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Anemia remains a problem of moderate public health significance among adolescent girls in Ghana. In 

response, the Girls’ Iron-Folic acid Tablet Supplementation (GIFTS) program was implemented in 

October 2017. We aimed to identify predictors of anemia among adolescents in Ghanaian schools, 

evaluate the effectiveness of school-based weekly iron-folic acid (IFA) supplementation after one school 

year, and examine the barriers and facilitators to the program during its first two years. 

Among 2,948 girls and 609 boys (10-19 years) randomly selected from 115 schools within 8 regions of 

Ghana, the prevalence of anemia was 24% and 13% respectively. Predictors of anemia and hemoglobin 

concentration (Hb) among girls included age, geophagy, malaria, diet, and body mass index (BMI). 

Predictors of anemia among boys included age, malaria, diet, and BMI. Age and BMI each had opposite 

associations with anemia among boys and girls. 

Our longitudinal, cohort study with 1,387 adolescent girls from 60 secondary schools found that anemia 

declined from 25.1% to 19.6% after 8 months. Cumulative weekly IFA tablets consumed (mean 16.4, 

range: 0-36) was positively associated Hb and negatively associated with anemia. IFA supplementation 

had a curvilinear dose-response relationship with Hb. Next, we derived a cut-point for the minimum 

effective number of tablets over one school year reflective of adequacy of Hb: 26.3 tablets.  

While 90% of schoolgirls received at least one IFA tablet over the first school year, 76% had not 

consumed the minimum effective number of tablets. School-level represented 75% of the variance in 

IFA consumption. The ability to make up missed doses, school level, educators’ program-related training 

and experiences, and educator perceptions on difficulty of implementation and time burden were 

associated with cumulative IFA consumption.  

Finally, at 16 schools, we conducted 77 semi-structured key informant interviews with educators and 

parent leaders. The results indicated that, after two years of implementation, schools had adapted the 

program, and widespread changes in attitudes and beliefs about the IFA tablets had improved their 

acceptability. However, limitations remained including supply chain, program ownership, 

communication, training, motivation, and resources. These results may be used to improve Ghana’s IFA 

program and have applications for similar programs.
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Research in Context 
 

 

Evidence before this research 

 

The complexity and population-specific nature of anemia etiology is well known. Yet, most anemia 

research is focused on young children and women of reproductive age, and little is known about anemia 

among younger adolescents. The principal anemia control strategy recommended by the World Health 

Organization for adolescent girls is iron and folic acid (IFA) supplementation. This strategy has been 

shown efficacious in studies of school-based IFA distribution, but results are mixed for community-based 

supplementation. There are few countries with high anemia burdens that have active IFA 

supplementation for adolescent girls, and they are all in Asia. Program impact evaluations are needed to 

determine the effectiveness of IFA supplementation for adolescent girls within other regions. 

 

Added value of this research 

 

This dissertation examined the context-specific drivers of anemia among adolescent girls and boys, both 

younger and older. It also demonstrates the effectiveness of school-based IFA supplementation under 

real-world conditions and in the sub-Saharan African context. This is the first study to our knowledge to 

provide a data-driven cut-point for minimum effective number of IFA tablets for achieving adequacy of 

hemoglobin concentration (as defined by anemia cut-offs) among a population of adolescents. Our work 

also identified school- and individual-level barriers and facilitators to IFA tablet intake adherence and 

identified bottlenecks to program coverage and adherence. Lastly, this dissertation examines program 

fidelity, evolution of beliefs and practices, perceptions of the program, and motivations of program 

implementers after two years of the intervention.  

 

Implications of all available research 

 

Adolescent girls are an appropriate target of anemia control measures, and anemia control programs in 

Ghana should be integrated into education and health system. They should include malaria prevention 

and behavior change strategies related to nutrition. School-based IFA supplementation is effective in 

reducing the prevalence of anemia among Ghanaian adolescents; however, IFA intake adherence could 

be improved by addressing barriers at the school-level. Strong cross-sectoral collaborations, training, 

resources, motivation, monitoring, and a healthy supply chain are necessary components for program 

fidelity and adherence.  
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Chapter 1: Introduction 
Globally, iron deficiency anemia is a leading cause of morbidity and mortality among adolescent girls 10-

19 years of age.(1) It is responsible for a loss of an estimated 1,001 disability-adjusted life-years per 

100,000 adolescent girls.(1) Anemia is typically diagnosed by a low circulating hemoglobin concentration 

(Hb),(2) a protein critical to the transport of oxygen.(3) 

Anemia has a complex etiology that can differ among and between populations.(4,5) Because anemia is a 

condition defined by the quantity or quality of erythrocytes in circulation rather than a deficiency of a 

specific nutrient, its root causes can be varied and numerous.(6) Broadly, proximal causes of anemia 

include nutrient deficiencies, infection or illness, blood loss, and blood disorders.(7) Deficiencies of iron, 

folate, vitamin B12, and vitamin A are commonly associated with anemia.(8) Infections and illnesses such 

as malaria that alter erythrocyte vitality or production can induce anemia.(9) Hemorrhage, menstruation, 

and other forms of blood loss can substantially lower Hb and lead to anemia.(6) Blood disorders such as 

thalassemia and sickle cell disorder may lead to chronic anemia in persons with these disorders.(10)  

The pathophysiology of anemia and low Hb stems from reduced oxygen transport to cells.(6) Immediate 

effects may include poor immune function,(11,12) reduced aerobic capacity,(13) and poor oxidative and 

nuclear metabolism.(14) These effects may lead to lethargy, fatigue, and lack of concentration.(7) Lower 

total body Hb even without anemia is associated with decreased maximal oxygen uptake (VO2Max), and 

consequently, reduced work capacity.(15) Anemia is also associated with reduced work capacity(16) and 

cognition.(7,17,18) Nutrition-related anemia can be transient but its consequences longer lasting(19,20) such 

as lost academic potential(21) and reduced human capital.(7) Anemia during pregnancy can lead to poor 

outcomes such as hemorrhage, preterm birth, low birth weight, perinatal mortality, and neonatal 

mortality.(22,23)  
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Treatment of anemia depends on its etiology, and treatments are specific to the underlying causes of 

the condition. When the prevalence of anemia is high within a population, supplementation with iron 

and folic acid (IFA) may be warranted for anemia prevention because nutritional anemias are thought to 

be the main causes. For example, the World Health Organization recommends IFA supplementation to 

all non-pregnant women and adolescent girls of reproductive age (15-49 years) and to preschool and 

school-aged children (2-12 years) where the prevalence of anemia exceeds 20% and in conjunction with 

malaria prevention and treatment in malaria endemic regions.(24,25) This guideline recommends 3 

months of weekly supplementation with 60 mg of elemental iron and 2800 µg of folic acid followed by a 

3-month break or a strategy that follows the academic calendar. The basis for weekly supplementation 

was the 5-6 day turnover of intestinal cells, reduced side-effects, and improved acceptability as 

compared to a daily supplement with similar effects on hemoglobin concentration. The 3-month 

schedule was chosen because this duration was common in the reviewed literature and had no 

differences it its effect when compared to schedules of shorter or longer duration.(24) 

In a meta-analysis of experimental trials, school-based IFA supplementation reduced the prevalence of 

anemia among adolescents, but results were mixed for community-based supplementation.(26) 

Adolescent nutrition has received little research attention in low- and middle-income countries, and few 

programs target adolescent nutrition outside of the context of childbearing, despite evidence that 

adolescence is a critical period of growth and development during which nutritional needs are 

greater.(27,28) Health behaviors and dietary patterns that are established during this period often track 

into adulthood.(29,30) Calls for increased efforts focused on adolescent nutrition are receiving global 

attention.(31)  

Ghanaian adolescents carry a high burden of micronutrient deficiencies. For example in the 2017 

national micronutrient survey, 26.4% of girls 15-19 years old were anemic, 14.5% had iron deficiency 

anemia, and 57.3% had folate deficiency.(32) Malaria, another seasonal risk factor for anemia, affects a 
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larger proportion of school-age adolescents than adults in Ghana.(32,33) The prevalence of anemia in 

adolescents 15-19 years has been consistently high. According to Demographic and Health Surveys, the 

prevalence of anemia in 2003 was 46%, 63% in 2008, and 48% in 2014.(34) Based on recommendations 

from international partners(35) and with their financial and technical support, an anemia control program 

with IFA supplementation was added to the national anemia reduction strategy for Ghana in 2016.  

Previous studies had focused on older adolescents, no data existed on anemia among adolescent boys, 

and the drivers of anemia among adolescents in Ghana were still unclear. An integrated approach to 

anemia control with IFA supplementation had only been implemented in a small number of countries 

with high anemia burdens, none of which were in sub-Saharan Africa.(36) Though lessons shared by other 

implementing countries were utilized in the design of the program, it was unclear how effective it might 

be or the context-specific barriers that might be faced in Ghana. 

This dissertation had four aims: 1) to identify key determinants of anemia among adolescents, which 

might be applied to tailor the intervention components for the population, 2) to evaluate the 

effectiveness of school-based weekly IFA supplementation on anemia prevalence and hemoglobin 

concentrations and establish a minimum effective number of weekly doses over the school year for 

prevention of anemia in a prospective cohort of Ghanaian adolescent schoolgirls, 3) to determine the 

barriers and facilitators of program fidelity and adherence of a school-based integrated nutrition and 

health promotion program with IFA supplementation, and 4) to describe potential operational and 

socio-ecological drivers of intake adherence and program fidelity, explain how these factors influence 

the success of the program, and understand how they might be modified to improve it. As the first 

adolescent supplementation program in sub-Saharan Africa, evidence from the evaluation of this 

program has the potential to influence not only the improvement of the program in Ghana but also its 

implementation within other countries in the region. 
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Chapter 2: Overview of Methods  

2.1: Setting 
Ghana is a lower-middle income country located in coastal West Africa.(37) It has a fast-growing 

population of nearly 30 million people and an adolescent fertility rate of 66 per thousand.(38) Ghana has 

regions that are coastal, savannah, and forested. The country has three main seasons: hot, rainy, and 

dry. The country is divided into 18 administrative regions (up from 10 in 2018). The school year in Ghana 

runs from late September through July. Primary school enrollment is high (86%), but enrollment in 

secondary schools is lower (57%). However, the introduction of free senior secondary school in 2017 has 

been associated with an increase in enrollment, especially of girls.(39)  

2.2: Program, Training, and Oversight 
The Girls’ Iron-Folic acid Tablet Supplementation (GIFTS) program was rolled out in three phases 

beginning in the northern- and eastern-most regions in 2017. The second phase expanded the program 

to the central-south portion of the country, and the third phase included the remaining western regions. 

Figure 2.2.1: Map of the Phased Rollout of the GIFTS Program, Ghana 

The GIFTS program was designed as a collaboration 

between the health and education sectors to reach all 

adolescent girls ages 10-19 years through school-based 

and health center-based delivery. In schools, all 

adolescents, including boys, received regular health 

and nutrition education aimed at improving 

knowledge, attitudes, and practices related to anemia 

and promote behavior change. Behavior change 

messages targeted consumption of a diverse and iron-

rich diet; water, sanitation, and hygiene; malaria 
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prevention; and menstruation. Educators provided weekly IFA tablets with 60 mg of elemental iron as 

ferrous fumarate and 400 µg of folic acid via directly observed therapy to adolescent girls throughout 

the school year. School-based delivery was limited to secondary and vocational schools during the first 

year but subsequently expanded to include girls in the target age range enrolled in primary schools 

within this scheme. Through local health centers, adolescent girls not enrolled in schools (and 

adolescents in primary schools during the first year) consumed one tablet each month by directly 

observed therapy and received three additional tablets to consume for the subsequent three weeks at 

home. Parents were often included in these community-based distributions and were oriented to the 

IFA tablets by health workers. In schools, parents were informed of the program through parent-teacher 

associations or school management committees. Pregnant adolescents were referred to antenatal care 

and received IFA supplementation through the existing health center-based program for pregnant 

women. 

A cascade training was conducted prior to the rollout of the program. Regional health and education 

staff were trained by the national team at a central location. Those trained then assisted in the training 

of their district health/nutrition and education officers. District health/nutrition and education officers 

helped train a focal person in each school, and focal persons oriented other educators (teachers and 

head teachers) in their schools to the program. 

Educators and health workers were trained on proper administration of IFA tablets including requiring 

the tablet be taken with water, not on an empty stomach, and not by girls suffering from sickle cell 

disease. They were also instructed to give tablets to female teachers to serve as role models. An IFA 

distribution protocol and educational materials developed by the Ministry of Health were given to 

program focal persons at the end of the training with first consignment of IFA tablets and program 

registers for each school. Program registers are paper booklets used to track individual dosage within 

schools. 
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Community sensitization activities were designed to promote awareness and knowledge of the benefits 

of IFA tablets for girls. The sensitization activities were rolled out before the program began and after it 

was underway. These activities included radio advertisements, local festivals, meetings with parents and 

community leaders, and promotional materials such as posters.  

Supervision, monitoring, distribution, and supply of IFA tablets was integrated into existing structures 

with the Ghana Health Service and Ghana Education Service (Figure 2.2.2). The supply of IFA tablets 

passed from the health sector to the school focal person through either the District Nutrition Officer, 

community health workers, or District School Health Education and Promotion (SHEP) Coordinator. 

Educators were also given a handbook for education on anemia and IFA. Schools also utilized local 

health workers for leading health and nutrition education sessions. 

Figure 2.2.2: GIFTS Program Schema 

 

2.3: Program Evaluation Study Design and Sampling Frame 
This dissertation is comprised of data from three quantitative surveys over two years and one qualitative 

study. Chapter 3 utilizes data from baseline quantitative surveys of Phases I and III conducted at the 
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beginning of the school year in 2017 and 2019, respectively. Chapters 4 and 5 utilize baseline and follow-

on quantitative data from Phase I collected in 2017 and 2018. The qualitative study in Chapter 6 was 

conducted at the beginning of the school year in 2019.  

Figure 2.3.1: GIFTS Program Evaluation Timeline 

 

The Phase I, Year 1 evaluation was designed as a longitudinal cohort evaluation over one school year. 

Two regions, Northern (now Northern, Savannah, and North-East) and Volta (now Volta and Oti) were 

purposively selected by the Ministry of Health for their unique demographic and geographic 

characteristics. Within each region, schools were stratified into junior high schools (JHS) and senior high 

schools (SHS) or vocational schools, and 15 of each type were selected by probability proportion to size 

(enrollment of girls). Within each selected school, 29 girls from forms 1 and 2 (grades 7, 8, 10, and 11 in 

the North American system) were selected using simple random sampling. The resulting sample size was 

1,521 girls ages 10-19 years. After approximately 8 months of program implementation, at the end of 

the school year in 2018, we were able to collect follow-up data prospectively from 1,387 of the girls. 
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Individual consumption of IFA tablets was recorded in classroom-level program registers each week of 

the school year. An educator focal person was surveyed on behalf of each school. 

In 2019, Phase III was implemented bringing the GIFTS program nationwide by including the remaining 

three regions of Ghana: Western, Western North, and Upper West. The Phase III baseline survey, 

included in Chapter 3 of this dissertation, selected 55 schools using probability proportional to size. 

Thirty-one girls and 13 boys were selected from forms 1 and 2 of each school within the three regions. 

The resulting sample size was 1,437 girls and 618 boys.  

In 2019, after two years of the program in Phase I regions and the national scale-up, a qualitative follow-

up was conducted in 16 schools purposively selected from the schools evaluated in Year 1. Eight schools 

were selected from each of the Phase I regions (Northern and Volta) after stratifying by school level, 

size, geographic location (rural vs. urban), and average total number of IFA tablets consumed over Year 

1 (underperforming vs. top performing). For each school, five stakeholders were interviewed: the district 

SHEP coordinator, the head teacher, the GIFTS program focal person in the school, a non-health teacher, 

and the Parent-Teacher Association (PTA) or School Management Committee (SMC) chairperson. 

Selection preference was given to a non-health teacher that had been at the school since the beginning 

of the GIFTS program. 

2.4: Data Collection and Data Management 
In the collection of quantitative data, questionnaires were interviewer administered using Android™-

based computer tablets. The girls’ questionnaire included demographic information; knowledge, 

attitudes, and practices (KAP) related to anemia; KAP related to IFA tablets; malaria-related practices; an 

iron-focused food frequency questionnaire; and health and nutrition education sessions. The school 

survey included the teacher’s KAP related to anemia and IFA tablets, anemia-related activities within the 

school, school meals, and enrollment. The follow-on questionnaires also included information related to 
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experiences with the GIFTS program and IFA tablets. During the follow-on survey, individual IFA 

consumption data were also abstracted from the GIFTS registers. 

Height was assessed by trained and standardized anthropometrists using a stadiometer (Shorrboard®, 

Maryland, USA)(40) and weight with a lightweight electronic digital scale (SECA, Hamburg, Germany). 

Twelve anthropometrists were used during the Phase I baseline survey, and 18 were used during the 

Phase I follow-on and Phase III baseline surveys. Standard anthropometric protocols were used which 

included the proper placement and calibration of equipment, positioning of students, and reading of the 

equipment. Shoes and unnecessary clothing were removed and pockets were emptied. Hairstyles that 

were not easily flattened were taken down as possible and appropriate. Provisions were made to 

measure the additional height given by hairstyles that could not be flattened using a ruler; however, no 

utilization of this method was required.  

A field laboratory technician tested Hb using the HemoCue® 301 (Ängelholm, Sweden) and malaria using 

CareStart™ Rapid Diagnostic Test (AccessBio, New Jersey, USA). Collection procedures are fully 

described in Chapter 3. 

In the qualitative analysis, semi-structured key informant interviews were conducted using interview 

guides tailored to the role of the respondent. Interviews were recorded and summaries were developed 

by interviewers. All interviewers had prior interviewing experience and training. Teams were trained on 

qualitative interviewing techniques, goals of the study, ethics protocols, use of interview guides, use of 

recording devices, and summarizing interviews. During the training, interview guides were reviewed for 

clarity and revised as needed. Interviewers practiced in pairs including effective probing and writing 

interview summaries. A pilot and pre-test of interview guides was conducted in three schools during the 

training week prior to the start of data collection. Following the pilot, interview guides were further 
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refined and interviewer practiced with the final interview guides. Teams of three traveled to each 

region. Data collection occurred over nine days at the start of the 2019-2020 school year.  

Semi-structured key informant interviews were used to collect information from respondents. Interview 

guides were developed based on deductive themes around the distribution of IFA tablets, sensitization 

and beliefs, health and nutrition education, and acceptability of purchasing. Four separate interview 

guides were created for each respondent category (Appendix I). Interviewers used the same guide with 

head teachers and GIFTS focal persons. Interview guides were designed to assist interviewers in using 

open-ended questions, covering the topics of deductive themes, and using effective probing questions 

when necessary. Interviews were designed to be conducted in English, the lingua franca of Ghana. Since 

formal education is done in English, we anticipated that educator interviews would be completed in 

English but that some PTA/SMC chairperson interviews may be conducted in local languages. 

Individually, interviewers conducted interviews in a private location and recorded then using stereo 

digital recording devices. Educator interviews lasted an average of approximately 45 minutes, and 

PTA/SMC interviews lasted approximately 10-15 minutes. After each, interviewers completed a 

summary consisting of at least three paragraphs covering their overall impressions of the interview, 

interesting findings, and outstanding questions that were unanswered in the interview. These 

summaries were included with each interview. Data were stored on password-protected devices. 

Informed consent was obtained from all parents and participants. The study protocol was approved by 

the Ghana Health Service Ethics Committee and exempted from review by the Emory University 

Institutional Review Board. The Centers for Disease Control and Prevention determined its role to be 

public health practice.  

2.5: Statistical Methods and Data Analysis 
Analytic methods are described in detail within each manuscript (Chapters 3-6). For the main analyses of 

the first manuscript (Chapter 3), we utilized multivariable Poisson and linear regression to model the 
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predictors of anemia and Hb controlling for potential confounders. Multivariable regression models 

were most suitable for quantifying the relationships between the outcomes and multiple exposures 

within the cross-sectional data. Poisson regression was employed when the outcome was anemia 

because of its utility in modeling prevalence ratios, and linear regression was used when continuous Hb 

was the outcome. Survey procedures were employed because of the clustering of the data at the school 

level. We created separate models for boys and girls. This was done primarily because of biological 

differences by sex that become more prominent during adolescence including the onset of menstruation 

and other sex dimorphisms such as the distribution of adipose tissue and growth trajectories. 

Secondarily, sociocultural differences between genders may influence the relationships between 

behavioral predictors and anemia.  

In the second manuscript (Chapter 4), we utilized generalized linear mixed models (GLMM) to quantify 

the change in anemia prevalence difference and mean Hb difference associated with total IFA 

consumption as a categorical variable. The GLMMs were most appropriate for repeated measures of the 

outcomes and covariates, treating time as a random effect. The GLMMs also accounted for the 

clustering of the data by nesting individuals within schools. We also examined dose-response with a 

restricted cubic spline (RCS), modeling the linear and non-linear association between the change in Hb 

and total IFA consumption as a continuous variable. Dose-response is an essential feature of such an 

intervention because it shows that stronger adherence yields improved results, adding credibility to 

causal inference and highlighting potential threshold effects. An initial look at the scatter plot of the 

crude relationship between Hb and IFA showed a high level of noise. Smoothing techniques including 

Loess and B-spline did not adequately capture the curvilinear relationship. The RCS model allowed 

modelling of the linear and non-linear portions of this relationship without having to categorize the 

number of IFA tablets, smoothing the outcome variable (IFA). The RCS model applies locally weighted 

cubic spline smoothing of averaging IFA doses consumed by each student and removes the discreteness 
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of the number of IFA tablets. This provides a biologic continuum of supplementation for capturing 

corresponding changes in hemoglobin concentration which is also continuous. Four knots at the fifth, 

thirty-fifth, sixty-fifth, and ninety-fifth percentiles were automatically chosen. The number of knots was 

based on literature suggesting that four knots provides the RCS model with enough flexibility to 

represent the relationship without overfitting.(41) Still, the smoothness of models with three and five 

knots were compared before settling on the 4-knot model. Finally, we calculated a cut-point for the 

minimum effective number of IFA tablets associated with anemia reduction over one school year using a 

receiver operating characteristic (ROC) curve analysis. The GIFTS program protocol was based on strong 

guidance from the WHO; however, logistical, socio-ecological, and financial barriers often prevent 

complete intake adherence in real-world settings. Additionally, the context-specific etiology of anemia 

means that some countries, namely those with high prevalence of iron and folic acid deficiencies and 

lower mean Hb, might have greater benefit from IFA tablets. For these reasons, a population-specific 

cut-point was needed as a benchmark for minimum effective adherence to IFA consumption. This cut-

point would be useful to program implementers and policy makers for measuring effectiveness 

coverage, creating budgets, and planning logistics. The ROC-curve analysis required a theory-based 

logistic regression model of anemia that was solved for the number of IFA tablets at the point of 

minimum misclassification. We used a bootstrapped resampling approach with 1,000 iterations to 

derive this estimate and its percentile-based confidence limits. We chose the bootstrapped approach 

because it allowed a check of the stability of our estimates in the absence of a separate test sample.  

For the third manuscript (Chapter 5), we conducted a bottleneck analysis, examining the levels of 

program coverage and adherence to identify potential program barriers to complete coverage. This 

helped categorize the areas that may have had downstream effects on adherence to IFA consumption. 

Addressing bottlenecks is necessary for the full benefit of the program to reach the targeted adolescent 

girls. We also implemented GLMMs to quantify the difference in the total number of IFA tablets 



13 
 

consumed over one school year associated with school-level and individual-level predictors that were 

considered barriers or facilitators. Schools were modeled as random effects. The barriers and facilitators 

identified were specific factors on which to improve the program. Modeling these factors hierarchically 

enabled an examination of the factors at the school and individual levels, which may have unique 

advantages and disadvantages. School-level factors may be addressed by targeting specific types of 

schools, while individual-level factors may require different approaches to address. 

Post stratification weighting was used in quantitative analyses based on the enrollment of girls in each 

school during the corresponding school year. Analyses accounted for the sampling design and adjusted 

for clustering of the data at the school level. Quantitative analyses were performed in SAS 9.4 (SAS 

Institute, Cary, NC) and R version 3.5.1. Qualitative analyses were conducted in MAXQDA 2018 (VERBI 

Software, Berlin). 

For the fourth manuscript (Chapter 6), we designed a study to examine further the operational and 

socioecological features of the program to provide additional data for improving the function of the 

program nationwide. We conducted a thematic/code-based analysis following pre-specified (deductive) 

and spontaneous (inductive) themes. This analysis was an iterative process involving listening to 

recordings, reading transcripts, creating a coding scheme, coding transcripts, altering the coding 

scheme, coding remaining transcripts, and organizing and summarizing themes. A qualitative approach 

was chosen for its dual advantages of allowing a deeper and more nuanced understanding of an issue 

while also eliminating the need for tailored and validated questionnaires for hard to measure 

phenomenon such as perceptions, attitudes, and beliefs.  

2.6: Alternate Study Designs and Analytic Strategies 
Each study design and analytic strategy comes with strengths and limitations. Often study designs are 

chosen based on logistical or financial constraints while maximizing the statistical power and potential 
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for causal inference. With this in mind, it is important to compare the strengths and limitations of our 

own study with that of potential alternate study designs and analytic strategies. 

Aim 1: To quantify the burden and predictors of anemia among adolescent schoolchildren in Ghana 

Plausibility of causal relationships between determinants and anemia would have been enhanced if a 

longitudinal cohort of healthy girls could have been followed from childhood through adolescence to 

determine which factors induced anemia. This was not a feasible study design due to the time and 

resources required, which would not produce timely information for decision making. Making use of the 

available data, an alternate analytic strategy was to examine the predictors of change in anemia and Hb; 

however, the study period was short and many of the hypothesized predictors of anemia would not 

have changed such as socio-economic status, body mass index, or even age. Additionally, the GIFTS 

program would have influenced the determinants of anemia by the follow-on survey of Phase I. An 

alternate analysis of the cross-sectional data may have been to combine the boys and girls data. This 

would have enabled a formal test for interaction by gender. However, because of sufficient biological 

evidence of sex differences, we hypothesized that the predictors of anemia would be distinct, such as 

menarche among girls, and built separate models for each.     

Aim 2: To measure the impact of weekly IFA supplementation on anemia status and hemoglobin 

concentrations and quantify the minimum effective number of IFA tablets over one school year for 

achieving adequacy of hemoglobin concentration in a prospective cohort of Ghanaian adolescent 

schoolgirls 

To evaluate the impact of the program, prospective data was used; however, there was no separate 

control group. A randomized placebo-controlled trial with a contemporaneous control group 

randomized at the individual level with an intent-to-treat analysis would have improved causal 

inference. However, the results would have been tainted because school-level elements of the program 
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would have contaminated the control group. It would not have not been an effectiveness trial because 

of special procedures outside of the normal program functioning that would be needed to provide the 

intervention to some and not others. Similar issues arise with randomization at the school or district 

level as the goal of this program effectiveness was to evaluate potential impact under real-world 

conditions. Ethical and governmental considerations also limited the ability to have a control group.  

Using the employed cohort design, we could have chosen a one-year follow-up to eliminate the 

confounding effects of seasonality, but that choice presented several challenges. The first was students 

transferring schools or terminating their schooling, leading to loss to follow-up (was minimal in this 

cohort) . This challenge might have been mitigated by serial cross-sectional surveys rather than 

longitudinal follow-up of the same girls; however, this would have inhibited the ability to conduct 

analyses of individual change and dose-response, which is most needed in demonstrating biological 

impact in this population. Secondly, conducting a follow-on survey after the break between school years 

may have diluted results because they intervention would not be fresh on the minds of respondents.  

With the present data, we could have chosen to model the difference in Hb at follow-on rather than a 

repeated measures model; however, such a simple difference model would not have accounted for 

changes with covariates. Another alternative GLMM analysis could have used total IFA tablets consumed 

as a continuous variable with a squared (quadratic) term to account for non-linearity, similar to the 

model used for the ROC analysis. We felt this model would have been more difficult to interpret because 

of the complexity of accounting for a squared term in the interpretation of beta values.  

For calculation of the minimum effective number of IFA tablets, one could have categorized 

consumption of IFA into small categories, calculated kappa scores for the ability of each category to 

classify anemia, and chosen the category with the best kappa score or used another discriminant test 

such as maximizing sensitivity or specificity.(42) The primary limitations of this analytic strategy are its 
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inability to adjust for potential confounders and dependence on the population prevalence of anemia. 

The precision of this method would be also limited by the categories chosen and the sample sizes 

therein.  

Aim 3: To determine the barriers and facilitators of uptake and intake adherence of IFA tablets within a 

school-based integrated nutrition and health promotion program 

An alternate analytical method for the barriers and facilitators aim was to examine their relative 

importance using standardizing regression coefficients. This approach has the advantage of placing 

measures of association on the same unit-less scale for comparison; however, our approach has the 

advantage of interpretability as the coefficients are expressed in the number of IFA tablets consumed as 

well as quantifying the independent nested of a student-within-a school vs. school only effects.  

Aim 4: To characterize educators’ and parents’ perspectives on program uptake and adherence and 

understand how these factors might be modified to improve the program and promote its sustainability 

at schools with high compared to low intake adherence during year one and changes over the first two 

years of the program 

For the qualitative analysis, students’ perspectives are not first-hand. Though their perspectives were 

not the primary objective of the study, a useful alternative would have included some primary 

information from students during the start of Year 3. However, analyses of Year 1 data suggested that 

school-level factors would be of greater interest for improving adherence, and quantitative data was 

already collected from students during Year 1. An alternative approach to summarizing the qualitative 

data would have been a case-based analysis rather than thematic analysis. This approach would make 

simultaneous use of all the different characteristics of an interviewee while describing his or her views. 

This approach, however, would make interpretation of the interviews difficult because of their quantity 

and patterns would be more difficult to identify. Most importantly, our thematic analysis provides useful 
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operational data for understanding issues, strengths, limitations, and potential solutions that can be 

used by the Ghana Health Service and Ghana Education Service to improve the program. 
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Abstract 

Anemia is a public health problem in Ghana. We sought to identify factors associated with hemoglobin 

concentration (Hb) and anemia among school-attending adolescents. We analyzed data from 2,948 

adolescent girls and 609 boys (10-19 years) selected from 115 schools from 8 regions of Ghana as a 

secondary analysis of a program evaluation. We measured Hb, malaria from capillary blood, 

anthropometry, and used a modified food frequency questionnaire to assess diet. Adjusted 

multivariable analysis was used to identify predictors of Hb and anemia. The prevalence of anemia, 

malaria, and geophagy was 24%, 25%, and 24%, respectively, among girls and 13%, 27%, and 6%, 

respectively, among boys. Girls engaging in geophagy had 53% higher adjusted prevalence of anemia 

and 0.39 g/dL lower Hb. There were similar results among those who tested positive for malaria (+52% 

anemia; -0.42 g/dL). Among girls, lower anemia prevalence and higher Hb was associated with 

consumption of foods rich in heme iron (-22%; +0.18 g/dL), consumption of iron-fortified cereal and 

beverages consumed with citrus (-50% anemia; +0.37 g/dL), and being overweight (-22% anemia; +0.22 

g/dL). Age was positively associated with anemia among girls, but negatively associated among boys. 

Boys who tested positive for malaria had 0.31 g/dL lower Hb. Boys who were overweight or had obesity 

and consumed flour products were also more likely to be anemic (119% and 56%, respectively). Factors 

associated with Hb and anemia may inform anemia reduction interventions among school-going 

adolescents in Ghana and suggest the need to tailor them uniquely for boys and girls. 

 

Keywords: adolescent nutrition; anemia; gender differences in anemia; determinants of anemia; 

malaria; geophagy; pica 
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3.1: Introduction 
Adolescence is a period of physiological and psychosocial change during which nutritional needs are 

changing and new roles and responsibilities are established (1,2). Puberty increases nutritional 

requirements due to accelerated growth and sexual maturation (3). This period of increasing 

independence and maturity presents an excellent opportunity for intervention to improve nutritional 

status and establish lasting, positive dietary and health practices (2,4,5). 

The 2017 Ghana Micronutrient Survey estimated the national prevalence of anemia to be 26.4% among 

non-pregnant adolescent girls ages 15-19 years, constituting a problem of moderate public health 

significance (6). There are no nationally-representative estimates of anemia prevalence among 

adolescent boys. There are multiple causes of anemia including micronutrient deficiencies, infection, 

blood loss, genetic disorders, and malaria (7,8). Malaria is linked to anemia by the destruction of 

erythrocytes and decreased erythropoiesis caused by the malaria parasite (9). Monotonous, 

micronutrient-poor diets are commonly consumed in low- and middle-income countries and also 

contribute to the burden of anemia (8). In Ghana, the practice of pica (consumption of non-food 

substances) has been widely observed among young women mainly in the form of geophagy, eating soil 

or clay (10,11,12). While the causal direction of the association has not been established, there is a strong 

association between pica and anemia (12,13).  

The etiology of anemia is complex and varies widely across populations (14,15). We aimed to identify 

context-specific predictors of hemoglobin concentration (Hb) and anemia among adolescent girls and 

boys in Ghanaian schools (16). In September 2017, a baseline survey was conducted at the beginning of 

the school year in Northern and Volta regions as part of an impact evaluation of Phase I of Girls’ Iron-

Folic acid Tablet Supplementation (GIFTS) Program (17). The GIFTS Program is an adolescent health and 

nutrition education program for adolescent boys and girls, with weekly iron and folic acid 

supplementation targeting adolescent girls (10-19 years) in Ghana. It is primarily carried out through 
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schools but also includes health center-based implementation. The national scale-up was carried out in 

three phases, of which the school-based portions of Phases I and III were evaluated.  During the 

program scale-up, a second baseline was conducted in Upper West, Western, and Western-North 

regions in September 2019. Data from the two baseline surveys are used in this study to identify key 

factors associated with anemia among adolescents, which might be applied to tailor the intervention 

components for the population.  

3.2: Methods 
Sampling 

Phase I was implemented in four of Ghana’s ten regions1 (Brong Ahafo, Northern, Upper East, and 

Volta). Two of the four Phase I regions (Northern and Volta) were purposively selected. Schools within 

each of the regions were selected by stratified probability proportional to size sampling (17). Stratified 

sampling between junior high schools (JHS) and senior high schools (SHS) or equivalent was conducted 

from each region. Schools were treated as clusters and their size was estimated from the previous year’s 

enrollment. The total primary sampling units (schools) were 837 JHS and 68 SHS in Northern region and 

1,225 JHS and 104 SHS in Volta region. Sixty schools were selected: 30 from each region, 15 from each 

stratum (JHS/SHS). Simple random sampling was then followed to select 29 girls from forms 1 and 2 

within each school (equivalent to grades 7, 8, 10, and 11 in the North American system). Phase III was 

implemented in Upper West, Western, and Western-North regions. Schools from each region were 

sampled following the same methodology as Phase I. Within these three regions, the total primary 

sampling units (schools) were 2,131 JHS and 180 SHS; 55 schools (29 JHS and 26 SHS) were selected. 

Within each school, 31 girls and 13 boys in forms 1 and 2 were randomly selected.  

                                                           
1 In December 2018, Ghana’s ten regions were divided into 16. Northern became Savannah, Northern, and North 
East. Volta became Volta and Oti.  
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Data Collection 

Trained interviewers administered a tablet-based electronic questionnaire to each participant. Survey 

questions pertaining to this analysis included socio-demographic characteristics, anemia knowledge and 

practices, menarche, iron supplementation, geophagy, and diet.  

A mobile laboratory at each school tested Hb using the HemoCue® 301 (Ängelholm, Sweden) and 

malaria using CareStart™ Rapid Diagnostic Test (AccessBio, New Jersey, USA). From the finger of each 

participant, capillary blood was collected. The first drop was wiped clean. During Phase I, the 

subsequent 2-3 drops of blood were collected onto parafilm. The first portion of the sample was 

analyzed immediately for Hb (within 30 seconds of the finger stick), and the malaria diagnostic was 

performed using the remaining blood. During Phase III, 1 mL of capillary blood was collected into a 

Microtainer® tube containing an anticoagulant and samples were drawn from the tube for immediate 

analysis of Hb and malaria infection as described for Phase I. Students testing positive for malaria and 

those with moderate or severe anemia were referred for treatment. 

Standardized anthropometric protocols were used to measure height with a stadiometer (Shorrboard®, 

Maryland, USA) (18) and weight with a lightweight electronic digital scale (SECA, Hamburg, Germany). 

The Ghana Health Service ethical review board in the Ministry of Health approved this project. The study 

was exempted by the Emory University Institutional Review Board. CDC determined its role was public 

health practice.  A de-identified dataset was used for this secondary analysis.  

Variable Definitions 

The main outcomes of this analysis were Hb and anemia. Anemia was defined using age- and gender-

specific Hb cut-off values (Children 10-11 years: Hb <11.5 g/dL; Girls ≥ 12 years and boys 12-14 years: Hb 

<12 g/dL; Boys ≥ 15 years: Hb <13 g/dL) (19). Hb was not adjusted for altitude or smoking status as no 
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adjustment is needed for populations living below 1000 meters above sea level (19), and smoking is rare 

among adolescents in Ghana (20). Body mass index (BMI)-for-age z-scores (BAZ) were calculated based on 

the International Obesity Taskforce reference parameters, and cut-offs for thinness, overweight, and 

obesity were applied (thinness: BAZ <-2, overweight: BAZ >+1, and obesity: BAZ >+2) (21,22). Normal 

weight and thin categories were subsequently combined for all students due to prevalence of thinness 

<1%, and for boys, overweight and obesity were also combined due to prevalence of obesity <1%. 

Wealth tertiles were calculated following principal components analysis of household possessions (23). 

Age in years, reached menarche (yes/no), consumption of an iron-containing supplement (iron, iron and 

folic acid, or multiple micronutrient supplement) in the previous 7 days (yes/no), and “sometimes” 

eating soil or clay (geophagy; yes/no) were self-reported. We divided respondents into 3 categories 

based on their anemia knowledge: 1) never heard of anemia, 2) only heard of anemia but no knowledge 

of causes, prevention, or symptoms, and 3) heard of anemia, and knowledge of any causes, prevention, 

or symptoms.  

Dietary intake was assessed using a modified food frequency questionnaire with a 24-hour recall period. 

Grouping of foods was done based on iron content and bioavailability (24). Rich sources of heme iron 

included red meats and organ meats. Fair sources of heme iron included white meats/poultry, eggs, and 

fish. Non-heme iron sources included dark green leafy vegetables, legumes, and seeds. We created a 

separate category for fortified cereals and beverages, and another category for wheat flour products. 

Fortified cereals and beverages included commonly sold products with an iron fortificant on the 

nutrition label. Although mandatory, wheat flour fortification is poor; only 13% of samples in a 2011 

survey were fortified to the required standard.(25) Accordingly, we did not group wheat flour products 

with fortified foods and beverages. The two final categories considered were tea and citrus fruits. 

Analytical methods 
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Means, proportions, and their 95% confidence intervals (95% CI) were calculated as descriptive 

statistics. Rao-Scott chi-square test and ANOVA with Taylor series variance were used to test for 

differences in characteristics between girls across the five regions and between boys and girls within 

Upper West, Western, and Western-North regions. Rao-Scott chi-square tests were used to assess 

bivariate differences in anemia prevalence by malaria status, geophagy, and key dietary variables, 

stratified by gender. 

We assessed associations between Hb and adolescent-level factors such as malaria and dietary practices 

with multivariable linear regression models. Separate models were built for boys and girls. A priori 

selection of model covariates was based on theoretical considerations. These variables were age, BMI, 

menarche (for girls), iron supplementation, socioeconomic status, diet, malaria, and geophagy (12,15,26,27).  

We also quantified associations at the lower tail of Hb distributions by examining anemia prevalence. 

Poisson models with a log link function were used to estimate adjusted prevalence ratios (PR, 95%CI) by 

the predictors of anemia. Inhibitors and enhancers of non-heme iron absorption are found in tea and 

citrus fruits, respectively (28). We therefore examined how same day tea and citrus consumption could 

modify the associations between non-heme and fortified foods with Hb. We also examined the 

interactions between geophagy with diet, region with all variables, and socioeconomic status with diet 

and geophagy. Only significant interaction terms were retained in the multivariable models. 

For all analyses, post-stratification weighting was applied using the school-level enrollment of girls and 

boys. We used complex survey procedures in all analyses and Taylor series variance estimation was 

followed. Statistical significance was set at alpha 0.05. All analyses were conducted in SAS 9.4 (SAS 

Institute, Cary, NC). 
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3.3: Results 
In total, 2,983 girls participated, with an overall response rate of 95.6%. Thirty-five girls older than 19 

years were removed from the current analysis. The analytical sample was 2,948 girls, 10 to 19 years of 

age. The mean age was 14.2 years for JHS girls and 16.8 years among SHS girls, and 93.8% had reached 

menarche. About 64% of girls had heard of anemia and had knowledge of its causes, prevention, or 

symptoms; this was highest in Volta and lowest in Northern region. About 5% of girls reported 

consuming iron-containing supplements. Nearly one quarter of girls reported engaging in geophagy. 

Most reported that they had eaten a fair source of heme iron (68.5%), a source of non-heme iron 

(68.3%), and/or a wheat flour product (59.6%) in the previous 24 hours. Dietary variables differed 

significantly across the surveyed regions. The prevalence of malaria and anemia were nearly equivalent, 

24.6% and 23.5%, respectively, although their co-occurrence was only 7.6%. The highest prevalence of 

malaria was in Northern region (29.6%), while the lowest prevalence was in Western region (15.0%). The 

prevalence of anemia was not significantly different between any two regions; however, Hb differed 

significantly by region, being lowest in Volta and Western regions (Table 3.5.1). In total, 615 boys 

participated in Upper West, Western, and Western-North regions with a response rate of 95.5%. Six 

were removed for age older than 19 years. The analytical sample was 609 boys, 11 to 19 years of age. 

Mean age was 14.2 years for JHS boys and 16.9 years for SHS boys. Nearly 62% had heard of anemia and 

had knowledge of its causes, prevention, or symptoms.  

Compared to the 1,427 girls assessed in the same three regions, a lower proportion of boys (13.1%) than 

girls (21.5%) had anemia (p<.01), but boys had a similar prevalence of malaria (26.8%) as girls (22.8%) 

(p=0.27). More girls engaged in geophagy than boys (19.8% vs. 6.3%, respectively; p<.01). Ninety 

percent of boys were normal weight, while 77.3% of girls were normal weight (p<.01). The composition 

of the diets of boys and girls was similar, except that rich sources of heme iron were consumed by more 

girls (21.7%) than boys (17.4%) (Figure 3.5.1). Mean Hb was significantly higher among boys than girls 
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overall in these three regions (boys 14.2 g/dL vs. girls 12.7 g/dL; p<.01) and within each of the regions 

where both genders were surveyed (Figure 3.5.2). 

Figure 3.5.3 shows the unadjusted prevalence of anemia according to malaria status, geophagy, and 

indicators of dietary iron intake. The prevalence of anemia was 9.7 percentage points (p<.01) higher 

among girls with a positive malaria test (30.8% vs 21.1%). Similarly, anemia was 11.4 percentage points 

(p<.01) higher among girls who engaged in geophagy (32.2% vs 20.8%). The prevalence of anemia was 

5.5 percentage points (p=0.02) lower among girls who consumed a rich source of heme iron (19.1% vs. 

24.6%). Prevalence of anemia among girls did not differ by any other dietary iron intake factors, nor did 

it vary by other potential confounders including menarche, body mass index, and reported consumption 

of iron containing supplements in the past week (not shown). Prevalence of anemia also varied by 

wealth among girls: highest wealth tertile 26.6%, middle 20.1%, and lowest 22.9% (p=0.04; Data not 

shown). None of these variables were associated with the prevalence of anemia among boys in 

unadjusted analyses.  

Results of a multivariable model examining predictors of Hb are shown in Table 3.5.2. Geophagy was 

inversely associated with Hb such that girls who reported engaging in the practice had on average 0.39 

g/dL lower Hb relative to their peers who do not practice geophagy. Similarly, positive malaria infection 

status was negatively associated with Hb (β= -0.42 g/dL). Reported consumption of a rich source of 

heme iron was associated with higher Hb (β= +0.18 g/dL) as was reported consumption of an iron-

fortified food or beverage with a citrus fruit within 24 hours (β= +0.37 g/dL); there was a significant 

interaction between the two foods. Girls who were overweight, relative to those with normal weight or 

thinness had a higher Hb (β= +0.22 g/dL). Positive malaria infection status was negatively associated 

with Hb among boys (β= -0.31 g/dL). Hb increased 0.35 g/dL for each additional year of age in boys. 
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Results of a multivariable model examining predictors of anemia are shown in Table 3.5.3. Geophagy 

was positively associated with anemia such that the prevalence of anemia was 53% higher (Adjusted 

Prevalence Ratio (aPR) = 1.53) among girls who engaged in the practice. Positive malaria infection status 

was also associated with anemia (aPR= 1.52). Reported consumption of a rich source of heme iron and 

an iron-fortified food or beverage with a citrus fruit were respectively associated with a 22% (aPR= 0.78) 

and 50% (aPR= 0.50) lower prevalence of anemia. Girls who were overweight had a 22% (aPR= 0.78) 

lower prevalence of anemia relative to girls with normal weight or thinness. There was an average 9% 

(aPR=1.09) higher prevalence of anemia for each addition year of age, and girls from the highest wealth 

tertile had a 33% (aPR=1.33) higher prevalence of anemia relative to girls from the lowest wealth tertile. 

Among boys, only consumption of wheat flour products, body mass index, and age were associated with 

anemia, controlling for potential confounders. Boys who consumed flour products had a 56% (aPR=1.56) 

higher prevalence of anemia. Boys who were overweight or had obesity relative to normal weight or 

thin had a 119% (aPR=2.19) higher prevalence of anemia. There was an average 16% (aPR=0.84) lower 

prevalence of anemia for each year older a group of boys was. 

3.4: Discussion 
In Northern, Upper West, Volta, Western, and Western-North regions of Ghana, adolescent schoolgirls 

have a moderate burden of anemia, above 20% but below 40% (19). The burden of anemia is somewhat 

lower among boys but remains a mild public health problem, above 5% but below 20%, in the surveyed 

regions. Previous population-based surveys had not included boys, girls in early adolescence, or 

explored predictors of anemia in the secondary school context. However, our findings for girls align with 

previous analyses of the predictors of anemia among women of reproductive age (29), although the 

emergence of geophagy as a prevalent predictor of anemia in girls is notable. Since none of the 

predictors are unique to school-going adolescent girls, these results may be applicable to other 

adolescents in Ghana. However, our results underscore the need to examine the context-specific 
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predictors of anemia, since they differed by gender even within the same setting. The significant 

predictors of mean Hb were also associated with anemia suggesting that these predictors act on the 

entire distribution rather than only those with already low Hb.  

Our results show that nearly 40% of students had no knowledge of the causes, prevention, or symptoms 

of anemia. While knowledge of anemia did not predict Hb or anemia in this study, it is part of the 

hypothesized pathway to improved anemia prevention practices, and it highlights the gap in health and 

nutrition education. Only 5% of girls had taken an iron-containing supplement in the previous 7 days, 

another opportunity for intervention given the WHO recommendations for supplementation (30).  

We also found that diet was associated with Hb and anemia among girls. We chose to separate animal 

source foods into rich and fair sources of heme iron because of their marked differences in content of 

highly bioavailable iron (24). Fair sources of heme iron were more commonly eaten, but rich sources of 

heme iron were associated with improved Hb and anemia status. Because consumption of rich sources 

of heme iron is low, increased consumption of foods such as red and organ meat may affect Hb and 

anemia, recognizing access may be a limitation. A difference in the effect of iron-fortified products by 

same-day consumption of citrus fruits was also observed. Ascorbic acid, found in citrus fruits, reduces 

iron from its ferric to ferrous form making it an enhancer of non-heme iron absorption (31). Given the 

large proportion of girls and boys who consumed fortified cereals and beverages, promotion of the 

consumption of citrus may increase the bioavailability of iron in the established diets of Ghanaian 

schoolchildren.  

Although wheat flour fortification policies are in place, reported consumption of wheat flour was not 

associated with Hb or anemia among girls. It is not likely that they are consuming too little of the wheat 

flour products as they are common in Ghana – 60% of study participants had consumed them in the 

previous day. Challenges with adequate fortification of wheat flour may be the reason for this lack of 
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association as evaluations have shown that most wheat flour in Ghana is not adequately fortified (6,25). 

Among boys, however, there was significant positive association between consumption of flour products 

and anemia. Indicators of body mass also had opposite relationships with anemia among girls and boys. 

Among boys, we hypothesize that increased consumption of nutrient-poor calorie-dense foods such as 

the breads and pies (categorized as flour products) might be associated with overweight/obesity and 

displaces better sources of iron and other micronutrients in the diets of boys. We are unsure of the 

reasons for the observed protective effect of overweight on anemia among girls. Wealth among girls 

was positively associated with anemia. As a social determinant of health, wealth is often protective; 

however, wealth may also increase access to packaged foods that are poor sources of micronutrients. 

Age also had opposite effects on anemia by gender, likely due to the differential effects of puberty on 

blood loss and testosterone production (32).  

Geophagy presents another potential opportunity for intervention. Approximately one quarter of 

schoolgirls engaged in geophagy, and this did not differ by school level, region, or socioeconomic status. 

It did differ significantly by gender with a higher proportion of girls engaging in geophagy than boys. 

Geophagy, a subset of the practice of pica, is not well understood, and the causal direction of its 

relationship to anemia has not been established (12). It is widely observed among pregnant women in 

Ghana but less-often studied among adolescents, and its relationship with anemia warrants further 

study (10).  

Malaria infection was associated with Hb and anemia among girls and with Hb among boys. Ghana is a 

malaria-endemic country, and the surveys were conducted during September, the peak transmission 

season (33). This finding underscores that malaria prevention is an essential part of anemia control in 

Ghana (34). However, the low co-occurrence of the two conditions indicates that malaria may not be the 

only driver of anemia in the population, though the anemia may be persist after recovering from 

malaria.  
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This study has several strengths. The surveys are representative of adolescents attending school in both 

late and early adolescence within five regions, and inclusive of students of both genders within three 

regions. The relatively large sample of girls improves the precision of estimates, and high participation 

rates reduce the potential for selection bias. This study advances knowledge within an understudied 

population that is receiving increasing attention concerning health and nutrition (3,35).  

The study limitations include the cross-sectional design, which hinders the ability to make causal 

inferences. Due to time and cost constraints, we used an imprecise measure (relative to a 24hr dietary 

recall or weighted food record) of diet that paid special attention to sources of iron. The method used 

may not reflect usual dietary intake within the individual (36). We are not able to determine the level of 

parasitemia load from the malaria rapid diagnostic test nor do we have information about recent 

treatment, which would have improved the sensitivity of this measure. The present study is also missing 

potentially important predictors of anemia such as micronutrient deficiencies, inflammation, illness, 

other parasitic infections and diseases, and blood disorders (15,26), which would contribute to a fuller 

picture of the drivers of anemia in the population. Finally, the present study did not assess out-of-school 

adolescents. Further investigation is needed to understand if the predictors of anemia and hemoglobin 

differ for these populations.  

Approximately one in four adolescent schoolgirls and 13% of adolescent schoolboys in Ghana had 

anemia. Malaria infection, geophagy, and consumption of highly bioavailable iron are associated with 

hemoglobin concentration among adolescent girls in Ghanaian schools. These modifiable factors may be 

useful targets for strengthening the Ghanaian anemia reduction strategy for adolescent girls. Malaria 

infection and consumption of wheat flour products were associated with hemoglobin concentration and 

anemia among schoolboys. Other determinants of anemia including age, wealth, and body mass and 

their differential effects by gender may be useful for tailoring anemia reduction efforts to reach both 

adolescent schoolgirls and schoolboys. In the school setting, anemia reduction strategies might include 
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improving the availability and accessibility of iron-rich foods and enhancers of iron absorption through 

school feeding programs and on-campus canteens, introducing policies to mandate the use of fortified 

grains in schools and decrease the availability of nutrient-poor obesogenic foods, increasing the use of 

mosquito nets in school housing, and improving health education to promote diverse diets, malaria 

prevention behaviors, and reduce geophagy.
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3.5: Figures and Tables 
Table 3.5.1: Characteristics of Adolescent Girls in Ghanaian Schools in Northern, Upper West, Volta, Western, and Western North Regions 
     Girls  

Characteristic 
Overall 
(n=2,948) 

 Northern  
(n=754) 

Upper West  
(n=720) 

Volta  
(n=767) 

Western  
(n=343) 

Western North 
(n=364) 

p-
value 

Demographics        

Mean age, years 16.4 (16.2, 16.6)  16.8 (16.5, 17.1) 16.4 (15.9, 16.9) 16.3 (16.0, 16.6) 15.6 (15.2, 16.0) 16.5 (16.0, 17.1) <.01 
Reached menarche, % 93.8 (91.3, 96.3)  94.4 (91.2, 97.5) 91.3 (85.1, 97.6) 95.1 (91.3, 98.9) 92.4 (86.0, 98.8) 95.8 (91.2, 100.0) 0.64 
Wealth tertile, %        <.01 

High 43.3 (36.4, 50.2)  33.4 (24.5, 42.3) 29.0 (19.0, 39.0) 50.8 (40.5, 61.0) 71.5 (63.3, 79.8) 49.0 (39.8, 58.1)  
Middle 32.3 (29.1, 35.5)  32.7 (26.3, 39.0) 35.4 (29.3, 41.5) 33.0 (28.6, 37.4) 23.3 (18.0, 28.6) 35.6 (29.2, 42.1)  
Low 24.4 (19.4, 29.4)  33.9 (25.2, 42.6) 35.6 (25.7, 45.5) 16.2 (9.8, 22.7) 5.1 (1.2, 9.1) 15.4 (11.1, 19.8)           

Knowledge and Practices        

Anemia Knowledge 
       

<.01 
Heard of anemia and knowledge of 
causes, prevention, or symptoms, % 

63.5 (56.7, 70.4)  46.6 (36.3,56.8) 69.2 (59.8,78.6) 84.2 (80.2,88.3) 65.9 (46.2,85.7) 59.1 (45,73.2)  

Heard of anemia, no knowledge of 
causes, prevention, or symptoms, % 

18.7 (15.2, 22.3)  25.7 (20.5,30.9) 18.3 (11.8,24.8) 7.6 (4.2,10.9) 20.3 (9.2,31.3) 19.4 (11.2,27.6)  

Never heard of anemia, % 17.7 (13.6, 21.9)  27.7 (19.9,35.6) 12.5 (8,16.9) 8.2 (4.8,11.6) 13.8 (4.6,23) 21.5 (15.2,27.8)  

Pre-intervention iron supplementation 
in last 7 days, % 

5.2 (3.5, 6.9)  4.9 (1.0, 8.7) 5.3 (1.9, 8.8) 3.8 (1.7, 5.9) 8.0 (3.4, 12.6) 5.6 (3.3, 7.8) 0.56 

Sometimes engage in geophagy, % 23.7 (20.5, 26.8)  24.6 (17.8, 31.4) 23.1 (17.3, 28.9) 30.0 (22.6, 37.4) 18.7 (11.0, 26.3) 15.1 (8.4, 21.8) 0.08          
Diet, consumed in previous day        

Rich source of heme iron, % a 19.2 (15.6, 22.8)  20.6 (14.1, 27.1) 21.9 (9.1, 34.6) 12.4 (8.7, 16.1) 22.7 (17.7, 27.8) 20.0 (16.6, 23.4) 0.21 
Fair source of heme iron, % b 68.5 (62.0, 75.1)  56.4 (44.3, 68.5) 34.8 (26.8, 42.8) 93.5 (91.2, 95.7) 91.1 (89.1, 93.1) 87.3 (78.1, 96.5) <.01 
Source of non-heme iron, % c 68.3 (63.8, 72.7)  63.6 (55.6, 71.6) 78.4 (71.4, 85.3) 71.5 (66.3, 76.6) 58.1 (48.5, 67.6) 70.7 (60.1, 81.3) <.01 
Iron-fortified cereal and beverages, % d 44.1 (37.2, 50.9)  36.0 (23.2, 48.7) 47.7 (39.0, 56.4) 49.9 (38.4, 61.4) 43.8 (22.3, 65.3) 50.9 (42.2, 59.6) 0.32 
Wheat flour products, % e 59.6 (54.4, 64.8)  52.0 (42.8, 61.2) 53.8 (44.2, 63.5) 74.2 (65.0, 83.4) 55.1 (42.2, 68.0) 69.0 (62.4, 75.6) <.01 
Tea, % 13.7 (10.2, 17.1)  21.4 (12.5, 30.3) 17.5 (12.1, 22.8) 8.6 (0.3, 16.9) 3.4 (0.5, 6.4) 6.5 (1.4, 11.5) <.01 
Citrus fruit, % f 23.6 (19.7, 27.5)  19.4 (13.4, 25.5) 12.5 (6.2, 18.8) 30.0 (23.7, 36.2) 21.2 (16.1, 26.2) 47.2 (35.5, 59.0) <.01          
Body Composition   

    
 

Thin, % g 0.8 (0.3, 1.3)  0.6 (0.0, 1.2) 0.3 (0.0, 0.7) 1.5 (0.4, 2.6) 1.3 (0.0, 3.3) 0.2 (0.0, 0.4) 0.11 
Normal weight, % h 77.2 (74.8, 79.6)  79.0 (73.7, 84.3) 74.1 (70.5, 77.7) 74.3 (67.9, 80.8) 78.5 (75.6, 81.3) 81.8 (78.6, 85.0) 0.15 
Overweight, % i 18.9 (16.7, 21.0)  18.6 (13.7, 23.4) 22.9 (19.6, 26.1) 19.4 (13.8, 25.0) 15.5 (10.4, 20.6) 15.5 (12.7, 18.4) 0.22 
Obesity, % j 3.0 (2.1, 4.0)  1.9 (0.6, 3.2) 2.3 (1.0, 3.5) 4.7 (2.9, 6.4) 4.8 (2.0, 7.5) 2.4 (0.5, 4.4) 0.02          
Biological Measures        

Malaria, % 24.6 (21.4, 27.9)  29.6 (24.9, 34.4) 27.6 (22.3, 32.9) 20.9 (12.5, 29.2) 15.0 (9.7, 20.4) 24.0 (19.1, 28.9) <.01 
Anemia, % k 23.5 (20.0, 27.0)  24.5 (16.0, 33.0) 21.2 (17.7, 24.7) 26.0 (19.5, 32.4) 26.6 (21.1, 32.0) 15.6 (12.0, 19.2) 0.19 
Co-occurring anemia and malaria 7.6 (5.8, 9.4)  9.4 (5.7, 13.1) 10.0 (7.3, 12.8) 5.7 (2.6, 8.7) 6.1 (1.0, 11.2) 3.4 (1.2, 5.7) 0.08 
Mean hemoglobin concentration, g/dL 12.7 (12.6, 12.8)  12.9 (12.6, 13.2) 12.7 (12.5, 12.8) 12.5 (12.4, 12.7) 12.5 (12.3, 12.7) 12.9 (12.8, 13.0) <.01          
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Note: Values are weighted. Complex survey procedures used to account for clustering. 
a Red meats and organ meats. 
b White meats/poultry, eggs, and fish. 
c dark green leafy vegetables, legumes, and seeds. 
d Fortified cereals such as Nestle Cerelac and beverages such as Nido and Milo. 
e Breads, pies, and cakes made with wheat flour;  

f Oranges, lemons, sour sap, etc. 
g Body-mass-index for age (BAZ) <-2SD based on International Obesity Taskforce reference parameters. 
h BAZ between -2SD and +1SD; i BAZ >+1SD; j BAZ>+2SD. 
k Anemia defined using age/sex-specific hemoglobin concentration cut-off values (Children 10-11 years: Hb <11.5 g/dL; Girls ≥ 12 years and boys 12-14 years: Hb <12 g/dL; 
Boys ≥ 15 years: Hb <13 g/dL). There were 14 cases of severe anemia among girls (Hb <8 g/dL). 



36 
 

Table 3.5.2: Adjusted Model of the Predictors of Hemoglobin Concentration among Adolescent Girls 
and Boys in Ghanaian Schools in Northern, Upper West, Volta, Western, and Western North Regions 

  Girls (n=2,860)  Boys (n=609) § 

Characteristic 
Estimate, g/dL 

(95% CI) a 
p-value  Estimate, g/dL 

(95% CI) a 
p-value 

Geophagy -0.39 (-0.60, -0.18) <.01  -0.34 (-1.10, 0.42) 0.37 

Malaria -0.42 (-0.56, -0.27) <.01  -0.31 (-0.60, -0.02) 0.04 

Rich source of heme iron b 0.18 (0.00, 0.36) 0.05  0.29 (-0.31, 0.90) 0.34 

Fair source of heme iron c -0.11 (-0.25, 0.04) 0.15  -0.01 (-0.30, 0.27) 0.92 

Source of non-heme iron d 0.00 (-0.17, 0.17) 0.98  -0.08 (-0.40, 0.25) 0.63 

Iron-fortified cereal and beverages e   
 -0.12 (-0.39, 0.15) 0.38 

Consumed with citrus f 0.37 (0.09, 0.65) 0.01  -  

Consumed without citrus f -0.08 (-0.23, 0.07) 0.30  -  

Flour products g -0.04 (-0.17, 0.08) 0.48  -0.17 (-0.46, 0.12) 0.24 

Normal weight/thin h ref -  ref - 

Overweight i 0.22 (0.03, 0.42) 0.03  
-0.05 (-0.51, 0.41) 0.83 

Obesity j 0.10 (-0.16, 0.36) 0.45  

Pre-intervention iron supplementation in last 
7 days 

-0.19 (-0.58, 0.21) 0.21  0.80 (-0.06, 1.66) 0.07 

Age, years -0.02 (-0.08, 0.03) 0.40  0.35 (0.27, 0.44) <.01 

Menarche -0.05 (-0.41, 0.31) 0.77  -  

Wealth      

High -0.18 (-0.40, 0.04) 0.11  -0.11 (-0.40, 0.17) 0.42 

Middle 0.07 (-0.12, 0.27) 0.45  -0.01 (-0.33, 0.31) 0.94 

Low ref -   ref - 

Note: Values are weighted. Complex survey procedures used to account for clustering.  
§ Boys data only available in Upper West, Western, and Western North regions.  
a Hemoglobin concentration (g/dL).  
b Red meats and organ meats. 
c White meats/poultry, eggs, and fish.  
d Dark green leafy vegetables, legumes, and seeds.  
e Fortified cereals such as Nestle Cerelac and beverages such as Nido and Milo.  
f Oranges, lemons, sour sap, etc. interaction with iron-fortified foods.  
g Breads, pies, and cakes made with wheat flour.  
h Body-mass-index for age (BAZ) <+1SD based on International Obesity Taskforce reference parameters. 

i BAZ >+1SD; j BAZ>+2SD. Overweight and obesity were merged for boys due to a very low proportion with obesity 
(<1%). 
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Table 3.5.3: Adjusted Model of the Predictors of Anemia among Adolescent Girls and Boys in Ghanaian 
Schools in Northern, Upper West, Volta, Western, and Western North Regions 

  Girls (n=2,860)  Boys (n=609) § 

Characteristic 
Prevalence Ratio 

(95% CI) a 
p-value  Prevalence Ratio 

(95% CI) a 
p-value 

Geophagy 1.53 (1.26, 1.85) <.01  1.62 (0.51, 5.18) 0.42 

Malaria 1.52 (1.27, 1.82) <.01  1.39 (0.87, 2.21) 0.17 

Rich source of heme iron b 0.78 (0.63, 0.97) 0.02  0.66 (0.30, 1.45) 0.30 

Fair source of heme iron c 1.15 (0.97, 1.36) 0.10  1.00 (0.49, 2.04) 0.99 

Source of non-heme iron d 1.13 (0.90, 1.42) 0.29  1.18 (0.67, 2.07) 0.57 

Iron-fortified cereal and beverages e    1.06 (0.59, 1.93) 0.84 

Consumed with citrus f 0.50 (0.31, 0.81) <.01  -  

Consumed without citrus f 1.13 (0.95, 1.33) 0.17  -  

Flour products g 0.9 (0.79, 1.03) 0.11  1.56 (1.00, 2.42) 0.05 

Normal weight/thin h ref -  ref - 

Overweight i 0.78 (0.62, 0.98) 0.03  
2.19 (1.03, 4.66) 0.04 

Obesity j 1.03 (0.68, 1.55) 0.91  

Pre-intervention iron supplementation in last 7 
days 

1.13 (0.75, 1.68) 0.56  0.56 (0.06, 4.99) 0.61 

Age, years 1.09 (1.01, 1.16) 0.02  0.84 (0.72, 0.99) 0.03 

Menarche 0.88 (0.59, 1.32) 0.54  -  

Wealth      

High 1.33 (1.04, 1.70) 0.03  0.87 (0.48, 1.59) 0.66 

Middle 0.93 (0.73, 1.19) 0.56  0.83 (0.43, 1.62) 0.59 

Low ref -   ref - 

Note: Values are weighted. Complex survey procedures used to account for clustering.  
§ Boys data only available in Upper West, Western, and Western North regions.  
a Hemoglobin concentration (g/dL).  
b Red meats and organ meats. 
c White meats/poultry, eggs, and fish.  
d Dark green leafy vegetables, legumes, and seeds.  
e Fortified cereals such as Nestle Cerelac and beverages such as Nido and Milo.  
f Oranges, lemons, sour sap, etc. interaction with iron-fortified foods.  
g Breads, pies, and cakes made with wheat flour.  
h Body-mass-index for age (BAZ) <+1SD based on International Obesity Taskforce reference parameters. 

i BAZ >+1SD; j BAZ>+2SD. Overweight and obesity were merged for boys due to a very low proportion with obesity 
(<1%). 
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Figure 3.5.1: Characteristics of Adolescent Girls and Boys in Ghanaian Schools in Upper West, 

Western, and Western North Regions 

 

Note: *p<.05. Values are weighted. Complex survey procedures used to account for clustering. Data for boys only 
available for Upper West, Western, and Western-North regions. 
Rich sources of heme iron included red meats and organ meats; Fair sources of heme iron included white 
meats/poultry, eggs, and fish; Sources of non-heme iron included dark green leafy vegetables, legumes, and seeds;  
Fortified foods included cereals such as Nestle Cerelac and beverages such as Nido and Milo; Anemia was defined 
using age/sex-specific hemoglobin concentration cut-off values (Children 10-11 years: Hb <11.5 g/dL; Girls ≥ 12 
years and boys 12-14 years: Hb <12 g/dL; Boys ≥ 15 years: Hb <13 g/dL). 
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Figure 3.5.2: Distribution of Hemoglobin Concentration among Adolescent Girls and Boys in Ghanaian 
Schools by Region (n=2,948) 

 

Note: Unweighted descriptive statistics and histograms. *p<.01. Complex survey procedures and weights used to 
account for clustering in testing the differences in mean hemoglobin concentration between girls and boys.  
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Figure 3.5.3: Unadjusted Prevalence of Anemia among Adolescent Girls and Boys in Ghanaian Schools 
by Malaria, Geophagy, and Selected Dietary Variables, Northern, Upper West, Volta, Western, and 
Western North Regions (n=2,948) 

 

Note: *p<.05. Values are weighted. Complex survey procedures used to account for clustering. Data for boys only 
available for Upper West, Western, and Western-North regions. 
Rich sources of heme iron included red meats and organ meats; Fair sources of heme iron included white 
meats/poultry, eggs, and fish; Sources of non-heme iron included dark green leafy vegetables, legumes, and seeds;  
Fortified foods included cereals such as Nestle Cerelac and beverages such as Nido and Milo; Anemia was defined 
using age/sex-specific hemoglobin concentration cut-off values (Children 10-11 years: Hb <11.5 g/dL; Girls ≥ 12 
years and boys 12-14 years: Hb <12 g/dL; Boys ≥ 15 years: Hb <13 g/dL). 
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Abstract 

Background: School-based iron and folic acid (IFA) supplementation is recommended for adolescent 

girls in countries with high burdens of anemia; however, there is insufficient evidence of its context-

specific effectiveness.  

Methods: Using data from a pre-post, longitudinal design, we evaluated the effectiveness of school-

based weekly IFA supplementation in reducing the burden of anemia and increasing hemoglobin 

concentration (Hb) in two regions of Ghana. Generalized linear mixed effects models (GLMM) with 

schools (clusters) as random effects were used to quantify the change in anemia prevalence difference 

and mean Hb difference associated with cumulative IFA tablet consumption over one school year, 

controlling for participant-level potential confounders. A cut-point for minimum effective cumulative IFA 

consumption that is reflective of adequate Hb was derived following receiver operating characteristic 

curve analysis. This cut-point was verified by a restricted cubic spline model of IFA consumption and Hb. 

Findings: The analytical sample included 60 schools and 1,387 girls ages 10-19 years. The prevalence of 

anemia declined during one school year of the intervention from 25.1% to 19.6%. Students consumed a 

mean of 16.4 IFA tablets (range: 0-36). IFA consumption was positively associated with Hb and 

negatively associated with anemia. On average, each additional IFA tablet consumed over the school 

year was associated with a 5% reduction in the adjusted odds of anemia at follow-on, though the 

relationship is non-linear. The cut-point for minimum effective consumption was 26.3 tablets. 

Interpretation: School-based weekly IFA supplementation is effective in improving Hb and reducing 

anemia prevalence among schoolgirls in Ghana, though most participants consumed fewer than the 

minimum effective number of IFA tablets. Increasing intake adherence may further improve anemia 

outcomes in this population. 

Funding: This evaluation was funded by a cooperative agreement between UNICEF and the U.S. Centers 

for Disease Control and Prevention. 
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4.1: Background 
Globally, iron deficiency anemia is a leading cause of morbidity and mortality among adolescent girls 10-

19 years of age.(1) Anemia is defined by a low circulating hemoglobin concentration, a protein critical to 

the transport of oxygen.(2) Anemia has negative consequences in the short term such as reduced 

immune function,(3) aerobic capacity,(4) and metabolism,(5) which can lead to increased illnesses, 

lethargy, fatigue, and lack of concentration.(6) Total body hemoglobin in the low-normal range but 

without anemia is associated with decreased maximal oxygen uptake (VO2Max).(7) In the intermediate 

and long term, iron deficiency anemia is associated with reduced work capacity(8) and cognition,(9) which 

can lead to reduced human capital(6)  and lost academic potential.(10) Anemia during pregnancy can lead 

to poor outcomes such as hemorrhage, preterm birth, low birth weight, perinatal mortality, and 

neonatal mortality.(11)  

Anemia has a complex and context-specific etiology.(12) Blood disorders, micronutrient deficiencies, 

parasitic infections including helminths and malaria, overweight/obesity, and blood loss all contribute to 

the burden of anemia throughout the world.(6,13) In Ghana, adolescents carry a high burden of 

micronutrient deficiencies related to anemia. For example in the national micronutrient survey 

conducted in 2017, 26% of girls 15-19 years old suffered from anemia, 15% had iron deficiency anemia, 

and 57% had folate deficiency.(14) Our 2019 survey of in-school adolescents in three regions found that 

the prevalence of anemia among girls 10-19 years of age was 22%, significantly higher than the 

prevalence among boys of the same age (13%).  

Schools have been identified as important delivery platforms for nutrition interventions among 

adolescents.(15) A recent meta-analysis showed that supplementation with iron and folic acid (IFA) 

tablets through schools is effective in reducing the prevalence of anemia among adolescent girls, using 

data from 15 studies and from 7 different countries.(16) The World Health Organization (WHO) 



46 
 

recommends intermittent IFA supplementation to all women during pregnancy and to women of 

reproductive age (15-49 years of age), including adolescents and to school aged children (5-12 years of 

age), where the prevalence of anemia exceeds 20%.(17,18) However, few countries with high rates of 

anemia have a program in place for adolescents, and the African continent has very limited experience 

with this type of program.(19) Schools may be an effective delivery platform in Ghana since secondary 

school attendance has been increasing. In 2018, nearly half of girls 12-14 years (49%) were enrolled in 

junior high school, and 30% of girls 15-17 years were enrolled in senior high schools, up from 25% in 

2016. With free public senior high school introduced in 2017, enrollment is expected to further increase.  

Intervention 

The Girls’ Iron-Folic Acid Tablet Supplementation (GIFTS) Program is an integrated health and nutrition 

education program with IFA supplementation for the control of anemia among adolescent girls in 

Ghana. The program was rolled out in three phases. At the beginning of the school year in 

September/October 2017, Phase I of the program began in four of Ghana’s ten regions:b Brong-Ahafo, 

Northern, Upper East, and Volta.

The main delivery platform for the intervention is junior high, senior high, and technical/vocational 

schools. Though the program follows the WHO recommendations, benchmarks for program adherence 

have not been evaluated. There is a dose-response relationship between IFA supplementation and 

hemoglobin concentration; however, because of the down-regulation of iron absorption in iron 

repletion,(20) there may be a point at which this relationship plateaus and could be interpreted as a 

minimum effective number of weekly IFA tablets needed for adequate Hb as defined by anemia cut-offs 

in this population. This could be used as a program metric for determining effective adherence.  

                                                           
b In December 2018, Ghana’s ten regions were divided into 16. Northern became Savannah, Northern, and North 
East. Volta became Volta and Oti. 
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We hypothesize that routine weekly supplementation with IFA in schools improves hemoglobin 

concentration and reduces anemia among adolescent schoolgirls in Ghana. This study aims to measure 

the effectiveness of weekly school-based IFA supplementation on anemia status and Hb and determine 

a minimum effective number of weekly IFA tablets over one school year associated with a reduction in 

anemia prevalence in a prospective cohort of Ghanaian adolescent schoolgirls. 

4.2: Methods 
Study Design and Setting 

An evaluation was designed as a pre-post, longitudinal study with a cohort of girls and schools from two 

of the Phase I regions, nested within the implementation of the GIFTS Program over one school year. In 

schools, all students received regular health and nutrition education sessions. This included key 

messages about anemia risk factors, the consequences of anemia, prevention of anemia, prevention of 

malaria, water, sanitation, and consumption of an iron-rich and diverse diet. Educators also provided 

counseling and key messages on the use and benefits of IFA tablets. Additionally, adolescent girls 

received weekly supplementation with an IFA tablet containing 182.4mg ferrous fumarate (60mg of 

elemental iron) and 0.40mg folic acid through directly observed therapy. IFA tablets were given on a 

single day of the week, but schools were instructed to provide a makeup opportunity to girls who were 

absent on distribution day. Weekly IFA consumption data were recorded for each adolescent girl into a 

classroom register over the school year (30-36 school weeks).  

For the nested evaluation, Volta and Northern regions were purposively selected. Within each region, 15 

junior high schools (JHS) and 15 senior high schools (SHS) or technical/vocational schools were selected 

using probability proportional to size sampling from a list of all schools (public and private) and their 

previous year’s enrollment of girls. The total primary sampling units (schools) were 837 JHS and 68 SHS 

in Northern region and 1,225 JHS and 104 SHS in Volta region. Sixty (60) total schools were selected. To 
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detect a 10% minimum reduction based on an estimated background prevalence rate of 40% anemia at 

a fixed power of 80%, a 2-sided 95% significance level a sample of 1,552 was required. At the beginning 

of the 2017-2018 school year, 29 girls in each school were selected using simple random sampling. After 

approximately 9 months, at the end of the school year, participating girls were followed up. 

Questionnaires were recorded and administered by trained enumerators using tablet-based electronic 

data collection. Questionnaires consisted of demographic characteristics, a food frequency 

questionnaire, and knowledge, attitudes, and practices related to anemia and IFA. Food frequency was 

assessed over the previous 24 hours using a modified food frequency questionnaire emphasizing 

sources of dietary iron.(21) Height and weight were collected following standard anthropometric 

methods.(22) Capillary blood was used to measure hemoglobin concentration using a HemoCue® 301 

(Ängelholm, Sweden) and malaria antibodies using the CareStart™ Rapid Diagnostic Test (AccessBio, 

New Jersey, USA). Girls testing positive for malaria or with moderate-severe anemia were referred for 

treatment at local health centers. During the follow-on survey, the total number of IFA tablets 

consumed by each selected girl was abstracted for each term from class IFA registers and additional data 

on program experiences were collected from students and teachers. 

Study Variables 

Household wealth was calculated following principal components analysis of household assets and 

divided into tertiles. The school was classified as rural, peri-urban, or urban using national census data. 

Food frequency data were categorized based on iron content or relevant interactions.(23) Rich sources of 

heme iron included red meats and organ meats. Fair sources of heme iron included white meats such as 

poultry and pork, fish, and eggs. Rich sources of non-heme iron included dark green leafy vegetables and 

legumes. Foods and beverages fortified with iron included locally available cereals and beverages 

marketed as fortified with an iron fortificant on the label. Wheat flour fortification in Ghana is poor; only 
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13% of samples in a 2011 survey were fortified to the required standard.(24) Accordingly, we did not 

group wheat flour products with fortified foods and beverages. Benchmarks set by stakeholders were 

used to describe coverage and intensity of the intervention: 1) taking at least one IFA tablet and 2) 

taking at least 10 IFA tablets over the school year. The cumulative number of IFA tablets consumed was 

categorized within each term and over the school year.  

BMI-for-age z-scores (BMIZ) were calculated following International Obesity Taskforce age-specific 

parameters, and cut-offs for thinness (BMIZ < -2), overweight (+1 < BMIZ ≤ +2), and obesity (BMIZ > +2) 

were applied.(25) The small proportion with thinness (<1%) was grouped with normal weight for further 

analyses. Malaria results were dichotomized as positive or negative. Participants with hemoglobin 

concentrations (Hb) <10 g/dL or a positive malaria result were referred for treatment at their local 

health facility. Anemia was defined using age-specific Hb cut-off values (10-11 years: Hb <11.5 g/dL; ≥ 12 

years: Hb <12 g/dL).(2) No adjustment for altitude or smoking was performed since all populations lived 

at elevations below 1000 meters(2) and smoking is extremely rare among adolescent girls in Ghana.(26) 

Statistical Analysis 

Confidence intervals and p-values for comparisons of continuous data were calculated using complex 

survey procedures with Taylor series variance, where appropriate. Rao-Scott chi-square tests were used 

to test for differences in proportions. Mean and prevalence differences were calculated between 

baseline and follow-on for health and dietary characteristics of study participants. To understand the 

factors that influenced the change in hemoglobin concentration and anemia, adjusted differences in the 

change in anemia prevalence and hemoglobin concentration were calculated from population margins 

of generalized linear mixed effects models (GLMM) using maximum likelihood estimation and accounted 

for clustering at the school-level as random effects. Adjusted models included the cumulative number of 

IFA tablets consumed over one school year and potential confounders including demographics (age and 
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wealth tertile), school characteristics (level and rurality), health (malaria, BMI category, and geophagy), 

and diet (sources of iron and citrus) as fixed effects. Repeated measures (both baseline and follow-on) 

were used for health and dietary variables. Categories of cumulative IFA consumption were based on 

program targets of a minimum of 10 weeks of supplementation for the school year; therefore, groups of 

10 IFA were used to capture gradations of consumption. The 1-10 group was the reference group for 

multivariable analysis because of a more robust sample size in comparison to the zero-dose group. 

Collinearity was assessed by variance inflation factor after which menarche was excluded as a covariate 

for collinearity with age. We examined effect modification between cumulative IFA tablets consumed 

and the change in anemia prevalence difference by other model covariates.  

To separate the potential treatment and prevention effects of IFA supplementation from a usual 

temporal changes in Hb concentration over an 8-month window for adolescents, we conducted a 

sensitivity analysis categorizing the change in anemia status in four groups: 1) prevention, 2) treatment, 

3) sustained anemia, 4) developed anemia. Prevention was defined as having no anemia at baseline and 

follow-on. Treatment was defined as having anemia at baseline and not at follow-on. Sustained anemia 

was defined as having anemia at both baseline and follow-on. Developed anemia was defined as having 

a normal Hb at baseline but had anemia at follow-on. We compared the mean number of tablets 

consumed across each group using adjusted ANCOVA model with Taylor series variance. 

Having examined the association between IFA tablets consumed and Hb or anemia, an exploratory data 

analysis was conducted to examine the dose-response relationship between them and to identify a 

minimum effective number of weekly IFA tablets. In order to determine the minimum effective number 

of cumulative weekly IFA tablets over one school year, receiver operating characteristic (ROC) curve 

analysis was used. A binary logistic regression was used modeling the probability of no anemia and the 

cumulative number of weekly IFA tablets consumed over one school year, controlling for potential 

confounding variables including demographics (age and wealth tertile), school characteristics (level and 
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rurality), health (malaria, BMI category, and geophagy), and diet (sources of iron and citrus). The fitted 

logistic function was solved for the minimum effective number of cumulative IFA tablets for identifying 

the predicted probability of no anemia at the point of minimum misclassification.  Precision around the 

minimum effective cut point was derived from percentile bootstrap (1000 replicates) estimation. A 

restricted cubic spline model was built to examine both linearity and curvilinear trends in the 

relationship between cumulative IFA consumption and the change in Hb, and the number of knots was 

automatically chosen based on model fit and empirical distribution. The adjusted associations between 

anemia or hemoglobin concentration at follow-on and the minimum effective and current program 

targets for the cumulative number of IFA tablets consumed were then examined following multivariable 

regression. This was done to evaluate the potential utility of each target associated with reduced 

population prevalence of anemia. Sampling weights were applied where appropriate. A priori alpha was 

set at 0.05. All analyses were conducted in SAS 9.4 unless otherwise noted. 

Role of the funding source 

The authors were employed by the organizations that either provided funding or technical support for 

this evaluation. 

4.3: Results 
A total of 1,551 selected girls (94.8%) agreed to participate and completed the baseline survey; at 

follow-on, 1,412 participated again (91.0%) (Figure 4.6.1). Thirty students who were older than 19 years 

at baseline were excluded for a final analytical sample of 1,521 at baseline and 1,387 at follow-on. At 

baseline, participants were, on average, 15.7 years old (range: 10-19 years) and most had reached 

menarche (84.7%). Students primarily attended government schools (93.3%) located in rural settings 

(53.5%) (Table 4.6.1).  
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There were significant differences between the baseline and follow-on in the health and dietary 

characteristics of participants. The proportion of girls with anemia or malaria significantly declined over 

time (-5.4 percentage points and -17.7 percentage points, respectively) with a corresponding increase in 

mean hemoglobin concentration (+0.2 g/dL). Over the two time points, there were also significant 

increases in the proportion that reported consuming sources of iron and citrus fruits. There were no 

significant changes in body composition or the proportion engaging in geophagy (Table 4.6.2).  

A total of 28,005 IFA tablets were consumed by the study participants over the study period during the 

2017/18 academic year, an average of 16.4 tablets per girl (range: 0-36) (Table 4.6.3). In terms of 

program coverage and adherence, most students (89.5%) had consumed at least one tablet during the 

school year, and nearly 75% had taken more than 10 tablets (Table 4.6.3). The cumulative number of IFA 

tablets consumed varied by term with more students consuming six or more tablets during term 1 than 

in the remaining two terms (p<.0001) (Figure 4.6.2). At follow-on, 10% of girls had never consumed an 

IFA tablet, of which 15.7% had anemia. Among the remaining 1,239 girls with dosage information at 

follow-on, 14.8% consumed 1-10 tablets, of which 25.7% had anemia. Another 38.0% consumed 11-20 

tablets with 22.4% anemia, 29.5% consumed 21-20 tablets with 16.1% anemia, and 7.2% consumed 

more than 30 tablets with 10.3% anemia (Table 4.6.3).  

The restricted cubic spline model had four knots at the fifth (0 tablets), thirty-fifth (20 tablets), sixty-fifth 

(27 tablets), and ninety-fifth (33 tablets) percentiles and shows that there is a positive non-linear 

relationship between IFA dosage and change in Hb (p<.0001) (Figure 4.6.3). For IFA consumption 

between 0-20 tablets, each additional tablet consumed was associated with a near zero increase in Hb 

(0.003 g/dL); whereas, for consumption between 27-33 tablets, each additional tablet was associated 

with a 0.17 g/dL increase in Hb.  



53 
 

In adjusted repeated measures analysis, the group of girls who had never taken an IFA tablet had an 

adjusted decrease in anemia prevalence (21.7 to 18.4%). This group had among the highest baseline Hb 

and a larger proportion in JHS; however, this group did not differ in household wealth, pre-intervention 

iron supplementation, diet, or BMI category (data not shown). The adjusted prevalence of anemia 

increased among the group who had consumed between 1 and 10 tablets (22.0 to 29.2%), and their Hb 

decreased (12.7 to 12.6 g/dL). Changes observed in the 1-10 tablets group were not significantly 

different from those who had never consumed a tablet (Supplemental Table 4.6.1). The adjusted anemia 

prevalence decreased and Hb increased for the remaining groups. The adjusted population prevalence 

of anemia (as least square marginals from GLMMs) decreased substantially in the group who had 

consumed 11-20 tablets (31.0 to 24.1%), and their Hb increased (12.7 to 12.8 g/dL). There were also 

declines in the prevalence of anemia for the groups that had consumed 21-30 and >30 tablets (20.6 to 

17.8% and 23.2 to 17.0%, respectively). Their Hb also increased (12.9 to 13.1 g/dL and 12.7 to 13.0 g/dL, 

respectively) (Figures 4.6.4 and 4.6.5). Except for the consumers of only 1-10 tablets, with each category 

of increasing number of IFA tablets consumed, there was a corresponding increase in Hb (p=0.029) and 

decrease in anemia (p=0.024). There was evidence of possible effect modification by wealth and rurality 

in the relationship between the number of tablets consumed and the change in anemia prevalence; 

however, the estimates were small, unstable, and not practically meaningful (results not shown). There 

was no evidence of effect modification by malaria status. 

In the sensitivity analysis of potential treatment and prevention effects (table not shown), the girls who 

experienced a treatment effect from the IFA tablets (n=173) consumed an average of 2.7 more tablets 

than those who remained anemic (n=137) (20.6 vs. 17.9; p=0.03) adjusted for age, wealth, school level, 

rurality, malaria, and diet. Those who did not develop anemia (897) consumed a similar adjusted 

average number of tablets as those who had experienced treatment effect (20.3 vs. 20.6 tablets; 

p>0.05). Girls who had a normal Hb at baseline but had anemia at follow-on (n=100) consumed one less 
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tablet on average than those who experienced a treatment effect (19.6 vs. 20.6) but this difference was 

not statistically significant. The repeated measures model suggests a dose-response relationship 

between the cumulative number of IFA tablets taken over one school year and Hb at follow-on. We 

formally tested for linear and non-linear trends in the association between Hb change and IFA using 

restricted cubic spline (RCS) models and found statistically significant non-linear trends (p<0.001, Figure 

4.6.3).  This non-linearity demonstrated by the RCS model indicates there may be plateauing of potential 

impact on Hb change at certain IFA doses that may be useful for setting program benchmarks. 

Investigating this relationship further, a model of anemia at follow-on and the cumulative number of IFA 

tablets consumed (adjusted for baseline Hb, a squared term of cumulative IFA tablets to account for 

non-linearity, age, household wealth, BMI category, geophagy, malaria, and diet) has good predictive 

power with 82.1% AUC. The derived cut-point for the population minimum effective number of 

cumulative IFA tablets consumed over one school year is 26.3 tablets (95%CI: 25.5, 27.8).  

4.4: Discussion 
This longitudinal, pre-post study provides evidence for the effectiveness of school-based IFA 

supplementation in reducing the burden of anemia in a programmatic setting in Ghana. The prevalence 

of anemia decreased by 5.4 percentage points (22%), and the mean hemoglobin concentration 

increased by 0.15 g/dL. Similar declines in anemia prevalence were observed in India’s adolescent IFA 

supplementation program (30% in pilot regions and 5-24% during national scale-up).(27,28) Except for the 

small group of girls who had never consumed an IFA tablet, consumers of more tablets had a greater 

adjusted decrease in prevalence of anemia and a greater adjusted increase in Hb over the study period. 

We observed a statistically significant departure from linear dose-response relationship between IFA 

consumption and Hb with plateau ranges beyond which there was sharp increase in the change in 

hemoglobin levels at about 26 IFA tablets (Figure 4.6.3).  Similarly, there was an overall significant trend 

between categories of IFA consumption separately with anemia and hemoglobin from GLMMs (type-3 
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test). Although the overall trend persisted, pairwise comparisons of associations across IFA consumption 

categories (0, 1-10, 11-20, 20-30, >30) yielded inconsistent results potentially due to unbalanced and/or 

smaller sample sizes. For example, the group of never-consumers had the smallest sample size (n=68), in 

comparison to the other categories, resulting in unstable estimates of changes in anemia and Hb with 

wider confidence intervals after accounting for additional predictors. Further, because the biologic IFA-

Hb relationship is curvilinear, it might not translate into linear change in anemia across IFA consumption 

categories.  

We found 26 weekly tablets over the school year may be the minimum effective number of IFA tablets 

over one school year in this population. This cut point is consistent with the non-linear dose-response 

relationship identified by the RCS model. The World Health Organization recommendation for 

intermittent IFA supplementation (three months on, three months off) amounts to approximately 26 

tablets per year, nearly identical to the cut-point derived in our analysis. This cut-point is more than 

double the current program benchmark of a minimum of 10 tablets over the school year. This 

benchmark was set because it is approximately one-third of the weeks of the school year, though the 

length of the school year varies between approximately 30-36 weeks. Program benchmarks may need to 

be raised, given that there are additive increases in Hb levels with consumption greater than 26 tablets. 

While the large proportion of girls (76%) who had consumed at least 10 tablets over the school year 

shows that adherence to the current program benchmark is feasible, only 24% had consumed at least 26 

tablets. This suggests that three-quarters of students are missing the full benefit of the program. Intake 

adherence is lower in this program than in similar IFA programs,(29,30) implying program bottlenecks.  

This study is representative of two regions of Ghana during the first year of the intervention. The study 

is limited by the absence of a control group. Individual-level and district-level randomization were not 

feasible for such a program carried out through existing health and education frameworks. Instead, a 

pre-post design was used, nested within the implementation of a large program. Causal inference is 
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limited in such a design because changes observed may not be due to the intervention but rather some 

other factors that also changed over time. In this study, three key factors – diet, malaria, and age– 

changed between baseline and follow-on. However, we have presented adjusted models that account 

for these changes. Adding to evidence of the intervention’s effect is the dose-response relationship 

observed between cumulative IFA consumption, recorded during directly observed therapy, and change 

in Hb. Still, the models are not exhaustive as they lack other potential contextual and individual 

predictors of hemoglobin concentration such as blood disorders, micronutrient deficiencies, and other 

illnesses. The minimum effective cut-point for cumulative weekly IFA tablets provides a data-driven 

target for the maximum population benefit, and the bootstrapped approach corrects for potential 

overfitting and optimism bias. However, the cut-point is based on an adjusted model that, while having 

good predictive qualities, cannot perfectly predict anemia. There is growing interest in IFA 

supplementation of adolescents through school-based delivery. To our knowledge, Ghana is the first 

sub-Saharan country to implement IFA supplementation among adolescent girls and has the only active 

national program in Africa. While iron absorption is mediated by its bioavailability, gut integrity, iron 

stores, and infection, these results represent a promising avenue for anemia control in this population. 

4.5: Conclusion 
 Supplementation with weekly iron and folic acid tablets in schools may have improved 

hemoglobin concentration and reduced anemia among adolescent girls in Ghana independent of other 

contributors to the burden of anemia in this population. These effects observed after a relatively short 

time make IFA supplementation in schools a promising intervention for addressing the burden of anemia 

in Ghana. The calculated minimum effective number of IFA tablets suggests that improved intake 

adherence would improve population benefit from the program. Program targets should be higher than 

the current target of 10 tablets over one school year. Further research is needed to understand the 
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drivers of adherence to IFA supplementation for improving the program and its impact on anemia 

control and prevention. 
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4.6: Figures and Tables 
Figure 4.6.1: Participant Flow Chart for Baseline and Follow-on Surveys of Adolescent Schoolgirls in 

the Northern and Volta Regions of Ghana 
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Table 4.6.1: Demographic Characteristics of Participants in the Baseline Survey of 
Adolescent Schoolgirls in the Northern and Volta Regions of Ghana 

 Baseline 

Characteristic n Mean or % (95% CI) 

Demographics   
Age, years 1,521 15.7 (15.3, 16.1) 
Reached menarche, % 1,289 84.7 (80.1, 89.4) 
   
School   
Level   

Junior high school, % 773 50.8 (37.6, 64.1) 
Senior high school, % 700 46.0 (32.8, 59.2) 
Vocational school, % 48 3.2 (0.0, 7.7) 

Type   
Private, %  102 6.7 (0.6, 12.8) 
Government, % 1,419 93.3 (87.2, 99.4) 

Location   
Rural, % 813 53.5 (40.2, 66.7) 
Peri-urban, % 438 28.1 (16.1, 40.1) 
Urban, % 287 18.4 (8.2, 28.6) 

   

Note: Unweighted. 95% CI are based on Taylor series variance estimates to account for the 
complex sampling design. 
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Table 4.6.2: Health and Dietary Characteristics at Baseline and Follow-on and the Population Average Changes over One School Year 
among Adolescent Schoolgirls in the Northern and Volta Regions of Ghana 

 Baseline Follow-on Difference a 

Characteristic n Mean or % (95% CI) n Mean or % (95% CI) Value (95% CI) p-value 

       
Health       
Anemia, % 363 25.1 (21.8, 28.4) 255 19.6 (16.5, 22.8) -5.4 (-8.8, -2.1) 0.001 
Hemoglobin concentration (g/dL) 1,521 12.7 (12.6, 12.8) 1,387 12.9 (12.8, 13.0) 0.2 (0.1, 0.3) 0.001 
Positive malaria rapid diagnostic test, % 504 26.1 (22.9, 29.3) 210 8.4 (6.6, 10.3) -17.7 (-21.0, -14.4) <.001 
Thinness (BMIZ <-2SD), % 23 1.0 (0.3, 1.6) 20 0.8 (0.3, 1.3) -0.2 (-0.7, 0.3) 0.484 
Overweight (+1SD < BMIZ ≤ +2SD), % 221 18.9 (15.8, 22.0) 211 20.0 (16.7, 23.3) 1.1 (-1.5, 3.7) 0.405 
Obesity (BMIZ >+2SD), % 32 3.0 (1.7, 4.3) 35 3.4 (1.9, 4.8) 0.3 (-0.4, 1.1) 0.377 
Practice geophagy (eating soil or clay), % 450 26.8 (23.5, 30.0) 301 23.3 (19.8, 26.7) -3.5 (-7.6, 0.6) 0.095 
       
Diet (consumption in previous 24 hours)       
Rich source of heme iron, % b 264 17.3 (14.4, 20.1) 370 24.0 (20.7, 27.2) 6.7 (2.6, 10.8) 0.001 
Fair source of heme iron, % c 1,137 71.3 (67.7, 74.9) 1,142 78.6 (75.1, 82.0) 7.2 (2.7, 11.8) 0.002 
Rich source of non-heme iron, % d 1,033 66.8 (63.2, 70.4) 1,115 71.9 (68.2, 75.7) 5.2 (0.2, 10.1) 0.042 
Foods and beverages fortified with iron, % e 449 41.6 (37.8, 45.3) 605 54.1 (50.2, 58.1) 12.6 (8.0, 17.1) <.001 
Citrus fruits, % f 483 23.7 (20.6, 26.8) 579 34.5 (30.8, 38.2) 10.8 (6.1, 15.6) <.001 
       

Note:  Proportions and means are weighted to be representative of all eligible girls in the school. BMIZ=body mass index (kg/m2) for age z-score by 
the International Obesity Task Force reference population. IFA=iron-folic acid. 
a Differences are mean difference or prevalence difference. 95% confidence intervals and p-values are based on Taylor series variance estimates to 
account for the complex sampling design.  
b Red meats such as beef, lamb, goat, or wild game and organ meats;  
c Other animal source foods including eggs, poultry, and fish;  
d Dark green leafy vegetables, legumes, nuts, and seeds;  
e Cereal and beverages fortified with iron Milo, Ovaltine, Cerelac, Yumvita, or Nido;  
f Citrus fruits including oranges, lemons, pineapple, mango, etc. 
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Figure 4.6.2: Iron-folic Acid (IFA) Tablets Consumed among Adolescent Schoolgirls in the Northern and Volta Regions 

of Ghana over One School Year by Term 

 

Note: Proportions are weighted to be representative of all eligible girls in the school. 
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Table 4.6.3: Iron-folic Acid (IFA) Tablets Consumed among Adolescent Schoolgirls in the Northern and Volta 
Regions of Ghana over One School Year and Anemia Prevalence at Follow-on 

Cumulative IFA Tablets Consumed 

Proportion of Students  
at Follow-on 

 
Proportion with Anemia  

at Follow-on 

n % (95% CI) a  n % (95% CI) b 

      

0 68 10.5 (1.4, 19.6)  10 15.7 (7.2, 25.8) 

1 – 10 134 14.8 (4.7, 24.9)  35 25.7 (16.7, 35.4) 

11 – 20  267 38.0 (19.6, 56.5)  59 22.4 (16.4, 28.9) 
21 – 30  649 29.5 (16.0, 42.9)  96 16.1 (12.3, 20.6) 
>30 189 7.2 (0.8, 13.6)  28 10.3 (5.4, 16.7) 
      

      

Grand total of IFA tablets consumed  28,005 

Mean (minimum, maximum) number of IFA tablets consumed   16.4 (0, 36) 
      

Note: Proportions and means are weighted to be representative of all eligible girls in the school.  
a 95% CI are based on Taylor series variance estimates to account for the complex sampling design.  
b Estimates and 95% CI were obtained from bootstrapped replication and are unadjusted. 
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Supplemental Table 4.6.1: Adjusted Change in Anemia Prevalence Difference and Hemoglobin Concentration Mean Difference from Baseline 
to Follow-on among Adolescent Schoolgirls in the Northern and Volta Regions of Ghana by Participant Characteristics 

 Change in Anemia (p.p.) b Change in  
Hemoglobin concentration (g/dL) c 

Variable Adjusted Diff. (95% CI) d Adjusted Diff. (95% CI) d 

Demographic Characteristics   

Age, years 0.7 (-1.1, 2.5) -0.07 (-0.12, -0.02)** 
Wealth index (tertile)   

Middle vs. lowest -6.5 (-12.6, -0.4)* 0.00 (-0.17, 0.16) 
Highest vs. lowest -13.9 (-20.2, -7.5)*** 0.15 (-0.03, 0.32) 

School   

Junior vs senior/vocational high school -3.0 (-10.8, 4.8) -0.20 (-0.41, 0.02) 
Rural vs urban -5.9 (-13.3, 1.6) 0.34 (0.13, 0.55)** 
Peri-urban vs urban -12.2 (-19.6, -4.8)** 0.43 (0.22, 0.64)*** 

Health   

Positive vs negative malaria test a -0.9 (-8.7, 6.8) 0.16 (-0.05, 0.37) 
Overweight vs normal weight a -0.1 (-6.9, 6.6) -0.04 (-0.23, 0.15) 
Obesity vs normal weight a -5.8 (-20.4, 8.7) 0.09 (-0.32, 0.50) 
Practice geophagy vs non-practicing a -6.1 (-12.5, 0.4) 0.47 (0.29, 0.65)*** 

Diet (consumption in previous 24 hours)   

Rich source of heme iron vs not consumed a 3.6 (-3.2, 10.4) -0.10 (-0.29, 0.09) 
Fair source of heme iron vs not consumed a -2.9 (-10.2, 4.4) 0.27 (0.07, 0.48)** 
Rich source of non-heme iron vs not consumed a 0.2 (-6.5, 6.9) -0.15 (-0.34, 0.03) 
Foods and beverages fortified with iron vs not consumed a -4.2 (-10.2, 1.9) 0.03 (-0.14, 0.21) 
Citrus fruits vs not consumed a 5.2 (-1.0, 11.5) -0.15 (-0.32, 0.03) 

Cumulative number of IFA tablets consumed e   

0 -10.4 (-22.0, 1.1) 0.20 (-0.13, 0.53) 
1 – 10 ref ref 
11 – 20  -14.1 (-22.6, -5.5)** 0.24 (-0.01, 0.48) 
21 – 30  -9.9 (-18.1, -1.7)* 0.33 (0.10, 0.56)** 
>30 -13.3 (-23.8, -2.8)* 0.46 (0.17, 0.76)** 

   

Note: Estimates are weighted to be representative of all eligible girls in the school. Estimates, 95% confidence intervals, and p-values are calculated from 
generalized mixed models using maximum likelihood estimation and account for clustering in school and intra-individual covariance.  
*p<0.05; **p<0.01; ***p<0.001; 
a Repeated measures used. b Percentage point (p.p.) difference in the change in the population prevalence of anemia from baseline to follow-on.  
c Difference (g/dL) in the change in the population average hemoglobin concentration from baseline to follow-on. d Adjusted for other variables in the table 
including demographics, school, health, diet, and IFA tablets consumed. e Anemia model p-value for trend: 0.024; Hb model p-value for trend: 0.029; Increasing 
categories of consumption may not correspond directly to decreases in anemia due to the curvilinear relationship; The reference category was 1-10 tablets 
because of the robust sample size compared to the zero-dose category. 
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Figure 4.6.3: The Relationship between the Cumulative Iron-folic Acid (IFA) Tablets Consumed and the Change in Hemoglobin Concentration over One School 

Year among Adolescent Schoolgirls in the Northern and Volta Regions of Ghana 
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Figure 4.6.4: Adjusted Change in Anemia Prevalence Difference by Cumulative IFA Tablets Consumed over One School 

Year among Adolescent Schoolgirls in the Northern and Volta Regions of Ghana 

 

Note: Estimates are weighted to be 

representative of all eligible girls in 

the school. Estimates and p-values are 

calculated from generalized mixed 

models using maximum likelihood 

estimation and accounted for 

clustering in school and intra-

individual covariance. Adjusted for 

demographics, school level and 

geography, body mass index, malaria, 

pica, and diet. p-value for trend = 

0.024 

 

 

 

 

 

 

Figure 4.6.5: Adjusted Change in Mean Hemoglobin Difference by Cumulative IFA Tablets Consumed over One School 

Year among Adolescent Schoolgirls in the Northern and Volta Regions of Ghana 

 

Note: Estimates are weighted to be 

representative of all eligible girls in 

the school. Estimates and p-values are 

calculated from generalized mixed 

models using maximum likelihood 

estimation and accounted for 

clustering in school and intra-

individual covariance. Adjusted for 

demographics, school level and 

geography, body mass index, malaria, 

pica, and diet. p-value for trend = 

0.029 
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Table 4.6.4: Adjusted Model of Anemia at Follow-on among Adolescent Schoolgirls in the Northern 
and Volta Regions of Ghana 

Variable Adjusted Odds Ratio (%95 CI) 

Cumulative number of IFA tablets consumed 0.95 (0.90, 0.99)* 

Cumulative number of IFA tablets consumed, squared a 1.00 (1.00, 1.00)* 

Baseline hemoglobin concentration, g/dL 0.33 (0.25, 0.44)*** 
Age, years 1.17 (1.02, 1.35)* 
Wealth tertile  

Middle vs. lowest 0.60 (0.34, 1.05) 

Highest vs. lowest 0.34 (0.17, 0.67)** 

Overweight vs normal weight 1.21 (0.63, 2.31) 

Obesity vs normal weight 0.78 (0.19, 3.23) 
Practice geophagy vs non-practicing 1.32 (0.77, 2.27) 
Positive vs negative malaria test 1.40 (0.59, 3.31) 

Rich source of heme iron vs not consumed b 1.23 (0.72, 2.09) 

Fair source of heme iron vs not consumed c 1.07 (0.55, 2.09) 

Rich source of non-heme iron vs not consumed d 1.54 (0.87, 2.73) 

Foods and beverages fortified with iron vs not consumed e 1.50 (0.93, 2.40) 

Citrus fruits vs not consumed f 0.89 (0.50, 1.59) 

Note: Estimates are weighted to be representative of all eligible girls in the school. Estimates, 95% confidence 
intervals, and p-values are calculated using Taylor series variance and account for clustering in school and intra-
individual covariance. *p<0.05; **p<0.01; ***p<0.001;  
a Model also accounted for cumulative IFA consumption squared to address nonlinearity of the association. 
b Red meats such as beef, lamb, goat, or wild game and organ meats; c Other animal source foods including eggs, 
poultry, and fish; d Dark green leafy vegetables, legumes, nuts, and seeds; e Cereal and beverages fortified with 
iron Milo, Ovaltine, Cerelac, Yumvita, or Nido; f Citrus fruits including oranges, lemons, pineapple, mango, etc. 
Dietary variable measured over previous 24 hours. 
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Abstract 

Background: We sought to evaluate the barriers and facilitators of program fidelity to a school-based 

anemia reduction program with weekly iron-folic acid (IFA) supplementation. 

Methods: We analyzed directly observed weekly IFA consumption data collected longitudinally and 

serial cross-sectional data from a representative survey of 60 secondary schools and 1,387 adolescent 

girls in the Northern and Volta regions after one school year of the intervention (30-36 weeks). We 

carried out a bottleneck analysis to characterize the levels of IFA coverage and used adjusted 

generalized linear mixed effects models (GLMMs) to quantify the school and student drivers of IFA 

intake adherence. 

Results: 90% of girls had ever consumed the tablet, while 56% had consumed ≥15 tablets (mean 16.4, 

range: 0-36). Among consumers, 88% of girls liked the tablet, and 27% reported undesirable changes. 

School-level factors represented 75% of the variance in IFA consumption over the school year. Total IFA 

tablets consumed was associated with the ability to make up missed IFA distributions (+1.4 tablets [95% 

CI: +0.8, +2.0]), junior vs. senior secondary school (+5.8 [+0.1, +11.5]), educators’ participating in a 

program-related training (+7.6 [+2.9, 12.2]), and educator perceptions that implementation was difficult 

(-6.9 [-12.1, -1.7]) and was an excessive time burden (-4.4 [-8.4, -0.4]).  

Conclusions: Most girls consumed the weekly IFA tablet and found IFA tablets acceptable, but 

adherence to supplementation throughout the school year was lower. While the IFA supplementation 

program reached Ghanaian schoolgirls in these regions, school-level factors were barriers to adherence. 

Program modifications such as expanded training, formalized make-up IFA distributions, sensitization 

activities, and additional support to senior high schools may improve adherence. Other modifications 

such as spreading the responsibility for IFA distribution and streamlining monitoring may reduce the 

burden at the school level. Strengthening the health education component and improving knowledge of 

IFA among students may also be beneficial.
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5.1: Background 
The World Health Organization recommends weekly intermittent supplementation with iron and folic 

acid (IFA) for the control of anemia among adolescent girls ages 15-19 years and school-aged children 5-

12 years in areas where the prevalence of anemia is 20% or higher (1,2). With a national anemia 

prevalence of 26.4% among non-pregnant girls ages 15-19 years, anemia is a problem of moderate 

public health significance in Ghana (3,4). To address this problem, the Girls’ Iron-Folic acid Tablet 

Supplementation (GIFTS) Program, an integrated health and nutrition education program with 

intermittent weekly IFA supplementation was designed to reach adolescent girls ages 10-19 years 

through two delivery platforms: schools and local health centers. The first phase of the program began 

in the Brong-Ahafo, Northern, Upper East, and Volta regions of Ghana beginning in October 2017c.  

School-based IFA supplementation has substantial benefit in reducing the prevalence of anemia under 

experimental conditions such as randomized trials (5,6); however, there is limited information on how 

these interventions perform in in real-world settings. Contextual factors drive program performance and 

are likely responsible for the differences observed between efficacy and effectiveness studies. Guided by 

the Social-Ecological Model, factors affecting the success of school health programs can be identified at 

various levels: community, school, family, and individual factors (7). Barriers and facilitators have been 

described in terms of resources, capacity, enabling environment, knowledge, attitudes, and perceptions 

(8,9) and factors span from national policies to individual perceptions. Cross-sector collaborations have 

been identified by school-based programs as a key driver of program success because of the synergizing 

of resources and networks, but they may also create dysfunction (9,10,11). At the community level, 

caregivers and other community members influence programs through their support, resistance, or 

indifference, which may be influenced by cultural norms, media, and sensitization activities (10). Several 

                                                           
c In December 2018, Ghana’s ten regions were divided into 16. Brong-Ahafo became Bono, Bono East, and Ahafo. 
Northern became Savannah, Northern, and North East. Upper East maintained the same boundaries. Volta was 
divided into Volta and Oti. 
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factors at the school level should also be considered such as procurement and stock outs, the system for 

administration of tablets, absenteeism, time commitment, and motivation of implementers (8,9,12). 

Training can improve the knowledge, attitudes, and skills of teachers, which influence program fidelity 

(9). Teacher participation may also be affected by their workload and perceptions of anemia risk and IFA 

benefit (13). Knowledge, attitudes, and perceptions toward anemia risk and IFA may influence a student’s 

willingness to participate, and once she has participated, any physical or cognitive changes she 

attributes to the tablets may also affect adherence (14). In addition, a student’s physical maturity may 

influence her ability to swallow tablets and her household socio-economic and food security status may 

dictate her access to food and water for safe and appropriate consumption of IFA tablets (Figure 5.5.1).  

The school is a useful platform for intermittent IFA supplementation among adolescents as it has several 

advantages. One such advantage is regular access to a portion of the target population. In Ghana in 

2018, nearly half of girls 12-14 years (49%) were enrolled in junior high school, and 30% of girls 15-17 

years were enrolled in senior high schools, up from 25% in 2016 (15). With free public senior high school 

introduced in 2017, enrollment is expected to further increase. Schools also offer an existing 

infrastructure for administration of the program and an educational environment where sensitization of 

students can be easily integrated. With these advantages, addressing the barriers to school-based IFA 

supplementation and leveraging facilitators of adherence could lead to high coverage of the 

intervention.  

The GIFTS program was rolled out in three phases: it began in four regions during the 2017-2018 school 

year and became a nationwide program in the 2019-2020 school year. An evaluation of two of the Phase 

I regions estimated a 26% reduction in the prevalence of anemia over one school year, but adherence, 

defined as the number of tablets consumed each week of the school year following program launch (30-

36 weeks), was sub-optimal (approximately half consumed 15 or fewer tablets) (16). Improving program 

implementation fidelity and intake adherence could achieve a greater improvement in hemoglobin 
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concentration and anemia control in the population. However, due to very limited experience in 

adolescent IFA supplementation on the continent of Africa and none in Ghana, there is little evidence 

available for improving adherence to the intervention. Our aim was to identify bottlenecks in the 

coverage of IFA and to describe the key barriers and facilitators that may cause or mitigate against such 

bottlenecks in Ghana’s school-based adolescent IFA supplementation program.  

5.2: Methods 
Description of the Intervention  

Training of staff from the education and health sector was conducted just prior to the rollout of the 

GIFTS program in each region. This was carried out in cascading trainings from the regional level to the 

schools and health centers. For the school-based portion of the intervention, the objective of the 

training was to deliver information regarding the program to the school focal person who would train 

other school staff. The training covered anemia causes, consequences, and prevention; benefits and 

potential side effects of IFA; program logistics; administration of IFA tablets; and monitoring.  

IFA tablets were distributed through the existing government health system to the district level where 

they were provided in some cases to district education offices who distributed them to individual 

schools and in other cases to local health centers who distributed them to schools. The intervention 

provided IFA tablets to all girls aged older than 10 years in junior high, senior high, and 

technical/vocational schools, both public and private, on a set day of the week following a meal and with 

water. No tablets were given during holidays and breaks. Health and nutrition education were also 

addressed in the training; however, this component was carried out through the existing school health 

education and promotion program. The intervention is fully described elsewhere (16). 

Sampling and Data Collection 
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In September 2017, a baseline nutrition survey was conducted in junior high schools (JHS), senior high 

schools (SHS), and vocational/technical schools in Northern and Volta regions of Ghana. Vocational 

schools were treated as SHS. These regions were purposively selected from the four Phase I regions for 

the GIFTS program. A stratified two-stage sampling frame was used. First, probability proportional to 

size sampling was used to select 60 schools, 15 JHS and 15 SHS from each region, followed by simple 

random sampling of girls within each school. The sampling frame included all the public and private 

schools, treated as clusters, with school type (dichotomized as JHS or SHS) as strata. In Northern region, 

there was a denominator of 837 candidate schools (clusters) in the JHS-stratum and 68 in the SHS-

stratum, and in Volta region, there were 1,225 JHS and 104 SHS. Within each school, 29 girls were 

randomly selected by simple random sampling. The derived sample size was powered to detect a 10% 

minimum change in the prevalence of anemia based on a background prevalence of 40% with 80% 

power and 95% significance level with 10% oversampling to account for non-participation and correcting 

for an intra-class correlation coefficient as high as 10% for repeated measures (17).  

A focal person (teacher) for the GIFTS program was surveyed at each school – for a total of 60 school-

level interviews and the baseline survey collected data from 1,521 in-school adolescent girls ages 10-19 

years. At the end of the school year, after approximately 8 months of the intervention, the participant 

schools and girls were followed-up for another round of data collection. At follow-up, the school 

questionnaire (administered to a teacher) included information about school facilities, school health and 

nutrition activities, and specific questions related to the GIFTS program including perceptions of IFA and 

experiences with the distribution of IFA tablets. The student questionnaire asked girls about their 

knowledge of anemia and IFA, experiences with the program, and basic demographic information. The 

number of IFA tablets consumed by each survey participant in each school term was abstracted from 

classroom-level registers that collected individual IFA tablet consumption data for all girls in real time 

throughout the school year.  
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Statistical Analysis 

Post stratification sampling weights were applied in all analyses. Sampling weights were applied where 

appropriate, and complex survey procedures in SAS 9.4 were used in all analyses to account for sampling 

strata and clusters. Statistical significance was defined by an alpha level of 0.05.  

Wealth ranking was calculated following principal components analysis of household assets and divided 

into tertiles (18). We used census data to categorize schools as rural, peri-urban, or urban (19). Knowledge 

of anemia and IFA were calculated using a composite score of correct responses to three multiple-

response questions about the causes, symptoms, and prevention of anemia and two multiple-response 

questions on awareness and benefits of IFA, respectively, and divided into tertiles. 

Indicators of IFA supplementation coverage were categorized based on Tanahashi’s levels of healthcare 

coverage, which consist of availability, accessibility, acceptability, contact, and effectiveness (20). A 

bottleneck is a barrier to 100% healthcare coverage, and usually quantified as 100 - % coverage (20).  

The total number of IFA tablets consumed, abstracted from registers, was categorized and compared 

over basic characteristics. Self-reported consumption of an IFA tablet during the school year (yes/no) 

was also compared by characteristics of individual students and schools. Rao-Scott chi-squared tests 

were used for differences in proportions, and design-based t-tests were used for continuous variables. 

To examine the associations between potential barriers and facilitators at the student and school levels 

and adherence to IFA supplementation, adjusted models of the continuous total number of IFA tablets 

consumed over the school year, abstracted from registers, were built using generalized linear mixed 

models (GLMM). Two adjusted GLMMs of the school- and student-level predictors of the total number 

of IFA tablets were constructed based on a conceptual model (Figure 5.5.1). The first model was 

restricted to students who had consumed at least one tablet to understand drivers of intake adherence 

(effectiveness coverage) among those who had ever consumed IFA tablets. The second model included 
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all survey participants to understand the relationship between these factors and intake adherence 

within the entire population of schoolgirls. Model diagnostics included multicollinearity and influential 

point checks (2 influential observations were excluded from the final mixed models). A mixed model 

with clusters (schools) as random intercept was used to estimate intra class correlation. This enabled 

variance decomposition of the total number of IFA tablets consumed over the school year for 

quantifying the proportion of variance explained by student- or school-level factors.  

5.3: Results 
The final analytical sample included 1,387 girls ages 10-19 years from 60 schools. Classroom-level GIFTS 

program registers were missing for at least one term in three schools, reducing the sample with complete 

IFA consumption data to 1,307 girls. Figure 5.5.2 shows the levels of coverage and bottlenecks. Ninety 

percent (90%) of schoolgirls consumed at least one IFA tablet over the school year, implying a bottleneck 

of 10% in base-level effectiveness coverage. The mean intake was 16.4 tablets (range 0-36) over the year. 

However, only 56% consumed at least 15 tablets: approximately half of the tablets they were eligible to 

receive during the follow-up period (one school year). In terms of recent exposure, 66% of the girls 

reported having consumed the tablet during the previous 2 weeks, and 90% of schools had distributed IFA 

tablets in the week prior to the follow-up survey. Among those who had ever consumed an IFA tablets 

(n=1,314), nearly a quarter (23%) of schoolgirls reported that they did not have another opportunity to 

make up a missed IFA distribution, 21% reported ever refusing to receive an IFA tablet, and 13% had 

received a tablet that they later threw away. From the school survey (n=60), half of schools (48%) reported 

difficulties implementing the IFA program, but only 13% had difficulties with the program from community 

members at some point during the school year. Four schools (7%) had experienced a stock-out of IFA 

tablets, of which only two schools had ever missed a distribution due to a stock-out. 

Figure 5.5.3 shows total IFA consumption by age, school level, wealth, and geographic location. Higher 

proportions of younger girls (10-14 years) were in higher categories of IFA consumption compared to girls 
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15-19 years (p<0.05). Girls in 10-14 years of age had consumed 6.7 (95% CI: 2.2, 11.3) more tablets, on 

average, than the girls aged 15-19 years (22.6 vs. 15.9 tablets, p<0.01; data not shown). The largest 

proportion of junior high schoolgirls (69%) had consumed 21-30 tablets over the school year, but among 

senior high and vocational schoolgirls 42% had consumed 11-20 tablets and only 23% of them had 

consumed 21-30 tablets (p<0.01). IFA consumption differed significantly by wealth: more girls from the 

low wealth tertile had consumed ≥11 tablets than their peers from higher wealth tertiles (p<0.01). No 

significant difference in IFA consumption by geographic location was observed (p=0.24). 

Results of the bivariate analysis of student characteristics by self-reported consumption of IFA tablets are 

presented in Table 5.5.1. In crude comparisons, self-reported ever consuming an IFA tablet over the school 

year differed significantly by knowledge of IFA tablets and receiving health education sessions on malaria, 

deworming and clean water/hand hygiene (each p<0.05). There were no statistically significant 

differences in self-reported consumption of IFA tablets by age, menarche, wealth, knowledge of anemia, 

health education, IFA counseling, or receiving health education sessions on anemia, menstruation, eating 

iron-rich foods, or geophagy. Among consumers, 88% of girls liked the IFA tablets, and 11% did not. 

Approximately 38% of IFA consumers experienced desirable changes such as improved health (22%), 

increased appetite (22%), increased strength (13%), increased activeness (8%), decreased sleepiness (5%), 

and improved concentration (3%) (data not shown). One quarter of consumers (27%) noticed undesirable 

changes such as dizziness (4%), excessive hunger (3%), nausea, stomach pain, headaches, constipation, 

and dark/smelly stool (all <=1%) (data not shown). About one-third of those who noticed any changes 

reported heavier or longer menses, while an equal proportion said it made their menses more regular. 

Twenty-seven percent reported they had ever consumed an IFA tablet on an empty stomach. 

Results of the bivariate analysis of school-level characteristics by self-reported consumption of IFA tablets 

are presented in Table 5.5.2. Among girls who had ever consumed an IFA tablet, 96% attended a school 

who kept a written record of their supply of IFA tablets, while only 70% of girls who reported never taking 
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an IFA tablet attended a school who recorded their IFA supply (p<0.01). Educator training on the GIFTS 

program was associated with consuming at least one IFA tablet (67% vs 22%, p=0.002). Most (98.5%) of 

the never consumers where in senior high school (p<0.01). Schools size was also a factor in the proportion 

of girls who never consumed an IFA tablet. For example, the largest schools (>500 girls) had 84% of the 

never consumers and only 61% of the consumers (p<0.05). Nearly 70% of consumers attended schools 

where the educator respondent reported issues with girls refusing IFA tablets, while over 99% of never 

consumers attended schools reporting the same (p<0.05). Fifty-five percent of consumers attended 

schools where the educator respondent thought the program was too time-consuming, while only two 

percent of never consumers attended a school where this perception was reported (p<0.01). Fewer than 

half (48.3%) of girls who never consumed an IFA tablet attended a school whose educator respondent 

thought the IFA program was important for the health of girls, while 82% of consumers attended a school 

who thought it was important (p<0.01).  

Table 5.5.3 shows the results of the adjusted linear mixed model among consumers of IFA tablets 

adjusted for student- and school-level factors. The ability to make up a missed IFA distribution was the 

only statistically significant student-level predictor. JHS vs. SHS, educator training on the GIFTS program, 

and educator experiences and perceptions of the program were significant school-level predictors. Girls 

who reported the ability to make up missed IFA distributions consumed an average of 1.44 (p<0.01) 

more tablets over one school year than those who did not have that ability. Girls from schools with an 

educator who received GIFTS program implementation training consumed an adjusted average of 7.57 

(p<0.01) more tablets. Girls in JHS who consumed an adjusted average of 5.76 (p<0.05) more tablets 

relative to girls in SHS. In schools reporting issues with refusals to consume IFA tablets, girls consumed 

an adjusted average of 4.02 (p<0.05) fewer tablets. In schools where the school educator respondent 

thought the program was difficult to implement and too time-consuming, girls consumed an adjusted 

average of 6.92 (p<0.01) and 4.41 (p<0.05) fewer tablets over one school year respectively.  



78 
 

78 
 

Table 5.5.4 shows the results of the adjusted linear mixed model among all participants, adjusting for 

student- and school-level factors. Only school-level factors including training, program experiences, and 

perceptions of the program predicted the total IFA tablets consumed over one school year, even after 

accounting for student level factors as fixed effects. Girls from schools with a teacher who received GIFTS 

program implementation training had an adjusted average of 7.72 (p<0.001) more IFA tablets. Girls from 

schools reporting issues with refusals consumed an adjusted average of 4.24 (p<0.05) fewer tablets. Girls 

attending a school in which the educator respondent viewed the IFA program as difficult to implement 

and time consuming consumed an adjusted average of 6.50 and 4.33 fewer tablets, respectively (each 

p<0.05). Over 75% of the variance around the total number of IFA tablets consumed over one school year 

was explained at the school level, with approximately 25% coming from factors at the student level.  
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5.4: Discussion 
In this study, we found that 90% of adolescent girls attending schools in two regions of Ghana had ever 

consumed an IFA tablet during the school year, and 56% consumed 15 or more weekly tablets during the 

year. The school was largely responsible for the variability in the total number of IFA tablets consumed, 

indicating that addressing school-level factors would be effective in improving adherence to the 

intervention. Other evaluations of similar interventions have highlighted contextual factors as predictors 

of adherence, but also pointed to student-level predictors such as sensitization, perceptions, and side 

effects (12,21,22). Importantly, previous studies have not quantified the relative contribution of factors to 

consumption of IFA tablets. Key strengths of our study are the representative nature of the study 

sample, longitudinally collected data for IFA consumption, multiple sources of data including program 

registers, students, and educators, and use of variance decomposition methods. The study is 

representative of 2,234 schools and approximately 400,000 schoolgirls in two regions of Ghana. The 

longitudinal collection of the number of IFA tablets consumed through direct observation may reduce 

recall bias in the outcome, and the multi-level model accounts for student- and school-level factors in 

the hierarchical structure in which they exist and enables interpretation of cluster effects.  

This analysis has several limitations. We were unable to examine ecological variables such as political 

and economic factors; perceptions, experiences, and motivations of other educators; and community 

attitudes and beliefs. There may also be social desirability and recall bias in the self-reported predictors 

at the student and school levels. There is excellent agreement between the self-reported and 

monitoring consumption data, suggesting that consumption may be accurately captured. However, 13% 

reported receiving an IFA tablet and throwing it away at some point during the school year, a source of 

misclassification in the abstracted consumption data. This analysis also has no data on absenteeism 

which may have been a key individual-level predictor of consumption and would explain the magnitude 

of the benefit of make-up distributions. The educator respondent for the school questionnaire, while in 
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most cases the focal person for the program, did vary in some cases. Finally, there may be residual 

confounding for which the models are unable to account.  

School-level factors were prominent in the GLMM analysis, while student-level factors had little 

relationship with IFA consumption. In adjusted models, the ability to make up a missed IFA distribution, 

educator training, and the educators’ experiences and perceptions were associated with the number of 

IFA tablets consumed. Having another opportunity to make up a missed IFA distribution may mitigate 

the effects of absenteeism on program adherence. Making up a missed distribution reflect both student-

level agency in seeking a missed IFA tablet and school-level structures that tracked students and allowed 

for make-up distributions. Educator training on the program remains a key predictor of the number of 

IFA tablets consumed, even in adjusted models. The educator’s experiences and perceptions of the 

program may influence their motivation and ultimately the performance of the program in their school. 

This is supported by research showing that knowledge of risks and benefits improves adherence to 

micronutrient interventions (23,24). However, educator training was not associated with perceptions of 

the program on the school survey (data not shown). Negative perceptions of the difficulty and time 

burden suggest the need for other modifications at the school level that may also improve adherence 

such as spreading the responsibility for distribution and streamlining monitoring.   

Adherence to IFA consumption is somewhat lower in the GIFTS program than weekly IFA programs in 

India where complete adherence (one tablet every week throughout the school year) was above 80% in 

most regions, but ranged from 53% to 99% (8,22). Bottlenecks at the levels of acceptability, accessibility, 

and contact may be responsible for sub-optimal adherence to the program (Figure 5.5.2). This study 

investigated the student- and school-level facilitators and barriers that may be responsible for creating 

or eliminating these bottlenecks. In bivariate analyses, the number of IFA tablets consumed differed by 

girls’ age, household wealth, and level of school (JHS vs. SHS). Adolescents experience barriers to 

swallowing tablets that are often overcome with age and practice (25). However, the inverse relationship 
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observed between age and IFA tablet adherence may be related to increased decision-making power 

with age that is increasingly influenced by factors outside of parents and teachers (26), or it may be a 

proxy for level of school or absenteeism. Students at JHS consumed more tablets than students at SHS. 

These differences may be related to the smaller size of JHS and other structural differences, which allow 

for better management of distribution and sensitization activities. Fear that the IFA tablet is 

contraception or a fertility drug was pervasive and, though not a predictor of consumption in this 

analysis, it may have been an underlying factor more heavily affecting the consumption behaviors of 

older girls in SHS. Household wealth was expected to have a positive association with IFA consumption 

as it may be a proxy for school attendance, increasing opportunities to consume tablets (27,28). However, 

the inverse was observed in crude analyses and significance was attenuated with no clear direction of 

the association in adjusted models. Girls from higher income households may have a greater sense of 

agency to reject IFA tablets. School-level factors may also be responsible for the observed crude 

associations as girls from the high wealth tertile were more represented in SHS (46.2%) than JHS 

(32.1%). The evaluation took place during the first year of free SHS, which increased enrollment in SHS 

and may have changed the wealth profiles therein. Addressing structural barriers in this evolving context 

may present additional challenges.  

In crude analyses, a girl’s level of knowledge about IFA tablets and receipt of certain health education 

sessions were associated with whether she ever consumed an IFA tablet. It is unclear why health 

sessions related to malaria, deworming, and clean water/hand hygiene are related to whether a student 

consumes IFA tablets. Health teachers may highlight the linkage of these topics with anemia, increasing 

awareness of the condition; however, sessions specifically covering anemia and IFA tablets were not 

associated with whether students consumed an IFA tablet. These relationships are no longer present in 

adjusted models suggesting the presence of confounding. 
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Level of school, enrollment, educator training, appropriate accounting for IFA tablets, and the 

educators’ experiences and perceptions were also associated with whether girls ever consumed an IFA 

tablet. As previously discussed, level and enrollment may both be elements of the school’s capacity for 

effective programming. Educator training emerged as a strong predictor of IFA consumption. It is 

notable that training only occurred one time in these regions, highlighting the impact of a single training. 

Annual training of school focal persons and expanding the list of trainees to include other key 

stakeholders such as head teachers may improve program fidelity and educator perceptions of the 

program and their motivation. This would also ensure the continuity of the program during staff 

turnover. Appropriate accounting for the IFA tablets in the school may improve the availability of IFA 

tablets, as the school is better able to maintain knowledge of the location, quantity, and condition of its 

stock. Challenges such as improper storage of IFA tablets can be addressed through adequate training at 

all levels (10,29,30), frequent interaction between health staff and teachers, and thorough monitoring (12). 

Our findings suggest that school-level factors are responsible for the coverage and adherence to IFA 

supplementation. Additional support to large and senior high schools may improve coverage where the 

program is a greater burden because of the number of students and organizational structure of the 

school. Differences in these schools such as boarding, complex academic calendars, and rotation of 

students through classrooms present challenges for distribution of tablets, tracking adherence, and 

organizing education sessions. However, these challenges also present opportunities for the 

intervention to increase the number of contacts and integrate the intervention into existing activities. 

Ensuring annual training of school staff, including school leadership, may also be beneficial. Training for 

school staff and students should include guidance on making up missed distributions. Strategies to 

sensitize and motivate school staff may also benefit the program, as attitudes about the program 

predicted coverage and adherence to it. 
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School-level factors associate with IFA consumption included training of school leadership, perceptions 

of the IFA program, experiences with refusals, and the ability to make up missed IFA distributions. These 

factors arising from the first-year evaluation may be useful areas of focus for improving the GIFTS 

program as it matures into a national program. Understanding the perceptions and attitudes of key 

program stakeholders including school leadership and teachers who are responsible for carrying out the 

program may provide additional useful information for strengthening the program and supporting its 

long-term sustainability. Strengthening the health education component and improving knowledge of 

IFA among students may also produce benefit after school-level factors are addressed. The school is the 

foundation for the program and may be the most appropriate place to begin for improving coverage and 

adherence to IFA consumption. 
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5.5: Figures and Tables 
Figure 5.5.1: Conceptual Framework of the Barriers and Facilitators of School-based Iron and Folic Acid 

(IFA) Supplementation 
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Figure 5.5.2: Levels of Iron and Folic Acid (IFA) Supplementation Coverage and Bottlenecks among 

Adolescent Girls in Ghanaian Schools in Northern and Volta Regions 

 

Note: Proportions are weighted at the student level to be representative of eligible girls in the school. 
a n=60 schools. Data from cross sectional follow-up survey. 
b n=1,314 girls, only among those who had ever consumed a tablet. Data from cross sectional follow-up 
survey. 
c n=1,307 girls, sample size reduced due to missing IFA distribution registers. Data from iron and folic 
acid distribution registers. 
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 Figure 5.5.3: Total Iron and Folic Acid Tablets Consumed Over One School Year by Basic Participant and School Characteristics among 

Adolescent Girls in Ghanaian Schools in Northern and Volta Regions (n=1,307) 
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Table 5.5.1: Student Characteristics by Self-reported Consumption of Iron-folic Acid (IFA) Tablets Over One School Year among  
Adolescent Girls in Ghanaian Schools in Northern and Volta Regions 

 

 
Never Consumed IFA 

(n=73) 
Consumed At Least 1 IFA 

(n=1,314) 
 

Overall 
(n=1,387) 

Characteristic  n % (95% CI) n % (95% CI) p-value a n % (95% CI) 

Student        

Demographics        
Age     0.079   

10 – 14 years 8 2.7 (0.0, 6.6) 303 8.4 (4.1, 12.7)  311 7.6 (3.8, 11.5) 
15 – 19 years  65 97.3 (93.4, 100) 1011 91.6 (87.3, 95.9)  1076 92.2 (88.2, 96.1) 

Reached menarche 67 98.0 (95.5, 100) 1175 96.1 (94.3, 98.0) 0.272 1242 96.3 (94.6, 98.0) 
Wealth tertile     0.229   

High 31 48.5 (36.6, 60.4) 438 40.3 (32.2, 48.4)  469 41.2 (33.3, 49.0) 
Middle 24 31.4 (26.8, 36.0) 439 31.9 (27.5, 36.3)  463 31.9 (28.1, 35.7) 
Low 18 20.1 (8.1, 32.1) 437 27.7 (20.9, 34.6)  455 26.9 (20.1, 33.7) 
        

Knowledge, Attitudes, and Practices (KAP)        
Knowledge of anemia b     0.981   

High 18 31.1 (5.8, 56.3) 369 32.1 (25.5, 38.7)  387 32.0 (25.0, 39.0) 
Middle 25 33.6 (24.5, 42.6) 436 34.3 (29.5, 39.1)  461 34.2 (29.8, 38.7) 
Low 30 35.4 (17.6, 53.1) 509 33.6 (28.3, 38.8)  539 33.7 (28.4, 39.1) 

Knowledge of IFA b     0.036   
High 12 23.2 (11.3, 35.2) 452 37.7 (32.0, 43.4)  464 36.6 (30.8, 42.3) 
Middle 14 23.7 (12.3, 35.0) 324 23.5 (20.3, 26.8)  338 23.5 (20.2, 26.9) 
Low 29 53.1 (39.3, 66.9) 528 38.8 (32.0, 45.5)  557 39.9 (33.2, 46.6) 
        

IFA Program Experiences        
Took an IFA tablet on an empty stomach - - 361 26.9 (20.5, 33.4) - - - 
Likes IFA tablets - - 1258 87.9 (83.7, 92.1) - - - 
Does not like IFA tablets - - 82 11.2 (6.8, 15.6) - - - 
Desirable changes upon taking IFA tablets c - - 594 37.9 (29.2, 46.7) - - - 
Undesirable changes upon taking IFA tablets d - - 322 26.9 (21.2, 32.6) - - - 
Shared IFA tablet experiences with friends/family - - 714 52.5 (45.4, 59.6) - - - 
Able to make up a missed IFA distribution - - 1111 76.9 (69.9, 83.8) - - - 
Received IFA counseling 7 11.7 (2.2, 21.3) 298 18.4 (13.8, 23.0) 0.260 305 17.7 (13.4, 22.0) 
Received health education 29 42.1 (25.4, 58.7) 702 46.4 (40.4, 52.4) 0.631 731 46.0 (40.4, 51.6) 
Topics of health education sessions received in 
previous year 
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Anemia 27 34.1 (23.2, 45.0) 679 43.0 (37.3, 48.6) 0.187 706 42.1 (37.1, 47.0) 
Malaria 31 36.7 (20.0, 53.4) 791 54.1 (49.0, 59.1) 0.035 822 52.3 (46.9, 57.7) 
Deworming 14 15.2 (10.1, 20.3) 398 24.8 (19.8, 29.8) 0.009 412 23.8 (19.2, 28.3) 
Clean water and/or hand washing 50 67.0 (56.6, 77.4) 1111 79.7 (74.6, 84.9) 0.022 1161 78.4 (73.7, 83.1) 
Menstruation 52 69.6 (56.8, 82.4) 1055 74.8 (71.0, 78.5) 0.426 1107 74.2 (70.6, 77.8) 
Eating iron rich foods 31 39.7 (32.1, 47.3) 729 48.6 (42.2, 55.0) 0.132 760 47.7 (42.2, 57.8) 
Avoiding eating soil or clay 21 19.1 (4.4, 33.8) 527 32.1 (26.0, 38.1) 0.130 548 30.7 (24.7, 36.7) 

 

Note: Estimates are weighted at the student level to be representative of eligible girls in the school. a Rao-Scott chi-square testing the difference between never consumed 
and consumed at least one IFA tablet. 95% confidence intervals and p-values for student characteristics are based on Taylor series variance estimates to account for the 
complex sampling design. b Knowledge of anemia and IFA were respectively calculated using a composite score of correct responses to questions about anemia 
(awareness, signs, causes, and effects) and IFA (awareness and effects) and divided into tertiles. c Desirable changes included improved health, increased appetite, 
increased strength, decreased sleepiness, improved concentration, and more regular menstruation. d Undesirable changes included dizziness, nausea, stomach pain, 
headaches, constipation, dark/smelly stool, excessive hunger, and heavier/longer menstruation. 
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Table 5.5.2: School-level Characteristics by Self-reported Consumption of Iron-folic Acid (IFA) Tablets Over One School Year 
among Adolescent Girls in Ghanaian Schools in Northern and Volta Regions 

 

 
Never Consumed IFA 

(n=73) 
Consumed At Least 1 IFA 

(n=1,314) 
 

Overall 
(n=1,387) 

Characteristic a n % (95% CI) n % (95% CI) p-value n % (95% CI) 

School        

Government Systems and Supply of Tablets        
Experienced stock outs of IFA tablets 0 - 89 1.8 (0.0, 4.1) - 89 1.6 (0.0, 3.6) 
Missed a distribution due to stock out 0 - 34 0.4 (0.0, 1.1) - 34 0.4 (0.0, 1.0) 
Storage of IFA tablets        

At the school 73 100 1207 83.2 (64.1, 100)  1280 84.9 (67.4, 100) 
At someone’s home 0 - 107 16.8 (0.0, 35.9) - 107 15.1 (0.0, 32.6) 

Records IFA tablet supply appropriately 45 70.3 (24.7, 100) 1189 96.1 (92.3, 99.9) 0.011 1234 93.4 (86.5, 100) 
Educator respondent received training 22 21.9 (0.0, 51.8) 954 67.0 (48.3, 85.6) 0.002 976 62.3 (42.8, 81.7) 
        
School Characteristics        
School level     <0.001   

Junior high 8 1.5 (0.0, 3.6) 700 15.1 (6.9, 23.3)  708 13.7 (6.3, 21.1) 
Senior high/vocational 65 98.5 (96.4, 100) 614 84.9 (76.7, 93.1)  679 86.3 (78.9, 93.7) 

Enrollment     0.030   
<100 girls 6 0.8 (0.0, 2.2) 498 7.3 (3.0, 11.5)  504 6.6 (2.7, 10.4) 
100-299 girls 2 0.7 (0.0, 2.0) 443 20.6 (9.1, 32.0)  445 18.5 (8.1, 28.9) 
300-500 girls 18 15.0 (0.0, 39.1) 111 11.6 (1.0, 22.2)  129 11.9 (1.3, 22.5) 
>500 girls 47 83.5 (58.9, 100) 262 60.6 (43.1, 78.1)  309 63.0 (46.5, 79.5) 

Location     0.346   
Rural 14 8.5 (0.0, 20.6) 732 30.8 (14.2, 47.4)  746 28.5 (12.9, 44.1) 
Peri-urban 42 55.0 (8.5, 100) 352 45.7 (25.0, 66.4)  394 46.7 (26.5, 66.8) 
Urban 17 36.6 (0.0, 83.8) 230 23.5 (6.7, 40.4)  247 24.9 (6.9, 42.8) 

        
Resources and Capacity        
Functioning toilets/latrines 66 86.4 (59.7, 100) 1088 90.3 (81.7, 98.8) 0.668 1154 89.8 (80.1, 99.6) 
Functioning handwashing stations 29 42.7 (0.0, 89.2) 937 69.0 (49.7, 88.3) 0.247 966 66.2 (47.2, 85.3) 
Active health clubs 25 42.3 (0.0, 89.0) 613 56.7 (37.4, 76.0) 0.530 638 55.2 (36.0, 74.4) 
Previous year activities (school perspective)        

Nutrition counseling 49 48.4 (2.0, 94.7) 599 39.2 (19.0, 59.4) 0.692 648 40.1 (20.5, 59.8) 
Deworming 29 39.0 (0.0, 84.5) 372 45.9 (25.0, 66.5) 0.770 401 45.0 (24.8, 65.3) 
Anemia screening 33 52.8 (6.5, 99.1) 568 29.9 (12.6, 47.3) 0.224 601 32.3 (13.8, 50.9) 
Malaria control counseling 51 77.6 (49.0, 100) 706 55.4 (35.6, 75.2) 0.176 757 57.7 (38.6, 76.9) 
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Counseling on anemia 61 67.4 (19.6, 100) 684 42.0 (22.5, 61.5) 0.311 745 44.7 (25.2, 64.1) 
Counseling on IFA tablets 61 67.4 (19.6, 100) 890 50.4 (30.1, 70.7) 0.495 951 52.2 (32.0, 72.3) 

Frequency of health sessions     -   
More than once per month 7 1.1 (0.0, 2.9) 215 5.0 (0.7, 9.3)  222 4.6 (0.7, 8.5) 
Once per month 15 35.8 (0.0, 83.2) 445 23.0 (8.1, 37.8)  460 24.3 (7.7, 40.9) 
Once or twice per term 51 63.1 (15.9, 100) 602 70.0 (53.7, 85.9)  653 69.1 (51.9, 86.3) 
Once or twice per year 0 - 52 2.3 (0.0, 5.9)  52 2.0 (0.0, 5.3) 

Average time spent giving health education sessions     0.045   
<30 minutes 1 0.4 (0.0, 1.2) 319 30.6 (10.0, 51.2)  320 27.5 (8.1, 46.8) 
30 – 60 minutes 60 67.0 (19.4, 100) 863 52.5 (32.0, 73.0)  923 54.0 (33.7, 74.3) 
> 1 hour 12 32.6 (0.0, 80.4) 132 16.9 (1.6, 32.1)  144 18.5 (1.5, 35.5) 

        
Perceptions and Experiences        
Experienced difficulties implementing IFA program 29 34.3 (0.0, 72.5) 637 65.7 (46.4, 85.0) 0.080 637 65.7 (46.4, 85.0) 
Experienced difficulties with IFA program from 
community members 

15 10.1 (0.0, 24.3) 180 11.1 (0.0, 22.5) 0.858 195 11.0 (0.0, 22.2) 

Girls had concerns about taking IFA 51 71.6 (25.7, 100) 905 68.3 (47.6, 89.0) 0.894 956 68.6 (49.0, 88.2) 
Girls refused to consume IFA 72 99.1 (97.0, 100) 880 69.7 (49.0, 90.4) 0.024 952 72.7 (53.3, 92.2) 
Thoughts on IFA program        

Difficult to implement 15 33.6 (0.0, 81.2) 200 36.5 (14.8, 58.2) 0.903 215 36.2 (14.9, 57.5) 
Too time consuming 2 2.1 (0.0, 6.1) 546 54.9 (35.3, 74.5) 0.004 548 49.4 (29.4, 69.4) 
Important for the health of girls 40 48.3 (1.9, 94.7) 1048 82.3 (69.2, 95.4) 0.010 1088 78.8 (62.6, 95.0) 

Educator knowledge of anemia b     0.641   
High 19 46.3 (0.0, 93.2) 445 31.1 (12.4, 49.8)  464 32.7 (13.3, 52.0) 
Middle 14 11.7 (0.0, 34.4) 392 24.9 (9.6, 40.2)  406 23.5 (9.1, 38.0) 
Low 40 42.0 (0.0, 87.6) 477 44.0 (23.4, 64.6)  517 43.8 (23.8, 63.8) 

 

Note: Estimates are weighted at the student level to be representative of eligible girls in the school. a Rao-Scott chi-square testing the difference between never 
consumed and consumed at least one IFA tablet. b Educator knowledge of anemia was calculated using a composite score of correct responses to questions about 
anemia (awareness, signs, causes, and effects) and divided into tertiles. 
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Table 5.5.3: Predictors of the Total Number of Iron and Folic Acid (IFA) Tablets Consumed Over One 
School Year, Among Consumers of IFA among Adolescent Girls in Ghanaian Schools in Northern and 
Volta Regions (n=1,231) 

Variable  Adjusted Estimate (95% CI) 

Student   

Demographics   
Age, standardized  0.00 (-0.40, 0.39) 
Wealth tertile   

High  -0.40 (-1.10, 0.30) 
Middle  0.51 (-0.17, 1.18) 
Low  ref 

Knowledge, Attitudes, and Practices   
Knowledge of anemia, standardized a  -0.19 (-0.48, 0.09) 
Knowledge of IFA tablets, standardized a  0.03 (-0.26, 0.32) 
Has ever consumed an IFA tablet on an empty stomach  -0.11 (-0.69, 0.47) 
Likes IFA  0.50 (-0.35, 1.34) 
Changes noticed upon taking IFA   

No changes  ref 
Desirable changes b  0.44 (-0.13, 1.01) 
Undesirable changes c  -0.36 (-0.94, 0.23) 

Shared IFA tablet experiences with friends/family  0.04 (-0.50, 0.57) 
Received health education  0.32 (-0.29, 0.94) 
Received IFA counseling  -0.14 (-0.95, 0.66) 
Able to make up a missed IFA distribution  1.44 (0.83, 2.01)*** 
   
School   

Government Systems   
Missed a distribution due to stock out  -0.30 (-11.37, 10.77) 
Storage of IFA tablets   

At the school  2.06 (-6.19, 10.31) 
At someone’s home  ref 

Records IFA tablet supply appropriately  1.51 (-4.13, 7.14) 
Educator Respondent received training on the IFA program  7.57 (2.89, 12.24)** 
   
Resources and Capacity    
School level   

Junior high  5.76 (0.07, 11.45)* 
Senior high/vocational  ref 

Enrollment, standardized  -1.16 (-4.24, 1.92) 
Location   

Rural  1.85 (-3.13, 6.83) 
Peri-urban  1.35 (-3.33, 6.03) 
Urban  ref 

Active health clubs  0.73 (-3.95, 5.41) 
Previous year activities   

Nutrition counseling  -0.08 (-3.73, 3.57) 
Deworming  1.17 (-3.56, 5.90) 
Anemia screening  -0.84 (-5.76, 4.08) 
Malaria control counseling  1.73 (-2.32, 5.78) 
Counseling on anemia  -6.26 (-14.33, 1.81) 
Counseling on IFA tablets  0.16 (-5.87, 6.19) 
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Frequency of health sessions   
More than once per month  3.24 (-3.87, 10.34) 
Once per month  ref 
Once or twice per term  1.53 (-2.61, 5.68) 
Once or twice per year  -2.09 (-10.96, 6.77) 

Average time spent giving health sessions   
<30 minutes  ref 
30 – 60 minutes  -1.47 (-5.72, 2.78) 
> 1 hour  4.95 (-0.94, 10.85) 

   
Perceptions and Experiences   
Experienced difficulties implementing IFA program  1.38 (-2.76, 5.52) 
Experienced difficulties with IFA program from community members  -0.99 (-5.94, 3.96) 
Girls had concerns about taking IFA tablets  -0.55 (-5.53, 4.43) 
Girls refused to consume IFA tablets  -4.02 (-8.04, -0.01)* 
Thoughts on IFA program   

Difficult to implement  -6.92 (-12.14, -1.70)** 
Too time consuming  -4.41 (-8.44, -0.37)* 
Important for the health of girls  3.34 (-1.31, 7.98) 

Educator knowledge of anemia, standardized d  -0.31 (-3.21, 2.59) 
   

Note: Estimates are weighted at the student level to be representative of eligible girls in the school. *p<0.05; 
**p<0.01; ***p<0.001 a Knowledge of anemia and IFA were respectively calculated using a composite score of 
correct responses to questions about anemia and IFA. b Desirable changes included improved health, increased 
appetite, increased strength, decreased sleepiness, improved concentration, and more regular menstruation. c 
Undesirable changes included dizziness, nausea, stomach pain, headaches, constipation, dark/smelly stool, 
excessive hunger, and heavier/longer menstruation. d Educator knowledge of anemia was calculated using a 
composite score of correct responses to questions about anemia. 
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Table 5.5.4: Predictors of the Total Number of Iron and Folic Acid (IFA) Tablets Consumed Over One 
School Year, Among all participants among Adolescent Girls in Ghanaian Schools in Northern and Volta 
Regions (n=1,298) 

Variable  Adjusted Estimate (95% CI) 

Student   

Demographics   
Age, standardized  -0.13 (-0.54, 0.29) 
Wealth tertile   

High  -0.33 (-1.05, 0.39) 
Middle  0.47 (-0.24, 1.17) 
Low  ref 

Knowledge, Attitudes, and Practices   
Knowledge of anemia, standardized a  -0.12 (-0.38, 0.15) 
Received health education  0.01 (-0.63, 0.64) 

Received IFA counseling  0.08 (-0.75, 0.92)  
   
School   

Government Systems   
Storage of IFA tablets   

At the school  1.53 (-5.75, 8.82) 
At someone’s home  ref 

Records IFA tablet supply appropriately  2.32 (-3.19, 7.82) 
Educator Respondent received training  7.72 (3.82, 11.62)*** 
   
Resources and Capacity    
School level   

Junior high  5.40 (-0.20, 11.01) 
Senior high/vocational  ref 

Enrollment, standardized  -1.70 (-4.75, 1.36) 
Location   

Rural  1.70 (-3.05, 6.44) 
Peri-urban  1.33 (-3.29, 5.94) 
Urban  ref 

Active health clubs  0.16 (-4.38, 4.69) 
Previous year activities   

Nutrition counseling  0.01 (-3.44, 3.46) 
Deworming  1.99 (-2.61, 6.60) 
Anemia screening  -1.24 (-6.01, 3.61) 
Malaria control counseling  1.77 (-2.22, 5.76) 
Counseling on anemia  -5.89 (-12.91, 1.14) 
Counseling on IFA tablets  0.11 (-5.45, 5.67) 

Frequency of health sessions   
More than once per month  3.13 (-3.91, 10.16) 
Once per month  ref 
Once or twice per term  1.34 (-2.39, 5.07) 
Once or twice per year  -1.91 (-10.68, 6.85) 

Average time spent giving health sessions   
<30 minutes  ref 
30 – 60 minutes  -1.68 (-5.88, 2.51) 
> 1 hour  5.23 (-0.56, 11.01) 

   



 
 

94 
 

Perceptions and Experiences   
Experienced difficulties implementing IFA program  1.57 (-2.44, 5.57) 
Experienced difficulties with IFA program from community members  -1.65 (-6.54, 3.24) 
Girls had concerns about taking IFA tablets  -0.38 (-5.30, 4.53) 
Girls refused to consume IFA tablets  -4.24 (-8.22, -0.27)* 
Thoughts on IFA program   

Difficult to implement  -6.50 (-11.64, -1.37)* 
Too time consuming  -4.33 (-8.27, -0.38)* 
Important for the health of girls  3.30 (-1.20, 7.80) 

Educator Knowledge of anemia, standardized b  -0.23 (-3.10, 2.63) 
   

Variance Decomposition  Proportion of Variance 

School  75.3 
Student  24.7 
   

Note: Estimates are weighted at the student level to be representative of eligible girls in the school. *p<0.05; 
**p<0.01; ***p<0.001; a Knowledge of anemia was calculated using a composite score of correct responses to 
questions about anemia. b Educator knowledge of anemia was calculated using a composite score of correct 
responses to questions about anemia. 
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Abstract 

To address the burden of anemia among adolescent girls in Ghana, government agencies and non-

governmental organizations established the Girls’ Iron-Folic acid Tablet Supplementation (GIFTS) 

program in 2017. An evaluation of the first year of the program found that while iron and folic acid (IFA) 

supplementation reached nearly all adolescent girls in schools during the first year of the program, 

adherence was below the population minimum effective number of tablets over the school year for 

most girls. We sought to further investigate the drivers of program uptake and adherence and 

understand how these factors might be modified to improve the program and promote its sustainability. 

After stratifying by level, size, geographic location, and intake adherence during year one, 16 schools 

were purposively selected from 5 regions of Ghana. For each school, we conducted semi-structured key 

informant interviews with 1 educator at the district level, 3 educators at the school level, and one 

parent leader. Each interview was recorded, transcribed, and coded based on deductive and inductive 

themes. Themes included distribution of IFA tablets (supply chain, method, responsibility, time burden, 

and consumers); perceptions, attitudes, and awareness (educators, parents, and students); 

sensitization; health and nutrition education; training and resources; and motivation (intrinsic and 

extrinsic). Relevant themes were divided by educators, parents, and students. The results indicated that, 

after two years of implementation, schools had adapted the program, and widespread changes in 

attitudes and beliefs about the IFA tablets had improved their acceptability. However, limitations 

remained including supply chain, program ownership, communication between health and education 

sectors, training, motivation, and other resources. These results may be used to improve intake 

adherence and program fidelity in Ghana’s IFA program and have applications for similar programs in 

low- and middle-income countries.
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6.1: Introduction 
Anemia remains a problem of public health significance in Ghana. In 2017, the prevalence of anemia 

among adolescent girls 15-19 years of age was 26%.(1) To address this problem, the Ghana Health Service 

(GHS) and Ghana Education Service (GES) – in collaboration with UNICEF, the Centers for Disease Control 

and Prevention (CDC), and other international agencies – implemented the Girls’ Iron-Folic acid Tablet 

Supplementation (GIFTS) program. The GIFTS program was integrated into the existing School Health 

Education Program of the Ghana Education Service and the existing community outreach activities of 

the Ghana Health Service. The program targets all adolescents ages 10-19 years with health and 

nutrition education, promoting behavior change to control and prevent anemia. In addition, girls ages 

10-19 years are given weekly iron and folic acid (IFA) tablets, following recommendations by the World 

Health Organization.(2,3) In schools, this is done through directly observed therapy each week while 

school is in session.  

The evaluation of the GIFTS program focused on the school-based platform because of resource 

constraints, the novelty of school as the delivery platform for micronutrients, and in light of rising school 

attendance rates due to the introduction of free public secondary school.(4) Schools have the advantages 

of regular access to the target age group, an environment of learning, and highly educated staff. Still, 

quantitative evaluations showed that while the program had reached 90% of the students during the 

first year, intake adherence was below the minimum effective number of IFA tablets (26 tablets) for 76% 

of students.(5) Only about half of students received 15 tablets: approximately half of the tablets for 

which they would have been eligible over the school year.(6) Similar programs, like India’s Adolescent 

Girls’ Anemia Control Program, have had high adherence to IFA supplementation with girls consuming 

between 88% and 99% of tablets on average over one year in five evaluated states(7). However, in 

Andhra Pradesh girls consumed an average of 53% of tablets, which was attributed to supply stock-

outs.(7) Additional analyses of Year 1 of the GIFTS program showed that school-level factors were 
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primarily responsible for the variation in the total number of IFA tablets consumed by students during 

the first school year. Lessons learned from India’s program suggest intake adherence can be improved 

by using existing delivery platforms, clearly defining roles and responsibilities, involving stakeholders at 

all levels, using communication strategies that focus on the benefits of the program to adolescent health 

and school performance, maintaining a robust supply chain, using fixed-day distribution, utilizing simple 

monitoring tools, and prioritizing a limited number of evidence-based interventions to deliver as a 

package.(7) While the GIFTS program design follows these lessons learned, there is a need to understand 

program fidelity and other elements that are not design-based such as cross-sectoral communication, 

perceptions and attitudes, institutional commitment, and program ownership by educators.(8) 

There is limited evidence on the perceptions, attitudes, and beliefs of students and educators towards 

the GIFTS program,(6) and there is no information on the perceptions of parents. Misconceptions about 

the effects of IFA tablets may have caused some girls to refuse IFA supplementation. While educators 

reported giving health talks, most students had not received regular health and nutrition education 

during the first year of the program, and students’ associated knowledge was only marginally 

improved.(6)  

A qualitative study design was chosen because it enables a deeper and more nuanced assessment of 

explanations for phenomena. Qualitative methods are also useful when measurement is a challenge 

such as when assessing perceptions, attitudes, and motivations.(9) This work was guided by a conceptual 

framework built on Bronfenbrenner’s Social-Ecological Model(10) and Tanahashi’s levels of health service 

coverage(11) with elements from the Innocenti Framework on Food Systems for Children and 

Adolescents(12) (Figure 6.5.1). This framework first guided the quantitative analysis of the barriers and 

facilitators of IFA consumption in the GIFTS program; however, while the quantitative analysis identified 

relationships between the studied factors and IFA consumption, it was unable to provide explanations 



 
 

101 
 

for why the relationships might exist. The quantitative analysis also only provided the perspective of one 

educator role at each school. 

We sought to describe potential drivers of intake adherence, explain how these factors influence the 

success of the program, and understand how they might be modified to improve it. We also sought to 

describe health and nutrition education from the perspectives of multiple stakeholders and understand 

potential explanations for its deficits. 

6.2: Methods 
Sites 

As part of a pre-post, longitudinal evaluation of Phase I of the GIFTS program in 2017-2018, 60 schools 

were randomly selected from two of the four Phase I regions: Northern (now Northern, Savannah, and 

North East) and Volta (now Volta and Oti). From these schools, four junior high schools (JHS) and four 

senior high schools (SHS) or vocational schools in each of the two regions were purposively selected 

using stratification by average total number of IFA tablets consumed during Year 1 (high vs. low), 

geographical location (rural vs. urban), and school size (large vs. small) by enrollment of girls. This 

resulted in a balance of schools within strata. There were 16 schools selected as locations for key 

informant interviews (Figure 6.5.2). 

Participant Selection 

Key informants were chosen at multiple levels: 1) district SHEP coordinator, 2) head teacher, 3) GIFTS 

focal person, 4) non-health teacher, and 5) Parent-Teacher Association (PTA) or School Management 

Committee (SMC) chairperson. Preference was given to the selection of the district SHEP coordinator, 

but the Girl Child Officer, the district-level official charged with activities that promote gender equity, 

was selected in the absence of a district SHEP. The head teacher is the executive of the school, referred 

to as the principal in the North American system. In six schools, the head teacher was unwilling or 

unable to be interviewed and the assistant head teacher or house master/mistress was interviewed in 
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their stead. The selection of the non-health teacher was delegated to the head teacher in each school. 

Criteria for the selection of the non-health teacher were as follows: 1) they must not be directly 

responsible for the GIFTS program, 2) they must teach a subject outside of health science, nutrition, or 

physical activity, and 3) preference was given to teachers who had been in the school since October 

2017 (the start of the GIFTS program). The PTA or SMC chairperson was identified by the head teacher 

or program focal person in each school. 

Data Collection 

Six qualitative interviewers, two females and four males, were chosen from GHS staff with language and 

interviewing skills appropriate for the context. All interviewers had prior interviewing experience and 

training. Teams were trained on qualitative interviewing techniques, goals of the study, ethics protocols, 

use of interview guides, use of recording devices, and summarizing interviews. During the training, 

interview guides were reviewed for clarity and revised as needed. Interviewers practiced in pairs 

including effective probing and writing interview summaries. A pilot and pre-test of interview guides 

was conducted in three schools during the training week prior to the start of data collection. Following 

the pilot, interview guides were further refined and interviewer practiced with the final interview 

guides. Teams of three traveled to each region. Data collection occurred over nine days at the start of 

the 2019-2020 school year.  

Semi-structured key informant interviews were used to collect information from respondents. Interview 

guides were developed based on deductive themes around the distribution of IFA tablets, sensitization 

and beliefs, health and nutrition education, and acceptability of purchasing. Four separate interview 

guides were created for each respondent category (Appendix I). Interviewers used the same guide with 

head teachers and GIFTS focal persons. Interview guides were designed to assist interviewers in using 

open-ended questions, covering the topics of deductive themes, and using effective probing questions 

when necessary. Interviews were designed to be conducted in English, the lingua franca of Ghana. Since 
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formal education is done in English, we anticipated that educator interviews would be completed in 

English but that some PTA/SMC chairperson interviews may be conducted in local languages. 

Individually, interviewers conducted interviews in a private location and recorded then using stereo 

digital recording devices. Educator interviews lasted an average of approximately 45-60 minutes, and 

PTA/SMC interviews lasted approximately 10-15 minutes. After each, interviewers completed a 

summary consisting of at least three paragraphs covering their overall impressions of the interview, 

interesting findings, and outstanding questions that were unanswered in the interview. These 

summaries were included with each interview. 

Ethical considerations 

Ethical approval for this project was also obtained from the Ghana Ministry of Health Ethics Committee. 

The GIFTS project was exempted from review by the Emory University Institutional Review Board. The 

US Centers for Disease Control and Prevention determined this project was public health practice. 

Written informed consent was obtained from all participants. Recordings were kept secure throughout 

data collection and de-identified recordings and transcripts were transferred to the CDC team where 

they were stored on password-protected computers.  

Data Analysis 

English language interviews were transcribed verbatim and the seven interviews conducted in local 

languages were translated to English during transcription. Translation and transcription were conducted 

by a professional third-party service in Accra, Ghana. A sub-sample of transcripts (~10%) were compared 

to the recordings to verify accuracy of transcription by a member of the study team. No errors were 

found during this review, and transcriptionists carefully insert pauses, laughter, background 

interruptions, and other vocalizations.  

A thematic analysis method was used.(13) All transcripts were thoroughly read, and a coding system was 

developed based on deductive themes. The primary analyst began by coding one interview from each 
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respondent category and modified the coding system based on these transcripts. Only minor 

modifications were necessary. In order to assess inter-rater reliability, one interview from each 

respondent category was independently segmented and coded by a second analyst. Percent agreement 

was 89% for code occurrence within each document and 53% for code intersection at the segment level 

at a minimum 50% overlap. Kappa score for code intersection was 0.50, calculated as percent 

agreement minus percent agreement due to chance divided by one minus percent agreement due to 

chance. These values were determined to be acceptable for the purposes of this research and because a 

single analyst fully coded the transcripts.(14) 

Though saturation of themes and perspectives was reached at around the halfway point, all transcripts 

were segmented and coded to make use of all data and uncover any potential differences by school 

strata. Coded segments were then examined to identify patterns as well as the breadth of responses 

within each code. Themes emerged from codes and relationships between codes. Themes were 

compared across the strata of respondent category, school level, school size, and IFA intake adherence. 

Interviewers’ summaries helped confirm relevant themes. Coding and analyses were conducted in 

MAXQDA 2018. 

Data were presented under themes and select quotations were used to reinforce the findings. Finally, a 

draft of the analysis was reviewed and edited by the leading interviewers from each region to ensure 

that it aligned with their understanding.  

6.3: Results 
In total, 77 key informant interviews were conducted with 16 respondents of each category except for 

PTA/SMC chairperson, as three were not located during data collection. Six PTA/SMC chairperson 

interviews and one GIFTS focal person interview were conducted in a local language, while the 

remaining 70 were conducted in English. A total of 2,741 minutes of interviews were recorded. Males 
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accounted for 49 of 77 respondents. Most head teachers, teachers, and PTA/SMC chairpersons were 

male, while most GIFTS focal persons and district SHEP coordinators were female. Table 6.5.1 provides a 

summary of key findings, implications, and potential solutions. 

Distribution of IFA Tablets 

There are three terms in the school year. Ten schools had already distributed IFA tablets in the current 

term, and five had distributed during the previous term. One school had not distributed tablets since the 

second term of the previous school year. 

Supply Chain 

Models of IFA supply chain varied according to district SHEP coordinators. All reported that the district 

nutrition officer (DNO) received the supply from regional medical stores. Commonly, these were 

distributed to schools by health personnel including the DNO or community health nurses (CHN). In 

some cases, district SHEP coordinators were included in the distribution of tablets to schools. One 

reported that they notified head teachers through a WhatsApp™ platform to collect them from the 

district SHEP office, while more remote schools had their tablet delivered to the local health center or 

Community-based Health and Planning Service (CHPS) zone. Some district SHEP coordinators felt they 

had been left out of the supply chain altogether, and one preferred that Ghana Education Service (GES) 

take control of supply chain. Principal issues were differing terminology and priorities between health 

and education staff and confusion caused by distribution through CHPS zones because they do not align 

with the GES “circuit” system.  

“We [educators] all understand the same language… A lot of [educators] don’t feel 
comfortable working with nurses. [Educators] think [nurses] are always interrupting 
lessons, but school officers, they always welcome us in the schools. So, I recommend 
that [tablets] should be sent directly to the municipal and district officers.” – District 

SHEP Coordinator 

“Ghana Health Service they deal with zones or sub-districts, and GES we deal with 
circuits. So the nurses [have] their […] sub zones or sub-districts with schools located 
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in their sub zone. The nurse in-charge will go to region and take the tablet and then 
after the allocation has been done and at their outfit, the nurse in-charge in that 

particular school sends the tablet to the schools at the beginning of every term.” –
District SHEP Coordinator  

The supply of IFA tablets was consistent for most schools; however, five schools reported that they had 

issues with shortages and/or expiring tablets. The resulting stock-outs lasted between one week and 

two entire terms. While most stock-outs occurred during the previous year, two schools were 

experiencing shortages at the time of interview. One issue identified was receiving the tablets late in the 

school year. No patterns were observed in the characteristics of schools with supply chain issues.  

“I remember one of the teachers coming to complain that the drugs were not enough 
and that it couldn’t reach. They, [national program], need to get enough drugs to run 

the program. Also sometimes the time the drugs come is late so we are not able to 
administer it before they come.” – Head Teacher 

The method of resolving shortages of IFA was varied. While some district SHEP coordinators and focal 

persons stated that shortages should be reported to the district level directly, others stated it is 

reported to the local health center or on the WhatsApp™ platform for head teachers. 

"We have community nurses all over the place. Either report to them or report 
directly to the Municipal SHEP Coordinator." – District SHEP Coordinator 

 

Methods of Distribution of IFA Tablets within Schools 

A majority of schools followed a similar method of distribution with only minor differences. Method of 

distribution did not follow any pattern of school size, level, or location. All schools reported they 

distribute tablets on Wednesdays, and most focal persons volunteered that students were given make-

up doses up to the following Wednesday.  
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"Actually we distribute it every Wednesday and if a student is absent, when she 
comes the next day we try and give her, we’ll be giving it until the next Wednesday, if 

that student couldn’t come we give the person absent or zero." -Focal Person 

Tablets were most commonly distributed by the GIFTS program focal person (Figure 6.5.3). Focal 

persons were commonly assisted by other teachers, head teachers, and students, though in five of the 

schools, the focal person distributed them alone. Two schools gave responsibility for distribution to class 

or health prefects, which are student leaders. One school gave the tablets to class teachers to distribute 

themselves. These alternatives were reported to increase the efficiency of distribution. Students were 

typically called class-by-class to a central location or the focal person went class-to-class; however, some 

focal persons called students individually to their offices. Commonly, tablets were given after breaks, 

lunch, or assembly, though some gave during worship, after school, or in the dormitories.  

"After second break, after they finish eating, we will call the girls in one class, 
mention their name, they will come with their water, give them the folic acid, [and] 

they will take it in front of me." - Focal Person 

Most focal persons expressed the need for clean water, and one-quarter of them provided the water 

themselves. Some highlighted the need for girls to eat before taking the tablet. One focal person created 

a system of reminding girls on Tuesdays to eat before consuming the tablet.  

“Tuesday … when we assemble for closing I tell [students] that tomorrow is another 
week so those who have not been eating before coming to school for tomorrow they 

should try and get something to eat before they come or they bring money. When it is 
break they go and buy food and after break I call them class by class … and give it 

out.” –Focal Person 

 

Perceived Time Burden 

There was a wide range in the estimated time burden of the GIFTS program on a typical distribution day, 

ranging from 2 minutes to 7 hours. Time burden did not follow any pattern of school size, level, or 
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location. However, time burden was greatest among district SHEP coordinators as their duties involved 

traveling to schools where they spent most of the day supervising. This responsibility was most time 

consuming in rural districts where travel conditions prevented visiting multiple schools in one day. Many 

focal persons spent more than 30 minutes on the program, while most teachers and head teachers 

spent less than 30 minutes (Figure 6.5.4). Perceptions of the time burden were not necessarily linked to 

the estimates of the time devoted to the program. Attitudes were split between those who felt that it 

was not very time consuming and those who felt that it took too much of their time, especially 

instructional time. 

“It takes a lot of time and especially on such days; I become very exhausted because I 
have three separate lessons on that day: three classes plus the activity itself.” – Focal 

Person 
 

“Even though it takes my time but not too much of time.” – District SHEP Coordinator 

 

Challenges in Weekly Distribution of IFA Tablets in Schools 

Challenges in distribution included shortages, expiring tablets, religious fasting, students not eating prior 

to distribution, lack of water, student and focal person absences, negative perceptions about IFA by 

students and parents, side-effects, sporting or cultural events, intrusion into instructional time, 

examination periods, and insufficient GIFTS program registers. By the start of the third year of the GIFTS 

program, most schools had overcome some of these challenges. Religious fasting was considered by 

affected schools to be a time to pause distribution. Some schools adjusted the time of distribution so 

students would be more likely to eat and have water prior to distribution. Some schools provided water 

themselves, often at the focal person’s expense. Absent students were allowed to make up their missed 

tablet before the next distribution, and other educators filled in for absent focal persons. When sporting 

events disrupted the time meant for distribution of tablets, make-up distributions were held. Some 
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schools adjusted the time of distribution to avoid instructional time. Still, not all schools had 

implemented these strategies and the aforementioned challenges remained for some schools.  

“It’s very, very tedious. Moving from one class to the other, carrying water around 
because you have to beg [girls]. If you ask [students] to buy water, they’ll tell you 

they don’t have a pesewa to buy water." - Focal Person 

 

"The distribution is not easy. Moving from class to class, talking, at times you have to 
pat some of [the students] before they take it. [...] You’ll say, ‘Oh sweetie, take it. This 

one is good’. ‘It can’t do anything to you’." - Focal Person 

 

Consumers of IFA Tablets Outside of the Target Population 

Respondents were aware of the target population of the GIFTS program in schools. However, 

innovations put into place nationally and at the school level resulted in consumption of the tablet by 

people outside the target of adolescent girls attending schools. Nationally, female teachers were 

encouraged to consume the tablets to serve as role models for the students and because the anemia 

burden is high for women of reproductive age. Most schools reported that female teachers were 

consuming the IFA tablet with students; however, a minority of schools’ leadership believed the tablets 

were solely for girls and did not allow teachers to consume it. Schools with teachers consuming it 

reported that students more easily accepted the IFA tablet. 

“Because when you see a teacher also taking the same drug, then it means it is not a 
poison, it is something that will help your system, so I think it has increased the 

enrolment, as compared to the previous one.” – Focal Person 

A few schools had male teachers who also consumed the IFA tablet. Some believed the tablet was 

tailored to women and men should not consume it. A small number of schools had male teachers 

interested in consuming the tablet, but they were not permitted. Most focal persons, head teachers, 

and district SHEP coordinators reported that they, other staff, and/or male students wanted IFA tablets 
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to be given to male students. Some schools had boys consume IFA tablets: some during the first week to 

show girls that it was unrelated to contraception or fertility and others during the final weeks before the 

surplus of IFA tablets expired.  

“[GHS staff from Accra] advised us that we should bring the boys on board, so that 
[girls] will feel comfortable taking it, so we brought the boys on board.” – Teacher 

Less common consumers of IFA from schools were family members of educators including children and 

wives, girls who were no longer enrolled in school, and boys who appeared malnourished or anemic. 

One such boy was reported as having sickle cell disease. Distribution to students with sickle cell was a 

point of confusion. Some correctly recounted their training to exclude girls with sickle cell disease from 

distribution, while others reported that the IFA tablet was improving the health of students with the 

condition. Another point of confusion surrounds consumption of IFA during menstruation. While most 

correctly discussed IFA tablets as helpful in replacing blood lost during menstruation, some stated that 

they advise girls not to consume the tablet while menstruating. 

“We were informed by the health people … that [students with sickle cell disease] will 
not be part of it because they take the folic acid already.” – Head Teacher 

 
“There is one girl who is sickle cell … and when they started taking it when she took it 

she had pains throughout the night and she couldn’t sleep that’s why she said she 
wouldn’t take again. So I encouraged her to take and when she took it, the next week 

she was okay, the system was used to it so she was taking and nothing was 
happening to her again.” – Focal Person 

Two sisters reported that their seizures had stopped upon consuming the IFA tablet, and their family 

was given an entire bottle of IFA tablets by the focal person to include their 8-year-old sister with the 

same condition. Another focal person reported treating a girl with one IFA tablet every day for several 

weeks after she experienced a heavy loss of blood. 

Perceptions, Attitudes, and Awareness 
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Educators and PTA/SMC chairpersons reported on the perceptions, attitudes, and awareness of 

educators, parents, and students.  

Educators 

Most educators reported positive feelings about the program’s intended physical and cognitive health 

benefits. Most could explain the purpose of IFA as a way to prevent anemia and/or improve a person’s 

blood, and many identified blood lost during menstruation as the reason for targeting girls. IFA tablets 

were commonly referred to as a “drug.” Most identified folic acid as a component of the tablet, but 

fewer named iron. 

“I know that folic acid is very, very good for every human being, especially the girls, 
the student girls. You know at times when you are in your menses, you know some of 

the problems that you face, because you are losing blood and the hemoglobin is 
down, you cannot pay attention in class. So as for the supplement or the GIFTS 
program it was a very good program to help the student girls, but because the 

education didn’t go down well from the beginning, that was what made the students 
afraid of, or lose interest in the supplement.” – Teacher 

A large portion of educators advocated for the boys to be included in the distribution of IFA tablets. 

“I think we have been advocating that it should also be extended to the boys since 
they also lose blood.” – Teacher 

Many educators linked the program to positive changes they had observed among the girls including 

reduced sleepiness and absences, better attention and academic performance, and improved physical 

appearance. Educators who consumed the tablets themselves reported improvements in their own 

health. Some educators feared the program would end and pleaded that it continues. 

“So ever since the beginning of the program in the school, initially I observe that 
particularly form one… about three girls, four girls, will not be in school… Some of 
them when they come to school, … you realize they always sleep in the class, but 

after taking the supplement, you realize that most of the girls are doing…The average 
girl attendance in the school is far better than the boys weekly. So, I realize that the 
program is very effective. So for me, I’ll not relent on my effort… If it can continue to 
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eternity in the schools, I’ll be very grateful.” – Head Teacher 
 

“Actually, when you get to the schools and you see the girls they look fresh and 
through interactions with teachers the girls no longer dormant during mathematics 

and other subjects actually they are actively participating in class. That is, those who 
have taken it with their faith.” – District SHEP Coordinator 

A small number of educators reported that their colleagues did not participate because of their view 

that the tablet was contraception or harmful in some way. One district SHEP coordinator reported that 

the focal person at a religious school would not distribute the IFA tablets because of the person’s 

perception that the tablet was associated with blood. This focal person was replaced with a willing 

educator.  

“Interviewer: So how do other teachers feel about the tablets? 
Head Teacher: … Normally at gatherings, we make these announcements, some of 

them understand the concept, but some too, just as I mentioned earlier, their mind is 
that it is a way of family planning… I do not know the reason for which they are trying 

to scare them that don’t take it because it is a way of family planning …, so I really 
cannot speak for those teachers…”  

Educators were also concerned about how the distribution of IFA tablets infringes on instructional time. 

Some focal persons reported that it cost them time as an instructor, and other educators discussed how 

it took the girls’ time away from classes.  

“I think what I see is that it is a good program, it is a good thing which needs to be 
encouraged. Anything you start has difficulties, so in our school we started not quite 

too long, so I think with the education now the children are aware, they are fully 
aware of its advantages. So all that I’ll say is that as I mentioned earlier on, the time 
they normally do the distribution must be looked at, so that it will not have anything 

to do with or to affect classes.” – Head Teacher 

Many educators expressed a need for more support or compensation as they felt the program was 

outside their normal duties. Some district SHEP coordinators highlighted circuit supervisors as 

underutilized sources of support for the program. 
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“The only problems we have had so far is about complaints from the teachers that it’s 
an additional responsibility being given them not by the GES, but there is nothing to 
motivate them, so that is in a way making them feel a bit reluctant.” – District SHEP 

Coordinator 
 

“…the Circuit Supervisors were not part of the training and since … they have their 
respective circuits they also do close monitoring in the schools. So, I think if the circuit 

supervisors were also trained, even though after the training we brief them, but if 
they are also trained so that they will have in-depth knowledge about the program, 
so that when they also go to their monitoring they will monitor the implementation 

of the program.” – District SHEP Coordinator 

 

Parents 

Most educators reported that at the start of the GIFTS program, parents cautioned girls against 

consuming the IFA tablet because they believed it was contraception or otherwise related to 

reproductive health. After two years of the program, educators reported few persistent issues from 

parents after the initial wave of misconceptions about the effects of the tablet subsided. 

“People were saying that it is a form of family planning so the children should not 
take it because they won’t give birth after the school. Some too are saying that when 
they are taking it, their menses will overflow so they won’t take it, some also say that 
when they are taking it, their menses stopped, a whole lot of things so we managed 
to talk to them, we go there, we go to the school to sensitize them on the folic acid. 
[…] We went there to talk to them so I think things are normalizing now.” – District 

SHEP Coordinator 

PTA/SMC chairpersons also reported initial misgivings about the program. They placed the blame for 

these beliefs on a lack of proper sensitization and stated that their attitudes changed following 

sensitization.  

“Initially we heard it was a ploy, it’s for family planning. Then later we got 
explanation that it is not family planning. It was the education that was not properly 

done that is why this misconception came.” – PTA Chairperson 
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Many parents were aware and supportive of the program. The PTA/SMC chairpersons for schools that 

held sensitization meetings or lived in communities that held sensitization activities had more 

knowledge and awareness of the program than others who did not attend such sensitization meetings.  

 “This program I attended a seminar at [village] chief’s compound with this my sheik. 
So they educated us more about it, before they started, they sensitized the schools 
and girls about the importance of this drug: that it boosts their immune system so 

that … every month, [when] they lose blood …this drug [will] sustain [them]. […] It is 
very good for the blood, for the girls.” – PTA Chairperson 

Many of the PTA/SMC chairpersons that were aware of the program associated changes that they 

observed in their girls with the IFA tablet. Their observations included better academic performance, 

positive changes to menstruation, and better physical appearance.  

“Since [girls] started taking the tablets, it is two years now for me what I’ve realized is 
that mostly, previously the boys were doing good but I don’t know I was still even 

contemplating in my mind, what makes my school girls sudden change. I now realize 
that even end of just third term exams it was girls who dominated the whole of the 
whole school, and even last year BECE is now girls, girls even the best student in my 

school so I was contemplating, is it this drug having something to do with learning or 
something like that. Yes, for overall best it was a girl. It is the first time, since the two 

years they just started… Previously it was just boys.” – PTA Chairperson 

Awareness and acceptance by the PTA/SMC chairperson coincided with reported success in the 

distribution of IFA by educators. One PTA/SMC chairperson at the best-performing school during Year 1 

reported that he supervised distribution every week to ensure that every girl consumed the IFA tablet. 

However, four PTA/CMS chairpersons (two from each region) were unaware the program was in place. 

Those who were not previously aware of the program were accepting of it upon learning about its 

existence in the interview.  

“It is today am hearing of [the GIFTS program]. But that notwithstanding, there are 
times that your woman goes to the hospital and they are told they have anemia and 
you have to buy eggs and many other things. All this come about because we don’t 
have what it takes to prevent it at the early stages. So, if we start early, giving them 



 
 

115 
 

these drugs, by the time they become of age, this anemia issue will no longer exist.” – 
PTA Chairperson 

 

Students 

Educators and PTA/SMC chairpersons reported that most girls participated without issue following 

additional sensitization on the IFA tablet. Educators stated that students had misconceptions when the 

program was first introduced. Nearly every respondent reported that beliefs associating the tablet with 

contraception, fertility, abnormal menstruation, and side effects had subsided over time. At the 

beginning, some students had avoided swallowing the tablet by spitting it out later, but these issues 

were resolved through closer monitoring and more sensitization. However, some schools still struggled 

with refusals because of these misconceptions.  

“First [girls] were told it was something that will prevent them from having sex. They 
were having the fear that when they take the drug they may fall sick due to some 

drug they some took some time ago something like the elephantiasis drug that was 
distributed they took some and all of them were feeling sick and they lie down. So 

due to that experience they were afraid to take this one initially. So those who claim 
they were taking, they took it and went out and spit it out. Yea that was the initial 

stage, later on when I realized this was what they were doing I re-explained to them 
to really get the concept what it is for and they understood and they are now taking 

it.” – Head Teacher 

Educators overwhelmingly expressed a desire that male students be included, and they reported that 

boys both teased the girls for consuming the tablet and wished to take part in the program.  

“For the boys, they also have their misconception they say why we are discriminating, 
why are they all in class, and when it comes to certain drugs we don’t give them? 

And, especially when they were all educated and given reasons why the drug is given, 
they said they also need to build their immune system, they also need, they feel they 

should also be part of it.” – Head Teacher 

Sensitization 
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Some schools had formal sessions with students and parents to explain the benefits of IFA, and some 

educators spoke to students informally during distribution. Sensitization was viewed as the cause of 

positive changes in the attitudes and beliefs surrounding IFA tablets. Educators and PTA/SMC 

chairpersons expressed regret that the sensitization had not happened sufficiently before the roll out of 

the program. Educators identified the need for more sensitization but felt this was the responsibility of 

the health sector or someone outside the community. 

“The major concern is education. I think that there is the need for whichever body it is 
that is in charge of this to once in a while come and talk to us. Come and talk to the 

students; because the last time we had a program, sometime last year, … the 
discussion was just done at the District Assembly there at a workshop. And when they 
came they tried to put together some twenty or so sampled students to discuss it with 

them, expecting that they will also go and share the information with their 
colleagues. I think that it is not enough and that is why perhaps, the, some of the 

students feel adamant about it or some of the students are not still convinced that for 
whatsoever reason they should go in for the tabs. So if there is a more, more 

education and faces keep coming around to monitor, they’ll see the importance of it 
and also join.” – Focal Person 

District SHEP Coordinators also identified a need for more sensitization of parents and suggested the 

PTA and SMC leadership as starting points. 

“To me for the program to be sustained we need the support of the parents. I think to 
improve the program if orientation or sensitization exercise will be organized for at 

least the executives of PTA and SMC.” – District SHEP Coordinators 

Formal sensitization activities took place at the community level through radio and community 

meetings. One school held “dramas” in the school and at a PTA meeting as an innovative way to 

sensitize students, educators, and parents on anemia and IFA. Several schools held meetings with their 

PTA/SMC, and a small number of PTA/SMC chairpersons reported sensitizing parents themselves.  

“Initially [parents] were afraid it would prevent their children from bearing children in 
the near future but after we explained to them, they accepted it.” – PTA Chairperson 
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The information given during the sensitization efforts ranged from comprehensive lessons to counseling 

during distribution. While educators had a general sense of the benefits of IFA and the reasons for the 

program, most lacked a comprehensive knowledge of anemia, the components and benefits of IFA 

tablets, who should consume IFA tablets, how one should take IFA tablets, and potential side effects of 

IFA tablets. These aspects were missing from sensitization efforts of most educators. 

Health and Nutrition Education 

Health and nutrition education is not consistent across schools. The GIFTS program did not develop a 

curriculum or knowledge standards for schools, though it did provide printed resources for sensitization 

on IFA and health and nutrition education. Schools were about evenly split between those that had a 

plan for conducting such sessions and those that did not. 

“Interviewer: How do you decide that we’ll talk about this or we’ll talk about that? 
Focal Person: Well, sometimes you just sit down and think about it, you consult, I 

don’t work alone, I have my assistant. I say “Ah, don’t you think that we can discuss 
this with the students and then we pick it up from there, if we look among us the 

stuff, if there’s any teacher who has more knowledge on that aspect then involve the 
person and the person shares his experience or her experience with the children.” 

 
“You know, it is the nurse that has been coming to do [health and nutrition 

education]. We have designed our action plan though. Aha so anytime we have such 
program, we invite her to come. Last time she came to talk to them about personal 

hygiene and also talk to them about drug abuse.” – Focal Person 

Some educators lacked the knowledge and resources needed to conduct effective health and nutrition 

education. Apart from sensitization efforts, few schools or district SHEP coordinators reported creating 

new health and nutrition education sessions or resources due to the GIFTS program. Some educators led 

health and nutrition education sessions, while others relied on visits from health workers. Health and 

nutrition education topics included anemia, diet, bullying, truancy, pregnancy, water and sanitation, 

hygiene, malaria, sexual and reproductive health, hepatitis, and HIV. Topics were not covered 

systematically and some schools did not include nutrition in their sessions. 
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Training and Resources 

Levels of educator training fell into three broad categories: 1) those who received formal training at the 

start of the program, 2) those who had received a brief orientation from a colleague who was trained, 

and 3) those who received no training at all. Many focal persons were trained at the start of the 

program in 2017, but four of the interviewed focal persons had not received formal program training. All 

four of the untrained focal person belonged to schools in the lower half of intake adherence during the 

Year 1 quantitative evaluation. Most head teachers had been given an orientation to the program by 

trained focal persons. Most non-health teachers were untrained. However, in one case, the school 

received ongoing training through the academic year from the district nutrition officer. 

Nearly all educators reported the need for additional training both to refresh focal persons and to train 

other stakeholders such as head teachers. Teacher turnover was another common reason for requesting 

additional training. Some focal persons highlighted the need for more materials for sensitization and 

health and nutrition education. 

“To help me do my work effectively, I think they should train more teachers. Yes, 
maybe a SHEP coordinator and the female teachers we are (laughs), we are bound to 
go on leaves and other things, so if I’m not the only person who has been trained, and 

other teachers too have been trained, I think it can help.” – Focal Person 
 

“I will say because of forgetfulness, we the teachers, we are here doing other things 
not only the, this thing, so the teacher might forget about some of the things they’ve 
learnt at the workshop. So, if they can give us a resource pack—a book which um, all 
the good things about this will be written in it for the teacher to easily be referring to 
anytime she wants to do a program. Yes so that is they should give us some guide or 

a resource book that we can easily refer to.” – Focal Person 

Educators described subsequent interactions with health workers and their trained peers as 

“orientations.” These were used for informing untrained educators and refresh trained educators 

periodically; however, educators did not view these as equivalent to training. District SHEP coordinators 

stressed the need for continual training or orientation. Some included themselves as trainers of focal 
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persons or school SHEP coordinators, while others viewed this as the responsibility of the health sector. 

District SHEP coordinators also required fuel for visiting schools to monitor, supervise, and in some cases 

deliver IFA tablets to schools.  

“I think for the program to be improved you have to give them orientation, that’s the 
school based SHEP coordinators. Also, so that they will … have in-depth knowledge 

about the program meaning those that we came back to train some of them have left 
the district, so those new ones we have to give them orientation so that they will take 

over the program because we want the program to be sustained.” – District SHEP 
Coordinator 

 
“Like fuel, for instances last week I pleaded with [the health] office that you should 

support me to reach all the schools and when I received something small I was able to 
roam round all the villages even though I had to supplement to be able to complete. 
That is my work but you really need to do something so that while we do the work 

our pockets also don’t dry up.” – District SHEP Coordinator 

 

Motivation 

Within the key informant interviews, we attempted to classify motivation for participating in the 

program into intrinsic motivation – “doing something because it is inherently interesting or enjoyable” – 

and extrinsic motivation – “doing something because it leads to a separable outcome.”(15) 

Intrinsic 

Respondents had a variety of roles in the GIFTS program including monitoring, supervision, sensitization, 

health and nutrition education, distribution of IFA tablets, calling the names of students to receive 

tablets, maintaining order during distribution, and taking the tablet in front of students. All educators’ 

felt their role in the program was important, regardless of what the role was.   

“[My role] is critical in the sense that the girls are our students and we go into the 
various classes to teach them. Our main focus is for them is to understand what we 

are teaching them so if they usually lose blood through the natural menstruation that 
they go through, they will be unable to understand what we teach them because it is 
painful. As a teacher I need to teach them well and they also need to understand. So 

once they go through this natural process, I took it upon myself to give out the 
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drugs.” – Focal Person  
 

“I serve as a role model, because before you give it out, you take, when you take it 
they are also motivated, because some of the stories behind the issue is that maybe 
they were giving it out, they were giving them the supplements to maybe prevent 
them from giving birth in the future. We know the myths in our country when they 

are taking or doing a program. They’ll say these white men are just trying to give us 
some HIV or whatever, so when we take it, we give it to them, they know that this 
tablet is authentic or valid that our teacher involved, the leader, or the teacher.” – 

Teacher  

Many cited their views on the importance of girls’ health and the positive results they had seen as 

motivation for their participation. Many also reported their connection to the girls as parents, role 

models, and caretakers. Connection with the school and community was also identified as a source of 

motivation. For example, the PTA chairperson who supervised every IFA tablet distribution was also the 

son of the school’s founder and namesake. Another focal person talked about how the students were 

like her children. Others reported that teachers who did not participate often were not native to the 

school’s location and frequently left for their home communities.  

“Anything that has to do with health I think I am interested in it, I think aside being a 
teacher and  know that it is not only the classroom work, in the school you are more 

or less like a mother, if you are  male, a father to the children. It is not only the 
academics as much as we’re trying to impart values and other things to them. We 

also want to make sure that they are in good health. So me, though we are not given 
anything for doing this, but I like it, I like doing it because at the end of the day, it is 

going to help these girls and that motivates me.” – Focal Person 

 

Extrinsic 

Many focal persons stated they were motivated to participate in the program because they had been 

assigned this role. Some educators had support and supervision from head teachers, and many had 

supervision from district SHEP coordinators. However, many educators reported the need for more 

monitoring of the program. A small number of schools had direct support and supervision from the 

PTA/SMC. 
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“PTA Chairperson: The help we give is that when the children are about to take the 
drug, some of them are afraid, some put it in their mouths and pretend to swallow it 

but later go and spit it out, so when they are about to take the drug, we coax and 
encourage them to take the drug 

Interviewer: So what work has the PTA done with the teachers to ensure the drug 
intake goes up? 

 PTA Chairperson: The work that we do as I said is that, we encourage the girls and 
make sure everyone takes the drug before we leave 

Interviewer: So that means that every day when they are about to take the drug, you 
come to the school? 

 PTA Chairperson: Yes, I always come” 

Many focal persons and teachers felt they should receive additional compensation for their work on the 

GIFTS program as cash, commendations, or other rewards. Head teachers noted the extra workload of 

focal persons and advocated for additional compensation for them.  

“The concern I have is about the teachers in charge, he takes his time I think this an 
extra curricula activity which he needs some kind of motivation. He should have been 
motivated but since the inception of the program we have not seen any motivation 

yet.” – Head Teacher 

Some educators highlighted the need for more recognition of their work on the GIFTS program. 

“I think we are doing a very good job that we need to be motivated. Even though we 
know that … it will help the children and because of that, we will want to do it, I think 
if they motivate us it will also let us feel like at least what we are doing they are also 

appreciating it. […] Like any incentives or anything that they think they can use to 
motivate us, once a while...” – Focal Person 

 

Acceptability for Purchasing  

Some educators believed parents would pay a low cost (about 10GH, or <2USD) per year for the IFA 

tablets but only if proper sensitization was done. There was a widespread belief that most parents 

would not pay without increased awareness of the benefits of IFA supplementation. Many cited the 

poverty of their communities or general resistance of parents to pay fees. Some educators feared a levy 
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would violate the newly instituted free education polices, and others feared it would further 

disadvantage children from poor households or drive misconceptions about the program. 

“Actually you know when they get to know this is a program for the education service 
and from the Ghana Health Service they are thinking it’s free. So, when you tell them 
10 cedis it will be a problem because this is a village and mostly they don’t have some 
social amenities and I think only water and electricity is not there. So they don’t have 

enough information from television and the radio.  Even when they launched this 
program in [District] they didn’t not know. I went on YouTube and took it to them 
then they realize this is a program, and they realized chiefs and other people were 
there. The dignified people were there, and if they think it is a bad program, they 

wouldn’t come and support it. So, that is how they were convinced that this is a true 
program. I think they have on their mind that this is a government program, so when 
you have to charge them 10 cedis I think you have to convince them and don’t know 

how.” – Focal Person 
 

“Once money is involved, they’ll use that to say no. Regardless of the misconception 
they have of it, they’ll use this as a stand point to tarnish it. Yes, they’ll use the cost 

element to downplay the importance it has to play here.” – Head Teacher  

However, about two-thirds of PTA/SMC chairpersons would be willing to pay and would convince other 

parents to pay. A few PTA/SMC chairpersons stated that due to the unstable local economy and poverty, 

most parents would be unable to pay at their schools. 

“Yes that is if they understand what they are paying for that this is something good 
for my child, my girl. This is good for her. This will help her in this way or that way. If 
the person is able to understand, have that understanding. Eh, I want to believe that 
there are people, a lot of them who will be willing to pay for it.” – PTA Chairperson 
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6.4: Discussion 
The results indicate that after two years of implementation schools had adapted to the GIFTS program, 

and widespread changes in attitudes and beliefs about the IFA tablets had improved their acceptability. 

Many educators, PTA/SMC chairpersons, and students identified positive changes within those who took 

IFA tablets and encouraged the program to remain in place. GIFTS program focal persons in some 

schools exceeded expectations by taking on additional responsibilities such as provision of water and 

cups to students, sole responsibility for distribution and monitoring, and transportation of tablets from 

the district level. Head teachers recognized the contributions of focal persons and advocated for 

compensation for their additional responsibilities. Educators and parents were motivated to support and 

participate in the program by their own desires to improve the health of students and by external 

factors such as supervision and support from others.   

Still, some challenges remained. Timely provision of tablets and maintenance of the supply chain were 

weaknesses that should be addressed at the national, regional, and district levels. Implementing a 

consistent channel of communication regarding the supply chain and improving the timeliness of 

monitoring may help to reduce shortages and expired tablets. This aligns with evidence from similar 

programs in India where state-level disruptions in supply chain led to shortages (7) and Indonesia where 

data sharing between education offices and district health offices was used to strengthen the supply 

chain (8). 

Some educators felt their work goes unrecognized and unrewarded. Educators offered suggestions for 

motivating focal persons such as T-shirts, caps, books, commendations, lunches, a borehole for water, 

money for water, and additional salary. District SHEP coordinators specifically identified the need for 

money for fuel to travel to schools for monitoring and supervision. Evidence from Indonesia found 

similar motivators for educators including understanding the program’s potential effect on health and 
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school performance; however, they used acknowledgement by school and district leadership as an 

extrinsic motivator(8), something the GIFTS program is lacking. 

Some negative perceptions persisted in a minority of students and parents, though most respondents 

had engaged students in sensitization and many had spoken with parents about IFA tablets. However, 

some schools’ parent leadership remained unaware of and unengaged by the program. Empowering 

educators to sensitize other educators and parents may improve acceptance of IFA tablets; however, 

they must have the training and resources to complete such sensitization activities.  

Schools in the top and bottom of average IFA intake adherence during the first school year were no 

longer distinguishable in their adherence to the program, as reported by focal persons. Educators who 

gave their schools lower marks in the distribution of IFA tablets reported more misconceptions by 

students, parents, and other educators and had more troubles with IFA supply chain and procurement 

of water. No clear patterns emerged with regard to geographic location, level, or size of the school. This 

is in contrast to the quantitative analysis and may be due to the method of selection with few schools 

with each strata or other aspects of the school’s experience that were not discussed in the interviews. 

Additionally, there was a variety of experiences represented in these data, which may have obscured 

patterns by these strata.  

Training was a pervasive theme with most district SHEP coordinators and school focal persons having 

formal training. Few others had a formal training, though most had an orientation by health workers or 

the focal persons in their schools. Schools where focal persons had little or no training had more 

troubles with adherence to the GIFTS program, aligning with the results of the first year quantitative 

analysis.  

The health and nutrition education component would benefit from a systematic approach to ensure that 

relevant topics are covered with sufficient frequency. That boys felt left out of the program furthers 
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highlights the deficit in program fidelity. The GIFTS program was designed to be an anemia program that 

includes health and nutrition education for all adolescents, not only girls. Reinforcing the inclusion of 

boys in GIFTS program-related health and nutrition education would improve program fidelity, decrease 

the perception that boys are left out, and potentially improve the health of adolescent boys. Many 

teachers requested more training and support from health workers because they lacked the knowledge 

and skills to educate students on health and nutrition topics. Further strengthening of inter-sectoral 

partnerships is needed to facilitate this type of collaboration. 

While some district SHEP coordinators worked closely with district nutrition officers, other districts had 

challenges with inter-agency partnerships. Increasing a sense of ownership of the program among 

district SHEP coordinators and including other education sector staff such as circuit supervisors may 

improve collaboration, supervision, and support at multiple levels.  

As with all qualitative studies, there is subjectivity in the interpretation of findings; however, the 

research team has taken a systematic approach and interviewers and national coordinators were 

included in finalizing the analysis. Another limitation of this study is the that reports of student 

perceptions relied on adults because no students were interviewed. Educator and parent report of 

student perceptions is incomplete and may be inaccurate. However, because of resources contraints 

and the fact that focus groups with students were routinely held as part of monitoring activities, we 

focused on educators and school-level factors to build on previous work showing their importance. This 

analysis also captures a single point in time and relies on recall in reflecting on occurrences and 

perceptions over the previous two years. While this study did not aim to represent all educators and 

parents in the studied regions, it does provide a breadth of information from a diverse groups of schools 

and a large group of key informants at multiple levels and with varied roles. Further work may be 

needed to develop sustainable options for training and motivating educators and to determine the 

specific resources needed to improve health and nutrition education. This study fills gaps in 
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understanding local supply chain, program fidelity, perceptions, attitudes, motivation, and willingness to 

pay that  may be used to improve the functioning of the GIFTS program and may have applications for 

similar planned programs in the region. 
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6.5: Figures and Tables 
Table 6.5.1: Summary Findings from Interviews with 77 Educators and PTA/SMC Chairpersons in 16 Ghanaian Schools 

Themes Findings Implications Potential Solutions or Improvements 

Distribution of IFA 
Tablets - Supply 

Chain 

Lack of ownership by education sector and 
differences in organizational structure 
between education and health sectors  

Education sector not an equal partner and 
disruptions in supply chain occur 

Include education sector at all levels and 
align supply chain with education 
organizational structure 

Communication about supply chain is 
inconsistent 

Extended supply shortages and lack of 
timely reporting 

Leverage existing reporting mechanisms 
and promote the use of technology in a 
standardized manner 

Few schools had shortages of IFA tablets 
and expired tablets 

Students missed doses 
Provide tablets earlier in the school year 
and improve communication and 
monitoring of IFA tablet supply 

Distribution of IFA 
Tablets - Methods 

within Schools 

Standard weekly distribution day 
(Wednesday) 

Uniform expectations at all program levels Maintain current practice 

The GIFTS program focal person is 
responsible for distribution at most schools 

Failure to fulfill this responsibility by one 
individual may have resulted in no tablets 
being distributed 

Ensure that focal persons have assistants 
for regular support and that can fill in when 
needed 

Tablets are typically given outside of 
instructional time and after food has been 
eaten 

Ensured that girls do not fall behind in class 
and that they did not take it on an empty 
stomach 

Assist schools who do not currently follow 
these methods with arranging the 
distribution schedule to occur outside of 
instructional time and after food has been 
eaten 

Lack of clean water 
Tablets taken with unsafe water or water 
had to be purchased by students or 
educators 

Incorporate clean water activities into the 
GIFTS program such as distribution of clean 
water and testing water sources at schools 

Distribution of IFA 
Tablets - Perceived 

Time Burden 

Attitudes about the time burden were split 
with district SHEP coordinators and 
program focal persons spending the most 
time 

May have taken time away from the other 
responsibilities of educators and led to burn 
out 

Spread responsibilities within schools and 
streamline the tools and supervisory 
responsibilities of district SHEP 
coordinators 
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Distribution of IFA 
Tablets - 

Challenges within 
Schools 

Festivals, observances, examinations, and 
school events caused missed distributions 

Students missed doses despite being 
otherwise present or available for school 

Consider culturally appropriate ways to 
modify the distribution method such as 
sending tablets home to be consumed or 
modify the schedule to account for holidays 
and examinations 

Insufficient program registers caused 
missed distributions 

Students missed doses and monitoring is 
incomplete 

Ready additional program registers and 
train educators on stop-gap methods of 
recording tablets in the event of insufficient 
registers 

Distribution of IFA 
Tablets- 

Consumers Outside 
the Target 
Population 

Not all female teachers consumed IFA 
tablets 

Incomplete coverage of female teachers 
and students lacked a role model for 
consumption 

Expand sensitization to include female 
teachers 

Male teachers consumed IFA tablets in 
some schools 

Increased modeling of IFA consumption, 
but may have left fewer tablets available 
for students 

Evaluate the need for male teachers to 
consume the tablets and train educators 

Male students consumed a limited number 
of tablets in some schools 

May have reduced the perception that the 
tablets were for altering girls' reproductive 
health and left fewer tablets for the 
targeted girls 

Evaluate the need and safety for male 
students to consume the tablet and 
develop a protocol for distribution, if 
distribution is deemed useful 

Confusion over special uses of IFA tablets 
such as for students with sickle cell disease 
or while menstruating 

Students may have received inappropriate, 
dangerous, or inadequate doses of IFA 
tablets 

Retrain educators on appropriate 
distribution and special cases for excluding 
or including students 

Perceptions, 
Attitudes, and 
Awareness - 

Educators 

Most reported positive feelings about IFA 
tablets and had basic knowledge of IFA 

Educators had basic information to 
sensitize students to IFA tablets 

Expand training to ensure that all educators 
have a basic understanding of anemia and 
IFA tablets 

Many lacked depth of knowledge of IFA 
tablets and anemia 

Few educators were able to deal with 
complex questions or situations 

Expand training of focal persons and head 
teachers to ensure they can deal with 
complex questions and situations 

Linked positive changes observed in girls to 
consumption of IFA tablets 

Educators may have been more motivated 
in their work 

Reinforce key messages about the benefits 
of IFA tablets so that positive outcomes 
continue to be noticed 

Advocated for boys to be included 
Educators believed that the program would 
benefit boys 

Evaluate the need and safety for male 
students to consume the tablet 
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Few educators had negative views of IFA 
tablets 

Negative views may spread to other 
educators, students, and community 
members 

Provide resources to district SHEP 
coordinators and program focal persons for 
addressing misconceptions among teachers 

Perceptions, 
Attitudes, and 
Awareness - 

Parents 

Initial suspicions that the IFA tablet was 
contraception 

Led to refusals to consume IFA tablets 
Sensitization was reported to reduce 
misconceptions over time 

Few parents remained unaware of the IFA 
program 

Violation of parents' rights to make 
informed decisions about the health of 
their children and may lead to negative 
feelings when they become aware of the 
program 

Improve early academic year sensitization 
of parents through media and parent 
meetings 

Attributed positive changes in girls to 
consumption of IFA tablets 

More willingness for girls to participate 
Increased sensitization activities among 
parents that highlight the benefits of IFA 
tablets 

Few PTA/SMC chairpersons supervised 
distribution 

Where occurring, more motivation for 
educators and increased ownership and 
decision-making power of parents 

Increase engagement of PTA/SMC and 
invite participation in the program where 
possible 

Perceptions, 
Attitudes, and 
Awareness - 

Students 

Early misconceptions about IFA tablets Led to refusals to consume IFA tablets 
Sensitization was reported to reduce 
misconceptions over time 

Undesirable changes / side-effects Led to refusals to consume IFA tablets 

Increased sensitization activities and 
counseling on IFA to identify and address 
true side-effects and correct 
misconceptions 

Receiving but refusing to swallow the tablet Reduced consumption and over reporting 

This problem subsided over time through 
improved perceptions of IFA tablets and 
increased monitoring of consumption 
within schools 

Male students wished to participate in the 
program 

Male students supported the program but 
the health and nutrition education 
component was not communicated as a 
program benefit or not received by male 
students 

Train educators to ensure that health and 
nutrition education is given to all students 
and communicated as being part of the 
program 
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Sensitization 

Both formal and informal sensitization 
activities were held 

Students received multiple forms of 
communication on IFA tablets 

Provide more resources for sensitization 

Sensitization viewed as the cause of 
positive changes in attitudes and beliefs 
surrounding IFA tablets 

Refusals declined Provide more resources for sensitization 

Sensitization was insufficient and late 
Misconceptions were formed early and led 
to refusals at the beginning 

Provide more resources for sensitization 
and create a timeline for delivering key 
messages 

Educators felt that sensitization was the 
responsibility of the health sector 

Educators may have relied on sensitization 
of the health sector, while the health sector 
relied on educators 

Clearly define roles of each sector related 
to sensitization 

Health and 
Nutrition Education 

The program provided educational 
resources but no curriculum, and about half 
of schools had a plan for health and 
nutrition education 

Program fidelity was inconsistent across 
schools 

Provide more resources and a curriculum 
for health and nutrition education 

Educators lacked knowledge and resources 
for effective health and nutrition education, 
and some relied on support from health 
workers 

Quality of health and nutrition education 
may have been poor within some schools 

Provide more training and resources for 
health and nutrition education; improve 
cross-sectoral collaboration 

Topics were varied, not covered 
systematically, and some never included 
nutrition 

Quality and focus of health and nutrition 
education may have been poor within some 
schools 

Provide more training and resources for 
health and nutrition education; improve 
cross-sectoral collaboration 

Training and 
Resources 

Training was inadequate to refresh the 
knowledge of focal persons, account for 
teacher turnover, and reach head teachers 
and other educators 

Educators lacked the knowledge, skills and 
motivation needed for program fidelity 

Increase the frequency of training and the 
number of stakeholders trained 

Motivation - 
Intrinsic 

All educators’ felt their role in the program 
was important, regardless of what the role 
was   

Educators were motivated to fulfill their 
roles 

Maintain this perception through 
recognition of their work 

Positive changes attributed to tablets 
motivated educator participation 

Educators felt the program was worthwhile 
Maintain this perception through continued 
sensitization 
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Connection to students and the community 
was also cited as motivation 

Educators completed their work for the 
good of their students and community 

Craft messages that promote this sense of 
connection between the program and their 
community 

Motivation - 
Extrinsic 

Support and supervision motivated 
educator participation 

Educators completed what was encouraged 
and required by their supervisors 

Increase the buy-in of head teachers to 
promote more active support and 
supervision at the school level 

Educators desired compensation or other 
rewards for their work on the program that 
was viewed as outside their normal 
responsibilities 

Educators may have experienced burnout 
because of a lack of reward for extra work 

Consider appropriate and sustainable 
incentives for educators actively involved in 
the program 

Educators need more recognition for their 
work on the program 

Educators may have experienced burnout 
because of a lack of recognition for extra 
work 

Implement ways to recognize the work of 
educators on the GIFTS program 

Acceptability for 
Purchasing 

Widespread view of educators that parents 
would not pay even a small fee for IFA 
tablets 

A fee for the IFA tablet may not be 
accepted by parents 

Consider alternative ways to fund the 
program 

Some educators thought parents may be 
willing to pay with proper sensitization 

Educators did not feel that parents are well-
informed about the benefits of IFA tablets 

Improved sensitization of parents 

Some educators feared a levy would violate 
the newly instituted free education polices, 
and others feared it would further 
disadvantage children from poor 
households or drive misconceptions about 
the program 

A fee for IFA tablets may result in backlash 
and unequitable distribution 

Design any fee on a sliding scale or other 
such scheme to promote equity and 
combine with sensitization activities 

Many PTA/SMC chairpersons found 
payment for IFA tablets acceptable and felt 
they could convince other parents to pay 

Leaders of parents felt differently about the 
acceptability of purchasing tablets than 
educators 

PTA/SMC chairpersons are more privileged 
than other parents but they may be helpful 
for promoting a fee or incorporating a fee 
into the PTA dues 

Note: GIFTS=Girl's Iron-Folic acid Tablet Supplementation; IFA=Iron-Folic acid; PTA=Parent-Teacher Association; SHEP=School Health Education and Promotion; 
SMC=School Management Committee 
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Figure 6.5.1: Conceptual Framework of the Barriers and Facilitators of a School-based Adolescent 

Anemia Control Program with Iron-Folic acid Supplementation  

 

Note: This framework is rooted in the Social-Ecological Model (Bronfenbrenner, 1979) and incorporates 

elements from Tanahashi’s levels of health service coverage (1978) and the Innocenti Framework on 

Food Systems for Children and Adolescents (UNICEF, 2018) 
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Figure 6.5.2: Regional Map of Ghana, GIFTS Program Phases, and Study Sites 

 

 

Figure 6.5.3: Primary Distributor of IFA Tablets in 16 Schools in Ghana 

 

 

Focal Person with 
Assistance ᵃ, 8

Focal Person Alone, 
5

Class or Health 
Prefects (Students), 

2

Class Teachers, 1

Note: A random displacement of up to 

10 kilometers has been added to the 

position of the surveyed schools. 

 

a Assistance was provided by teachers, head teachers, and students. 
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Figure 6.5.4: Reported Time Devoted to Girls Iron-Folic acid Tablet Supplementation (GIFTS) Program 
in 16 Schools on Distribution Day by Respondent Role 
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Chapter 7: Expanded Discussion 

7.1: Summary of Findings 
For Aim 1, we found that the prevalence of anemia among adolescent girls was nearly double the 

prevalence among boys. Predictors of anemia and hemoglobin concentration (Hb) were not identical 

between girls and boys. Predictors among girls included age, geophagy, malaria, diet, and body mass 

index (BMI). Predictors of anemia among boys included age, malaria, diet, and BMI. Age and BMI each 

had opposite associations with anemia among boys and girls with age increasing anemia and overweight 

decreasing anemia among girls. Dietary sources of iron predicted anemia prevalence among both boys 

and girls. Rich sources of heme iron were negatively associated with anemia among girls, and wheat 

flour products (predominantly not fortified with iron) were positively associated with anemia among 

boys.  

In the Aim 2 analyses, we found that the prevalence of anemia declined from 25.1% to 19.6% after 8 

months of exposure to weekly IFA supplementation. Cumulative weekly IFA tablets consumed was 

positively associated with Hb and negatively associated with anemia. IFA supplementation had a 

curvilinear dose-response relationship with Hb. We also found that the minimum effective number of 

IFA tablets for achieving adequacy of Hb over one school year in this population was 26 (i.e., 1 IFA tablet 

per week during at least 26 weeks over the school year).  

For Aim 3, we estimated that 90% of schoolgirls received at least one IFA tablet over the first year; 

however, 76% had not received the minimum effective number of tablets. Bottlenecks were identified at 

the levels of acceptability, accessibility, and effectiveness coverage. School-level factors explained 75% 

of the variance associated with increased IFA dosage. The ability to make up missed doses, school level 

(junior vs. senior secondary), and educators’ program-related training were positively associated with 

the total number of weekly IFA tablets consumed, and educator perceptions on the difficulty of 
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implementation and excessive time burden of the program were negatively associated with the total 

number of IFA tablets consumed.  

The qualitative findings of the Aim 4 analysis indicated that, after two years of implementation, schools 

adapted the program, and widespread changes in attitudes and beliefs about the IFA tablets improved 

their acceptability. Educators and parents observed positive changes in consumers of IFA tablets and 

were motivated to continue the program. School GIFTS program focal persons took on many of the 

responsibilities for the program and their efforts were highlighted by their supervisors and colleagues. 

Most educators viewed the acceptance and integration of the program as improving over time. 

However, limitations remained including disrupted supply chain, lack of program ownership, mediocre 

cross-sectoral and vertical communication, inadequate educator training, lack of extrinsic motivators, 

unsystematic health and nutrition education, and insufficient program resources.  

7.2: Comparison of Findings to Similar Studies 
There is extensive literature on the predictors of anemia in various contexts, which was used to build 

models of the predictors in our analyses. Large studies among women of reproductive age have found 

the predictors of anemia to include iron deficiency, inflammation, vitamin A insufficiency, wealth, 

minority ethnicity/caste, age, and hookworm infection.(1,2) Studies of preschool children have found 

similar predictors and also included malaria and poor sanitation.(3) However, these predictors were not 

consistent across all countries studies, differing by contextual factors such as inflammation and 

infection. This underscores the need for context-specific examinations of anemia. There are fewer 

studies of adolescent girls, but one small agriculture-focused study in Ghana identified age, wealth, 

household dietary diversity, and agro‐ecological zone to be predictors of anemia among adolescents.(4) 

Data on predictors of anemia among men and adolescent boys is much sparser relative to women of 

reproductive age, but some included level of education, age, wealth, BMI, HIV/AIDS, and malaria.(5)  
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In our study, boys and girls had several similar factors associated with anemia and Hb including malaria, 

geophagy, and wealth. There is a large body of evidence that malaria is associated with anemia as 

plasmodium parasites promote destruction of erythrocytes and inhibit erythropoiesis.(6) Though rarely 

studied in adolescents, the practice of pica, an umbrella term including geophagy, has been associated 

with anemia among women, though competing hypotheses of physiological mechanisms persist.(7) The 

positive relationship between wealth and anemia is unexpected and counter to most studies of 

anemia.(1) However, we hypothesized that this is related to the ongoing societal nutrition transition that 

supports the consumption of energy-dense and nutrient-poor foods, the effects of which may differ by 

cultural or societal norms.(8) Lower wealth households may depend on traditional foods in this context, 

while higher wealth households have an increased ability to acquired packaged or prepared foods. 

Alternatively, the wealth index is based on household assets, which for adolescent girls may not 

adequately represent her socio-economic status, especially for girls living in boarding schools.  

Age, BMI, and components of the diet had differing associations with anemia and Hb by sex. Girls had 

increased prevalence of anemia with age, while boys had decreased prevalence of anemia with age. 

Diverging effects of age by gender on anemia have been observed in other studies, including in Ghana, 

perhaps because of the onset and establishment of menstruation during adolescence in girls.(4,5) 

Hemoglobin plays a role in muscle density and strength, while at this age boys are gaining more muscle 

mass with age at a rate higher than among girls perhaps contributing to the declining anemia prevalence 

with age observed in boys. (9) Boys with overweight/obese BMI had an increased prevalence of anemia, 

while girls with overweight BMI had lower prevalence of anemia. The inverse association between 

overweight/obesity and anemia has been observed among women in several other countries,(10,11) owed 

perhaps to the increase in food intake and thus increased opportunity for consumption of key 

micronutrients such as iron, vitamin B12, and folic acid. There is also a biologically plausible pathway for 

a positive relationship between overweight/obesity and anemia observed in boys. Overweight/obesity is 
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associated with chronic inflammation because of increased adiposity. The release of pro-inflammatory 

cytokines promotes hepcidin secretion, which in turn downregulates iron absorption, suppresses the 

release of iron from cells, and can lead to anemia of chronic disease.(12) An alternative explanation is that 

overweight/obesity among boys is a proxy for an energy-dense diet that may lack key micronutrients 

such as iron. This is consistent with the positive association between consumption of wheat flour 

products (inadequately fortified in Ghana (132)) and anemia among boys. 

The 22% reduction in the prevalence of anemia over the study period found in Chapter 4 is consistent 

with the 33% reduction in risk reported by a meta-analysis of IFA intervention trials in schools.(14) The 

difference is expected because real-world conditions often present more challenges than the controlled 

conditions of efficacy trials but suggests there may be room for improving the program’s impact. Many 

included trials were focused on a single intervention; whereas, the GIFTS program was an integrated 

package of health and nutrition education and IFA supplementation, which has the potential to improve 

its impact but also complicates it delivery. A reduction of 5.5 percentage points (p.p.) in the population 

prevalence of anemia is a decrease of approximately 22,000 cases of anemia among adolescent girls in 

schools within the surveyed regions over only 8 months. This effect extended to all 3 million adolescent 

girls in Ghanian schools might avert 165,000 cases of anemia. Further, a reduction of 5.5 p.p. is also 

much larger than the approximate 0.025 p.p. annual decrease in anemia prevalence among non-

pregnant women 15-49 years in the Central and West Africa region between 1995 and 2011. (15) While 

regional trends may differ from individual countries, this comparison highlights the dramatic decrease 

associated with this integrated IFA intervention. 

In a Cochrane review among studies of menstruating women and adolescents, IFA supplementation had 

a dose-response relationship with Hb but not with anemia.(16) In our study, we observed a dose-

response relationship with Hb and with anemia. This is potentially due to the distribution of Hb values in 

our data with most baseline values being near the cut-offs for anemia. An increasing dose of IFA would 
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push a greater number across this threshold and prevent others from falling below the anemia cut-off. 

The curvilinear relationship between IFA tablets and Hb is consistent with the commonly observed 

biological response to iron replacement therapy.(17) Other studies have not derived a population cut-

point for the minimum effective quantity of IFA tablets for achieving adequacy of Hb; however, our cut-

point is consistent with the WHO recommendations for intermittent IFA supplementation (3 months of 

supplementation followed by a 3 month break).(18) 

Similar studies of community-based IFA supplementation found that individual-level factors were 

associated with adherence and that supply chain was the only associated health center-level factor.(19) 

Studies of school-based IFA supplementation of adolescent girls in India and Indonesia also identified 

supply of IFA as a critical factor for adherence.(20,21) We found school-level structural factors and 

educator perspectives and training were primary barriers and facilitators to intake adherence rather 

than individual-level knowledge, attitudes, or beliefs. The target population and delivery platform are 

likely explanations for our findings in Ghana. Adolescents in schools are accustomed to following the 

expectations of their educators, but this age also marks an increase in peer influence.(22) Applied to the 

GIFTS program, peer influence may have left little variation in individual-level knowledge, attitudes, and 

beliefs within schools. Other demographic factors were not associated with intake adherence suggesting 

that inequities in distribution may be limited. These findings should not de-emphasize the importance of 

addressing potential individual-level program barriers. These findings suggest that addressing barriers 

and improving facilitators at the school level may be a starting point for promoting intake adherence. 

Many of our qualitative findings are consistent with those from India including the need for cross-

sectoral collaboration, involvement of multiple school stakeholders, utilizing student leaders, 

sensitization of students and stakeholders, and integration into existing systems and infrastructure.(23) 

Cross-sector collaborations have been identified by other school-based supplementation programs as a 

key driver of program uptake and adherence.(21,24) Several similar programs have highlighted the need 
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for effective communication to the target population and their communities.(23,24,25,26) Several of our 

findings related to educators are unique because of the design of the program: operating through 

educators rather than health workers. These include time burden, responsibilities, and knowledge of 

educators. Consistent with retrospective evaluations of the scale-up of India’s program, (23) potential 

solutions for many of the issues highlighted in the qualitative study center on improved communication 

and collaboration between the health and education sectors, strengthening the supply chain, spreading 

the responsibility for distribution within schools, improving sensitization activities, improving the 

engagement of parents, and increasing the frequency of and stakeholders involved in trainings.  

7.3: Study Strengths and Limitations 
This dissertation has several limitations. We were unable to perform a complete analysis of the etiology 

of anemia among Ghanaian adolescents, and we lack other potential proximal predictors of anemia such 

as micronutrient status, inflammation, HIV, hookworm or other infections, blood disorders, and a more 

complete examination of diet. The food frequency methods we utilized were based on validated 

methods for women of reproductive age but had not been validated after modifications or within 

adolescents. The short recall period and single data collection at baseline and follow-on means that 

usual intake of individuals was not collected, rather we assume to have an approximation of usual intake 

of the population, which is also subject to seasonal food availability. 

Our study is limited by the absence of a contemporaneous counterfactual. While it is reasonable to 

assume that changes observed over time are real because they happen within the same individuals, we 

cannot be certain that changes would not have happened in the absence of the intervention. 

Seasonality could have played a key role in the changes because of two main reasons: malaria and diet. 

The interaction of endemic malaria and micronutrient deficiencies in Ghana makes malaria-induced 

anemia a perennial problem.(27,28) The density of the malaria parasite and severity of malaria infection 

are positively associated with hepcidin secretion leading to the sequestration of iron in malaria-infected 
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individuals.(29) This suggests that ingested iron is poorly utilized by individuals with malaria infection and 

supplemental iron may not be as effective for anemia control in populations where malaria is not 

adequately addressed. This adaptive mechanism, which may lead to low serum ferritin, can also create 

difficulties in the classification of iron deficiency in malaria-infected individuals. Patterns of diet also 

change with the availability of agricultural products. However, although there were significant changes 

over the school year in malaria burden (follow-on was conducted during a higher transmission season) 

and diet, there was no evidence of interaction by malaria in the association between IFA tablets and 

anemia or hemoglobin concentration. All adjusted models control for these factors, which could 

minimize the confounding effects of seasonality in our estimates; however, residual confounding by 

unknown or unmeasured variables is still possible. Finally, our method of classifying malaria did not 

measure parasitic load or stage of infection which would have enabled a more sensitive examination of 

the relationships between malaria and anemia because of the parasite’s effects on red blood cells. 

We were also able to show a clear dose-response relationship between Hb and the number of IFA 

tablets consumed, which gives more suggestion of a causal relationship. This relationship is observed 

despite some evidence that IFA consumption was slightly over-reported due to 13% of students spitting 

out a tablet after pretending to swallow it at some point during the school year. This issue was reported 

as a problem only during the start of the program and was resolved through sensitization and closer 

supervision during distribution. We hypothesized that this misclassification would bias our estimates 

towards the null. The reduction in anemia prevalence might have been greater had the issue of spitting 

out tablets not occurred. Nonetheless, these issues were minimal as there was excellent (100%) 

agreement between the student report of ever consuming the tablet and the abstracted consumption 

data.  

The qualitative study was not completed within a representative sample of schools; however, the large 

number of schools with diverse characteristics provides an approximation of the breadth of experiences 
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in Phase I schools. The absence of student respondents limits interpretation of their perspectives, which 

may be key individual-level drivers of program participation. Key informant interviews may suffer from 

social desirability bias; however, interviewers encouraged candor and stressed confidentiality to 

minimize the risk of these biases. The single time-point of the interviews also limits the capture of 

changing information, experiences, or motivations over time. The interviews were primarily conducted 

in English, but cross-cultural differences between the respondents and the analyst could have led to 

misinterpretations of responses. However, local co-investigators participated in the analysis and 

interpretation, which likely reduced this issue.  

This dissertation is strengthened by the use of rigorous quantitative and qualitative methods to evaluate 

adolescent anemia and school-based anemia control programming in Ghana. The overall effectiveness 

study used a longitudinal cohort design to measure individual-level changes. Each analysis used an 

adequate sample size and had a high participation rate (>90%). Multi-level models had a sufficient 

number of clusters (30) and individuals to achieve the desired statistical power. Qualitative interviews 

reached saturation for all themes and had respondents for each a priori stratum. Validated and 

standardized methods were used in the measurement of height, weight, Hb, and malaria. Longitudinal 

measurement of the IFA number of tablets consumed eliminates recall bias, though other control 

variables such as diet and geophagy were based on participant recall. However, there were missing 

registers from three schools that reduced the analytic samples size. The use of objective variables and 

multiple sources of data including schools, students, and registers allows for some evaluation of data 

quality and sensitivity analyses. The cut-point for the minimum effective number of weekly IFA tablets 

provides a data-driven target for achieving adequacy of Hb in the population, and the use of a statistical 

bootstrapped approach corrects for potential overfitting and optimism bias around estimates. (31) The 

multi-level model of IFA consumption controls for cross-level confounding while examining the 

predictors of consumption in the hierarchical structure in which they exist.  
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7.4: Remaining Research Gaps and Next Steps 
To our knowledge, this work is the first to evaluate an anemia control program with IFA 

supplementation in schools in sub-Saharan Africa. However, there are still several research gaps. 

Understanding the burden of blood disorders would increase precision by enabling exclusion of 

individuals with these conditions from the program and analyses. An assessment of iron and folic acid 

deficiency and inflammation would improve our understanding of which adolescents stand to benefit 

most from IFA supplementation and how it affects micronutrient status. An ongoing evaluation in Phase 

III includes biomarkers of iron and inflammation and includes boys in the evaluation. However, it does 

not include an assessment of folic acid status. Further study of adolescent diets in Ghana is needed to 

estimate the contribution of iron and folic acid in the diet and to understand the nutrient gap that the 

IFA tablet aims to fill. These studies may also evaluate the need for multiple micronutrient 

supplementation.  

Government officials intend to move towards local production of the iron-folic acid supplement using 

public-private partnerships. Currently supplied supplements do not contain the WHO-recommended 

quantity of folic acid, only 400 µg rather than the recommended 2800 µg. Local production may provide 

an opportunity to meet the recommendation and study the effects of an increase dose. Thorough 

formative research is needed to tailor the tablet for adolescent girls. Such research may uncover the 

need for a chewable tablet to eliminate the barriers caused by water scarcity or a different color tablet. 

Specific strategies for addressing barriers to intake adherence will need to be evaluated. Some 

problematic areas of the program identified by the qualitative study will require further investigation 

such as strategies for improving the behavior change component for students within schools. Further, 

strategies for improving the communication and collaboration between the health and education 

sectors and promoting the joint ownership of the program will need to be tested.  
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The health center delivery platform of the intervention designed to reach out-of-school girls through 

local health centers remains unevaluated. A complete analysis of its effectiveness and the barriers to 

intake adherence is needed to ensure equity of the program for out-of-school girls. While the 

enrollment of younger adolescents is high (>80%), approximately 40% of older adolescents are not 

enrolled in secondary schools. (32) This means that equitable distribution may not occur if the focus is 

solely on the school platform, and additional efforts are required to ensure that the health center 

platform reaches girls missed by the school platform. In addition, a formal evaluation of sensitization 

activities within communities is needed to understand the reach of such activities and their 

effectiveness in improving awareness and understanding of the GIFTS program and to identify a 

minimum package of effective strategies for sustainable replication. A study of other potential 

downstream impacts of the program is also needed. It is unclear how the introduction of the integrated 

anemia control program among adolescent girls might have affected school attendance and 

performance, awareness and uptake of IFA for antenatal care, micronutrient supplementation of 

children, or other anemia prevention behaviors within the families of participating adolescents.  

Finally, the cost-effectiveness and cost-benefit have yet to be evaluated. As a national program, a 

significant investment is being made in the GIFTS program by the ministries of health and education and 

international partners. Determining the cost-effectiveness and cost-benefit of the program will be useful 

data points for decision-makers in Ghana and in other countries seeking to address anemia among their 

adolescent population. 

7.5: Conclusions 
The burden of anemia among adolescent girls in Ghana is moderately high. Though several factors are 

associated with anemia in this population, school-based IFA supplementation is effective at reducing the 

burden of anemia among adolescent schoolgirls. Barriers and facilitators to intake of IFA supplements 

stem primarily from the school level and program infrastructure rather than student-level behaviors 
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during the first year of implementation. However, there is interaction between these levels as training 

and sensitization activities can foster a cooperative spirit among educators, parents, and students. 

Further strengthening of training, communication, motivation, and supply chain may improve program 

fidelity and intake adherence with downstream effects on Hb and anemia. Further research is needed to 

understand the potential application of these findings to the health center platform for reaching 

adolescent who do not attend schools. 
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Appendices 

Appendix 1: Key Informant Interview Guides 
 

Interview Guide 

District SHEP Coordinator 

Establish Rapport 

1. Greeting 

2. Introduce yourself: My name is ______________, I am here with the Ghana Health Service and 

UNICEF to interview teachers and SHEP coordinators about their experiences with the GIFTS 

Programme.  

[Ask easy questions to build rapport.] 

3. Thank you for welcoming us to your district 

Introduction to the Study 

1. Overview of the study: After the roll-out of the GIFTS programme to reduce anemia among 

schoolgirls in the first 4 regions, we are returning to understand how the program has gone 

during year 2 and ways in which it can be improved. Today we are interviewing stakeholders to 

understand how the GIFTS Programme has been received and implemented in your district.  

2. Reason for selection: You have been selected because your school is a beneficiary of the GIFTS 

Programme. At each school we are interviewing stakeholders in the program. May I have your 

full name? (Write down.) 

Consent 

1. Voluntary: I will explain to you the purpose and scope of the interview before asking whether you 

would like to participate. It is your choice whether to participate and refusing at any point will 

not affect your standing at this school. If you feel uncomfortable answering any question, you 

may ask me to skip to the next subject. 

2. Time commitment: The interview should take us about 45 minutes – 1 hour. 

3. Recording: It will also be recorded on this device. It is necessary to record your answers because I 

cannot write fast enough to take down everything you say during this interview. Your name will 

be removed from the recording, and our team will listen to it again to understand fully your 

responses.  

4. Risk: There are no physical risks to participating. Your information, responses, and the recording 

of your voice will be kept confidential. 

5. Benefits: You will not receive any additional compensation for participating; however, your 

insights will benefit the improvement of the GIFTS Programme in schools throughout the 

country. 

6. Do you have any questions? 

7. Give time to read consent form and sign. 

BEGIN RECORDING: Be sure that the counter begins. 
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A. DISTRIBUTION 

State the name of the school, district, and respondent clearly for the recording. 

 

1. Main Question: (Knowledge) Tell me what you know about the IFA programme (GIFTS). 

2. Main Question: (Supply chain) Thinking about the last academic year (term/semester), describe for 

me the process of distributing IFA to schools. 

(Wait for answers. If not discussed, use probes to understand important elements.) 

a. Probe: How does the IFA get to the district and schools? 

b. Probe: Who is responsible for distribution to the schools and receiving the IFA at schools? 

c. Probe: How would you describe the supply of IFA tablets in your district? How regular? Any 

shortages? 

d. Probe: What happens if a school runs out of IFA tablets?  

CHECK THAT RECORDER IS WORKING 

3. Main Question: (Differences) Have there been any changes in the way you give out IFA to the girls? 

Please describe any changes. Please explain why things changed or did not. 

a. Probe: What things did your district have to change or improve since the start of the GIFTS 

Programme? 

 

4. Main Question: (Role) What is your role in the IFA Programme (GIFTS)? 

a. Probe: How much of your time does that take (hours and minutes)? 

b. Probe: How critical is your role in the distribution of IFA tablets? 

c. Probe: What motivates you to participate? 

 

5. Main Question: (Barriers) Tell me about any weeks of school that no IFA tablets are given. What 

reasons are there for not giving IFA tablets? 

 

6. Main Question: (Strengths and Perceptions) How do you think the IFA distribution is going?  

a. Probe: What do you think goes well with IFA tablets distribution? 

b. Probe: How do you feel about IFA tablets? 

c. Probe: How do education staff (colleagues and school teachers) feel about the IFA tablets? 

i. How do you know? 

d. Probe: How do you think students (girls and boys) feel about the IFA tablets? 

i. How do you know? 

 

7. Main Question: (Limitations) What do you think could be improved with IFA distribution? 

a. Probe: What resources would be helpful to improve IFA tablet distribution? 

 

B. SENSITIZATION 
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1. Main Question: (Events) What kinds of sensitization activities have been done with parents or 

community members related to the GIFTS Programme, since the inception of the program? Please 

tell me about those events. 

a. Probe: Who attended? Where were they held? 

b. Probe: What kind of information was given? 

c. Probe: How helpful has this been? 

 

2. Main Question: Do you talk to school health teachers (SHEP coordinators) and teachers about IFA? 

Tell me about any information you give them.    

 

3. Main Question: (Perceptions) How do parents and community members feel about the GIFTS 

Programme? How do you know? 

 

C. HEALTH EDUCATION 

 

1. Main Question: (Sessions) Tell me about any forms of support you provide to school health teachers 

related to health and nutrition education. 

a. Probe: Have you developed any new education resources because of the GIFTS Programme? 

Could you tell me about those? 

b. Probe: What could be done to improve the health and nutrition talks given to students? 

D. TRAINING 

1. Main Question: (Training) Describe any training you received about the IFA/GIFTS programme? 

a. Probe: Who provided the training?  

b. Probe: When were you last trained? 

c. Probe: How influential has this training been? 

2. Main Question: (Training needs) What types of training support could the program provide you or 

your district? 

a. Probe: Any additional training? Why is this necessary or not? 

b. Probe: Any resources? 

 

E. Willingness to Pay 

1. Main Question: In your opinion, do you think parents would be willing to pay about 10 cedis per year 

for the IFA tablets? What is your reason? 

 

F. FINAL THOUGHTS 

1. Main Question: Before I end the recording, do you have anything else to say about the GIFTS 

Programme? 

 

Thanks: Thank you for your time. Your perspective is very important, and we are grateful for your 

commitment to the education and well-being of students. I will now end the recording. 
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Interview Guide 

School GIFTS Focal Person and Head Teacher 

A. DISTRIBUTION 

1. Main Question: (Knowledge) Tell me what you know about the IFA programme (GIFTS). 

2. Main Question: (Time of last distribution) I’d like to begin by asking you some questions about the 

last time the school gave out IFA tablets.  Please tell me about when the school last gave out IFA. 

(Wait for answer. If not sure, use probes to help understand approximate time since last 

distribution.) 

a. Probe: Was IFA given out since the current term began? 

b. Probe: Was IFA given out last July (or another month last term)? 

c. Probe: Has it been over a year since IFA was given out? 

 

3. Main Question: (Last distribution) How does your school distribute the IFA tablets? Describe the 

process. 

(Wait for answers. If not discussed, use probes to understand important elements.) 

a. Probe: How are students organized to receive IFA tablets? 

b. Probe: Who distributes the tablets and records who took them? 

4. Main Question: (Differences) Have there been any changes in the way your school gives out IFA to 

the girls? Please describe any changes. Please explain why things changed or did not. 

a. Probe: What things did your school have to change or improve since the start of the GIFTS 

Programme? 

 

5. Main Question: (Role) What is your role during the distribution? Tell me what you do during this 

time. 

a. Probe: How much of your time does that take (hours and minutes)? 

b. Probe: How important is your role in the distribution of IFA tablets? 

c. Probe: What motivates you to participate? 

 

6. Main Question: (Barriers) Tell me about any weeks of the school term that no IFA tablets are given. 

What reasons are there for not giving IFA tablets? 

a. Probe: What reasons might there be for a student not to receive an IFA tablet?  

 

7. Main Question: (Strengths and Perceptions) How do you think the IFA distribution is going?  

a. Probe: What do you think goes well with IFA tablets distribution? 

b. Probe: How do your personal views about IFA tablets? 

c. Probe: How do other teachers, the head teacher, or health teachers feel about the IFA 

tablets? 

i. How do you know? 

d. Probe: How do you think students (girls and boys) feel about the IFA tablets? 

i. How do you know? 
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8. Main Question: (Limitations) What concerns do you have about the IFA program? 

a. Probe: What do you think could be improved with IFA distribution? 

 

9. Main Question: (Use of IFA) Do teachers take the tablet in this school? Which teachers? Do you also 

take it? 

a. Probe: Why or why not? 

 

B. SENSITIZATION 

 

1. Main Question: (Events) What kinds of sensitization activities have been done with parents or 

community members related to the GIFTS Programme, since the inception of the program? Please 

tell me about those events. 

a. Probe: Who attended? 

b. Probe: What kind of information was given? 

 

2. Main Question: Do you talk to students about IFA? Tell me about any information you give students. 

How often does this happen? 

 

3. Main Question: (Perceptions) How do parents and community members feel about the GIFTS 

Programme? How do you know? 

 

C. HEALTH EDUCATION 

 

1. Main Question: (Sessions) Do you give health and nutrition talks to students. If no, what are the 

reasons? If yes, please describe the health talks. 

a. Probe: What do you talk about? How do you decide what topics to talk about? What 

resources would you require? 

b. Probe: What do you tell students about what IFA does for them (positive and negative)? 

c. Probe: Have you created any new health talks because of the IFA programme? Could you tell 

me about those? 

d. Probe: What could be done to improve the health talks you give to students? 

e. Probe: What nutrition topics have you talked about? 

 

D. TRAINING 

1. Main Question: (Training) Describe any training you received about the IFA/GIFTS programme? 

a. Probe: Who provided the training?  

b. Probe: How long ago was the training? 

2. Main Question: (Training needs) What other training support could the program provide you? 
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E. Willingness to Pay 

1. Main Question: In your opinion, do you think parents would be willing to pay about 10 cedis per 

year for the IFA tablets? What is your reason? 

F. FINAL THOUGHTS 

1. Main Question: Before I end the recording, do you have anything else to say about the GIFTS 

Programme? 

Thanks: Thank you for your time. Your perspective is very important, and we are grateful for your 

commitment to the education and well-being of students. I will now end the recording. 
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Interview Guide 

Teacher 

A. DISTRIBUTION 

State the name of the school and respondent clearly for the recording. 

 

1. Main Question: (Knowledge) Tell me what you know about the IFA programme (GIFTS). 

2. Main Question: (Time of last distribution) I’d like to begin by asking you some questions about the 

last time the school gave out IFA tablets. Please tell me about when the school last gave out IFA. 

(Wait for answer. If not sure, use probes to help understand approximate time since last 

distribution.) 

b. Probe: Was IFA given out since the current term began? 

c. Probe: Was IFA given out last July (or another month last term)? 

d. Probe: Has it been over a year since IFA was given out? 

 

3. Main Question: (Last distribution) How does your school distribute the IFA tablets? Describe the 

process. 

(Wait for answers. If not discussed, use probes to understand important elements.) 

e. Probe: How are students organized to receive IFA tablets? 

f. Probe: Who distributes the tablets and records who took them? 

CHECK THAT RECORDER IS WORKING 

4. Main Question: (Differences) Have there been any changes in the way your school gives out IFA to 

the girls? Please describe any changes. Please explain why things changed or did not. 

g. Probe: What things did your school have to change or improve since the start of the GIFTS 

Programme? 

 

5. Main Question: (Role) What is your role during the distribution? Tell me what you do during this 

time. 

h. Probe: How much of your time does that take (hours and minutes)? 

i. Probe: How important is your role in the distribution of IFA tablets? 

j. Probe: What motivates you to participate? 

 

6. Main Question: (Strengths and Perceptions) How do you think the IFA distribution is going? 

k. Probe: What do you think goes well with IFA tablet distribution? 

l. Probe: How do your personal views about IFA tablets? 

m. Probe: Are other teachers, the head teacher, or health teachers supportive of the IFA 

tablets? 

i. How do you know? 

n. Probe: What do you tell students about what IFA does for them (positive and negative)? 

o. Probe: How do you think students (girls and boys) feel about the IFA tablets? 

i. How do you know? 
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p. Probe: What reasons might there be for a student not to receive an IFA tablet? 

 

7. Main Question: (Limitations) What do you think could be improved with IFA distribution? 

Probe: What resources would be helpful to improve IFA tablet distribution? 

8. Main Question: (Use of IFA) Do teachers take the IFA tablet in this school? Which teachers? Do you 

also take it? 

q. Probe: Why or why not? 

B. SENSITIZATION 

 

1. Main Question: (IFA counseling) Do you talk to students about IFA? Tell me about any information 

you give students. How often does this happen? 

 

2. Main Question: (Perceptions) How do parents and community members feel about the IFA/GIFTS 

Programme? How do you know? 

 

C. HEALTH EDUCATION 

 

1. Main Question: (Sessions) Do you give health and nutrition talks to students. If no, what are the 

reasons? If yes, please describe the health talks. 

a. Probe: What health and nutrition topics have you talked about? How do you decide what 

topics to talk about? What resources would you require? 

b. Probe: What could be done to improve the health and nutrition talks you give to students? 

 

D. TRAINING 

1. Main Question: (Training) Describe any training you received about the IFA/GIFTS programme? 

a. Probe: Who provided the training?  

b. Probe: How long ago was the training? 

2. Main Question: (Training needs) What types of training support could the program provide you? 

E. Willingness to Pay 

1. Main Question: In your opinion, do you think parents would be willing to pay about 10 cedis per 

year for the IFA tablets? What is your reason? 

 

E. FINAL THOUGHTS 

1. Main Question: Before I end the recording, do you have anything else to say about the GIFTS 

Programme? 

Thanks: Thank you for your time. Your perspective is very important, and we are grateful for your 

commitment to the education and well-being of students. I will now end the recording. 
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Interview Guide 

Chairperson of PTA or School Management Committee 

 

1. Main Question: (Awareness) What do you know about the GIFTS Programme/IFA? 

a. Probe: What have you heard? 

b. Probe: What does the IFA tablet do for the person who takes it? 

c. Probe: What problem does it solve? 

d. Probe: Where did this information come from? 

2. Main Question: (Perceptions) What do you think about the GIFTS Programme/IFA? 

3. Main Question: (Perceptions) How do other parents feel about the IFA tablets? 

r. How do you know? 

s. Do other parents ask you about the IFA programme? Why or why not? 

4. Main Question: (Perceptions) Which community leaders are aware of the IFA programme? What is 

their opinion about IFA? How do other community members feel about the IFA tablets? 

t. How do you know? 

5. Main Question: (Sensitization) Has the school ever met the PTA about the GIFTS Programme? What 

did they tell you? 

6. Main Question: (Observations) Do you know any children that take IFA tablets? Which children 

receive IFA tablets (girls/boys, older/younger)? Tell me about any changes you have noticed since 

they started taking IFA. 

u. Probe: Tell me about any children you know that do not take IFA tablets. 

7. Main Question: (Support) What support do you give the GIFTS Programme? 

8. Main Question: (Sensitization) What kinds of sensitization activities do you do with parents or 

community members? 

9. Main Question: In your opinion, do you think parents would be willing to pay about 10 cedis per 

year for the IFA tablets? What is your reason?  

10. Main Question: Before I end the recording, do you have anything else to say about the GIFTS 

Programme? 

 

Thanks: Thank you for your time. Your perspective is very important, and we are grateful for your 

commitment to the education and well-being of students. I will now end the recording. 

END RECORDING 

Write summary of the interview. 
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Appendix 2: Distribution of Hemoglobin Concentration at the Baseline and 

Follow-on Surveys of the Phase I Evaluation of the GIFTS Program 

 

 


