectives, the main objective was to characterize current use 
and efforts to promote ORS sachets in the community; to examine perceptions of ORS and zinc 
tablets as treatment of diarrhoea among families, community (public and private sector) and 
facility-based health workers and to define the specific roles that village health workers (VHWs) 
can play in introduction of zinc for diarrhoea in rural areas;
Methods:  The study employed: 1) Illness narratives with parents of children with diarrhoea; 2) 
Qualitative interviews with parents of children with diarrhoea and with Village Health Workers, 
owners of drug shops or other private sector providers and facility-based health workers; and 3) 
Direct observations of facility-based and community-based workers.
Results: ‘Diarrhoea’ is not a single disease, but rather a cluster of related conditions referred to 
by different names, and thought to have distinct symptoms, causes, and preferred treatments. 
Children often receive both traditional and modern medicines for a case of diarrhoea.  The study 
found a high, frequent and irrational use of antibiotics for diarrhoea treatment. There was a 
positive attitude to the idea of introduction of zinc as a treatment for diarrhoea. The majority 
of informants liked the packaging of the tablets, both the box/carton and the blister. The 
packaging was associated with quality and reliability of the medicines. The taste of the tablets 
was very much liked.  Respondents also liked the tablet size, noting that it is appropriate for 
children under five. Many thought that the number of tablets (10) was too much and the length 
of the dosage is too long for some people to comply. There were no concerns recorded on colour 
of the tablets.   The maximum and minimum prices for a single dose of zinc tablets were Tshs 
1000 and Tshs 200 respectively. VHWs can be a reliable channel for the introduction of zinc, i.e. 
for basic information dissemination, distribution and to sell or distribute zinc tablets.
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ZINC SUPPLEMENTATION ADVANCES HEIGHT GAIN IN 
PRESCHOOL CHILDREN*

L Chen, Y Liu, T Li, K Chen, M Gong, P Qu, J Chen
Children’s Hospital, Chongqing Medical University, Chongqing, China
Introduction: Previous studies suggest that zinc, iron or vitamin A (VA) deficiency may effect 
linear growth retardation. Community-based supplementation studies have shown inconsistent 
results.
Aim: To verify zinc supplementation on impriving linear growth in preschool children, who 
living in developing community. Material: 343 preschool children (mean age 49.35 months) in 
suburb area of Chongqing China were studied. Children were divided into 4 supplementation 
groups, contained zinc, VA, VA+iron, and multiple-micronutrient groups. Daily 
supplementation dosages were zinc 10mg, VA 500mg, iron 12mg; multiple micronutrients 
including zinc, VA, iron, Plus calciums B1, B2, folic acid, and niacin. Supplementation period 
was 6 months. At basline, height and weight were measured. Serum zinc and iron were 
measured using stomic absorption spectrometry, VA by HPLC. At end of the study, height and 
weight were measured using the same procedures.
Results: At baseline, serum zinc concentrations were not different among groups (controlled 
for ages). After 6-month supplementation, mean height gains were in a decreasing order 
of multiple-micronutrient, zinc, VA, and VA+iron. Using general linear model analysis and 
controllong for serum concentrations of zinc, VA, iron, and age at baseline, height gains of 
multiple-micronutrient and zinc groups were larger than those of any other two groups (P<0.05, 
with Tukey-Kramer adjustment). And multiple-micronutrient group was significant less effective 
than the other 3 groups.
Conclusion: Zinc supplementation for 6 months can improve height gain in preschool 
children living in less developed community.

TH59

K Arora, S Gupta, G Trilok-Kumar
Institute of Home Economics, University of Delhi, new delhi, India
Background: In the last two decades zinc has emerged as an important trace element with 
important roles in health and disease. Literature available indicates that a large proportion of the 
Indian population may be at risk of zinc deficiency.
Cereals and pulses are the main staple foods consumed in most parts of India. Although they are 
not good sources of zinc and many other trace minerals, they are the only foods eaten by some 
communities. The amount of zinc and other trace minerals present in these cereals and pulses 
is not known. Nutritive Value Of Indian Foods, the standard reference guide for the nutritional 
composition of various foods in the country, does not have the zinc, copper, selenium and other 
trace mineral values for many cereals and pulses. It is, however, necessary to have values for 
all micronutrients in cereals and pulses so that interventions like dietary modification can be 
planned and implemented.
With this Background we decided to estimate the zinc and copper content in cereals and pulses 
as a pilot study (for which facilities were available) until we had further funding to plan a large 
study to estimate the micronutrient content of all foods.  Cereals and pulses were chosen because 
the relative amount and frequency of their consumption is very high as compared to other foods.
Aim: Assessment of the zinc and copper content of various cereals and pulses in Delhi.
Methods: Delhi is divided into zones by the Municipal Corporation for convenience of elections 
and other surveys. A detailed market survey to identify wholesale grocery suppliers was 
conducted and maps of shops in the four zones were drawn.This was followed by sample 
collection from randomly selected shops in each zone. Samples of twenty-three varieties of 
cereals and fifteen varieties of pulses, commonly consumed in the country, were collected from 
the east, west, north and south zones of Delhi. A total of six hundred and eight samples were 
collected (152 from each zone) of which 450 could be analysed for both zinc and copper with the 
help of atomic absorption spectrophotometry.
Results: On an average the mean zinc and copper content of cereals was higher than that 
of pulses and whole grains had better zinc and copper content when compared to refined 
products.
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ENGAGING RURAL INDIAN DOCTORS IN RATIONAL 
DIARRHEA MANAGEMENT
C Saade, D Saksena
Academy for Educational Development, Washington, DC, United States
Background: 75% of households in rural India seek health treatment from rural medical 
practitioners (RMPs).  The RMPs, who are often unlicensed, therefore treat a high percentage of 
rural childhood diarrhea, yet they are un-reached by the efforts of the government, professional 
associations, and the commercial sector.
Aims: POUZN influences RMP behavior to prescribe rational diarrhea treatment.  By doing 
this, the project demonstrates to ORS and zinc producers the scalability of developing a 
new market by engaging local NGOs to influence RMPs in their communities.
Methods: AED, in collaboration with several NGOs in Uttar Pradesh and four pharmaceutical 
companies, reaches RMPs through detailing activities.  Trained NGO detailers interact with 
RMPs on a regular basis to educate them on rational treatment of childhood diarrhea.  A key 
evaluation method of the change in RMPs’ prescribing behavior is measuring the increase in 
zinc treatment and ORS distributed to rural pharmacies, which supply RMPs.  AED determines 
the project’s scalability by measuring commercial sales data against total program costs.
Results: ORS and zinc treatment use has increased markedly due to this project, indicating a 
new, scalable method of reaching RMPs; more than one-third of covered RMPs now dispense 
zinc for diarrhea treatment, up from 0% at the project’s beginning.
Conclusions: Through innovative partnerships with pharmaceutical companies and local NGOs, 
AED upgraded RMPs’ skills and influenced their long-term behavior to improve community 
healthcare.  Linking pharmaceutical companies to local NGOs was essential to convincing the 
companies to extend their reach to the rural areas.  Given the unfamiliarity of the companies 
with this new target audience, enlisting local NGOs who know the community and the RMPs 
allows the companies to acquire the market knowledge needed to scale up in rural India.  
Companies are now investing their own funding to scale up this model.
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PUTTING ZINC IN THE PHILIPPINE HEALTH SYSTEM FOR THE 
TREATMENT OF DIARRHEA AMONG CHILDREN
J Basilio1, E Joven2, C Barba3

1Department of Health, Manila, Philippines, 2Department of Health, Manila, Philippines, 3A2Z, 
Manila, Philippines
Background:  In the Philippines, diarrhea is one of the ten leading causes of death among 
children.  The 2003 NDHS reported that 11 % of children under age five had diarrhea, an 
increase of 57% from the 7% level in the 1998 NDHS.  The Department of Health Field 
Health Service Information System(DOH-FHSIS) indicated that in 2006,  Acute Watery 
Diarrhea is second among the ten leading causes of morbidity.  WHO and UNICEF signed a 
joint policy in May 2004 for the treatment of diarrhea in children which includes the use 
of low osmolarity ORS and zinc supplementation for 10-14 days. The 2003 NDHS reported 
high level of knowledge of ORS among Filipino mothers (92%).  However, of the 32 % of 
children with diarrhea taken to the health facility, only 42% were given ORS. While giving 
of zinc is part of the treatment of diarrhea in the IMCI, there is no national policy on the 
use of zinc supplements. 
Aim:  Put zinc and reformulated ORS in the Philippine Health System for the treatment of 
diarrhea among children.  Project Components:  To incorporate the new recommendations 
in to the country’s health system, the National Center for Disease Prevention and Control, 
Department of Health(NCDPC-DOH) identified the following key actions to be undertaken: 1.  
Gathering of scientific evidences of the benefits of the treatment changes,  2.  Meeting with 
the key stakeholders involved in the decision and implementation processes,  3. Development 
of/updating national level policy,  4. Addressing product  and supply management issues,  5. 
Disseminating information,  training of trainors, and advocacy to local government units, and   
6. Planning for monitoring and evaluation. Progress to date: Clinical and scientific evidences of 
the benefits of the treatment changes were collated and presented to various stakeholders.  A 
round table discussion, convened by NCDPC-DOH and participated by representatives from the 
pediatric association, academe, pharmaceutical firms, NGOs and other government agencies, 
was held in 2006. This was followed by group meetings which led to the development of a 
national policy.  Administrative Order No. 2007-0045: Zinc Supplementation and Reformulated 
Oral Rehydration Salt in the Management of Diarrhea among Children was signed by the DOH 
Secretary on December 17, 2007 and disseminated to the stakeholders.  The indicator, No. of 
cases of diarrhea treated with zinc & ORS, was included in the 2008 DOH-FHSIS. Application 
for the inclusion of zinc dispersable tablet was submitted to the Philippine National Drug 
Formulary. Training design and primers for health workers, advocacy kits for LCEs, and 
communication strategies are being developed.  Both public and private sector are being 
engaged for the supply management issues.
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DOES ZINC SUPPLEMENT REQUIRED IN PEDIATRIC CELIAC DISEASE?
B Thapa1, P Rawal1, K Prasad1, V Gupta1, R Prasad2, K Singh1

1Department of Superspeciality of Gastroenterology; Postgraduate Institute of Medical Education 
and Research, Chandigarh, UT, India, 2Department of Biochemistry; Postgraduate Institute of 
Medical Education and Research, Chandigarh, UT, India
Background & Aims: Celiac disease (CD) is a common cause of malabsorption in Northwest 
Indian Children. The comparative data about effect of gluten free diet (GFD) with or without zinc 
supplementation on serum zinc levels is scarce. The Aims of this study were to assess serum zinc 
levels in children with CD, to correlate serum zinc levels among the CD patients with short stature 
and diarrhea and to compare serum zinc levels in deficient patients on GFD with or without four 
weeks of zinc supplementation.
Materials & Methods:  A prospective randomized open label controlled study was conducted on 
134 children diagnosed with CD from July 2006 to December 2007. All the patients underwent 
hemogram, liver function tests, IgA anti-tissue transglutaminase (anti-tTG) antibodies, UGI 
endoscopy and serum zinc levels at baseline and after 4 weeks. Zinc deficient patients (n=96) 
were randomized in 2 groups. Group G (n=48) received GFD without and Group G+Z (n=48) 
received GFD with zinc supplementation for 4 weeks.
Results:  Mean age was 6.2 + 3.2 years, mean weight was 14.6 + 5.5 kgs and mean height 
was 102.6 + 17.2 cms. Male to female ratio was 1.5:1. Major symptoms at presentation were 
diarrhea (54.5%), failure to thrive (52.2%), abdominal distension (41%), anemia (40%) and pain 
abdomen (19.4%). Mean serum anti-tTG level was 164.2 U/ml (range 1-749 U/ml) and levels 
correlated with the severity of duodenal mucosal damage. Mean serum zinc levels at baseline 
and after 4 weeks were 52.3 μg/dl and 71.9 μg/dl in group G and 51.2 μg/dl and 74.9 μg/dl in 
group G+Z, respectively (p=ns). Rise in serum zinc level was significant in individual group with 
or without zinc supplementation (19.5 μg/dl in group G and 23.7 μg/dl in group G+Z) after 4 
weeks and difference was not significant when both groups compared. Mean serum zinc levels at 
baseline and rise were statistically similar at 4 weeks in patients with diarrhea and short stature.
Conclusion: There is zinc deficiency in patients with celiac disease. Gluten free diet is the 
mainstay of treatment. Serum zinc levels rise with GFD irrespective of zinc supplementation.
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KEY DETERMINANTS TO OBSERVING A 10-DAY TREATMENT WITH 
ZINC DURING DIARRHOEA EPISODE IN CAMEROON
N Martin1, X Crespin1, S Joseph2, A Florence3, T Japhet Ngoh4

1Helen Keller International, Yaoundé, Cameroon, 2Plan Cameroon, Yaoundé, Cameroon, 3Ministry of 
Public, Bertoua, Cameroon
Background: Recent scientific findings showed that zinc supplementation for 10-14 days during 
an acute diarrhoea episode reduces the duration and severity of the episode and reduces the 
incidence of diarrhoea in the following 2-3 months. Based on this, UNICEF/WHO and other 
partners issued a join statement in 2004 on the clinical management of acute diarrhoea in 
children under five recommending zinc supplementation for 10-14 days as one of the four rules. 
However, factors affecting compliance to treatment need to be identified and addressed in order 
to achieve successful scaling-up the use of zinc in the treatment of diarrhea. This is why a study 
was carried out in ten health catchment areas of the Bertoua Health District in the east province 
of Cameroon.
Aim: The aim of the study was to identify key determinants of completing a 10-day regimen of 
zinc treatment during a diarrhoea episode.
Methods: A doer / non-doer barrier analysis survey was conducted using individual interview. 
The questionnaire consisted of six questions: two questions to explore the perceived positive 
and negative consequence in completing the treatment; two questions on the perceived self 
efficacy and two questions on the perceived social norms. A total of 60 mothers were involved 
in the study, 30 of whom had completed the treatment for 10 days (Doers) and 30 who had not 
(Non-Doers) in the past two weeks. Statistical analysis where performed to compare Doer and 
Non-Doer outcomes.
Results:  some characteristics of mothers interviewed are: median age 25 years, 93% have 
attended at least primary school, 66% are married, they are christian (87%), their income 
is mainly from farming (60%).Three major key determinants were identified: the first was 
the perceived positive consequences of completing the treatment for Doers. Both Doers and 
Non-Doers did not mentioned preventative advantages to completing the treatment and 
they did not also find any negative consequences; the second determinant was the longer 
duration of treatment where Non-Doers mentioned this barrier significantly than Doers ; the 
third determinant was the perceived social norms within which Doers were significantly self 
motivated to complete the treatment than Non-Doers.
Conclusions: the identification of key determinants will help in developing BCC activities to 
address the key factors that affect compliance to treatment, designing messages that are 
relevant to audience and preparing counseling sessions. Training of frontline health staff and 
ultimate sensitization of caretakers on these determinants will go a long way to changing key 
management behaviours and save the lives of children U-five from diarrheal diseases.
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NEPAL SCALES UP ZINC TREATMENT AS PART OF DIARRHEA 
MANAGEMENT TO FURTHER ACCELERATE THE REDUCTION IN 
CHILD MORTALITY
B Acharya1, N Paudyal2

1Ministry of Health and Population, Kathmandu, Nepal, 2UNICEF, Kathmandu, Nepal
Background: Diarrhea is one of the leading causes of child death in Nepal. The prevalence of 
diarrhea is around 15% and it is estimated that children suffer two episodes of diarrhea in a 
year. About 25% of children aged 6-11 months had diarrhea. About 15,000 children under 
the age of five die because of diarrhea. The Government initiated use of Zinc tablets as part of 
diarrhea management. As per the protocol, any child suffering from diarrhea is to be provided 
Zinc tablet for 10 days (children below six months half a dose) along with low osmolar ORS.
Methods: Nepal has 75 districts. Each district has Village Development Committees (VDC). 
Each VDC has a health facility, and VDC is divided into nine wards (the smallest administrative 
unit). In each ward, there are around 80-150 households. Every ward has at least one Female 
Community Health Volunteer (FCHV), who has been providing various child and maternal care 
services. Zinc tablets are distributed through health facilities as well by FCHVs who are already 
distributing ORS packets in the community.
The programme has been initiated in a phase wise manner and in each district where the 
intervention starts, a cascade level training of health workers and the community volunteers 
is conducted.
A social marketing campaign has also been initiated in three districts to mobilise private health 
sector to initiate use of Zinc tablets as part of the treatment.
Results: The Zinc programme started with two districts in 2006 and the intervention has 
been expanded to 37 districts. The Government has a plan to cover all 75 districts within 
2009.  In 2008, the programme will be initiated in 16 districts and remaining 22 districts will 
be covered in 2009.
Within a two years period, coverage of Zinc tablets is around 30% according to a recently 
conducted survey in two districts.
Conclusions: The main constraints that have affected the coverage of the intervention include 
erratic and inadequate supply of the tablets, poor awareness about the intervention and a large 
proportion of mothers seek treatment through the private sector which is presently not using 
Zinc tablets.
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IDENTIFICATION OF EFFICIENT AND COST EFFECTIVE MEANS OF 
DELIVERING AND INCREASING THE USE OF ZINC AND ORS TO 
TREAT CHILDHOOD DIARRHEA IN MADAGASCAR
V MacDonald1, W Wang1, R Ratsimandisa2

1Abt Associates, Inc, Bethesda, MD, United States, 2Population Services International, Antananarivo, 
Madagascar
Background:  In Madagascar, diarrhea prevalence among children under five overall is 10% 
but nearly double among children 6-23 months (DHS 2003/4) and in certain regions of the 
country (MOHFP 2007). Diarrhea is a leading cause of both morbidity and mortality due to 
the fact that knowledge about and use of effective treatment is low. Zinc is a new treatment 
protocol for both health professionals and caregivers; few caregivers (42%) provide either 
ORS or ORT to address critical dehydration; and 38% opt for often ineffective antibiotics or 
dangerous antidiarrheals.
Objective: to compare different delivery strategies to identify the most efficient and cost 
effective interventions for improving diarrhea case management and increasing correct use 
of zinc with ORS. Interventions: Madagascar’s MOHFP was one of the first in the world to 
adopt the new WHO/UNICEF-recommended diarrhea treatment protocol that includes zinc, 
introducing pilot public sector programs in 12 districts. In parallel, USAID’s POUZN project, 
which promotes zinc and ORS through private sector channels, has created a diarrhea treatment 
kit, containing both ORS and zinc, and is expanding access to the kit through private sector 
channels (both pharmacies and NGO partners). This intervention focuses not only on bundling 
the two products but also on training pharmacy staff and community outreach/sales agents to 
provide appropriate interpersonal counseling to ensure correct case management and timely 
use and easy access to the kit in high diarrhea prevalence districts. A mass media campaign 
promotes use of zinc with ORS and shifting provider and consumer practices away from the use 
of ineffective antibiotics. Methodology: Operations research will compare various models of 
both facility- and community-based distribution in ten high diarrhea prevalence districts: rural 
vs urban, public vs private sector approaches, program vs control districts.  Qualitative research 
with caregivers and community outreach workers will supplement the quantitative household 
survey that will be conducted in the key intervention as well as control districts. Final results 
will be available March 09. Outcomes: Our presentation will elaborate on the efficiency of 
various distribution models, most effective ways to promote the product, correct and consistent 
use, and acceptability of pricing strategies. We expect to see increases in zinc and ORS use in 
districts with community-based outreach/sales agents, where product is readily available and 
interpersonal counseling provides impetus for use.  This research also provides the opportunity 
to examine the impact of bundling zinc with ORS on overall ORS use.
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ZINC SUPPLEMENTATION DOES NOT AFFECT THE BREAST MILK 
ZINC CONCENTRATION OF LACTATING WOMEN BELONGING TO 
LOW SOCIOECONOMIC POPULATION
S Sazawal1, R Black1, P Dhingra2, S Jalla3, N Krebs3, U Dhingra1, M Bhan4

1Department of International Health, Johns Hopkins Bloomberg School of Public Health, 
Baltimore, United States, 2Center for Micronutrient Research,Annamalai University, Annamalai, 
Tamilnadu, India, 3Section of Nutrition, Department of Pediatrics, University of   Colorado Health 
Sciences Center, Denver, United States, 4All India Institute of Medical Sciences, New Delhi, India
Background: Although zinc supplementation does not affect breast milk zinc 
concentrations among lactating developed country women, but may potentially affect 
breast milk zinc concentrations among lactating women with sub optimal zinc status 
from developing countries.
Methods: In a randomized, double-blind trial we evaluated the effect of zinc supplementation 
on breast milk zinc concentrations. Lactating women 0-2 mo and 4-6 mo postpartum were 
randomly allocated to receive either multivitamins plus zinc 40 mg daily in 2 divided doses 
(n=50, 0-2 mo; n=51, 4-6 mo) or same supplement without zinc (n=61, 0-2 mo; n=50, 
4-6 mo) for a duration of 1 month. A mid-feeding 10 ml breast milk sample was collected at 
baseline and at the end study.
Result: Following zinc supplementation, the change in breast milk zinc concentrations 
(µmol/L) between the zinc plus multivitamins group (ZMV) and multivitamin group 
(MV) of lactating women both at 0-2 months (ZMV -18.9 ± 28.2 , MV -22.1 ± 16.1) and 
4-6 months post partum (ZMV -2.2 ± 6.6, MV -0.6 ± 9.5) was similar. Among 0-2 mo 
postpartum women with a baseline breast milk zinc concentration of <45.0 µmol/L, 
zinc supplementation had a non-significant lowered rate of decline in breast milk zinc 
concentration (ZMV: 1.4 ± 19.5, MV: 9.7 ± 8.5, p<0.059) than the multivitamin group, 
while in 4-6 mo postpartum women no significant differences were observed. Over all, 
median breast milk zinc concentrations at each month of lactation were similar to those 
reported from developed countries. Zinc supplementation only affected breast milk 
concentrations in early lactation, in a subgroup with low breast milk zinc concentrations.
Conclusion: Breast milk zinc concentrations seem to be maintained by active transport and 
unaffected by zinc supplementation in a population of low zinc intake
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HIGH DOSE VITAMIN B12 SUPPLEMENTS ARE REQUIRED TO 
IMPROVE STATUS OF DEFICIENT LACTATING GUATEMALAN 
WOMEN AND INCREASE B12 IN BREAST MILK, BUT DO NOT 
IMPROVE B12 STATUS OF BREASTFEEDING INFANTS

L Allen1,2, K Deegan2, M Ramirez-Zea3, J Newman1, D Lildballe4, E Nexo4

1USDA, ARS Western Human Nutrition Research Center, Davis, CA, United States, 2Department of 
Nutrition, University of California, Davis, CA, United States, 3Institute of Nutrition of Central America 
and Panama, Guatemala City, Guatemala, 4Dept. Clinical Biochem Aarhus University Hospital, 
Aarhus, Denmark
Vitamin B12 deficiency has potentially irreversible adverse effects on infant development and 
is prevalent in populations consuming low amounts of animal source foods (ASF). This study 
was designed to determine the oral B12 dose needed to replete marginally deficient lactating 
Guatemalan women and their infants. Eligibility criteria were 2 mo ± 2 wk postpartum, 
exclusive breastfeeding, age ≥18 y. Blood was taken from 40 eligible participants to screen for 
serum B12 100-221 pmol/L. After stratifying into quartiles based on serum B12, 18 women 
were randomly assigned to oral supplements of 3 (the RDA), 100, 250, 500, 750 or 1000 ug/d 
B12, for 2 mo. At baseline and post-supplementation 50 mL breast milk, and maternal and 
infant blood and urine were collected. Maternal B12 intake was estimated at 0 and 2 mo. 
Serum B12 was measured by SimulTRAC radioassay, and urinary MMA (UMMA) by GC-MS. 
≥90% of the apo-haptocorrin (HC) in breast milk, present in amounts 200-fold those in 
serum, was adsorbed onto cobinamide-coated EAH sepharose (Lildballe et al.) to prevent 
interference with the B12 assay.
At baseline, values (median, range) were: milk B12, 67 (23-162) pmol/L; maternal serum B12, 
110 (53 to 274) pmol/L; infant serum B12, 122 (69 to 190) pmol/L; maternal urinary MMA 
1.54 (0.39 to 8.76) and infant urinary MMA 7.46 (1.22-50.29) mmol/mol creatinine. 88% of 
the infants were B12 depleted (<221 pmol/L) at baseline.  Infant serum B12 was strongly 
correlated with several maternal parameters; breast milk B12 (r=0.74, P<0.13), UMMA 
(r=-0.57, P<0.09; and B12 intake (r=0.64, P<0.06). Serum B12 and UMMA were strongly 
correlated in infants (r=-0.86, P<0.01). Median maternal B12 intake was 1.6 (1.0-6.0) ug/d, 
with 62% of women failing to meet the Estimated Average Requirement for lactation, and 
intake correlating strongly with infant serum B12 (r=0.64, P<0.06) and maternal UMMA 
(r=-0.38, P<0.07), but not with milk B12.
Dose was correlated with breast milk B12 (r=0.48, P<0.05) and maternal serum B12 
(r=0.61, P<0.02) but not infant B12 status which remained sig. related to baseline status 
in spite of maternal supplements. The 3 ug and 100 ug doses had no effect on status of 
mother or milk. Based on change in breast milk B12 from baseline to post-supplementation 
infants obtained 1% of the 3 ug dose, but only 0.01-0.05% of doses ≥100 ug/d. At baseline 
B12 in milk was only 22% of the value assumed to be normal in the US and Canada 
and after 250-750 ug/d supplementation only increased to 180 pmol/L, ≈50% of the 
concentration in well-nourished women.
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BLEEDING DISORDERS IN EARLY INFANCY IN RURAL BANGLADESH 
AND MATERNAL VITAMIN K STATUS
R Mahbubur1, K West Jr.2, K Schulze2, A Labrique2, A Shamim1, A Kabir1, R Klemm2, P Christian2, M Rashid3

1JiVitA Maternal and Child Health and Nutrition Research Project, Rangpur, Bangladesh, 2Johns 
Hopkins University, Baltimore, MD, United States, 3Ibrahim Medical College, Dhaka, Bangladesh
Background:  The incidence of bleeding disorders in early infancy is poorly defined in Southern 
Asia.  Bleeding may result from low levels of plasma clotting factors, including vitamin K in utero 
and postnatally. 
Aims: We assessed in northern rural Bangladesh the incidence of infant bleeding disorders 
and associated fatality (defined as a death within 7 days of incident symptom), and examined 
strength of association with maternal factors, including vitamin K status. 
Methods: Study infants were born from August 2001 to October 2006 to mothers enrolled 
into a vitamin A or beta-carotene supplementation trial. Maternal histories of infant bleeding 
symptoms (from nose, umbilicus, rectum and sub-dermally) were collected at 6 months of age 
or, for deceased infants, usually within a month of death up to 6 months of age.  Data for 28,566 
surviving and 3,042 deceased infants were analyzed to estimate incidence of 1st bleeding 
episodes per 1000 infants at risk and case fatality rates by symptom. Maternal 3rd trimester (TM) 
and 3-month postpartum plasma PIVKA (protein induced by vitamin K absence)-II levels were 
analyzed in a sub sample of 339 plasma specimens, with values >2.0 ng/mL reflecting vitamin 
K deficiency (VKD).
Results: Incidence of any bleeding in the 1st 6 months of life was 54.2 per 1000 infants. 
Incidence of early (<48 hours of birth) nasal, subdermal and umbilical bleeding was 2.5, 2.4 and 
7.2 per 1000 with associated fatality rates of 94.9%, 80.0% and 38.2%, respectively. Incidence 
of “classical” bleeding (2-7 days) was 3.0, 0.7 and 19.3 per 1000 with associated fatality rates of 
89.0%, 70.0% and 9.1%, respectively.  Late (8 days to 6 months) bleeding incidence was 4.5, 4.5 
and 14.8 per 1000 with associated with fatality rates of 27.7 %, 9.2% and 4.0%, respectively.  
Gestational age at birth, and maternal parity, but not plasma PIVKA-II levels were associated 
with infant bleeding. 
Conclusion: Early infant bleeding is common and associated with high fatality risk in rural 
Bangladesh. Maternal PIVKA-II concentration was not associated with bleeding, though newborn 
vitamin K deficiency remains a suspect cause.
Keywords: Infantile bleeding disorders, vitamin K deficiency bleeding (VKDB), PIVKA-II, Bangladesh.
Acknowledgement: The JiVitA Project is supported by the United States Agency for International 
Development (USAID), The Bill and Melinda Gates Foundation and the Sight and Life Research 
Institute.
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VITAMIN D DEFICIENCY: A PUBLIC HEALTH PROBLEM IN OMAN
D Alasfoor1, M Kaur1, S Al Kiyumi1, S Al Busaidy1, A Suleiman1, L Ruth2, I Parvanta2

1Ministry of Health, Muscat, Oman, 2Centers for Disease control(CDC), Atlanta, United 
States
Background: Oman is a country blessed with rich, bright sunshine most of the year. 
However, due to harsh weather conditions and modern lifestyle, outdoor activities are only 
minimal. Moreover, the traditional dress of Omani women restricts sun exposure. In view of 
a large number of reported cases of rickets and osteoporosis in local hospitals, a subset of 
serum samples of women from the Oman National Micronutrient Survey-2004 was analyzed 
for vitamin D.
Aims: To estimate vitamin D deficiency prevalence among non-pregnant Omani women of 
childbearing age.
Methods: In the 2004 micronutrient survey in Oman, population clusters were selected using 
the “proportion to population size” (PPS) methodology. Omani households with eligible 
women of reproductive age or preschool children were included. A questionnaire regarding the 
women’s food habits and practices, including questions related to use of milk, cooking oil and 
ghee, was also completed and venous blood samples collected. 25-hydroxy-vitamin D3 was 
later analysed in the stored serum samples by HPLC with UV detection. Vitamin D deficiency 
was defined as serum level < 27.0 nmol/L.
Results: An estimated 21% of women were found to be vitamin D deficient (serum vitamin D 
level < 27.0 nmol/L), with almost half (47%) of the women tested having serum vitamin D 
levels below 37.5 nmol/L. The prevalence of vitamin D deficiency was not significantly different 
in different age groups. Other factors such as the women’s marital status, education, occupation 
or income also did not affect the prevalence of deficiency. Although many brands of milk and 
cooking oil found in the households were labelled as fortified with vitamin A and D, the type 
and level of fortificants were not ascertained.
Conclusion: Vitamin D deficiency is a public health problem in Omani women. Vitamin D 
status of other segments of the Omani population, and the vitamin D content and population 
coverage of products fortified with vitamin D should be assessed.  Public health measures 
should then be implemented to improve the vitamin D status of the population to and avoid the 
adverse health effects of vitamin D deficiency.
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SERUM 25-HYDROXYVITAMIN D AND CALCIUM STATUS OF LOW 
INCOME MINORITY CHILDREN IN A MAJOR US CITY
C Cole1, F Grant1, V Tangpricha1, C Thomas1, R Schleicher2, C Pfeiffer2, T Ziegler1

1Emory University School of Medicine, Atlanta, GA, United States, 2Center of Disease Control and 
Prevention, Atlanta, GA, United States
Background: There are concerns about a resurgence of vitamin D deficiency and rickets among 
children in the United States. The prevalence of vitamin D deficiency is high among breast fed infants 
and those with dark skin, however, the prevalence is not known in these toddlers and preschool 
children with dark skin who live in the sunny southern United States.
Aims: To determine the prevalence of vitamin D deficiency in minority children in a major US city 
and to examine whether 25-hydroxyvitamin D [25(OH)D] levels vary between African American and 
Hispanic children.
Methods: 183 minority preschool children (age range 12– 60 months) were recruited during their 
well-child visits to 2 clinics in Atlanta. These clinics serve predominantly Hispanic and African-American 
populations. Blood was collected for serum 25(OH)D and calcium measurements, and families were 
instructed to complete a 3-day food dairy. The majority of these children (181) completed all protocols 
and their data was analyzed. The 25(OH)D was determined by liquid chromatography- tandem mass 
spectrophotometer by the Centers for Disease Control and Prevention (CDC).
Results: We found only 25 hydroxyvitamin D3 and no 25-hydroxyvitamin D2. Overall, 19.6% (n= 33) 
had low serum 25(OH)D levels (≤ 20 ng/ml), 73.2% (n=123) had less than optimal serum 25(OH)D levels 
(≤ 30 ng/ml) and 1.6% (n= 3) had low serum calcium (≤9 mg/dl) detected. There were significantly 
more African-American non-Hispanic children (21.7%) with low 25(OH)D compared to Hispanic children 
(7.1%) (p=0.03). There was no difference in the mean 25(OH)D and calcium concentrations by ethnicity 
as shown in table below: 

Serum nutrient conc. Race-ethnicity Mean ± SD 95% CI

25-hydroxyvitamin 
(ng/ml)

Hispanic 26.3 ± 5.7 25.1- 27.6

Non-Hispanic 26.6 ± 9.0 24.6- 28.6

Calcium (mg/dl)
Hispanic 9.8 ± 0.4 9.8 - 9.9

Non-Hispanic 9.8 ± 0.4 9.7 - 9.9
 
There was no relationship between dietary intakes of vitamin D and the serum 25(OH) D and calcium 
levels. In multivariate models, fat intake and female gender were significant predictors of serum calcium. 
Fat intake, height and weight z-scores, age and sex were significant predictors of serum 25(OH)D.
Conclusion: Suboptimal vitamin D status is common among otherwise healthy young children. Fat 
intake was a significant predictor of 25(OH)D and calcium status.
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SHIFTING FINANCIAL SUPPORT FOR THE VITAMIN A 
SUPPLEMENTATION (VAS) PROGRAM FROM EXTERNAL DONORS 
TO NATIONAL SOURCES DID NOT REDUCE COVERAGE IN SENEGAL
D Cisse1, S Baker1, M Flach1, A Gueye1, Y Gaye2, F Guidetti3, K Dieng4, B Ndiaye5

1Helen Keller International, Dakar, Senegal, 2Food, Nutrition and Child Survival Division, Ministry of 
Health, Dakar, Senegal, 3Nutrition Enhancement Program, Dakar, Senegal, 4UNICEF, Dakar, Senegal, 
5Micronutrient Initiative, Dakar, Senegal
Background: Cost estimates of national VAS programs in West and Central Africa are limited. 
In 2004 Senegal developed a new routine system for VAS, using a twice-yearly, locally managed 
delivery strategy to maintain high, sustainable VAS coverage. For the past two years, the national 
and local governments have begun contributing greater financial support to the program.
Aim: The objectives of the present analysis were to assess impact of these changes in program 
funding on the rates of VAS coverage and cost/capsule.
Framework: Since 2005, Senegal has used a “Minimum Financial Support Package” (MFSP) as 
a planning and budgeting tool to allocate financial resources to district-level implementation 
teams. The MFSP provides financial support for motivation of community volunteers (50%), field 
supervision (21%), logistics (11%), reproduction of monitoring tools (6%), training sessions 
(6%) and local social mobilization (6%).
Outcomes: During the period 2005-2007, donor support for VAS through the MFSP decreased by 
nearly two-thirds, but these funds were replaced by the Nutrition Enhancement Program (NEP) 
and district level funds (see table). Total coverage remained very high (95-98%) and cost per 
capsule delivered remained virtually unchanged.

Year
Financial support, by source ($K)

NEP District 
MOH Donor Total Coverage 

(%)
Cost/ 

Capsule ($)

2005, Round 1 0 0 223.3 223.3 86 0.14

2006, Round 1 0 0 227.4 227.4 98 0.12

2007, Round 1 84.5 84.0 87.3 255.8 98 0.13

2007, Round 2 90.0 86.6 87.3 263.9 95 0.13
 
Conclusion: Results to date suggest transferring financial responsibility for VAS to the National 
Nutrition Program and health districts has not compromised coverage. The MFSP approach is 
proving to be a cost effective and feasible strategy. Through a progressive increase of the financial 
contribution from Health districts, this approach can be used as a basic step to sustain VAS 
programming.
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WHAT IS THE EFFECT OF STARTING MICRONUTRIENT 
SUPPLEMENTS EARLY IN PREGNANCY ON BIRTHWEIGHT, 
DURATION OF GESTATION AND PERINATAL MORTALITY? A 
DOUBLE-BLIND CLUSTER RANDOMIZED CONTROLLED TRIAL IN 
RURAL WESTERN CHINA
M Dibley1, L Zeng2, Y Cheng2, S Dang2, S Chang3, L Kong4, H Yan2

1School of Public Health & The George Institute for International Health, University of Sydney, Sydney, 
NSW, Australia, 2Department of Public Health, Xi’an Jiaotong University College of Medicine, Xi’an, 
Shaanxi, China, 3The Chinese Centre for Disease Control and Prevention, Beijing, China, 4The Bureau 
for Disease Prevention and Control. Ministry of Health, Beijing, China
Background: Many women in developing countries present for antenatal care and commence 
nutrient supplements in the second trimester of pregnancy. Does starting nutrient supplementation 
early in pregnancy confer any benefits? Based on data collected in a randomized controlled trial of 
antenatal micronutrient supplementation, we assessed the modifying effects on the trial outcomes 
of starting supplements in the first trimester of pregnancy.
Methods: A cluster randomised double-blind controlled trial was conducted in two rural counties 
in Shaanxi province in northwest China. A total of 5828 pregnant women with 4697 live births 
from 531 villages were enrolled in the trial. Villages were randomised for all pregnant women to 
take either daily folic acid [400 µg] (control), iron [60mg]/folic acid [400 µg] (FeFol), or Multiple 
micronutrients (MMN) with one recommended allowance of 15 vitamins and minerals [iron 
30mg]. Participants received supplements fortnightly and attended 3 antenatal care checks at 
MCH centres. Main outcome measures were birth weight and length, which were measured 
within 72 hours of delivery. Neonatal survival was assessed at the six week follow up visit. 
Analysis was by intention to treat with GEE models to adjust for cluster randomized design & 
stratified by timing of start of supplementation.
Findings:  In women starting supplements <12 weeks of gestation, FeFol, compared to folic 
acid alone, significantly increased the birth weight by 70g (95% CI: 17.9, 121.6), reduced low 
birth weight (LBW) by 38% (RR 0.62, 95% CI: 0.39, 0.99), reduced early preterm delivery (< 34 
weeks) by 66% (RR 0.34, 95% CI: 0.12,0.99) and with borderline statistical significance reduced 
neonatal mortality by 69% (RR 0.33, 95% CI: 0.11,1.03). FeFol started >12 weeks had no effect 
on birthweight, or LBW although there were non significant reductions in preterm delivery and 
neonatal mortality. MMN started <12 weeks significantly increased birth weight by 73g (95% 
CI 21.5, 125.3), tended to reduce the low birth weight (LBW) by 34% (RR 0.56, 95% CI 0.40, 
1.10) but had no significant effects on preterm delivery or, neonatal mortality. MMN started >12 
weeks had no effect on birthweight, LBW, preterm delivery or neonatal mortality.
Interpretation: There are programmatically important benefits for women starting nutrient 
supplementation in the first trimester of pregnancy. Greater benefits for perinatal outcomes 
were found when FeFol rather than MMN supplements were commenced in the first trimester of 
pregnancy. FeFol supplements should be available for women to start using prior to antenatal care.
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THE OBAAPAVITA TRIAL: IMPACT OF WEEKLY VITAMIN A 
SUPPLEMENTATION (VAS) ON PREGNANCY-RELATED MORTALITY 
IN GHANA
B Kirkwood1, o ObaapaVitA Trial Team1,2

1London School of Hygiene & Tropical Medicine, London, United Kingdom, 2Kintampo Health 
Research Centre, Kintampo, Brong Ahafo Region, Ghana
Background: More than 500,000 women die each year as a result of pregnancy and childbirth; 
this represents one death per minute worldwide. The Safe Motherhood Programme advocates 
provision of skilled attendance at delivery plus emergency obstetric care at the district hospital 
level for the 10-15% of women who develop potentially life threatening complications. 
However, for the poorest countries the capacity to provide such services is some years down the 
line. If an effective low technology intervention to reduce maternal mortality could be found it 
would be of the highest public health importance. Vitamin A supplementation (VAS) of adult 
women could be such an intervention.
The results of the Nepal NNIPS-2 trial were therefore met with considerable excitement; this 
found that supplementing married women with weekly beta-carotene or vitamin A reduced 
pregnancy-related mortality by 44%. However, these findings were not replicated by the 
recent JiVitA trial in Bangladesh, which restricted enrolment to pregnant women and found a 
marginal non-significant increase in pregnancy-related mortality among the supplemented 
women. The ObaapaVitA trial is the only other trial being carried out to assess this impact.
Aims: The aim of the ObaapaVitA trial is to assess whether VAS should be a component of safe 
motherhood programmes. The main objectives are to evaluate the effect of weekly low dose 
VAS given to all women of reproductive age on pregnancy-related mortality, overall mortality, 
pregnancy-related morbidity and perinatal and infant mortality.
Methods: This is a cluster-randomised, double-blind, placebo-controlled trial involving all 
women of reproductive age living in six districts in rural Ghana. Capsules are distributed at 
4-weekly home visits, and data collected on pregnancies, births, vital events such as deaths 
and migrations, adherence, socio-demographic status, maternal morbidity and cause of death. 
Capsule distribution is supported by an extensive Information, Education and Communication 
programme, designed to ensure good adherence.
Results: Data collection for the trial ends in October 2008, and the main results will be ready for 
presentation. These will be based on more than 105,000 pregnancies and approximately 400 
pregnancy-related deaths.
Discussion: This is the only such trial in Africa. The results, together with those from Nepal and 
Bangladesh, will inform the policy debate on whether vitamin A interventions should become a 
key component of maternal health initiatives.
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NEONATAL VITAMIN A SUPPLEMENTATION FOR THE PREVENTION 
OF MORTALITY AND MORBIDITY IN INFANCY: SYSTEMATIC 
REVIEW OF RANDOMIZED CONTROLLED TRIALS
S Gogia, H Sachdev
Sitaram Bhartia Institute of Science and Research, Delhi, India
Objective: To evaluate the effect of neonatal vitamin A supplementation (VAS) on infant 
mortality, morbidity and adverse effects.
Design Systematic review, meta-analysis and meta-regression of randomized controlled trials.
Data sources: Electronic databases and hand search of reviews, and abstracts and proceedings 
of micronutrient conferences.
Review Methods Randomized, quasi-randomized or cluster randomized, placebo controlled 
trials evaluating the effect of prophylactic, neonatal (<1 month) synthetic VAS on mortality or 
morbidity within infancy (<1 year), or early adverse effects (<7 days).
Results: Amongst 8 included trials, all from developing countries, data on mortality, morbidity 
and adverse effects could be meta-analyzed from 6, 3 and 6 trials, respectively. There was no 
evidence of a reduced risk of mortality during infancy (RR 0.92, 95% CI 0.75 to 1.12, P=0.393 
random effect; I2=54.1%) or of adverse effects including bulging fontanel (RR 1.16, 95% CI 
0.81 to 1.65, P=0.418; I2=65.3%) among infants supplemented during the neonatal period 
in comparison with those receiving placebo. Limited data does not indicate a reduced risk 
of mortality during neonatal period (RR 0.90, 95% CI 0.75 to 1.08, P=0.270; I2=0%), cause 
specific mortality (respiratory, diarrheal and others), common morbidities (diarrhea and others) 
and hospitalization. However, the data suggests an increased risk of acute respiratory infection 
and a reduced risk of clinic visits among supplemented neonates. No variable emerged as a 
significant predictor of mortality during infancy.
Conclusions: There is no evidence that vitamin A supplementation during the neonatal period 
is associated with reduced risk of infant mortality and morbidity or of adverse effects. There is 
thus no justification for initiating neonatal VAS as a public health intervention in developing 
countries for reducing infant mortality and morbidity.
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ADDRESSING PHARMACEUTICAL MANAGEMENT TO REDUCE 
MICRONUTRIENT DEFICIENCIES
L Tawfik2, V Dias1, T Sanghvi2, G Adeya1, H Walkowiak1

1Management Sciences for Health, Arlington, Virginia, United States, 2Academy for Educational 
Development, Washington, DC, United States
Background: Micronutrient supplementation and anemia reduction programs have historically 
been limited by not incorporating pharmaceutical systems strengthening into interventions.  
Evidence indicates that even where Vitamin A distribution and iron supplementation are a 
universal part of policy, supplies have been a constraining factor. Anemia reduction supplies--
iron and folic acid (IFA), mebendazole and albendazole--are already integrated into the regular 
pharmaceutical supply systems in most situations. However, their regular availability and use 
remains problematic.
Aims: To improve program impact, the Academy for Educational Development’s A2Z Project and 
Management Sciences for Health’s Strengthening Pharmaceutical Systems (SPS) Project have 
been identifying key challenges and testing interventions related to the selection, procurement, 
distribution and use of quality micronutrients and anemia reducing medicines.
Methods: In partnership, A2Z and SPS initiated assessments and small-scale supply 
improvements in selected areas of India (2007-8), Uganda (2008), and Cambodia (2008). 
Data were collected through semi-structured interviews, record reviews, and observation. In 
Jharkhand State, India, assessments had indicated that IFA was out of stock 25% of the time at 
the state level, 32%-60% of the time at district level sites; in Uttar Pradesh State, India, IFA was 
out of stock between 41%-78% of the time at selected subcenters. In Uganda, IFA stock-outs 
ranged from 27%-100% of the time in selected district sites. The Cambodia assessment revealed 
weaknesses in the supply of IFA in a selected district. These case studies are analyzed using 
quantitative and qualitative data.
Results: A process of stakeholder collaboration, assessments, options analysis, implementation 
of interventions, and monitoring and evaluation will be proposed with a focus on the findings 
from India and Uganda.  Data will be presented to demonstrate key factors to address in scaling-
up the supply side of proven interventions to reduce morbidity and mortality.
Conclusion: Results will be used to make a compelling case for a global framework to address 
supply management for anemia reduction.
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REVIEW OF SUPPLY VERSUS UTILIZATION: SUPPLY CHAIN 
IMPROVEMENTS FOR VITAMIN A CAPSULES IN DRC, INDONESIA, 
KENYA, NIGERIA, PAKISTAN AND THE PHILIPPINES
A Greig1, E Karyadi3, F Aminu4, M Fryars1, N Dalmiya2

1Micronutrient Initiative, Ottawa, Ontario, Canada, 2UNICEF, New York, New York, United States, 
3Micronutrient Initiative, Jakarta, Indonesia, 4Micronutrient Intiative, Abuja, Nigeria
Background: For >10 years, MI, with funding from CIDA, has procured and donated >5 billion 
vitamin A capsules (VACs) through UNICEF to public health programs in >80 countries.  Although 
globally coverage of all eligible children with twice-yearly doses has exceeded 65%, coverage 
needs to be further increased. Joint assessments by UNICEF and MI in 21 countries in 2004 
identified several common constraints, a key one being local weaknesses in supply chains.  An 
analysis of all capsules supplied to countries showing significant gaps between supply and 
utilization, supports this assumption.
Aims: To review and diagnose issues in supply chains in selected countries that represent the 
diversity of characteristics of VAS programs, and to develop a set of recommendations and tools 
for supply chain improvements that are not only country-specific, but also applicable elsewhere.  
Methods In-depth reviews were conducted in 6 countries (DR Congo, Indonesia, Kenya, Nigeria, 
Pakistan, and Philippines) in 2007. Supply chain experts interviewed stakeholders, made field 
visits, and mapped supply chain processes to identify constraints, and to develop and validate 
recommended solutions for each country.  Results The reviews listed 20+ key factors affecting 
supply chain management relating to forecasting, procurement, warehousing, storage, stock 
transfers, inventory management and data monitoring.  Common constraints were found in: 
(a) procurement and delivery strategies; (b) linkages with the supply chains of other health 
commodities; (c) forecasting and planning, (d) logistics, (e) inventory management, (f) data 
monitoring (including gaps in reporting utilization), (g) resources for procurement and (h) 
management capacity.  Factors identified as key for success included among others the existence 
of (1) good planning guidelines, (2) good information on stock inventory at appropriate levels 
(including simple stock ledgers and data flow); (3) effective integration between national level 
planning, procurement and lower level micro-planning; and (4) good warehouse practices and 
knowledge of storage conditions necessary for VACs.  The review explored also if government 
commitment was affected by VACs being donated rather than procured, but this was reported 
not to be a factor. 
Conclusions:  Despite local differences, a number of issues lent themselves to consistent solutions 
across countries: introducing simple tools for tracking inventory; making improvements to 
data flows to support proper planning, forecasting, and monitoring of stocks held at the lowest 
administrative levels; and integrating the planning of programs targeting the same age groups.

F06ASSESSING THE SUSTAINABILITY AND ENHANCING 
REALISTIC PLANNING AND BUDGETING FOR TWICE-
YEARLY VITAMIN A SUPPLEMENTATION IN THE CONTEXT 
OF A HEALTH SWAP AND DECENTRALIZED HEALTH 
SYSTEM - EXPERIENCES FROM TANZANIA
J Mugyabuso1, R Houston2, T Mkumbwa1, T Harriet1, M Tharaney3, 
E Towo4, A Kamala4, G Ndossi4, G Mulokozi4, B Mlay5, L Martin2

1Helen Keller International Tanzania, Dar es Salaam, Tanzania, United Republic of, 2Academy for 
Educational Development, Washington D.C., United States, 3Tulane University, Tulane, United 
States, 4Tanzania Food and Nutrition Centre, Dar es Salaam, Tanzania, United Republic of, 5UNICEF, 
Dar es Salaam, Tanzania, United Republic of
Background: In the last decade, the proportion of children receiving twice yearly vitamin A 
supplementation (VAS) has increased considerably throughout the developing world. It is also 
increasingly recognized that governments need to increase commitments to VAS programs to ensure 
long-term sustainability. Countries that are aspiring to sustain high coverage programs, such as 
Tanzania, require comprehensive information on all aspects of program sustainability in order to 
identify, address and monitor weak program components. Of particular concern is the financial 
sustainability, particularly where the health system is decentralized and sub-national government 
authorities have the autonomy to decide how resources are allocated.
Aims:  To undertake district self-assessments  on the sustainability of the national VAS program 
in Tanzania ; and to mitigate the impact of new donor funding modalities on VAS coverage and 
improve the district financial sustainability of VAS by developing and promoting the utilization of a 
computerized planning and budgeting tool (PBT), coupled with advocacy
Methods: A sustainability assessment tool was developed in the form of a structured questionnaire 
through a multi-stakeholder workshop followed by field-testing. The tool covered eight program 
components agreed to be associated with the sustainability of public health interventions. The 
assessment tool was self-administered by all districts in Tanzania Mainland in February and March 2007. 
The data were analysed to identify weak program components and to rank districts according to their 
degree of sustainability. The PBT was developed through a consultative process involving district to 
national level stakeholders. Government officials from the health departments of all Mainland districts 
were oriented on the PBT prior to the start of the planning and budgeting cycle for the fiscal year (FY) 
2008-9. This orientation was combined with advocacy to build capacity of district officials to defend 
budgets and ensure their inclusion in district plans. To assess the impact of the PBT and advocacy on the 
allocation of financial resources for VAS we compared the FY 2007-8 and FY 2008-9 VAS budgets.
Results:  The sustainability assessment highlighted the key factors threatening the sustainability of 
VAS in Tanzania. It demonstrated strengths, weaknesses and differences that were present across and 
between districts that indicate opportunities for improvement.  An excel-based PBT to estimate the 
financial resources and supplies required annually for VAS was developed and rolled out in Tanzania 
Mainland. Follow-up with all districts after the submission of their budgets to the national secretariat 
indicated that over 80% of councils used the tool in developing their FY 2008-9 plans, and the budget 
allocated per child increased from Tanzanian Shillings 119 to 210 between 2007-8 and 2008-9.
Conclusions:  The sustainability assessment provides a comprehensive tool for countries to assess 
their VAS programs for vulnerability. It is particularly useful after attaining a stable coverage and if 
districts have more overall responsibility for planning, implementing, and financing VAS distribution. 
Introduction and promotion of a computer-based PBT and accompanying advocacy tools could 
facilitate increased and realistic allocation of resources by districts to support twice yearly VAS in 
decentralized health systems.
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CONDITIONAL CASH TRANSFER PROGRAMS AND 
MICRONUTRIENT DEFICIENCIES: ARE WE MISSING AN 
OPPORTUNITY?
J Leroy1, M Ruel2, E Verhofstadt1

1National Institute of Public Health, Cuernavaca, Morelos, Mexico, 2International Food Policy 
Research Institute, Washington, DC, United States
Background: Conditional cash transfer programs (CCTs) have become increasingly popular in 
developing countries. These programs typically provide cash transfers to poor households to 
alleviate short-term poverty and food insecurity, conditional upon families investing in their 
children’s health and education. Typically, families have to comply with a schedule of preventive 
health visits for all family members, and enroll and maintain their children in school. The 
health and nutrition inputs usually include behavior change communication (BCC), growth 
monitoring, immunization and health check-ups. Some, like the Mexico program, also provide 
a micronutrient (MN)-fortified nutrition supplement for mothers and children. Little is known 
about the potential of CCTs to improve MN status.
Aims: This review summarizes evidence on the impact of CCTs on maternal and child MN 
nutrition, and assesses how they may be strengthened to increase their contribution to reducing 
MN malnutrition globally.
Results: The only two programs (Mexico and Nicaragua) that were evaluated for their impact 
on MN focused on iron deficiency anemia measured by hemoglobin (Hb). In Nicaragua, no 
impact was found in 6-59 mo old children. In Mexico, modest effects were found: in rural areas, 
intervention children 12-24 mo of age had higher Hb levels than control children (11.12 vs. 10.75 
g/dl; P=0.01) after one y of exposure, but anemia remained high (44%); in urban areas, the 
program increased Hb by 0.3g/dl in children 2-3 y, but without changing anemia prevalence. No 
effect was found in older children.
Conclusions: Notwithstanding their limited (documented) impact, CCTs could provide an 
excellent opportunity to improve maternal and child MN status for the following reasons: 1) They 
are targeted to – and effectively reaching - poor populations who suffer highest burdens of MN 
deficiencies; 2) Coverage of CCTs is usually high, and in some cases reaching national scale; 3) 
Households are provided with cash, which they have been shown to use to improve household 
consumption of MN-rich foods and diet quality; 4) Most CCTs include a BCC component, which 
could be strengthened to better promote optimal child feeding, care, health seeking behaviors 
and use of MN fortified supplements where available. The full potential of CCTs to improve MN 
nutrition is yet to be unleashed. It will require systematic program evaluation research that uses a 
program theory framework to identify, evaluate and document the multiple impact pathways by 
which these programs can improve MN nutrition. Problems have been reported wrt supplement 
distribution, intrahousehold sharing and adequate consumption. To unleash the full potential of 
CCTs, research is needed to eliminate these barriers.
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SERUM PROTEOME REFLECTS MATERNAL MICRONUTRIENT 
STATUS IN NEPAL : A STUDY OF THE NUTRIPROTEOME TO 
DISCOVER MICRONUTRIENT BIOMARKERS
K West Jr., P Scholl, I Ruzcinski, R Cole, K Schulze, P Christian, J Yager, J Groopman
Center for Human Nutrition, Johns Hopkins Schools of Public Health and Medicine, Baltimore, MD, 
United States
Background:  Prevention of micronutrient (MN) deficiencies is a global priority, but there are 
currently no means to detect multiple MN deficiencies in a timely, inexpensive, and simple way 
in the developing world.  Proteomics may offer new ways to assess mulltiple MN deficiencies.  
Concentrations of nutrient-related serum proteomic biomarkers (nutriproteome) could covary 
with MN status indicators, or respond to nutrient interventions to serve as markers of status. 
Aims: To combine proteomics and bioinformatics with conventional nutrient assessment 
Methods to discover, quantify and identify multiple serum proteins that correlate with MN status 
and changes in MNs.
Methods:  We pilot tested this hypothesis in a sample of 23 pregnant Nepalese women 
taking part in a multiple MN supplement trial, and delivered term, live infants.  Mothers were 
phlebotomized in the 1st and 3rd trimesters (TM).  Paired serum specimens were analyzed for 
11 micronutrient indicators (vitamins A, D, E, K, B2, B6, B12 and folate, iron, zinc and copper), 
plus total homocysteine by conventional Methods. Serum was affinity depleted of albumin, 
IgA, IgG, anti-trypsin, transferrin and haptoglobulin, analyzed for relative protein abundance 
by 2-dimensional in-gel electrophoresis, and 90 modulated protein spots were picked for in-gel 
digestion, detection by LC-tandem mass spectrometry and identification using a web-based 
peptide search engine.  Spot abundance and nutrient concentrations were provisionally accepted 
as significant when r > |0.50|, p<0.05, and I < 0.50 where a low I (Influence) score reflects 
uniform spread along the x-axis. 
Results: Serum MN concentrations were associated with relative abundance of 168 and 194 
protein spots in the 1st and 3rd TM, respectively. 1st to 3rd TM changes in relative abundance 
for 182 proteins were correlated with gestational changes in serum levels for multiple 
nutrients. The largest number protein associations were observed for copper (n=64), 25 (OH) 
vit D (n=38), α-tocopherol (n=36), Hb (n=32), and retinol (n=15); 38 proteins covaried with 
homocysteine.  In this small sample, proteins most associated with nutrient concentrations 
included those of the immune cascade (eg, complement-related), involved in inflammation 
control (α2-macroglobulin, pregnancy zone protein) and metabolism or transport of iron 
(serum transferring, hemopexin), copper (ceruloplasmin) and vitamin A (apo lipoprotein A-1). 
Conclusion: The serum nutriproteome may hold promise for identifying multiple 
biomarkers of multiple micronutrients, leading to new multiplex platforms for assessing 
MN status in the future. 
Funded by a Johns Hopkins Faculty Research Award, the Gates Foundation, USAID and the Sight 
and Life Research Institute. 
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SERUM RETINOL TO RETINOL-BINDING PROTEIN (RBP) IS LOW IN 
OBESE ADULTS DUE TO ELEVATED APO-RBP
S Tanumihardjo, J Mills
University of Wisconsin-Madison, Madison, WI, United States
In addition to its well established role as the major blood carrier of retinol, serum retinol-
binding protein (RBP) has recently been referred to as “RBP4,” a new adipokine.  This 
development was instigated by a series of studies in mice and humans revealing a strong 
relationship between serum RBP and obesity-induced insulin resistance.  These novel findings 
spawned widespread fervor to understand the role of RBP in obesity and insulin resistance, 
generating a considerable pool of publications in a relatively short amount of time.  While 
some studies have validated the original observations of elevated RBP in obesity and insulin 
resistance in humans, others have not.  Often lacking in these publications are data for 
serum retinol, arguably RBP’s most important physiological companion, representing a 
possible explanation for conflicting results.  Assessment of retinol is required to discriminate 
between apo-RBP, which may act as an adipokine, and holo-RBP, which transports vitamin 
A.  The relations between serum RBP, retinol, retinyl esters, BMI, and measures of insulin 
resistance were determined in obese adults.  Fasting blood (> 8 h) was collected from obese 
men and women (n = 76) and blood chemistries were obtained.  Retinol and retinyl esters 
were quantified by HPLC and RBP by ELISA.  RBP and retinol were determined in age and 
sex-matched, nonobese individuals (n = 41) for comparison.  Serum apo-RBP was two-fold 
higher in obese (0.90 + 0.62 mol/L) than nonobese subjects (0.44 + 0.56 mol/L) (P < 
0.001).  The retinol to RBP ratio (retinol:RBP) was significantly lower in obese (0.73 + 0.13) 
than nonobese subjects (0.90 + 0.22) (P < 0.001) and RBP was strongly associated with 
retinol in both groups (r = 0.71, P < 0.0001 and r = 0.90, P < 0.0001, respectively).  In obese 
subjects, RBP was associated with insulin (r = 0.26, P < 0.05), homeostatic model assessment 
of insulin resistance (r = 0.29, P < 0.05), and quantitative insulin sensitivity check index (r = 
-0.27, P < 0.05).  RBP was associated with BMI only when obese and nonobese subjects were 
combined (r = 0.25, P < 0.01).  Elevated serum RBP, derived in part from apo-RBP, was more 
strongly associated with retinol than with BMI or measures of insulin resistance in obese adults.  
Investigations into the role of RBP in obesity and insulin resistance should include retinol to 
facilitate the measurement of apo-RBP and retinol:RBP.  When evaluating the therapeutic 
potential of lowering serum RBP, consideration of the consequences on vitamin A metabolism 
is paramount.  Supported by the National Research Initiative-USDA CSREES, grant number 
2003-35200-05377 and NIHNIDDK 61973.
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TWO COMMON SINGLE NUCLEOTIDE POLYMORPHISMS IN THE 
GENE ENCODING β-CAROTENE 15,15’-MONOXYGENASE ALTER 
β-CAROTENE METABOLISM IN FEMALE VOLUNTEERS
W Leung1,2, S Hessel3, C Meplan1, J Flint1, F Tourniaire1, J Hesketh1, J von Lintig3,4, G Lietz1

1Newcastle University, Newcastle upon Tyne, United Kingdom, 2University of Sheffield, Sheffield, 
United Kingdom, 3Freiburg University, Freiburg, Germany, 4Case Western Reserve University, 
Cleveland, United States
β-carotene absorption and/or conversion into retinal is extremely variable among individuals. 
The proportion of low responders to β-carotene in well nourished individuals has been 
estimated to be 45% [1]. Still, the mechanisms underlying this variability are still not well 
understood, and could arise from genetic variations in the genes involved in the absorption, 
transport and/or conversion of pro-vitamin A carotenoids to retinol. The key enzyme 
responsible for β-carotene conversion into retinal is β-carotene 15,15’-monoxygenase 
(BCMO1). A first indication that genetic Background might influence the conversion efficiency 
in humans comes from the discovery of a very rare missense mutation in the BCMO1 gene 
which is associated with hypovitaminosis A and hypercarotenaemia [2]. We have screened the 
total open reading frame of the BCMO1 coding region that lead to the identification of two 
common non-synonymous SNPs (R267S; rs12934922 and A379V; rs7501331) with variant 
allele frequencies in a Caucasian population of 42% and 24%, respectively. In vitro biochemical 
characterisation of the recombinant 267S/379V double mutant revealed a reduced catalytic 
activity of BCMO1 by 57%. Assessment of the responsiveness to a pharmacological dose of 
β-carotene in female volunteers confirmed that carriers of both the A379V and R267S/A379V 
variant had a reduced ability to convert β-carotene as indicated through reduced retinyl-
palmitate/β-carotene ratios (-32% and -69%, respectively) and increased fasting β-carotene 
concentrations (+160% and +240%, respectively). Our data show that there is genetic 
variability in β-carotene metabolism and may provide an explanation for the molecular basis of 
the poor converter phenotype within the population.
Acknowledgement: This work was supported by the BBSRC and the European Nutrigenomics 
network NuGO.
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