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Abstract

Background/Objectives: Maternal anemia remains a critical public health issue in Ethiopia, with iron
deficiency anemia (IDA) being the most prevalent form, primarily due to low dietary iron intake and
poor bioavailability from cereal-based diets. Despite the widespread cultivation of nutrient-rich
amaranth in Ethiopia, its role in improving maternal iron status remains understudied. To address
this gap, we conducted a cluster-randomized controlled trial to evaluate the effectiveness of amaranth
grain flatbread consumption, compared to maize bread consumption, on hemoglobin concentration
and IDA among pregnant women in southern Ethiopia. Methods: We conducted a six-month,
community-based, parallel-group, cluster-randomized controlled trial involving 306 pregnant
women with anemia (mild or moderate) to evaluate the effectiveness of locally prepared amaranth
grain flatbread in enhancing hemoglobin concentration and reducing IDA, compared to the standard
maize bread. At the end of the intervention, hemoglobin levels were measured, and IDA was assessed
using World Health Organization (WHO) defined cutoffs of serum ferritin levels. Multilevel linear
and modified Poisson regression models were used to estimate adjusted effects, accounting for
confounders and community-level clustering. All analyses were conducted following the intention-
to-treat principle. Results: The loss to follow-up rate was similar between the amaranth and maize
groups (4.6% vs. 3.9%). In the unadjusted analysis, the mean hemoglobin concentration was higher
in the amaranth group (12.39 g/dL, 95% CI: 12.17-12.61) compared to the maize group (10.17 g/dL,
95% CI: 9.95-10.39). The proportion of IDA was also lower in the amaranth group (26.71% [95% CI:
20.14-34.49] vs. 65.98% [95% CI: 57.93-73.21]). After adjusting for potential confounders (due to
baseline differences after randomization) and clustering, pregnant women who received amaranth
grain flatbread had higher hemoglobin levels (adjusted 3 = 2.67 g/dL; 95% CI: 2.41-2.90) and a 53%
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lower risk of IDA compared to those in the maize group (adjusted risk ratio =0.47; 95% CI: 0.26-0.84).
No serious adverse events were reported in either group. Conclusion: Consumption of amaranth
grain flatbread during pregnancy improved hemoglobin levels and reduced IDA compared to maize-
based diets. These findings highlight the potential of locally available, nutrient-dense foods, such as
amaranth, to address maternal iron deficiency among pregnant women with mild or moderate
anemia in resource-limited settings. Trial registration number: NCT06536153.

Keywords: amaranth grain; flatbread; pregnancy; iron deficiency anemia; hemoglobin concentration;
cluster randomized controlled trial; Ethiopia

1. Introduction

Anemia remains a critical global public health issue, affecting approximately 36.5% of pregnant
women worldwide, with particularly high prevalence in sub-Saharan Africa and Southeast Asia [1].
In Ethiopia, about 41% of pregnant women are anemic, with regional variations ranging from 9% in
Addis Ababa to as high as 65.9% in the Somali region [2]. Maternal anemia is associated with severe
health risks, including increased maternal morbidity and mortality, where severe anemia can elevate
maternal death risk by 20% [3]. It also contributes to adverse pregnancy outcomes such as preterm
birth, fetal anemia, low birth weight, intrauterine growth restriction, reduced gestational weight gain,
and increased perinatal mortality [3-6]. Beyond health impacts, anemia can diminish physical
productivity, perpetuating economic hardship at both individual and societal levels [7].

To address the global burden of anemia, the WHO promotes two strategic approaches: nutrition-
specific and nutrition-sensitive interventions [8]. Nutrition-specific strategies focus on addressing the
direct causes of anemia, such as poor dietary intake of essential micronutrients like iron and vitamin
A, through supplementation and food fortification programs. Meanwhile, nutrition-sensitive
approaches, like dietary diversification, aim to enhance year-round access to a variety of nutrient-
rich foods [8,9]. In Ethiopia, government initiatives aimed at preventing anemia include promoting
dietary diversity, providing iron and folic acid supplements, encouraging malaria prevention
measures, and implementing deworming campaigns [10]. The national "Seqota Declaration" also
seeks to ensure universal access to adequate nutrition by 2030 [11]. Community health programs,
particularly health extension services focused on the first 1000 days of life, play a vital role in
advancing these nutrition goals [10,11].

Despite these comprehensive efforts, anemia among pregnant women remains widespread in
Ethiopia, especially in rural areas [2,12-14]. A key challenge is the limited dietary diversity observed
in most households, where women's diets predominantly consist of starchy cereals low in essential
micronutrients [15-18]. The consumption of nutrient-rich animal-source foods has declined due to
rapid population growth and unplanned urbanization, thereby exacerbating the risk of micronutrient
deficiencies among marginalized groups [19].

Given these challenges, identifying affordable and culturally acceptable food-based solutions to
enhance maternal nutrition is crucial [20]. Amaranth is a highly nutritious yet underutilized crop in
Ethiopia, offering significant potential. Compared to commonly consumed cereals, amaranth seeds
provide higher levels of protein, iron, zinc, calcium, and dietary fiber. Specifically, 100 grams of edible
amaranth contains 7.6-18.0 mg of iron, 11-19 g of crude protein, and notable amounts of essential
amino acids like methionine and lysine, nutrients often deficient in other grains. Furthermore,
amaranth is rich in magnesium, calcium, vitamin C and B6, folate, and beneficial unsaturated fatty
acids [21-24].

Beyond its nutritional composition, evidence suggests that amaranth offers various health
benefits, including promoting muscle maintenance, improving cardiovascular health, enhancing
antioxidant status, and preventing anemia [25,26]. Despite its widespread availability, especially in
southern Ethiopia, amaranth is often regarded as a wild plant and remains largely neglected in local
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diets. Increasing its consumption could substantially boost dietary nutrient intake and improve
household food security [27].

While prior research has investigated the nutritional composition of amaranth and methods for
phytate reduction [28,29], limited studies have assessed its in vivo effects, particularly in the form of
flatbread. A cluster-randomized controlled trial conducted in Hawassa, Ethiopia, among children
aged 2-5 years demonstrated that consumption of homemade amaranth-based bread improved
hemoglobin concentration and reduced iron deficiency anemia (IDA) [27]. However, to our
knowledge, no studies in Ethiopia have evaluated the effect of amaranth grain flatbread consumption
on hemoglobin concentration and IDA among pregnant women. To address this gap, we conducted
a six-month, community-based, parallel-group, cluster-randomized controlled trial. The cluster
design was selected to minimize contamination between intervention and control groups, as
participants within the same community or health center could influence each other's dietary
behaviors, potentially compromising the integrity of individual randomization. Additionally,
randomizing at the cluster level was logistically feasible and aligned with the community-based
nature of the intervention.

This cluster-randomized trial aimed to evaluate the potential of amaranth grain as an effective
nutritional intervention for pregnant women with anemia. By evaluating the effects of amaranth
grain flatbread on hemoglobin concentration and IDA, the findings aim to inform nutrition programs,
policy development, and food security strategies. Ultimately, this work contributes toward national
efforts to combat maternal anemia and supports the achievement of broader Sustainable
Development Goals. Therefore, the objective of this parallel-group, two-arm cluster-randomized
controlled trial (RCT) was to evaluate the effect of locally prepared amaranth grain flatbread
consumption, compared to maize bread consumption, on hemoglobin concentration and IDA among
pregnant women with anemia. We hypothesized that consumption of locally prepared amaranth
grain flatbread would improve hemoglobin concentration and reduce IDA when compared to maize
bread consumption among pregnant women with anemia.

2. Materials and Methods

2.1. Reporting and Ethical Considerations

We reported this study according to the Consolidated Standards of Reporting Trials
(CONSORT) reporting guidelines for cluster RCTs [30], and the checklist is provided as supporting
file 1. The trial was registered in the International Clinical Trials Registry under registration number
NCT06536153. There were no deviations from the original study protocol. All procedures, including
recruitment, intervention delivery, outcome assessments, and follow-up, were implemented as
planned. Ethical approval for this trial was obtained from the Institutional Review Board at Hawassa
University's College of Medicine and Health Sciences (reference number IRB/027/16). Support letters
were secured from the Hawassa University School of Public Health, the Sidama Region Health
Bureau, and local kebele administrators. Two levels of consent were required before the study
commenced. Initially, approval was obtained from community leaders on behalf of the community
prior to randomization. Subsequently, written informed consent was collected from each participant
before they were enrolled in the study.

2.2. Study Setting

This cluster RCT was conducted in the Hawela Lida district, located in the Sidama region of
Ethiopia. Hawela Lida is one of 30 districts within the region and lies approximately 289 kilometers
south of Addis Ababa. The district comprises 11 rural and two urban kebeles, the smallest
administrative units in Ethiopia. According to the Sidama Regional State Health Bureau's 2024 report,
Hawela Lida has a total population of 131,848, distributed across an estimated 24,281 households.
Women of reproductive age (WRA) constitute approximately 24.3% of the district's population [31].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1286.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 July 2025 d0i:10.20944/preprints202507.1286.v1

4 of 21

Agriculture is the predominant economic activity across all kebeles, with key crops including
Enset (false banana), maize, coffee, khat, barley, haricot beans, sweet potatoes, and Indigenous
varieties of cabbage. The district's health infrastructure comprises 20 government health posts, four
health centers, five private medium-sized clinics, two non-governmental organization (NGO) clinics,
and six private pharmacies. A total of 482 health professionals of various disciplines serve the
population. Health posts, managed by Health Extension Workers (HEWSs), provide a range of
Maternal, Newborn, and Child Health (MNCH) services, including health education, nutritional
screening and treatment for children, antenatal and post-natal care, and family planning services.
The district's potential health service coverage through existing facilities is estimated at 70% [31].

Hawela Lida was selected as the study site due to its relatively accessible transportation
network, favorable geographic location for supervision, and the logistical feasibility of addressing
potential challenges during the intervention's implementation.

2.3. Study Design and Period

A parallel-group, two-arm cluster RCT was conducted between September 2024 and February
2025. In this design, entire clusters were randomly assigned to either the intervention or control arm
and remained in their assigned groups throughout the study period. Accordingly, all participants
within a given cluster received the same allocation: either exposure to the intervention (amaranth
grain flatbread) or the comparator, maize bread.

2.4. Study Population and Eligibility Criteria

The study population consisted of randomly selected pregnant women within the clusters.
Pregnant women were eligible for inclusion if they were less than three months gestational age at
enrollment, had mild or moderate anemia, and had been residing in the Hawela Lida district for a
minimum of six months. Pregnant women were classified as having IDA if they had a serum ferritin
concentration <15 ng/mL, indicating depleted iron stores. Among those with confirmed IDA based
on serum ferritin levels, anemia severity was further categorized based on hemoglobin concentration:
Mild anemia: hemoglobin between 10.0-10.9 g/dL; Moderate anemia: hemoglobin between 7.0-9.9
g/dL; and severe anemia: hemoglobin <7.0 g/dL. Participants were excluded if they met any of the
following criteria:

e  Diagnosis of a psychiatric disorder that could interfere with participation or informed consent
procedures.

e  Presence of chronic illnesses such as tuberculosis, HIV/AIDS, or cancer.

e  History of blood transfusion within the previous six months.

e  History of malaria infection at least three times within the past three months.

e  Severe anemia identified during the baseline survey. These women were excluded from the trial
and referred to the nearest health facility for immediate medical care.

2.5. Sample Size Determination

The sample size for this trial was calculated using OpenEpi version 3.01, based on assumptions
for a cluster RCT. In the absence of prior cluster RCTs on the same topic, estimates were derived from
the 2019 Ethiopian Mini Demographic and Health Survey [32]. The national prevalence of IDA among
pregnant women (41.0%) was used to estimate the control arm prevalence (P1 = 41.0%), assuming
that the intervention would reduce the prevalence by 10% (P2 = 31.0%). The sample size calculation
was based on a 95% confidence interval (CI) and 80% power.

Based on these assumptions, the estimated effective sample size for an individually randomized
trial would be 102 participants per arm. To account for the cluster design, the minimum required
number of clusters was calculated using an intraclass correlation coefficient (ICC) of 0.05, which is
consistent with recommended values for similar studies [33-35]. Multiplying the total individual
sample size (n =204) by the ICC factor (0.05) yielded approximately 10.2 clusters for both groups.
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To account for the design effect, the effective sample size was adjusted using a variance inflation
factor (VIF) of 1.5, calculated as VIF = 1 + [(n-1) x ICC], assuming an average cluster size of 17
participants. Accordingly, the final sample size consisted of 306 participants, with 153 participants
allocated to each study arm.

2.6. Randomization

A multi-stage sampling approach was employed to select the study participants. First, the
Hawela Lida district was purposively selected from the Sidama region, considering accessibility and
feasibility for the study's implementation. In the second stage, 10 kebeles were randomly selected
using a computer-generated simple random sampling method. In the third stage, cluster
randomization was performed to allocate eligible pregnant women within clusters to either the
intervention or control arm.

We employed stratified randomization in our study. The study area comprised 13 kebeles, which
were stratified into two strata based on place of residence: urban and rural. Stratification by location
was intended to reduce variability between clusters and to ensure that key covariates were balanced
across the two study arms [36,37]. To further enhance comparability between groups, an equal
number of clusters from each stratum were randomly allocated to the intervention and control arms.
An independent biostatistician, who was not involved in participant recruitment, intervention
delivery, or familiar with the study area, conducted the computer-generated randomization process
without replacement.

Specifically, using a computer-generated randomization procedure, two urban kebeles were
randomly assigned to each arm. Likewise, the eight rural kebeles were randomly allocated to either
the intervention or control group using the same method. Following cluster assignment, 31 eligible
pregnant women were randomly selected from each kebele to participate in the study. The sampling
frame was developed through a house-to-house census of all households in the selected kebeles,
conducted by trained field staff.

2.7. Intervention Procedure

The intervention variable was the consumption of amaranth grain flatbread. The intervention
group received locally prepared amaranth grain flatbread for six months, from enrollment until
delivery, while the control group received the commonly consumed maize bread (See S2 File).
Pregnant women in the intervention and control groups were referred to as the "amaranth arm" and
"maize arm", respectively. Pregnant women in the intervention arm (N = 153) received 200 g of
flatbread daily, consisting of 30% chickpea and 70% amaranth grain by mass, for six months. Pregnant
women in the control arm (N = 153) received 200 g of flatbread daily, made from 100% maize, for six
months. In addition to consuming the assigned flatbread, participants in both arms were advised to:
(1) continue their usual diet without substitution or restriction, ensuring that the study foods were
added rather than replacing existing meals; (2) attend routine antenatal care visits at the nearest
health facility, following Ethiopia’s national guidelines; (3) avoid the use of any additional nutritional
supplements not prescribed through routine antenatal care, unless medically indicated; and (4) report
any side effects, gastrointestinal discomfort, or allergic reactions related to the flatbread consumption
to the community health worker or research team. To minimize nutritional confounding, all
participants received more than 90 iron folic acid supplements at baseline following national
guidelines, with monthly follow-up and pill counts to monitor adherence. Its supplementation
proportion after six months was comparable between groups and therefore not adjusted for in
multivariable models. Similarly, soil-transmitted helminthiasis was treated in both arms using
piperazine citrate syrup as per ethical recommendations. Follow-up assessments of soil-transmitted
helminthiasis and other infections revealed no significant differences between groups.
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2.8. Recipe Preparation and Iron Bioavailability Analysis

The recipe for the amaranth flatbread was developed following the Recommended Dietary
Allowance. According to the Recommended Dietary Allowance, 200 g of amaranth flatbread
consisting of 30% chickpea and 70% amaranth grain provides 30 mg of iron, which accounts for 50%
of the Recommended Dietary Allowance, assuming an iron absorption rate of 15-20% [29]. A study
conducted by the Hawassa University Department of Food Sciences found that amaranth-grain
flatbread was safe for consumption up to 48 hours after preparation and demonstrated an
improvement in nutritional value [38].

To reduce phytate levels in the amaranth grain, a home-level processing method was employed.
The amaranth grain was soaked in water with 5 milliliters of lemon juice per 100 milliliters of water
for 24 hours, followed by 72 hours of germination. The grain was then sun-dried, roasted, and ground
using a nearby electrical mill before being used in the fermentation process to make the flatbread
[27,29]. Maize used in the control group bread was roasted and fermented similarly to achieve a
comparable color and texture to the amaranth bread.

Supporting evidence from studies conducted in Ethiopia and Kenya has shown that home-based
processing techniques such as soaking and germination significantly reduce phytate levels and
enhance the bioavailability of iron and other essential macro- and micronutrients [29]. To assess the
iron bioavailability of the processed amaranth grain bread, a 200-gram sample was sent to a public
health institute laboratory in Ethiopia. The laboratory technicians reported the iron and phytate
content of the sample in milligrams, which were subsequently converted to grams by dividing by
1000.

Using these values, the molar ratio of phytate to iron was calculated to assess the bioavailability
of the iron. The molecular weights of phytate (660 g/mol) and iron (56 g/mol) were used to calculate
the moles of each compound, with the molar ratio determined by dividing the moles of phytate by
the moles of iron. A critical molar ratio of phytate to iron greater than 14 may impair iron absorption
[39,40]. Based on these calculations, the iron bioavailability in the processed amaranth grain was
assessed and found to be below the critical threshold expected to impair iron absorption in our study,
which was set at 11.

2.9. Acceptability Test

An acceptability study was conducted on 5% of the study participants prior to the intervention
to assess the acceptability of the amaranth grain and maize bread. Acceptability testing was
performed according to a protocol similar to that used in previous studies [38]. The aim was to
evaluate the taste, acceptability, and physical tolerance of both the newly prepared amaranth grain
bread and the maize bread (details of the acceptability test are provided in S2 File).

2.10. Masking and Bread Distribution

All trial participants, bread distributors, and outcome assessors (data collectors) were blinded
to both the study group assignments and the bread content. The bread distributors assigned to the
maize and amaranth groups were distinct, with a total of 12 distributors, one for each kebele. Twelve
boxes, each labeled with the name of a pregnant woman, were prepared for distribution. Daily, each
distributor delivered the bread to the women’s homes, ensuring close supervision throughout the
process. Any unopened bread was returned and recorded by the coordinator in cases of participant
absences or refusals.

In our study, both the amaranth and maize breads were prepared to be as similar as possible in
appearance and texture to maintain blinding. The breads were roasted and fermented to achieve a
comparable color and structure, ensuring that participants, bread distributors, and outcome assessors
could not distinguish between the two types based on these characteristics. However, it is important
to note that while the breads were made to look and feel alike, there may still be subtle differences in
taste. Amaranth grain has a slightly nutty flavor, which could potentially be perceptible to
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individuals familiar with its taste; nonetheless, the study design aimed to minimize such differences
to uphold the integrity of the blinding process. To further ensure blinding, the bread was distributed
in identical packaging, labeled only with the participants’' names, and delivered daily to their homes
by separate distributors for each group.

2.11. Monitoring Compliance with the Intervention

The bread distributors were responsible for monitoring the compliance of the pregnant women
at their homes under direct supervision. Any issues, including refusals, non-compliance, or
deviations from the protocol, were promptly reported to the coordinator, who documented these
incidents in a protocol adherence log.

2.12. Training of the Intervention Research Team

Two women development team (WDT) leaders underwent training on the preparation of flour
using home processing techniques, such as germination, soaking, drying, roasting, and milling, one
leader for maize flour and the other for amaranth flour. Additionally, they were trained in bread
packaging, cooking times, and mixing ratios. The 12 bread distributors, responsible for collecting
bread from producers, received training on inspecting bread packages. Furthermore, they were
trained in the process of delivering and serving bread to the pregnant women in their homes daily.

2.13. Adverse Events Monitoring.

As part of the cluster RCT protocol, potential adverse events were monitored throughout the
study period in both the intervention and control arms. Although formal clinical safety surveillance
was not implemented, participants in each cluster were informed to promptly report any discomfort,
gastrointestinal symptoms, allergic reactions, or other health issues potentially related to the
flatbread consumption to the WDTs or research staff assigned to their kebele. WDTs conducted
routine household visits every two weeks to assess adherence and document any adverse symptoms
reported by participants. In addition, field supervisors conducted monthly monitoring visits to
ensure adherence to the protocol and gather any unreported concerns. The study’s medical
supervisor reviewed all complaints or health issues.

2.14. Study Variables

The outcome variables were hemoglobin concentration and iron deficiency anemia, as
determined by serum ferritin levels, which were measured at baseline and the end of the 6-month
intervention. Trained laboratory technologists performed hemoglobin analysis at all health posts.
Each woman's hemoglobin concentration was determined by obtaining a finger-prick blood sample
using the HemoCue Hb 301 (HemoCue AB, Angelholm, Sweden). The site was disinfected, and a
prick was made on the tip of the middle finger. The first drop of blood was discarded, and the second
drop was collected to fill the microcuvette. The cuvette was then inserted into the meter’s holder for
analysis. To ensure reliable results, the meter's performance was checked daily using control
standards. The meter, designed for capillary blood, was calibrated by pulling the microcuvette to the
loading position and then filling it continuously with the sample for examination. Within 10 minutes
of filling, the cuvette was placed in the holder and inserted into the meter's measuring position.
Hemoglobin concentration: Hemoglobin concentration was measured and recorded within 15-60
seconds, following WHO field survey recommendations [41,42]. Hemoglobin values were corrected
for altitude before data entry, using the appropriate adjustment formula [41]. All laboratory
procedures were conducted following standard operating procedures [43].

Iron deficiency anemia: Following WHO guidelines, iron deficiency anemia is defined as serum
ferritin <15 pg/L in the absence of inflammation, or <30 ug/L in the presence of inflammation,
measured using standard ELISA methods. Among those with confirmed IDA based on serum ferritin
levels, anemia severity was further categorized based on hemoglobin concentration: Mild anemia:
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hemoglobin between 10.0-10.9 g/dL; Moderate anemia: hemoglobin between 7.0-9.9 g/dL; and severe
anemia: hemoglobin <7.0 g/dL. To account for potential inflammation-mediated increases in ferritin
levels, C-reactive protein was concurrently measured using a high-sensitivity ELISA [44]. Details of
the laboratory procedure for serum ferritin measurement are provided in S2 File.

2.14.1. Baseline Characteristics

The baseline characteristics were categorized into individual and community-level
characteristics. Individual-level characteristics included socio-economic and demographic factors,
such as maternal age, maternal and paternal occupation, maternal and paternal education, wealth
index, and use of mass media. Obstetric characteristics, including maternal age at first marriage and
childbirth, gravidity, parity, history of obstetric complications, experience of stillbirth, and pregnancy
planning status, were also measured. Additionally, knowledge and practices related to dietary
diversity, household food security, malaria infection, iron-rich food consumption, and
undernutrition status were included (See S2 File).

2.14.2. Nutritional Status

Undernourished Status based on Mid-Upper Arm Circumference (MUAC): Pregnant women
with a MUAC measurement below the cutoff of 23 cm were classified as undernourished, while those
measuring 23 cm or above were categorized as having normal nutritional status. MUAC was
measured using a flexible, non-stretchable tape, with the subject in the Frankfurt plane, observing the
left arm from the side. The measurement was taken to the nearest 0.1 cm with the mother's arms
hanging loosely at her sides and palms facing inward [45].

2.14.3. Dietary Diversity:

Dietary diversity scores for women were calculated using the Food and Agriculture
Organization guidelines [46]. The score was divided into three tertiles: low, medium, and high. Nine
food groups were created based on the foods and drinks consumed by pregnant women the day
before the survey: cereals and starchy staples; oils and fats; dark green leafy vegetables and vitamin
A-rich fruits and vegetables; legumes; nuts and seeds; other fruits and vegetables; meat and fish;
organ meats; milk and dairy products; and eggs. Women who consumed food from each subgroup
(at least once) were assigned a score of 1, while those who did not were assigned a score of 0.

2.14.4. Household Food Security

Household food security was assessed using a modified version of the Food and Nutrition
Technical Assistance version 3 questionnaire, adapted for the local context. This tool contains 18
questions [47]. The first nine questions were answered with a "yes" or "no" response, and the results
were classified into four categories: food secure, mildly food insecure, moderately insecure, and
severely food insecure.

2.14.5. Community-Level Covariates

Community-level covariates included the place of residence (urban or rural), community-level
distance to the nearest health facility, community literacy rates among women, social media usage at
the community level, and community-level poverty indicators.

2.15. Data Collection Tool and Procedure

The study employed a structured, pretested questionnaire, which was administered by trained
interviewers (S3 File). The questionnaire was adapted from similar studies [2,12-14] and initially
written in English. It was then translated into Sidaamu Afoo, the primary language spoken by nearly
all study participants. To ensure accuracy and consistency, the translated version was retranslated
into English. A bilingual language expert, fluent in both English and Sidaamu Afoo, translated. The
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principal investigator and an additional language expert reviewed the translated tool. Any
discrepancies identified during the review process were corrected to ensure alignment between the
two versions.

Data collection post-intervention was conducted using the Open Data Kit mobile application
from February 5 to 30, 2025. A team of 12 data collectors and two supervisors managed the process,
with the principal investigator overseeing all stages of data collection and adjusting as needed to
address any issues that arose.

2.16. Data Quality Assurance

The principal investigator conducted a comprehensive 2-day training session for data collectors
and supervisors, focusing on the study tools, study significance, data collection procedures, research
objectives, methodologies, and ethical considerations. The data collection process employed a well-
designed, standardized, pretested, structured questionnaire, which trained interviewers
administered face-to-face. A pre-test of the questionnaire was conducted, and necessary revisions
were made before the actual data collection began. Throughout the data collection period, strict
supervision was maintained, with daily checks to ensure completeness and consistency of the data.
To minimize reporting bias, data collectors were trained to emphasize the importance of
understanding the standardized questions and to ensure accurate responses. In parallel, two medical
laboratory technicians received specialized training in blood collection techniques, hemoglobin
analysis, and the preparation and transport of blood serum to the regional laboratory center for
further analysis.

2.17. Statistical Analysis

Descriptive statistics were performed to summarize key variables across intervention and
control groups. The wealth index was computed using Principal Component Analysis, and the
detailed computation procedure is provided in the S2 File [47]. The analysis included all women
participants enrolled at baseline who consumed at least one serving of amaranth grain bread and had
outcome measurements at the end of the intervention. An intention-to-treat (ITT) analysis was
employed to compare outcomes between the intervention and control groups. Prior to multilevel
modeling, the necessity of multilevel analysis was assessed by fitting random intercept models using
logistic and linear regression to calculate intraclass correlation coefficients (ICCs) [48,49]. A multilevel
model was considered necessary if the ICC exceeded 5%. Both univariable and multivariable analyses
were conducted using multilevel mixed-effects modified Poisson regression with robust error
variance for iron deficiency anemia, and linear regression for hemoglobin concentration. Baseline
characteristics with an important imbalance between the two treatment arms were included in
multivariable models to assess the effect of amaranth grain flatbread consumption, adjusting for these
differences as potential confounders.

Four hierarchical models were developed: Model 1 (an empty model with random intercepts),
Model 2 (adjusted for individual-level factors), Model 3 (adjusted for community-level factors), and
Model 4 (adjusted for both individual- and community-level factors). Random effects were evaluated
using the ICC value. Model fit was assessed using the Akaike Information Criterion (AIC) and the
log-likelihood ratio test, with models favoring those with lower values. Interaction terms between
the intervention variable and mass media use, wealth quintile, malaria infection, iron-rich food
consumption, household food insecurity, dietary diversity, and place of residence were included in
the final model to assess potential effect modification. Multicollinearity among independent variables
was assessed using multiple linear regression; a variance inflation factor (VIF) of less than 5 indicated
an acceptable level of multicollinearity [49].

The association and strength of relationships between amaranth grain flatbread consumption
and outcome variables were expressed as adjusted RRs with 95% ClIs for iron deficiency anemia and
as adjusted (3 with 95% ClIs for hemoglobin concentration. Statistical significance was noted when the
95% CI of the effect size did not include the null. All statistical analyses were performed using a 95%
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confidence level and a 5% significance threshold. Statistical analyses were conducted using SPSS

version 26 and Stata 17.

3. Results

3.1. Trial Profile

The procedures for recruitment, randomization, and eligibility assessment are detailed in Figure
1. Between August 1 and 30, 2024, WDT leaders and Health Extension Workers screened 528 pregnant
women for eligibility. Of these, 306 women from 10 kebeles met the inclusion criteria and were
enrolled in the study, with equal allocation to intervention (n =153) and control (n = 153) groups. At
the time of recruitment, the mean gestational age was 11.02 + 3.21 weeks. During the outcome
assessment period, 293 of 306 participants (95.75%) remained: 146 (95.42%) in the intervention group
and 147 (96.07%) in the control group. The overall response rate was 95.75%, with similar follow-up
loss in both groups (4.58% vs. 3.93%).

Hawela Lida kebeles randomly selected

to participate in study (n = 12)

Kebeles assigned to intervention group Kebeles assigned to comparator group
(n=6) =96)
£
E
E Assessed for eligibility (n = 528)
P>
Excluded (n = 222)
Not meeting inclusion criteria (n = 168)
Refused to participate (n = 39)
Other reasons (n = 15)
| Randomized (n = 306)
Allocated to intervention (n = 153) Allocated to intervention (n = 153)

,E Received allocated intervention (n Received allocated intervention (n =

ks =145) 144)

3

<=g ]_)ld not  receive allocated Did not receive allocated intervention

intervention (n = 8) (Defaulter) (n = 9) (Deviated from protocol)

) Lost to follow up Lost to follow up

z _ .

= (n =3) (Residence change) (n = 4) (Residence change)

= (n =2) (Abortions) (n=2) (Abortions)

! T
Analyzed (n = 146) Analyzed (n = 147)

&

E, Excluded from analysis Excluded from analysis

E

g (n = 7) (Unable to measure outcome) (n = 6) (Unable to measure outcome)

Figure 1. Trial profile.

3.2. Participant Characteristics

Table 1 summarizes the socio-demographic and economic attributes of the trial subjects. Details
of the baseline characteristics of all randomized participants are provided in S2 File. Overall, the
distribution of many characteristics was comparable across the intervention and comparison groups.
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The majority of participants identified as Sidama ethnicity (96.6%) and were Protestant Christians
(88.4%). Nearly all were married (99.0%) and had received formal education (71.7%) at the time of
the interview. The mean age of participants was 25.91 years (SD =4.25) in the intervention group and
25.78 years (SD = 4.55) in the comparison group. Most women in the intervention and comparison
groups were housewives, comprising 92.5% and 90.5%, respectively. Government employees
represented a small fraction in both groups (3.4% in the intervention group and 2.7% in the
comparison group). More than half of the women in the intervention group (69.2%) and just over half
in the comparison group (54.2%) reported access to mass media, including radio, television, and
newspapers. However, there were important differences in baseline characteristics for the following,
which were adjusted for in the analysis: wealth index and mass media use.

Table 1. Socio-demographic attributes of the trial subjects (N = 293).

Intervention group Comparator group Total

Variables (amaranth bread)  (maize bread)

N (%) N (%) N (%)
Age of mothers (mean, SD) 2591 +4.25 25.78 +4.55 25.85 +4.40
Ethnicity
Sidama 141 (95.9) 142 (97.3) 283 (96.6)
Others 6 (4.1) 4(2.7) 10 (3.4)
Religions
Protestant 124 (84.4) 135 (92.5) 259 (88.4)
Orthodox 6(4.1) 7 (4.8) 13 (4.4)
Muslim 7 (4.8) 2 (1.4) 9(3.1)
Catholic 10 (6.8) 2 (1.4) 12 (4.1)
Mothers' education status
No formal education 45 (30.8) 38 (25.9) 83 (28.3)
Have formal education 101 (69.2) 109 (74.1) 210 (71.7)
Marital status
Married 144 (98.6) 146 (99.3) 290 (99.0)
Divorced 2(1.4) 1(0.7) 3 (1.00)
Husband education status
No formal education 19 (13.2) 26 (17.8) 45 (15.5)
Have formal education 125 (86.8) 120 (82.2) 245 (84.5)
Women's occupational status
Housewife 135 (92.5) 133 (90.5) 268 (91.5)
Merchant 6(4.1) 10 (6.8) 16 (5.5)
Government employee 534 4(2.7) 9(3.1)
Husband occupation status
Farmer 94 (65.3) 88 (60.3) 182 (62.8)
Merchant 39 (27.1) 43 (29.5) 82 (28.3)
Daily labourer 7 (4.9) 7 (4.8) 14 (4.8)
Government employee 4(2.8) 8 (5.5) 12 (4.1)
Family size
Small (1-5) 118 (80.8) 113 (76.9) 231 (78.8)
Large (greater than 5) 28 (19.2) 34 (23.1) 62 (21.2)
Use of mass media
No 45 (30.8) 70 (47.6) 115 (39.2)
Yes 101 (69.2) 77 (54.2) 178 (60.8)
Wealth quintile
Lowest 31 (21.2) 28 (19.0) 59 (20.1)
Second 20 (13.7) 38 (25.9) 58 (19.9)
Middle 26 (17.8) 33 (22.4) 59 (20.1)
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Fourth 19 (13.0) 40 (27.2) 59 (20.1)
Highest 50 (34.2) 8 (5.4) 58 (19.8)

3.3. Reproductive and Obstetric Health Characteristics

The reproductive health characteristics were generally similar between the intervention and
comparator groups (Table 2). The mean age at first marriage was 20.65 + 2.76 years in the intervention
group and 21.41 + 3.38 years in the comparator group. A history of infection during the current
pregnancy was reported by 22 women (15.1%) in the intervention group and 26 women (17.7%) in
the comparator group. In the intervention arm, 63 women (69.2%) had two to four previous births,
compared to 59 women (65.6%) in the comparator arm. Obstetric danger signs were reported by 8%
of participants in the intervention group and 9% in the comparator group. In both groups, more than
three-quarters of the women stated that their most recent pregnancy was planned (Table 2). However,
there were differences in age at first marriage and age at first pregnancy, which were adjusted for in
the analysis.

Table 2. Reproductive and obstetric health characteristics of the trial participants (N = 293).

Intervention group Comparator group Total

Variables (amaranth bread)  (maize bread)

N (%) N (%) N (%)
Age at first marriage 20.65+2.76 21.41+3.38 21.03 +3.11
Age at first pregnancy 21.86 +2.68 22.96 +3.65 22.41+3.24
Total number of gravidities
1 45 (39.5) 34 (32.4) 79 (36.1)
2-4 60 (52.6) 65 (61.9) 125 (57.1)
>5 9(7.9) 6(5.7) 15 (6.8)
Previous history of abortions
No 142 (97.3) 139 (94.6) 281 (95.9)
Yes 4(2.7) 8(5.4) 12 (4.1)
Total number of deliveries
1 25 (27.8) 24 (26.4) 49 (27.1)
2-4 59 (65.6) 63 (69.2) 122 (67.4)
>5 6(6.7) 4(44) 10 (5.5)
Infection during the current pregnancy
No 124 (84.9) 121 (82.3) 245 (83.6)
Yes 22 (15.1) 26 (17.7) 48 (16.4)
Previous history of stillbirth
No 144 (98.6) 144 (98.0) 288 (98.3)
Yes 2(1.4) 3(2.0) 5(1.7)
Previous history of neonatal death
No 144 (98.6) 144 (98.0) 288 (98.3)
Yes 2(14) 3(2.0) 5(1.7)
Last pregnancy planned
No 16 (11.0) 20 (13.6) 36 (12.3)
Yes 130 (89.0) 127 (86.4) 257 (87.7)
Encountered obstetric danger signs
during last pregnancy
No 134 (91.8) 134 (91.2) 268 (91.5)
Yes 12 (8.2) 13 (8.8) 25 (8.5)
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Table 3. Other health- and nutrition-related individual- and community-level characteristics of trial participants
at endline (N =293).

Intervention group Comparator group Total

Variables (amaranth bread) (maize bread)

Individual-level determinants
Malaria infection

Yes 13 (8.9) 25 (17.0) 38 (13.0)
No 133 (91.1) 122 (83.03) 255 (87.0)
Iron-rich food consumption

Yes 50 (34.2) 32 (21.8) 82 (28.0)
No 96 (65.8) 115 (78.2) 211 (72.0)
Household food insecurity

Secured 83 (56.8) 76 (51.7) 159 (54.3)
Insecure 63 (43.2) 71 (48.3) 134 (45.7)
Dietary diversity

Adequate 74 (50.7) 63 (42.9) 137 (46.8)
Inadequate 72 (49.3) 84 (57.1) 156 (53.2)
Nutrition status

Undernutrition 16 (11.0) 53 (36.1) 69 (23.5)
Normal 130 (89.0) 94 (63.9) 224 (76.5)

Community-level determinants
Place of residence

Urban 26 (17.8) 14 (9.5) 40 (13.7)
Rural 120 (82.2) 133 (90.5) 253 (86.3)
Community-level wealth status

High 84 (57.5) 59 (40.1) 143 (48.8)
Low 62 (42.5) 88 (59.9) 150 (51.2)
Community-level road accessibility

Accessible 76 (52.1) 52 (35.4) 128 (43.7)
Inaccessible 70 (47.9) 95 (64.6) 165 (56.3)

3.4. Description of the Baseline Hemoglobin Levels and Anemia Status

The intervention and comparison groups were comparable in terms of baseline hemoglobin
concentration and iron deficiency anemia, as determined by serum ferritin levels. Among all
pregnant women diagnosed with anemia, 108 out of 293 (36.9%) had moderate anemia, while 185
(63.1%) had mild anemia. The proportion of women with moderate anemia was slightly higher in the
intervention group (41.1%) compared to the comparison group (32.7%) (Table 4).

Table 4. Hemoglobin concentration and iron deficiency anemia at baseline among pregnant women (N = 306).

Intervention group Comparator group Total
(amaranth bread)  (maize bread) °
N (%) N (%) N (%)

Variables

Haemoglobin concentration (g/dL; mean,
SD)

Iron deficiency anaemia (based on
hemoglobin levels)*

Mild 86 (58.9) 99 (67.3) 185 (63.1)
Moderate 60 (41.1) 48 (32.7) 108 (36.9)

* Mild anemia is defined as a hemoglobin concentration between 10.0 - 10.9 g/dL, whereas moderate anemia

9.18+1.35 9.62 +0.85 9.40+1.15

corresponds to hemoglobin levels ranging from 7.0 - 9.9 g/dL.
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3.5. Effect of Intervention on Hemoglobin Concentration and Iron Deficiency Anemia

In the unadjusted (crude) analysis, the mean hemoglobin concentration was higher in the
amaranth group (12.39 g/dL, 95% CI: 12.17-12.61) compared to the maize group (10.17 g/dL, 95% CI:
9.95-10.39). Similarly, the proportion of iron deficiency anemia was lower in the amaranth group,
affecting 39 participants (26.71% [95% CI: 20.14-34.49]), compared to 97 participants (65.98% [95% CI:
57.93-73.21]) in the maize group (Table 5).

Table 5. Hemoglobin concentration and proportion of iron deficiency anemia at follow-up among pregnant
women (N = 293).

Intervention group Comparator group Total

Variables (amaranth bread)  (maize bread)

N (%) N (%) N (%)
?S;mogl"bm concentration (g/dL; mean, 1, 59 , 4 54 10.17 +1.36 11.28 +1.74
Severity of iron deficiency anaemia
(based on hemoglobin levels)*
Mild 37 (25.3) 29 (19.7) 66 (22.5)
Moderate 5 (3.4) 61 (41.5) 66 (22.5)
Presence of iron deficiency anaemia
(based on serum ferritin levels)**
Yes 42 (28.8) 90 (61.2) 132 (45.1)
No 104 (71.2) 57 (38.8) 161 (54.9)

* Mild anemia is defined as a hemoglobin concentration between 10.0-10.9 g/dL, whereas moderate anemia
corresponds to hemoglobin levels ranging from 7.0 - 9.9 g/dL. ** Presence of iron deficiency anemia is defined

as serum ferritin <15 pg/L in the absence of inflammation, or <30 pg/L in the presence of inflammation.

After adjusting for potential confounders and accounting for clustering at the community level,
pregnant women who received amaranth grain flatbread had higher hemoglobin concentrations
compared to those in the maize group. The adjusted mean difference in hemoglobin levels was 2.67
g/dL (adjusted {3 = 2.67; 95% CI: 2.41-2.90) (Table 6).

Table 6. Effect of amaranth grain flatbread intervention on hemoglobin concentration among pregnant women
in the Northern zone of the Sidama region, Ethiopia, 2025 (N = 293).

o, . + o,
Variables Crude  (95% CI) Adjusted Bt (95% CI)
Study group
Control (maize bread) Ref Ref
Intervention (amaranth bread) 247 (2.21,2.73) 2.67 (2.41,2.91)

T Note: Variables adjusted in the models were mass media use, wealth quintile, age at first marriage and
pregnancy, malaria infection, iron rich food consumption, household food insecurity, dietary diversity,
undernutrition, place of residence, community-level wealth status and road accessibility; Ref: reference group;

CI: confidence interval, 3: beta coefficient.

After adjusting for confounders and clustering, pregnant women who received amaranth grain
flatbread had a 53% lower risk of IDA compared to those in the maize group (adjusted relative risk,
RR =0.47; 95% confidence interval, CI: 0.26-0.84) (Table 7).
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Table 7. Effect of amaranth grain flatbread intervention on iron deficiency anemia (based on serum ferritin
levels) among pregnant women with anemia at follow-up in the Northern zone of the Sidama region, Ethiopia,
2025 (N =293).

Presence of iron deficiency

i i CRR (95% CI) ARRt (95% CI)

Variables anemia*
Anemic Normal
Study group
Intervention
7 107 (73. Ref Ref
(amaranth bread) 39(26.7) 07(73.3) e e
¢ :

Comparator (maize 97 (66.0) 50 (34.0) 0.50 (0.36, 0.70) 0.47 (0.26, 0.84)

bread)

"Variables adjusted in the models were mass media use, wealth quintile, age at first marriage and pregnancy,

malaria infection, iron rich food consumption, household food insecurity, dietary diversity, undernutrition,
place of residence, community-level wealth status and road accessibility; Ref: reference group; CI: confidence
interval; ARR: adjusted risk ratio; CRR: crude risk ratio. * Presence of iron deficiency anemia is defined as serum

ferritin <15 pg/L in the absence of inflammation, or <30 ug/L in the presence of inflammation.

3.7. Random Effects Model Attributes and Model Fitness Evaluation

The multilevel mixed-effects modified Poisson regression model, incorporating robust variance
estimation, demonstrated a significantly better fit than the standard single-level model (p < 0.001).
ICCs revealed that 12.6% of the variation in hemoglobin concentrations and 26.7% of the variation in
iron deficiency anemia were attributable to clustering at the kebele level, justifying the use of a
multilevel modeling approach.

Model fit was assessed using AIC and log-likelihood values. For hemoglobin concentration, the
null model exhibited the poorest fit (AIC = 1146.42; log-likelihood = -570.20), while the final adjusted
model showed substantial improvement (AIC = 837.45; log-likelihood = -399.73). Similarly, for IDA,
model performance improved markedly from the empty model (AIC = 513.36; log-likelihood =
-254.68) to the final model (AIC = 471.88; log-likelihood = -226.94). These findings indicate that
accounting for individual- and kebele-level factors enhanced the explanatory power and precision of
the models. When assessing for potential effect modification, none of the interaction terms were
statistically significant, suggesting no effect modification by the stated variables.

3.8. Adverse Events

Throughout the six-month intervention period, no serious adverse events attributable to the
intervention were reported in either the amaranth or maize arms. All participants were regularly
monitored through biweekly home visits by trained community health workers and monthly follow-
ups by field supervisors. Two abortions were reported in the intervention arm and two in the
comparator arm. All abortion cases were attributed to external trauma (motorcycle accidents or falls)
and, based on assessments by community health workers and field supervisors, were not considered
related to the intervention.

A total of 12 participants (7.8%) in the amaranth arm and 9 participants (5.9%) in the maize arm
reported minor gastrointestinal symptoms, including transient bloating, abdominal discomfort, or
changes in bowel habits. These events were mild and self-limiting, requiring no medical intervention
or discontinuation of the intervention.

No allergic reactions or safety-related withdrawals were observed. All adverse events were
promptly recorded and reviewed by the study's clinical supervisor.

3.8. Adherence

Of the 306 pregnant women randomized (153 per group), 8 participants in the intervention
(amaranth) arm did not receive the allocated intervention due to withdrawal from the study (after
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receiving at least one serving of flatbread). In the control (maize) arm, 9 participants deviated from
the protocol and did not receive the assigned intervention. As a result, 145 participants in the
amaranth arm and 144 in the maize arm received all the allocated servings of flatbread.

4. Discussion

This six-month, community-based intervention with amaranth grain flatbread improved
hemoglobin concentrations and reduced IDA compared to maize bread among pregnant women with
anemia in southern Ethiopia. No serious adverse events were reported. Findings suggest that
incorporating amaranth grain into maternal nutrition programs may offer a culturally appropriate
and sustainable strategy to combat mild or moderate iron deficiency anemia during pregnancy.

While previous research has explored the nutritional composition of amaranth and techniques
for phytate reduction [28,29], few studies have assessed its in vivo effects, particularly in the form of
flat bread. To the best of our knowledge, this is the first study in Ethiopia to evaluate the impact of
amaranth grain flatbread consumption on hemoglobin levels and IDA among pregnant women. Due
to the limited availability of directly comparable studies, findings from other populations were
referenced as a basis for comparison. A study conducted in Hawassa city among children under five
years demonstrated that consumption of homemade amaranth products improved hemoglobin
levels and reduced IDA [27]. Similarly, research from Ghana found that supplementation with dried
amaranth leaf powder reduced the prevalence of anemia by 28% and increased hemoglobin
concentrations by 8.9 g/L [50]. The presence of other micronutrients in amaranth, including folic acid,
copper, and vitamin A, may have also contributed to the observed improvements in hemoglobin
levels [51-53]; however, these micronutrients were not measured in either the Ghanaian study or the
present trial.

Conversely, a Kenyan study reported that consumption of raw amaranth grain did not reduce
anemia rates in preschool children [21], attributing the lack of effect to the high phytate content,
which impairs iron absorption. The authors suggested that reducing phytate content could enhance
the nutritional efficacy of the grain. In our study, homemade processing techniques such as soaking,
germination, and fermentation were employed, which likely reduced phytate levels and enhanced
the bioavailability of iron and other key nutrients, thereby contributing to the positive outcomes
observed.

Based on the observed improvements in hemoglobin concentration and reduction in IDA, our
findings suggest that amaranth grain can be integrated into maternal nutrition programs in Ethiopia
and other similar settings. As a locally available, culturally acceptable, and nutrient-dense crop,
amaranth may offer a sustainable solution to address dietary iron deficiency among pregnant
women. Future efforts should focus on scaling up community-level production and utilization of
amaranth, alongside nutrition education, to promote dietary diversification. Further longitudinal
studies and implementation research are warranted to assess the broader impacts on maternal and
neonatal health outcomes and to inform policy-level interventions.

Strengths and limitations of the study

This study has several important strengths. First, the research protocol was prospectively
registered at ClinicalTrials.gov (NCT06536153), which enhances transparency and helps mitigate the
risk of selective reporting bias. Second, the use of a cluster RCT design strengthens causal inference.
Participants were selected using simple random sampling, and randomization was applied at the
cluster level to allocate pregnant women with anemia into intervention and control groups,
minimizing the risk of contamination and strengthening internal validity when assessing this
community-based intervention.

Blinding was maintained across multiple levels: bread producers, distributors, caregivers, and
data collectors were unaware of the type of bread (maize or amaranth) provided. Furthermore, the
daily feeding was implemented under direct supervision, ensuring intervention fidelity. The use of
existing community infrastructure, specifically the WDTs, facilitated the delivery and monitoring of
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the intervention without requiring parallel systems, thereby enhancing both sustainability and
scalability. An acceptability assessment for the intervention was also conducted to ensure cultural
and contextual appropriateness.

Nonetheless, the study has limitations. It did not assess other potential causes of nutrient-related
anemia, such as deficiencies in folic acid, vitamin A, and copper. Additionally, genetic
hemoglobinopathies were not evaluated, despite their relatively low prevalence in the study
population and setting. Despite efforts to adjust for confounding, residual confounding due to
unmeasured variables such as blood-borne parasitic infections cannot be entirely ruled out. Although
randomization is designed to distribute confounding variables across study arms evenly, imbalances
were observed in several individual- and community-level baseline characteristics. To address these
baseline differences, multilevel and multivariable regression models were applied. Missing outcome
data presented an additional limitation. Thirteen women were lost to follow-up, nine due to
relocation and four due to pregnancy loss (unrelated to the intervention). While randomization can
achieve baseline group comparability, differential attrition may introduce bias and compromise the
internal validity of the study. However, the extent of attrition was minimal, with loss-to-follow-up
rates of 4.58% in the intervention group and 3.93% in the comparator group.

5. Conclusions

This study demonstrates that consumption of amaranth grain flatbread among pregnant women
with mild or moderate anemia at baseline improves hemoglobin concentration and reduces iron
deficiency anemia compared to a maize-based diet. These findings highlight the nutritional potential
of amaranth, an underutilized and locally available grain, in enhancing maternal iron status for
pregnant women with mild to moderate anemia in low-resource settings. Integrating amaranth into
maternal nutrition programs may represent a culturally acceptable and sustainable strategy for
addressing anemia and improving maternal health outcomes in Ethiopia and similar contexts.
Informing policy-level action and conducting further longitudinal studies are recommended to
evaluate broader maternal and neonatal health benefits of amaranth grain in this population.
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