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Abstract 

 

Background: While the causes of anemia at an individual level (such as certain nutritional 

deficiencies, infections, and genetic disorders) are well defined, there is limited understanding 

of the relative burden of anemia attributable to each cause within populations.  

 

Objective: To estimate the proportion of anemia cases attributable to nutritional, infectious 

disease, and other risk factors among women, men, and children in six regions of Ethiopia.  

 

Methods: A population-based cross-sectional study was conducted. Data were obtained from 

2,520 women of reproductive age (15-49 years), 1,044 adult men (15-49 years), and 1,528 

children (6-59 months). Participants provided venous blood samples for assessment of 

hemoglobin concentration, ferritin, folate, vitamin B12, C-reactive protein, and malaria 

infection. Stool samples were collected to ascertain helminth infection status. 

Sociodemographic questionnaires and a 24-hour diet recall were administered. Population-

weighted prevalences of anemia and risk factors were calculated. Multivariable-adjusted 

associations of risk factors with anemia and partial population attributable risk percentages 

(pPAR%) were estimated using generalized linear models.  

 

Results: Anemia prevalence was 17% (95% CI: 13%, 21%) among women, 8% (6%, 12%) among 

men, and 22% (19%, 26%) among children. Low serum ferritin contributed to 11% (-1%, 23%) of 

anemia cases among women, 9% (0%, 17%) among men, and 21% (4%, 34%) among children. 
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The proportion of anemia attributable to low serum folate was estimated at 25% (5%, 41%) 

among women and 29% (11%, 43%) among men. Dietary iron intake was adequate for nearly all 

participants, while inadequacy was common for folate and vitamin B12.  Inflammation and 

malaria were responsible for less than one in ten anemia cases.  

 

Conclusions: Folate deficiency, iron deficiency, and inflammation appear to be important 

contributors to anemia in Ethiopia. Folic acid food fortification, targeted iron interventions, and 

strategies to reduce infections may be considered as potential public health interventions to 

reduce anemia in Ethiopia.  

 

Key words/phrases: anemia, etiology, Ethiopia, folate, iron, infection, population attributable 

percentage 
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Introduction 

 

Anemia remains a major public health challenge in low- and middle-income countries. In 2016, 

an estimated 44.6% of children aged <5 years and 35.1% of non-pregnant women aged 15-49 

years globally were anemic.(1) Anemia is associated with increased mortality among children 

and pregnant women, impaired cognitive development among children, and reduced 

productivity among adults.(2-5) As a result, it was estimated that in 2010 anemia was 

responsible for 8.8% of global years lived with disability, more than major depression, chronic 

respiratory disease, or injuries.(6)  

 

The underlying causes of anemia at the individual-level are relatively well-understood, including 

nutritional deficits (e.g. iron, folate, vitamin B12, vitamin A), infections (e.g. malaria, hookworm, 

HIV), and hemoglobinopathies (e.g. thalassemias, sickle cell).(7) However, it is important for 

public health policy-makers to understand the relative contribution of each of these causes at 

the population level when planning programs and allocating resources. Modeling studies have 

attempted to identify the proportion of anemia cases in the population attributable to each 

cause by assembling data from multiple sources on risk factor prevalence and the strength of 

the association between the risk factor and anemia.(6) However, it is rare for population-

representative participant-level data on multiple risk factors to be collected in a single study 

and used to directly estimate the proportion of anemia cases due to each cause. It is well 

known that with multi-factorial diseases such as anemia, attributable risk estimates are biased 

when only one risk factor at a time is considered.(8) 
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In Ethiopia, several studies have collected countrywide data on anemia prevalence or some risk 

factors, but there is no study which contains a broad set of biomarkers, infection, diet, and 

socioeconomic data, nor which estimates the proportion of anemia attributable to each cause. 

The 2015 Ethiopian National Micronutrient Survey collected blood specimens to assess the 

prevalence of anemia and serum micronutrient levels but did not assess diet and some 

infectious causes of anemia.(9) The 2013 Ethiopian National Food Consumption Survey 

administered a 24-hour dietary recall questionnaire to participants to estimate iron and other 

nutrient intake, but hemoglobin and non-dietary risk factors for anemia were not assessed.(10) 

The 2016 Demographic Health Survey assessed anemia prevalence and malaria, but not 

micronutrient status.(11) As a result, gaps in data availability in each of these surveys has not 

allowed for a complete and valid assessment of the contribution of diet, micronutrient status, 

infections and other risk factors jointly to anemia prevalence in Ethiopia. 

 

This population-based study assessed the prevalence of anemia along with risk factors including 

dietary intake, nutritional and infectious disease blood biomarkers, malaria and helminth 

infections, and socioeconomic factors among women of reproductive age, adult men, and 

children 6-59 months in six regions of Ethiopia. The relative contribution of risk factors to the 

burden of anemia was estimated in order to inform decision-making on anemia control 

strategies. 
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Methods 

 

Study population and sampling 

The Anemia Etiology in Ethiopia (AnemEE) study is a population-based cross-sectional study 

conducted among women, men, and children. Detailed methods of the survey have been 

published elsewhere.(12) Sampling was stratified across six regions (Addis Ababa, Afar, Amhara, 

Oromia, Southern Nations Nationalities and Peoples [SNNP], and Tigray). The six regions 

included in the study are estimated to account for 91% of the total population of Ethiopia.(13) 

Within each region a multi-stage sampling design was employed using administrative divisions 

(zones, woredas, and kebeles). Households were randomly selected within each kebele and 

were eligible for inclusion if they included a woman of reproductive age (15-49 years; pregnant 

women were not excluded). A target sample size of seventeen women of reproductive age, 

seven men (15-49 years), and ten children (6-59 months) were selected for data collection in 

each kebele. The total sample size was selected to have regionally representative anemia 

estimates for children, adult women, and adult men in the six selected regions. The 

assumptions used to calculate sample size were: anemia prevalence (by age, sex, and region) 

equal to the 2016 Demographic and Health Survey, 10% precision overall, 90% participation at 

the household, 90% participation at the individual-level, and a design effect of 2.0. The survey 

was undertaken twice in the same kebele – once from January to March 2019 and again from 

June to August 2019 and included different participants from each kebele by round to capture 

seasonal variation. 
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Data collection 

Data were collected via a standardized questionnaire, 24-hour diet recall and blood and stool 

collection. Questionnaires were administered by trained enumerators following standard 

operating procedures and using tablet-based software (Survey CTO, Dobility Inc, Cambridge 

MA). Data quality was ensured through random spot-checks performed by field supervisors and 

by central-level weekly monitoring of data submissions. Blood and stool samples were collected 

by experienced phlebotomists and fieldworkers. 

 

A household questionnaire was administered to collect information on sociodemographic 

characteristics, household infrastructure, health behaviors, and morbidity. Diet was assessed 

using a 24-hour recall tailored to the dietary characteristics of Ethiopia. A multiple-pass method 

was used to maximize recall accuracy of items consumed, their quantity, and their preparation 

method.(14) A second 24-hour recall was administered to a subset of participants to assess diet 

variability.(15) Venous blood was collected; 2 mL were used to assess hemoglobin level and 

malaria infection and 5 mL were used to measure serum concentrations of ferritin (an indicator 

of iron deficiency), C-reactive protein (CRP; an indicator of inflammation), folate, and vitamin 

B12. Due to the constraints of specimen collection in community settings it was not possible to 

have participants fast before blood was drawn or to have blood drawn at the same time of day 

for all participants, although any diurnal variations in blood markers would likely result in non-

differential measurement error. Participants who refused a blood draw were requested to 

provide finger-prick capillary blood to assess hemoglobin status. Stool samples were collected 

to assess the presence of intestinal helminths. Since household eligibility was based on the 
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presence of a woman of reproductive age, a larger number of women of reproductive age were 

contacted than was needed in order to achieve the target sample size for men and children. For 

the women who fell above the target sample size for serum nutrient analysis (approximately 

half of women in each kebele), questionnaire-based data and a venous blood sample for 

hemoglobin and malaria assessment were collected.  

 

Defining anemia and risk factors 

Hemoglobin values were assessed using HemoCue 201+ analyzers (HemoCue AB, Angelholm, 

Sweden). Hemoglobin values were adjusted for altitude using a regression approach and then 

categorized as anemic according to World Health Organization (WHO) cutoffs; cutoffs used in 

this study are provided in Supplementary Table 1.(16, 17) Serum ferritin concentrations were 

adjusted for inflammation (measured by CRP).(18) Serum folate and serum vitamin B12 were 

categorized as low according to WHO criteria and standard clinical guidance, respectively, and 

serum ferritin was categorized as low or high according to WHO criteria.(19-21) Inflammation 

was defined using CRP >5 mg/L.(22) Presence of malaria infection (due to either P. falciparum 

or P. vivax) was assessed using a rapid diagnostic test (CareStart™ Malaria HRP2/pLDH [Pf/Pv] 

COMBO). Microscopic evaluation of Kato–Katz slides of stool specimens were examined for the 

presence of intestinal helminths and categorized as helminth-infected if they contained ova for 

roundworm (Ascaris lumbricoides), hookworm (Ancylostoma duodenale), whipworm (Trichuris 

trichiura), or tapeworm (Hymenolepis nana or Taenia species). 
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Dietary intake was assessed using the food items and quantities reported in the 24-hour recall. 

Nutrient intake was calculated by matching the consumed food items and their quantity to a 

dataset based on the Ethiopian Food Composition Table (EFCT).(23) For nutrient values not 

listed in the EFCT, food composition tables from Uganda, Tanzania, and the United States were 

used.(24-26) The value for iron content in injera – a commonly consumed food item and 

important source of iron – was taken from a study that accounted for soil contamination that 

occurs during teff grain processing.(27) Cutoffs for inadequate nutrient intake of iron, folate, 

and vitamin B12 were defined as consumption less than the age- and sex-specific Estimated 

Average Requirement of nutrient intake and assuming a low bioavailability of iron absorption 

(5%).(28) 

 

Heavy menstruation is a risk factor for anemia among women of reproductive age.(29) Women 

were asked three questions based on a previously validated questionnaire: how heavy they 

perceived their period to be, how much pain they experienced, and the duration of their 

period.(30) These questions were combined into a single variable using principal components 

analysis and the highest ten percent of this new variable were classified as having heavy 

menstruation. Symptoms of diarrhea, cough, and fever during the previous two weeks were 

self-reported for adults or reported by the caregiver for children. Use of an unimproved source 

of water and unimproved sanitation was defined according to criteria by the WHO.(31) An asset 

index was calculated by conducting principal components analysis using a list of items owned 

by households and then dividing participants into quintiles. Data collection occurring between 
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June and August was defined as the wet season for all regions except Afar, where the climate 

was hot and dry during this period. 

 

Ethics 

The AnemEE protocol was approved by the Harvard T. H. Chan School of Public Health 

Institutional Review Board (Ref. No. IRB18–0236) and the Addis Continental Institute of Public 

Health Institutional Review Board (Ref. No. ACIPH/IRB/005/2018). A support letter was also 

obtained from the Ethiopian Federal Ministry of Health (Ref. No.1/49/44/671). All adult 

participants were asked to provide written informed consent for study participation. Mothers 

or guardians provided informed written consent for children.  

 

Statistical analysis 

The prevalence of overall anemia by region and season for women, men, and children was 

estimated. The prevalence of mild, moderate, and severe anemia was also estimated by region. 

Standard errors were adjusted for correlated outcomes (within kebeles, woredas, and zones) 

and for stratification by region and season. Estimates of anemia prevalence aggregated across 

all six regions were weighted according to their relative age and sex-specific population 

sizes.(13) The prevalence of risk factors in the weighted sample was calculated among both 

anemic and non-anemic participants and compared using Pearson’s design-based F statistic. 

Possible bias due to missing dietary and specimen collection among participants was accounted 

for using inverse probability of censoring weights (see Supplementary Methods 1 for 

details).(32)  
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Estimates of usual diet were calculated using the Iowa State University methodology for 

prevalence measures, and based on mixed regression models for risk ratios and partial 

population attributable risk percentages (pPAR%).(33, 34) Estimates of usual dietary intake 

were obtained by estimating within- and between-person variation in intake by participant type 

and calculated using data from repeat 24-hour recalls taken for a subset of the sample (n=309, 

6.3% of the total sample). Additional information on the methods and results of usual dietary 

intake estimation are presented in Supplementary Methods 2. Confidence intervals for these 

nutrient analyses using predicted values of usual diet were calculated using bootstrapping (see 

Supplementary Methods 3 for details).(35) The prevalence of inadequate intake of iron was 

nearly zero, and the prevalence of inadequate vitamin B12 was nearly one hundred percent, so 

binary cutoffs for dietary intake were not used in the model for these nutrients. Instead, 

quartiles of nutrient intake adjusted for total energy intake using the residual method were 

used.(36) For iron and vitamin B12 intake, risk ratios and pPAR% were calculated comparing the 

lowest three quartiles of consumption to the highest quartile, whereas for folate a binary 

indicator defined by the Estimated Average Requirement was used.   

 

Risk ratios for the association of risk factors with anemia were calculated using generalized 

linear models with a log link, Poisson distribution, and robust standard error.(37) Clustering due 

to the complex survey sampling design was accounted for using Stata’s “svyset” command 

applying standard methods.(38, 39) A proximal, medial, and distal risk factor model was 

estimated for each participant type (women, men, and children; Figure 1). The proximal model 
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– which contains risk factors that most immediately precede anemia (serum biomarkers and 

infections) – includes only participants with complete blood and stool data. The medial models 

include intermediate risk factors (such as usual diet and morbidity symptoms) and the distal 

models include socioeconomic risk factors (such as sanitation and assets) plus age. Medial and 

distal models include participants with hemoglobin data. All estimates are adjusted for the 

other risk factors in the model. To control for potential confounding, the proximal and medial 

models each include all risk factors included in the distal model. Partial population attributable 

risk percentages were estimated from multivariate models.(40, 41) Risk ratios and pPAR% were 

weighted to represent the population distribution aggregated across the six sampled states.(13)  
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Results 

There were 2,520 women, 1,044 men, and 1,528 children who consented for study 

participation and completed a household questionnaire (Figure 2). Among these, 2,229 women 

(88%), 917 men (88%), and 1,162 children (76%) had hemoglobin concentration data. Among 

women, 1,274 were randomly selected for serum micronutrient and inflammatory biomarker 

specimen collection while all 917 men and 1,162 children were eligible for biomarker 

assessment. Stool samples were obtained for 891 women, 674 men, and 796 children 

(respectively, 70%, 74%, and 73% of those eligible for stool collection). Among women included 

in the study, 192 (8.6%) reported that they were pregnant. 

 

The prevalence of anemia among women was 14.9%, among men was 8.1%, and among 

children was 22.0% (Table 1). No statistically significant differences in anemia prevalence were 

observed by season (Supplementary Table 2). Significant differences were observed between 

regions among women, with Afar showing the highest prevalence. The majority of anemia cases 

were mild (Supplementary Table 3). The prevalence of iron deficiency anemia (i.e. concurrent 

anemia and low serum ferritin) was 3.7% in women, 1.4% in men, and 9.5% in children 

(Supplementary Table 4). When excluding pregnant women from the analysis, the prevalence 

of anemia among women was 15.2% (Supplementary Table 5).  

 

Analysis of serum samples demonstrated that folate deficiency was the most common 

micronutrient deficiency identified among women (41.2%) and men (39.3%), and was also 

common among children (21.3%; Table 2). The prevalence of low serum ferritin, an indicator of 
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iron deficiency, was 25.3% among children and 13.8% among women, but not as high among 

men (4.6%). Low serum vitamin B12 was prevalent in about one in four adults and one in five 

children. High levels of inflammation were seen in 7-8% of women, men, and children. Malaria 

prevalence was uncommon, appearing in less than 2% of the population. Helminth infections 

were also rare, appearing in 5% or less of the population. Inadequate amounts of folate were 

consumed by 42% of women, 30% of men, and 26% of children. Inadequate dietary vitamin B12 

consumption was observed in 100% of women, 98% of men, and 40% of children. The 

prevalence of risk factors varied by region (Supplementary Table 6). Mean intakes of dietary 

intake of iron and folate appear in Supplementary Table 7. High dietary iron consumption is 

presented in Supplementary Table 8. 

 

The proximal model examined the association and contribution to anemia of serum biomarkers 

and infections. After adjustment for other risk factors in the proximal model for anemia among 

women, positive associations were observed between anemia and low serum ferritin, low 

serum folate, high CRP, and malaria; Table 3. The same set of risk factors were found in the 

proximal risk factor model for men (Table 4). For children, low serum ferritin, low serum folate, 

and high C-reactive protein were associated with increased risk of anemia (Table 5).  

 

After adjustment for other proximal risk factors and potential confounders, the proportion of 

anemia estimated to be attributable to low serum ferritin among women was 11%, among men 

was 9%, and among children was 21%. Low serum folate was estimated to contribute to more 

than a quarter of anemia cases among women and men. High CRP contributed to about one in 
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ten anemia cases among women and men, and to one in twenty anemia cases among children. 

While malaria had strong relative risks for anemia among women and men, the low prevalence 

of malaria at the population-level resulted in only 3% of anemia cases attributed among women 

and 8% attributed among men. Low serum vitamin B12 was found to have a protective 

association with anemia among women and men. Risk factors in the proximal model that were 

significantly associated with increased anemia were together responsible for 34% of anemia 

cases among women, 42% among men, and 25% among children (Supplementary Table 9). 

 

The medial model examined the contribution of dietary and morbidity risk factors. After 

adjustment for other medial risk factors and potential confounders, dietary intake of iron, 

folate and vitamin B12 were not associated with the risk of anemia for any participant group. 

Anemia was associated with cough among women and diarrhea among children. Heavy 

menstruation was not found to be an anemia risk factor among women. 

 

The distal risk factor model examined the relation of socioeconomic, geographic, and seasonal 

variables with anemia. Water and sanitation were found to be important factors for adults. Use 

of an unimproved water source among women and use of unimproved sanitation among men 

were associated with increased anemia. For proximal, medial, and distal risk factors among 

women, men, and children, similar results were obtained in sensitivity analyses that did not 

adjust anemia for altitude (Supplementary Table 10). Similar results for anemia etiology were 

also observed after excluding pregnant women from the analysis (Supplementary Table 11). 
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Discussion 

 

This population-based cross-sectional survey is among the few studies to estimate the 

proportion of anemia attributable to risk factors using individual-level data. The study found 

that more than a quarter of anemia cases among men and women across the six study regions 

were estimated to be attributable to low serum folate. Low serum ferritin, an indicator of iron 

deficiency, was associated with about one in ten cases among adults and one in five cases of 

anemia among children. Based on 24-hour recall data, nearly all men, women and children met 

the recommended dietary intake levels for iron, while inadequate intake of folate and vitamin 

B12 was relatively common. Inflammation was also a contributor to anemia among women and 

children, although malaria and soil-transmitted helminths infections did not contribute to a 

large share of anemia cases.  

 

Fourteen percent of women, 5% of men, and 25% of children had low serum ferritin (after 

adjustment for inflammation), an indicator of iron deficiency. These figures are similar to those 

found in the nationally-representative Ethiopian National Micronutrient Survey conducted in 

2015.(9) Iron deficiency can result from blood loss, inadequate dietary iron intake, or 

insufficient absorption. Helminth infection prevalence was low and not associated with anemia, 

which suggests that this is not a substantial cause of blood loss. The prevalence of inadequate 

dietary iron intake using the WHO recommended daily intake was virtually zero for men, 

women and children. In fact, iron intake in the study population (55.1 mg/d for women, 63.3 

mg/d for men, and 29.5 mg/d for children) is quite high from a global perspective (for example, 
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iron intake in this study is two to three times higher than the average daily intake from food in 

the United States).(42) Yet low serum ferritin explained 9-21% of anemia (depending on the 

participant group), which suggests that efforts to improve dietary iron absorption could be 

important interventions to reduce anemia. This apparent disparity between the findings for 

serum ferritin and dietary iron may be explained by poor bioavailability of consumed iron. 

Inadequate absorption could result from high levels of inhibitors such as phytate and 

polyphenols which are present in many plant-based Ethiopian foods, or from low levels of 

meat, fish, and poultry consumption.(43) Fortification of staple food items with iron is a 

common policy intervention globally to improve iron status, but is not currently implemented 

at scale in Ethiopia. It is critical that a population-level intervention such as fortification does 

not result in iron overload among individuals who already consume adequate iron. Data from 

this study shows that 5.0% of women and 8.9% of men had excess levels of serum ferritin; in 

Addis Ababa and Tigray high serum ferritin was seen among approximately one in four men 

(Supplementary Table 12). Clinical sequelae and tissue damage due to iron overload typically 

occur at levels significantly above the WHO criteria for high serum ferritin (e.g. SF 500>g/L); 

only 1 woman (0.1%) and 8 men (0.9%) in the study population had serum ferritin above this 

threshold. Nevertheless, population-based interventions to increase iron intake (like iron 

fortification) may place those who already have elevated levels of SF at greater risk of clinical 

sequelae.(44) Targeted interventions – such as point-of-use iron fortification for children or iron 

supplementation for women – could be pursued as an alternative to population-based 

strategies.(45, 46)  
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Low serum folate was highly prevalent among women (41%), men (39%), and children (21%). By 

contrast, the Ethiopian National Micronutrient Study found that only 17% of women had low 

serum folate; the reason for this discrepancy is unclear.(9) Among women and men, low serum 

folate was associated with increased anemia, and was estimated be responsible for 

approximately a quarter of anemia cases. Notably, no significant risk of anemia was associated 

with low serum folate among children, which is why low serum folate did not explain a 

significant proportion of anemia among children despite the fact that 21% of children had low 

serum folate. Dietary assessment of folate consumption indicated that 26-42% of participants 

consumed inadequate quantities. As a result, food fortification with folic acid may be warranted 

as a national strategy to control anemia across all groups. In addition to benefits for anemia 

reduction, interventions to improve folate status are likely to improve other health outcomes 

such as neural tube defects and stroke, which are also notable public health problems in 

Ethiopia.(47-51) Dietary interventions may also be considered. For example, behavior-change 

communication to promote cooking legumes (an important source of dietary folate) for short 

periods of time without pre-soaking, or the consumption of steamed as opposed to boiled 

vegetables.(52-54) 

 

Low serum vitamin B12 was observed in 20-26% of women, men and children, and participants 

reported negligible dietary intake of vitamin B12 on most recall days. Vitamin B12 is primarily 

found in animal food products (such as meats, eggs, and dairy), which all participant groups 

reported having rarely consumed; as a result, estimates of insufficient dietary intake of vitamin 

B12 (which were higher than levels of low serum vitamin B12) may be overestimated, due to a 
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limited number of repeated 24-hour dietary recalls. Vitamin B12 deficiency is an established 

cause of macrocytic anemia, and therefore our finding that low serum B12 was associated with 

a reduced risk of anemia among women and men is counterintuitive. A potential explanation is 

that serum vitamin B12 concentrations were confounded by an unmeasured variable. Milk, 

which contains vitamin B12, has been noted as a potential cause of anemia among children due 

to mechanisms (i.e. the inhibition of non-heme iron absorption by calcium and casein) that may 

apply to adults as well, so this may be a confounder.(55) As a sensitivity analysis, a binary 

indicator of milk consumption was added to the proximal models, but this did not substantially 

attenuate the association between serum vitamin B12 and anemia. Another alternative 

explanation is that households raising livestock, and hence more likely to have better vitamin 

B12 status, may be exposed to environmental pathogens resulting in environmental enteric 

dysfunction and anemia.(56) Nevertheless, the biomarker data suggest that vitamin B12 

deficiency does not appear to be a major contributor to anemia in Ethiopia.  

 

Inflammation (as measured by high CRP) was found among less than one in ten participants and 

was associated in multivariate models with an increase in the risk of anemia among women and 

children. This study’s findings on the proportion of children with elevated CRP are similar to 

those of the Ethiopian National Micronutrient Survey.(9) Overall, 10% of anemia cases among 

women and 5% among children were attributed to this cause. CRP is associated with the acute 

phase of inflammation, may be an indication of subclinical infection, and peaks especially with 

bacterial infections.(57) Tuberculosis infection can cause increased levels of CRP and anemia, 

but the low prevalence of active tuberculosis infections (0.3%) suggests this is not a primary 
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cause of inflammation in the population.(58) Bacterial causes of bloody diarrhea (such as E. coli 

or Shigella) or other infections may be a more plausible explanation. 

 

The burden of malaria and helminth infection was found to be low among men, women, and 

children. Malaria was strongly associated with anemia in adults, but due to the low prevalence 

of infection at the population-level only 3% of anemia cases in women and 8% in men were 

estimated to be attributable to malaria. Helminth infections were not found to be associated 

with anemia in this study. However, prior research has shown that deworming programs are 

associated with significant improvements in hemoglobin.(59) Ethiopia has programs for 

deworming and malaria control with high levels of population coverage.(60, 61) Although 

malaria and helminth infections are not currently major contributors to the existing burden of 

anemia in the country, current programs should be maintained to prevent a potential increase 

in anemia due to these causes.  

 

We also found that social determinants were important contributors to anemia risk, as has 

been observed in other studies.(62) Socioeconomic risk factors were associated with a 

significant proportion of anemia cases, including use of an unimproved water source for women 

and unimproved sanitation for men. These findings emphasize that poverty reduction and 

increased access to improved water and sanitation are potential interventions to produce 

reductions in anemia.  
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A major strength of this study is that it was population-based, so the distribution of risk factors 

represents the target population for public health interventions. Furthermore, data on multiple 

risk factors and covariates was collected, which enhances the ability to disentangle the 

individual contributions to anemia of multiple correlated risk factors. Serum nutrient data was 

collected in addition to dietary intake, which allowed for a comparison of results between 

nutrition indicators. A limitation is that the cross-sectional nature of this study cannot identify 

whether the measured risk factors occurred before the outcome of anemia; however, the risk 

factors evaluated in this study have been established as causes in prior research, and it is 

generally unlikely that anemia would have caused any of these risk factors. Another limitation is 

that dietary assessment methods which use reference values for the nutritional content of 

foods may be subject to error, as recipes and preparation methods can vary between 

households. This study used a set of standard Ethiopian recipes to calculate nutrient intake. 

Furthermore, serum biomarkers taken at a single time point may be subject to measurement 

error relative to their usual value. Finally, tests of genetic causes of anemia were not done for 

this study, though the prevalence of sickle cell and thalassemias in Ethiopia is low.(63, 64)  

 

This study estimated that proximal risk factors explained 25% of all anemia cases among 

children, 34% among women, and 42% among men. One potential reason that a large 

proportion of cases remained unexplained is the use of binary cutoffs for risk factors, since 

biological mechanisms of causality are rarely binary; however, binary cutoffs are often used in 

clinical practice and to maintain statistical modelling parsimony. A second reason could be 

unmeasured interactions between risk factors, which can impact estimates of the pPAR%. 
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Finally, some risk factors that were not included in this analysis, such as vitamin A, may play a 

role in anemia in Ethiopia.  

 

Folate deficiency, iron deficiency, and inflammation are important contributors to anemia in 

Ethiopia to varying degrees among men, women and children. Folate fortification in Ethiopia 

could lead to enhanced folate status and result in reduced risk of anemia and other adverse 

health outcomes. Targeted iron supplementation, particularly for women and children, should 

be considered as means to address anemia. Behavior change interventions to improve dietary 

intake of bioavailable nutrients and address social determinants of anemia are also important. 

While the risk factors identified in this study are supported by prior research and are 

generalizable to other contexts, analyses such as this study are critical in order to identify the 

key factors that contribute to anemia etiology for a specific context. As a result, other countries 

beyond Ethiopia will likely benefit from carrying out similar studies of anemia etiology. 
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Table 1. Prevalence of anemia in Ethiopia among women aged 15-49 y, men aged 15-49 y, and children aged 6-59 mo by region and time of data collection.1 

    Overall   Dry season   Wet season 

Participant Region 
 n  

anemic 
n  

total 
weighted % 

(95% CI)   
 n  

anemic 
n  

total 
weighted % 

(95% CI)   
 n  

anemic 
n  

total 
weighted % 

(95% CI) 

Women 

All regions2 376 2229 14.9 (11.0, 19.8)  192 1136 12.1 (9.1, 15.9)  184 1093 17.7 (11.1, 26.9) 

Addis 36 378 9.6 (7.9, 11.7)  20 175 11.5 (11.1, 11.8)  16 203 7.9 (4.9, 12.5) 

Afar 135 371 36.8 (33.0, 40.7)  79 183 43.6 (39.2, 48.1)  56 188 29.9 (23.4, 37.3) 

Amhara 52 357 14.7 (6.5, 29.9)  24 193 12.6 (7.3, 20.8)  28 164 16.8 (4.1, 48.8) 

Oromia 58 368 16.7 (10.3, 25.9)  22 191 11.8 (6.8, 19.6)  36 177 21.5 (11.2, 37.3) 

SNNP 44 404 10.8 (7.6, 15.1)  17 200 8.3 (3.4, 19.0)  27 204 13.4 (11.6, 15.7) 

Tigray 51 351 15.1 (12.8, 17.6)  30 194 15.4 (12.7, 18.5)  21 157 14.8 (11.3, 19.0) 

             

Men 

All regions2 87 917 8.1 (5.7, 11.5)  46 467 7.8 (5.8, 10.4)  41 450 8.5 (4.5, 15.5) 

Addis 3 125 2.2 (0.9, 5.5)  1 52 1.8 (0.2, 14.8)  2 73 2.7 (0.6, 11.3) 

Afar 25 187 12.8 (7.5, 20.9)  16 94 17.0 (9.3, 29.1)  9 93 9.5 (3.5, 23.0) 

Amhara 14 148 9.3 (7.9, 11.0)  9 81 10.9 (5.7, 19.8)  5 67 7.4 (2.7, 18.9) 

Oromia 8 151 5.6 (1.6, 17.8)  4 81 5.3 (2.1, 12.7)  4 70 5.9 (1.6, 19.1) 

SNNP 18 162 10.9 (8.7, 13.6)  7 82 8.5 (3.5, 18.9)  11 80 13.5 (6.8, 25.1) 

Tigray 19 144 13.6 (6.1, 27.7)  9 77 12.3 (5.7, 24.8)  10 67 15.4 (6.2, 33.3) 

              

Children 

All regions2 267 1162 22.0 (18.5, 25.9)  124 566 20.7 (14.5, 28.7)  143 596 23.1 (20.3, 26.2) 

Addis 29 135 20.9 (12.5, 32.7)  7 42 17.2 (5.4, 43.2)  22 93 23.4 (14.4, 35.8) 

Afar 67 216 31.3 (17.6, 49.4)  36 120 30.2 (13.8, 54.0)  31 96 32.7 (13.0, 61.2) 

Amhara 47 202 23.4 (20.7, 26.4)  19 103 18.2 (14.4, 22.7)  28 99 28.1 (25.2, 31.1) 

Oromia 48 190 24.5 (18.0, 32.4)  26 102 25.3 (13.3, 42.9)  22 88 23.7 (22.6, 24.9) 

SNNP 32 219 14.6 (9.5, 21.8)  11 96 11.5 (9.5, 13.8)  21 123 17.3 (8.5, 31.9) 

Tigray 44 200 22.1 (13.9, 33.6)  25 103 24.2 (9.4, 49.7)  19 97 20.2 (16.2, 24.9) 
1 There is a statistically significant difference in anemia prevalence across regions among women (p<0.01), but not between seasons. There are no 
statistically significant differences by region or season for men and children. See Supplementary Table 2 for details. 

2 Average weighted by regional population size. 

Abbreviations: SNNP, Southern Nations Nationalities and Peoples 
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Table 2. Anemia risk factors among women aged 15-49 y, men aged 15-49 y, and children aged 6-59 mo in six regions of Ethiopia. 

  All  Anemic  Non-Anemic  
Participant Risk factor % 95% CI  % 95% CI  % 95% CI p-value 

Women 

 n=891  n=141  n=750  

Low serum ferritin 13.8 (9.2, 20.1)  22.3 (10.0, 42.8)  12.2 (7.9, 18.4) 0.12 

Low serum folate 41.2 (33.1, 49.7)  58.0 (41.9, 72.5)  38.1 (31.2, 45.5) 0.002 

Low serum vitamin B12 25.8 (14.3, 42.0)  15.3 (6.0, 33.5)  27.7 (15.4, 44.6) 0.07 

High C-reactive protein 6.5 (5.4, 7.9)  14.6 (6.8, 28.4)  5.1 (3.8, 6.8) 0.03 

Helminth infection 4.5 (1.8, 11.1)  1.0 (0.2, 4.8)  5.2 (2.0, 13.0) 0.03 

Malaria 1.5 (0.3, 6.6)  2.9 (0.5, 14.3)  1.2 (0.3, 4.9) 0.003 

       

 n=2229  n=376  n=1853  

Inadequate dietary iron 0.5 (0.2, 1.5)  0.3 (0.0, 2.6)  0.6 (0.2, 1.6) 0.52 

Inadequate dietary folate 42.2 (39.2, 45.3)  43.2 (32.6, 54.3)  42.0 (39.1, 45.0) 0.83 

Inadequate dietary vitamin B12 100.0 (99.9, 100.0)  100.0 --  100.0 (99.8, 100.0) 0.67 

Heavy menstruation 23.6 (21.5, 25.8)  20.9 (17.0, 25.3)  24.1 (21.3, 27.3) 0.29 

Diarrhea 7.5 (6.2, 9.1)  8.1 (5.6, 11.6)  7.4 (5.7, 9.5) 0.70 

Cough 16.3 (14.4, 18.5)  20.7 (13.1, 31.2)  15.5 (13.8, 17.4) 0.22 

Fever 27.7 (26.2, 29.2)  32.0 (25.6, 39.2)  26.9 (24.6, 29.3) 0.20 

Woman has not completed primary education 69.5 (64.2, 74.4)  74.2 (69.7, 78.2)  68.6 (62.8, 73.8) 0.02 

Unimproved water source 16.3 (11.7, 22.4)  26.5 (18.2, 36.9)  14.3 (9.5, 20.9) 0.02 

Unimproved sanitation 72.9 (70.0, 75.7)  77.9 (72.6, 82.5)  71.9 (68.4, 75.2) 0.06 

           

           

Men 

 n=674  n=63  n=611  

Low serum ferritin 4.6 (3.4, 6.1)  12.8 (6.2, 24.6)  3.8 (2.2, 6.5) 0.03 

Low serum folate 39.3 (29.3, 50.3)  52.4 (39.9, 64.6)  38.1 (28.0, 49.4) 0.007 

Low serum vitamin B12 23.4 (7.7, 52.8)  13.1 (4.7, 31.8)  24.3 (8.0, 54.4) 0.06 

High C-reactive protein 8.1 (6.9, 9.5)  14.8 (6.0, 32.4)  7.5 (6.1, 9.1) 0.13 

Helminth infection 4.3 (2.3, 7.9)  7.4 (2.9, 17.3)  4.1 (2.2, 7.3) 0.05 

Malaria 1.0 (0.2, 5.3)  7.3 (1.4, 30.9)  0.4 (0.1, 2.3) <0.001 

          

 n=917  n=87  n=830  

Inadequate dietary iron 0.0 --  0.0 --  0.0 -- n/e 

Inadequate dietary folate 29.7 (23.8, 36.4)  28.8 (19.3, 40.7)  29.8 (23.4, 37.1) 0.86 

Inadequate dietary vitamin B12 97.9 (97.4, 98.4)  98.4 (94.0, 99.6)  97.9 (97.3, 98.4) 0.65 
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Diarrhea 5.8 (4.5, 7.5)  9.4 (3.3, 24.0)  5.5 (4.4, 6.9) 0.25 

Cough 14.6 (12.3, 17.2)  15.8 (7.0, 31.6)  14.5 (12.0, 17.3) 0.81 

Fever 19.6 (14.2, 26.4)  25.9 (19.4, 33.6)  19.0 (13.3, 26.4) 0.14 

Woman has not completed primary education 69.8 (63.5, 75.4)  67.9 (54.4, 79.0)  70.0 (63.8, 75.5) 0.66 

Unimproved water source 18.1 (9.5, 31.9)  21.5 (8.9, 43.4)  17.9 (9.5, 31.0) 0.30 

Unimproved sanitation 72.9 (65.2, 79.5)  84.7 (77.0, 90.1)  71.9 (64.0, 78.6) <0.001 

          
           

Children 

 n=796  n=168  n=895  

Low serum ferritin 25.3 (18.7, 33.4)  42.1 (24.6, 61.8)  21.1 (15.0, 28.9) 0.02 

Low serum folate 21.3 (16.3, 27.3)  31.8 (23.9, 40.8)  18.7 (14.1, 24.4) <0.001 

Low serum vitamin B12 19.9 (12.5, 30.2)  19.0 (11.4, 30.1)  20.1 (12.4, 31.0) 0.75 

High C-reactive protein 8.4 (5.5, 12.7)  14.2 (10.0, 19.9)  7.0 (4.2, 11.4) <0.001 

Helminth infection 5.1 (1.8, 13.1)  1.2 (0.3, 5.1)  6.0 (2.1, 16.2) 0.04 

Malaria 1.6 (0.2, 10.3)  0.1 (0.0, 0.5)  2.0 (0.3, 13.2) 0.007 

          

 n=1162  n=267  n=628  

Inadequate dietary iron 0.7 (0.6, 0.8)  0.4 (0.1, 3.5)  0.8 (0.5, 1.1) 0.62 

Inadequate dietary folate 25.8 (22.8, 29.0)  27.0 (23.7, 30.5)  25.4 (21.2, 30.2) 0.65 

Inadequate dietary vitamin B12 40.4 (38.4, 42.4)  35.6 (29.7, 42.0)  41.7 (38.0, 45.6) 0.18 

Diarrhea 13.7 (11.4, 16.5)  26.0 (20.1, 33.0)  10.3 (8.0, 13.2) <0.001 

Cough 24.2 (20.4, 28.5)  34.2 (25.4, 44.2)  21.4 (16.0, 28.0) 0.06 

Fever 23.2 (20.6, 26.0)  35.6 (27.8, 44.4)  19.7 (15.6, 24.5) 0.007 

Woman has not completed primary education 70.8 (64.4, 76.6)  77.0 (68.0, 84.1)  69.1 (62.4, 75.1) 0.04 

Unimproved water source 16.6 (9.4, 27.7)  18.4 (11.5, 28.2)  16.1 (8.1, 29.5) 0.66 

Unimproved sanitation 73.8 (68.7, 78.4)  78.2 (70.6, 84.3)  72.6 (65.2, 78.9) 0.32 
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Table 3. Estimated proportion of anemia cases attributable to risk factors among women aged 15-49 years in six 
regions of Ethiopia.1,2 

 Risk ratio  

Partial population 
attributable percent 

 RR 95% CI  % 95% CI 

Proximal factors model           

Low serum ferritin 2.06 (0.94, 4.49)  11 (-1, 23) 

Low serum folate 1.77 (1.09, 2.86)  25 (5, 41) 

Low serum vitamin B12 0.53 (0.30, 0.95)  -13 (-23, -4) 

High C-reactive protein 2.88 (1.60, 5.18)  10 (2, 16) 

Malaria 2.49 (1.63, 3.79)  3 (2, 4) 

Helminth infection 0.30 (0.07, 1.31)  -2 (-4, 0) 

      

Medial factors model      

Lower three quartiles of dietary iron intake 0.84 (0.68, 1.46)  -13 (-31, 25) 

Insufficient dietary folate intake 1.08 (0.74, 1.37)  3 (-13, 13) 

Lower three quartiles of dietary vitamin B12 intake 1.24 (0.88, 2.02)  16 (-1, 44) 

Heavy menstruation 0.93 (0.47, 1.07)  -2 (-13, 2) 

Diarrhea 0.99 (0.38, 1.79)  0 (-5, 5) 

Cough 1.28 (1.01, 2.31)  4 (0, 14) 

Fever 1.16 (0.74, 1.57)  4 (-7, 12) 

      

Distal factors model      

Not completed primary education 1.14 (0.86, 1.50)  9 (-9, 24) 

Unimproved water source 1.65 (0.98, 2.78)  10 (-1, 21) 

Unimproved sanitation 1.15 (0.85, 1.56)  10 (-10, 27) 

Lower four quintiles of household asset index 1.15 (0.52, 2.55)  12 (-69, 55) 

Region      

Addis      

Amhara 1.17 (0.44, 3.10)  4 (-18, 21) 

Afar 2.41 (1.23, 4.71)  3 (2, 4) 
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Oromia 1.25 (0.54, 2.86)  9 (-25, 34) 

SNNP 0.92 (0.51, 1.67)  -1 (-10, 7) 

Tigray 1.35 (0.84, 2.18)  2 (0, 4) 

Wet season 1.49 (0.91, 2.43)  20 (-5, 38) 

1 Sample size for proximal model is 891, and for medial and distal models is 2,229. 
2 All models are multivariate adjusted. See Methods for details.  

Abbreviations: SNNP, Southern Nations Nationalities and Peoples 
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Table 4. Estimated proportion of anemia cases attributable to risk factors among men aged 15-49 years in six 
regions of Ethiopia.1,2 

 Risk ratio  

Partial population 
attributable percent 

 RR 95% CI  % 95% CI 

Proximal factors model           

Low serum ferritin 3.43 (1.20, 9.81)  9 (0, 17) 

Low serum folate 2.21 (1.35, 3.60)  29 (11, 43) 

Low serum vitamin B12 0.31 (0.16, 0.57)  -30 (-46, -16) 

High C-reactive protein 2.61 (0.80, 8.53)  9 (-6, 22) 

Malaria 14.59 (5.03, 42.33)  8 (3, 13) 

Helminth infection 0.96 (0.39, 2.35)  0 (-7, 6) 

      

Medial factors model      

Lower three quartiles of dietary iron intake      

Insufficient dietary folate intake 2.00 (0.71, 5.53)  40 (-28, 73) 

Lower three quartiles of dietary vitamin B12 intake 0.92 (0.28, 1.44)  -2 (-29, 10) 

Diarrhea 2.05 (0.76, 5.61)  45 (-23, 78) 

Cough 1.65 (0.14, 2.96)  4 (-7, 6) 

Fever 0.79 (0.23, 1.59)  -4 (-22, 8) 

 1.54 (0.56, 3.10)  9 (-9, 22) 

Distal factors model      

Not completed primary education 0.80 (0.37, 1.70)  -17 (-87, 26) 

Unimproved water source 1.26 (0.78, 2.06)  4 (-5, 13) 

Unimproved sanitation 2.03 (1.07, 3.85)  43 (6, 65) 

Lower four quintiles of household asset index 1.77 (0.86, 3.64)  41 (-8, 68) 

Region      

Addis ref     

Amhara 2.40 (0.94, 6.16)  17 (2, 30) 

Afar 2.97 (0.92, 9.56)  3 (0, 5) 

Oromia 1.34 (0.36, 5.00)  7 (-27, 32) 
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SNNP 3.00 (1.25, 7.21)  19 (7, 29) 

Tigray 3.57 (1.20, 10.65)  7 (0, 14) 

Wet season 1.07 (0.55, 2.05)  3 (-31, 28) 
1 Sample size for proximal model is 674, and for medial and distal models is 917. 
2 All models are multivariate adjusted. See Methods for details. 

Abbreviations: SNNP, Southern Nations Nationalities and Peoples 
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Table 5. Estimated proportion of anemia cases attributable to risk factors among children aged 6-59 months in 
six regions of Ethiopia. 1,2 

 Risk ratio  

Partial population 
attributable percent 

 RR 95% CI  % 95% CI 

Proximal factors model           

Low serum ferritin 1.96 (1.20, 3.22)  21 (4, 34) 

Low serum folate 1.24 (0.86, 1.79)  6 (-3, 15) 

Low serum vitamin B12 0.83 (0.57, 1.21)  -4 (-11, 3) 

High C-reactive protein 1.54 (1.11, 2.15)  5 (1, 9) 

Malaria 0.09 (0.02, 0.48)  -1 (-2, -1) 

Helminth infection 0.28 (0.05, 1.68)  -3 (-5, -1) 

      

Medial factors model      

Lower three quartiles of dietary iron intake 1.05 (0.59, 1.61)  4 (-50, 31) 

Insufficient dietary folate intake 1.00 (0.70, 1.48)  0 (-9, 11) 

Lower three quartiles of dietary vitamin B12 intake 1.01 (0.65, 1.79)  0 (-37, 37) 

Diarrhea 1.73 (1.52, 3.38)  11 (8, 28) 

Cough 1.13 (0.79, 1.85)  4 (-9, 21) 

Fever 1.27 (0.77, 1.97)  8 (-10, 22) 

      

Distal factors model      

Not completed primary education 1.36 (0.91, 2.04)  20 (-5, 40) 

Unimproved water source 1.10 (0.55, 2.18)  2 (-10, 12) 

Unimproved sanitation 1.26 (0.78, 2.03)  16 (-18, 40) 

Lower four quintiles of household asset index 0.84 (0.34, 2.06)  -17 (-100, 43) 

Region      

Addis ref     

Amhara 1.12 (0.53, 2.37)  2 (-12, 15) 

Afar 1.41 (0.54, 3.63)  1 (-1, 3) 
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Oromia 1.18 (0.60, 2.32)  8 (-23, 31) 

SNNP 0.70 (0.29, 1.73)  -6 (-22, 8) 

Tigray 0.99 (0.47, 2.06)  0 (-4, 4) 

Wet season 1.16 (0.84, 1.60)  8 (-8, 21) 
1 Sample size for proximal model is 796, and for medial and distal models is 1,162. 
2 All models are multivariate adjusted. See Methods for details. 

Abbreviations: SNNP, Southern Nations Nationalities and Peoples 



 

 34 

 

References 
 

1. The World Bank. Internet: data.worldbank.org (accessed January 26 2020). 
2. Daru J, Zamora J, Fernandez-Felix BM, Vogel J, Oladapo OT, Morisaki N, Tuncalp O, Torloni MR, Mittal 

S, Jayaratne K, et al. Risk of maternal mortality in women with severe anaemia during pregnancy and 
post partum: a multilevel analysis. Lancet Glob Health 2018;6(5):e548-e54. doi: 10.1016/s2214-
109x(18)30078-0. 

3. Haas JD, Brownlie TIV. Iron Deficiency and Reduced Work Capacity: A Critical Review of the Research to 
Determine a Causal Relationship. The Journal of Nutrition 2001;131(2):676S-90S. doi: 
10.1093/jn/131.2.676S. 

4. Jáuregui-Lobera I. Iron deficiency and cognitive functions. Neuropsychiatr Dis Treat 2014;10:2087-95. 
doi: 10.2147/NDT.S72491. 

5. Scott SP, Chen-Edinboro LP, Caulfield LE, Murray-Kolb LE. The impact of anemia on child mortality: an 
updated review. Nutrients 2014;6(12):5915-32. doi: 10.3390/nu6125915. 

6. Kassebaum NJ, Jasrasaria R, Naghavi M, Wulf SK, Johns N, Lozano R, Regan M, Weatherall D, Chou DP, 
Eisele TP, et al. A systematic analysis of global anemia burden from 1990 to 2010. Blood 
2014;123(5):615-24. 

7. Keohane E, Otto C, Walenga J. Rodak’s hematology: Clinical principles and applications (6th edition). St. 
Louis, Missouri: Elsevier, 2020. 

8. Flegal KM, Graubard BI, Williamson DF. Methods of calculating deaths attributable to obesity. Am J 
Epidemiol 2004;160(4):331-8. doi: 10.1093/aje/kwh222. 

9. Ethiopian Public Health Institute. Ethiopian National Micronutrient Survey Report. Addis Ababa, 2016. 
10. Ethiopian Public Health Institute. Ethiopian National Food Consumption Survey. Addis Ababa, 2013. 
11. Central Statistical Agency. Ethiopia Demographic and Health Survey. Addis Ababa, 2016. 
12. Tadesse AW, Hemler EC, Andersen C, Passarelli S, Worku A, Sudfeld CR, Berhane Y, Fawzi WW. Anemia 

prevalence and etiology among women, men, and children in Ethiopia: a study protocol for a national 
population-based survey. BMC Public Health 2019;19(1):1369. 

13. Central Statistical Agency. Population Projections for Ethiopia, 2007-2037. Addis Ababa, 2013. 
14. Gibson R, Ferguson E. An interactive 24-hour recall for assessing the adequacy of iron and zinc intakes 

in developing countries. International Food Policy Research Institute and International Centre for 
Tropical Agriculture, 2008. 

15. Ma Y, Olendzki BC, Pagoto SL, Hurley TG, Magner RP, Ockene IS, Schneider KL, Merriam PA, Hébert JR. 
Number of 24-hour diet recalls needed to estimate energy intake. Ann Epidemiol. 2009 Aug;19(8):553-
9. doi: 10.1016/j.annepidem.2009.04.010. 

16. World Health Organization. Haemoglobin concentrations for the diagnosis of anemia and assessment 
of severity. Geneva: World Health Organization, 2011. 

17. Sullivan KM, Mei Z, Grummer-Strawn L, Parvanta I. Haemoglobin adjustments to define anaemia. 
Tropical Medicine & International Health 2008;13(10):1267-71. doi: 10.1111/j.1365-
3156.2008.02143.x. 

18. Namaste SM, Rohner F, Huang J, Bhushan NL, Flores-Ayala R, Kupka R, Mei Z, Rawat R, Williams AM, 
Raiten DJ, et al. Adjusting ferritin concentrations for inflammation: Biomarkers Reflecting Inflammation 
and Nutritional Determinants of Anemia (BRINDA) project. Am J Clin Nutr 2017;106(Suppl 1):359S-71S. 
doi: 10.3945/ajcn.116.141762. 

19. Allen LH. Vitamin B-12. Adv Nutr 2012;3(1):54-5. doi: 10.3945/an.111.001370. 
20. World Health Organization. Serum ferritin concentrations for the assessment of iron status and iron 

deficiency in populations. Geneva: World Health Organization, 2011. 



 

 35 

21. World Health Organization. Serum and red blood cell folate concentrations for assessing folate status 
in populations. Geneva: World Health Organization, 2012. 

22. World Health Organization. C-reactive protein concentrations as a marker of inflammation or infection 
for interpreting biomarkers of micronutrient status. Geneva: World Health Organization, 2014. 

23. Ethiopian Health and Nutrition Research Institute. Food composition table for use in Ethiopia. Addis 
Ababa: Ethiopian Health and Nutrition Research Institute, 1998. 

24. Hotz C, Abdelrahman L, Sison C, Moursi M, Loechl C. A food composition table for Central and Eastern 
Uganda. Washington DC: International Food Policy Research Institute, 2012. 

25. Lukmanji Z, Hertzmark E, Mlingi N, Assey V, Ndossi G, Fawzi W. Tanzania food composition tables. Dar 
es Salaam: MUHAS-TFNC, HSPH, 2008. 

26. U.S. Department of Agriculture - Agricultural Research Service. FoodData Central. 2019. 
27. Cercamondi CI, Fischer MM, Worku TGH, Wyss N, Herter-Aeberli I, Zimmermann MB, Egli IM, Hurrell 

RF. The Potential of Fermentation and Contamination of Teff by Soil to Influence Iron Intake and 
Bioavailability from Injera Flatbread. Int J Vitam Nutr Res 2017;87(1-2):75-84. doi: 10.1024/0300-
9831/a000422. 

28. Allen LH, Carriquiry AL, Murphy SP. Perspective: Proposed Harmonized Nutrient Reference Values for 
Populations. Adv Nutr 2019;11(3):469-483. doi: 10.1093/advances/nmz096. 

29. O'Brien SH. Evaluation and management of heavy menstrual bleeding in adolescents: the role of the 
hematologist. Blood 2018;132(20):2134-42. doi: 10.1182/blood-2018-05-848739. 

30. Matteson KA, Scott DM, Raker CA, Clark MA. The menstrual bleeding questionnaire: development and 
validation of a comprehensive patient-reported outcome instrument for heavy menstrual bleeding. 
BJOG: An International Journal of Obstetrics & Gynaecology 2015;122(5):681-9. doi: 10.1111/1471-
0528.13273. 

31. World Health Organization, UNICEF. Progress on drinking water and sanitation: Joint Monitoring 
Programme update 2012. New York: UNICEF, 2012. 

32. Robins JM, Rotnitzky A, Zhao LP. Analysis of Semiparametric Regression Models for Repeated 
Outcomes in the Presence of Missing Data. 

33. Nusser SM, Carriquiry AL, Dodd KW, Fuller WA. A Semiparametric Transformation Approach to 
Estimating Usual Daily Intake Distributions. Journal of the American Statistical Association 
1996;91(436):1440-9. doi: 10.1080/01621459.1996.10476712. 

34. Rosner B, Spiegelman D, Willett WC. Correction of Logistic Regression Relative Risk Estimates and 
Confidence Intervals for Random Within-Person Measurement Error. American Journal of 
Epidemiology 1992;136(11):1400-13. doi: 10.1093/oxfordjournals.aje.a116453. 

35. Carpenter J, Bithell J. Bootstrap confidence intervals: when, which, what? A practical guide for medical 
statisticians. Stat Med 2000;19(9):1141-64. doi: 10.1002/(sici)1097-0258(20000515)19:9<1141::aid-
sim479>3.0.co;2-f. 

36. Willett WC, Howe GR, Kushi LH. Adjustment for total energy intake in epidemiologic studies. Am J Clin 
Nutr 1997;65(4):1220S-8S. doi: 10.1093/ajcn/65.4.1220s. 

37. Zou G. A modified poisson regression approach to prospective studies with binary data. Am J Epidemiol 
2004;159(7):702-6. doi: 10.1093/aje/kwh090. 

38. Skinner CJ, Holt D, Smith TMF. Analysis of complex surveys. Chichester, New York: Wiley, 1989. 
39. StataCorp. Stata Survey Data Reference Manual: Release 16. College Station, TX: StataCorp LLC, 2019. 
40. Newson RB. Attributable and unattributable risks and fractions and other scenario comparisons. The 

Stata Journal 2013;13(4):672-98. 
41. Spiegelman D, Hertzmark E, Wand HC. Point and interval estimates of partial population attributable 

risks in cohort studies: examples and software. Cancer Causes & Control 2007;18(5):571-9. doi: 
10.1007/s10552-006-0090-y. 



 

 36 

42. Institute of Medicine Food and Nutrition Board. Dietary Reference Intakes for Vitamin A, Vitamin K, 
Arsenic, Boron, Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, 
and Zinc : a Report of the Panel on Micronutrients. Washington, DC, 2001. 

43. Umeta M, West CE, Fufa H. Content of zinc, iron, calcium and their absorption inhibitors in foods 
commonly consumed in Ethiopia. Journal of Food Composition and Analysis 2005;18(8):803-17. 

44. Kohgo Y, Ikuta K, Ohtake T, Torimoto Y, Kato J. Body iron metabolism and pathophysiology of iron 
overload. International journal of hematology 2008;88(1):7-15. doi: 10.1007/s12185-008-0120-5. 

45. Guideline: Use of multiple micronutrient powders for point-of-use fortification of foods consumed by 
infants and young children aged 6-23 months and children aged 2-12 years. Geneva: World Health 
Organization, 2016. 

46. World Health Organization. Guideline: Daily iron supplementation in adult women and adolescent girls. 
Geneva: World Health Organization, 2016. 

47. Hankey GJ. B vitamins for stroke prevention. Stroke and Vascular Neurology 2018;3(2):51. doi: 
10.1136/svn-2018-000156. 

48. Rosenthal J, Casas J, Taren D, Alverson CJ, Flores A, Frias J. Neural tube defects in Latin America and the 
impact of fortification: a literature review. Public Health Nutr 2014;17(3):537-50. doi: 
10.1017/S1368980013000256. 

49. Berihu BA, Welderufael AL, Berhe Y, Magana T, Mulugeta A, Asfaw S, Gebreselassie K. High burden of 
neural tube defects in Tigray, Northern Ethiopia: Hospital-based study. PLoS One 
2018;13(11):e0206212-e. doi: 10.1371/journal.pone.0206212. 

50. Global, regional, and national burden of stroke, 1990-2016: a systematic analysis for the Global Burden 
of Disease Study 2016. Lancet Neurol 2019;18(5):439-58. 

51. Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RF, Tang G, Wang B, Chen D, He M, et al. Efficacy of 
Folic Acid Therapy in Primary Prevention of Stroke Among Adults With Hypertension in China: The 
CSPPT Randomized Clinical Trial. JAMA 2015;313(13):1325-35. doi: 10.1001/jama.2015.2274. 

52. Sheehy T, Carey E, Sharma S, Biadgilign S. Trends in energy and nutrient supply in Ethiopia: a 
perspective from FAO food balance sheets. Nutr J 2019;18(46). doi: 10.1186/s12937-019-0471-1 

53. Hoppner K, Lampi B. Folate retention in dried legumes after different methods of meal preparation. 
Food Research International 1993;26(1):45-8. doi: 10.1016/0963-9969(93)90104-Q. 

54. McKillop DJ, Pentieva K, Daly D, McPartlin JM, Hughes J, Strain JJ, Scott JM, McNulty H. The effect of 
different cooking methods on folate retention in various foods that are amongst the major 
contributors to folate intake in the UK diet. Br J Nutr 2002;88(6):681-8. doi: 10.1079/bjn2002733. 

55. Ziegler EE. Consumption of cow's milk as a cause of iron deficiency in infants and toddlers. Nutr Rev 
2011;69 Suppl 1:S37-42. doi: 10.1111/j.1753-4887.2011.00431.x. 

56. Lauer J, Ghosh S, Ausman L, Webb P, Bashaasha B, Agaba E, Turyashemererwa F, Tran H, Gewirtz A, 
Erhardt J, et al. Markers of Environmental Enteric Dysfunction Are Associated with Poor Growth and 
Iron Status in Rural Ugandan infants. Current Developments in Nutrition 2020;4(Supplement_2):859-. 
doi: 10.1093/cdn/nzaa053_064. 

57. Kwas H, Guermazi E, Zendah I, Ben Jemia E, Khattab A, Khouaja I, Ghedira H. C-reactive protein and 
pulmonary tuberculosis: What correlation with disease severity. European Respiratory Journal 
2015;46(suppl 59):PA2751. doi: 10.1183/13993003.congress-2015.PA2751. 

58. Ministry of Health, Ethiopian Health and Nutrition Reasearch Institute. First Ethiopian National 
Population Based Tuberculosis Prevalence Survey. Addis Ababa, 2011. 

59. Girum T, Wasie A. The Effect of Deworming School Children on Anemia Prevalence: A Systematic 
Review and Meta-Analysis. Open Nurs J 2018;12:155-61. doi: 10.2174/1874434601812010155. 



 

 37 

60. Negussu N, Mengistu B, Kebede B, Deribe K, Ejigu E, Tadesse G, Mekete K, Sileshi M. Ethiopia 
Schistosomiasis and Soil-Transmitted Helminthes Control Programme: Progress and Prospects. Ethiop 
Med J 2017;55(Suppl 1):75-80. 

61. Taffese HS, Hemming-Schroeder E, Koepfli C, Tesfaye G, Lee M-c, Kazura J, Yan G-Y, Zhou G-F. Malaria 
epidemiology and interventions in Ethiopia from 2001 to 2016. Infectious Diseases of Poverty 
2018;7(1):103. doi: 10.1186/s40249-018-0487-3. 

62. Habib N, Abbasi S-U-RS, Aziz W. An Analysis of Societal Determinant of Anemia among Adolescent Girls 
in Azad Jammu and Kashmir, Pakistan. Anemia 2020;1628357. doi: 10.1155/2020/1628357. 

63. Grosse SD, Odame I, Atrash HK, Amendah DD, Piel FB, Williams TN. Sickle cell disease in Africa: a 
neglected cause of early childhood mortality. Am J Prev Med. 2011 Dec;41(6 Suppl 4):S398-405. doi: 
10.1016/j.amepre.2011.09.013. 

64. De Sanctis V, Kattamis C, Canatan D, Soliman AT, Elsedfy H, Karimi M, Daar S, Wali Y, Yassin M, Soliman 
N, et al. β-Thalassemia Distribution in the Old World: an Ancient Disease Seen from a Historical 
Standpoint. Mediterr J Hematol Infect Dis 2017;9(1):e2017018-e. doi: 10.4084/MJHID.2017.018. 

 

  



 

 38 

Figure 1. Conceptual framework for analysis of anemia etiology among women 15-49 y, men 15-49 y, and 
children 6-59 mo in Ethiopia. 
 
 
Figure 2. Flowchart of participant data collection and study inclusion for study of anemia etiology among 
women 15-49 y, men 15-49 y, and children 6-59 mo in Ethiopia. 
 


