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Abstract: Anemia in pregnancy is a significant global health challenge, especially in low-resource 

settings, where it contributes to adverse maternal and neonatal outcomes. Nutrition education is widely 

recognized as an effective approach to improving dietary behaviors and reducing the prevalence of 

anemia among pregnant women. Objective:  To evaluate the effect of a structured nutrition education 

program on hemoglobin levels, body mass index (BMI), dietary knowledge, and practices among 

pregnant women attending Al Sabeen Maternal Hospital in Sana’a, Yemen.  Methods:  A quasi-

experimental study was conducted utilizing a purposive sampling from November 2024 to June 2025 

among second-trimester pregnant women, with 58 participants allocated to the intervention group 

receiving structured nutrition education and dietary counseling, and 56 participants assigned to the 

control group receiving routine antenatal care. Data was collected at baseline and post-intervention to 

evaluate the hemoglobin levels, BMI, dietary knowledge, and practices. Results:  The intervention 

group demonstrated a significant increase in hemoglobin levels (p = 0.001), while the control group 

showed only a minor, non-significant change (p = 0.021). BMI in the intervention group increased 



188 

AIMS Medical Science  Volume 13, Issue 3, 187–201. 

from 22.92 ± 3.58 to 24.54 ± 3.71, compared to a smaller rise in the control group from 23.39 ± 4.07 

to 24.54 ± 3.64. Dietary knowledge improved from 10.7% to 63.8% in the intervention group versus 

12.5% to 17.9% in the control group (p < 0.001). Similarly, adherence to iron-rich foods and 

supplementation significantly increased in the intervention group (24-hour dietary practice seven-day 

practice) with minimal change in the control group. Conclusion:  Nutrition education significantly 

enhances maternal dietary knowledge, behaviors, and health outcomes. Integrating structured nutrition 

education into routine antenatal care is recommended to reduce anemia prevalence and improve 

pregnancy outcomes. Expanding community-based programs and digital health strategies can further 

strengthen adherence and sustainability. Future research should examine the long-term effects on both 

maternal and infant health. 
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1. Introduction 

Anemia is a critical global health concern, particularly among pregnant women, as it adversely 

impacts both maternal and fetal health. It is characterized by reduced hemoglobin levels, which can 

result in fatigue, weakness, and increased susceptibility to infections. Iron deficiency anemia (IDA) is 

the most prevalent form, accounting for nearly 80% of cases worldwide [1]. Other contributing factors 

include deficiencies in folate and vitamin B12, as well as infections such as malaria and hookworm [2]. 

Pregnant women are especially vulnerable due to increased iron requirements associated with fetal 

growth and maternal blood volume expansion [3]. 

During pregnancy, anemia is associated with serious complications, including maternal 

hemorrhage, preterm labor, and low birth weight, with long-term consequences for child health [4]. To 

address these risks, the World Health Organization (WHO) recommends iron–folic acid 

supplementation (IFAS) alongside nutrition education, aligning with global strategies to reduce anemia 

prevalence [2,5]. Nevertheless, in resource-limited settings such as Yemen, where food insecurity and 

healthcare barriers are common, anemia remains highly prevalent. Recent estimates suggest that 

anemia affects 36% of pregnant women in Yemen [6], with previous studies reporting rates between 

26.5% and 81% [7]. In Sanaa City, one study reported a prevalence of 25%, with 70.83% of cases 

classified as mild, 28.13% as moderate, and 1.04% as severe [8]. Risk factors include limited maternal 

health knowledge, inadequate dietary intake, and cultural practices that impair iron absorption, such 

as khat chewing and frequent tea consumption [9]. 

Nutrition education has been shown to be an effective strategy for anemia prevention, as it 

improves maternal dietary knowledge, promotes adherence to iron supplementation, and enhances 

pregnancy outcomes [10]. Evidence from Ethiopia and Sudan highlights that structured nutrition 

counseling combined with the use of locally available iron-rich foods can reduce anemia prevalence 

and improve hemoglobin levels [11,12]. Similar findings from Indonesia and India demonstrated 

improvements in maternal dietary practices and significant reductions in anemia rates [4,13]. Despite 

this global evidence, research examining the impact of nutrition education on maternal health 

outcomes in Yemen remains limited. 

The ongoing conflict in Yemen has further exacerbated maternal health challenges, with more than 

50% of healthcare facilities damaged or destroyed [6]. Evidence from conflict-affected countries 
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indicates that integrating nutrition education into maternal healthcare services can enhance maternal 

nutrition, reduce pregnancy-related complications, and improve overall health outcomes [1,14]. Given 

the high prevalence of anemia among pregnant women in Yemen, this study seeks to evaluate the impact 

of nutrition education on dietary knowledge, practices, and hemoglobin levels. The findings are expected 

to provide evidence-based recommendations to incorporate structured nutrition education into antenatal 

care in Yemen, thus contributing to improved maternal health and reduced anemia prevalence. 

1.1. Study aim and hypothesis 

The present study aimed to evaluate the effect of a structured nutrition education program on 

maternal hemoglobin levels, body mass index (BMI), dietary knowledge, and dietary practices among 

pregnant women attending Al Sabeen Maternal Hospital (SMH) in Sana’a, Yemen. It was hypothesized 

that pregnant women who received structured nutrition education and dietary counseling would 

demonstrate significantly greater improvements in hemoglobin levels, BMI, dietary knowledge, and 

dietary practices than those receiving routine antenatal care. 

This study employed a quasi-experimental, nonequivalent control group (Two-groups) design to 

evaluate the impact of nutrition education on dietary knowledge, practices, and hemoglobin levels among 

pregnant women. The study was conducted at SMH in Sanaa City, Yemen, a major maternal healthcare 

facility that provides comprehensive antenatal, delivery, and postnatal care services. The hospital serves 

a diverse population from both urban and rural areas, thus ensuring a representative sample. 

Participants were recruited between November 2024 to June 2025, with baseline data collected at 

enrollment and end-line data after ten weeks of intervention. Pregnant women were assigned to either 

the intervention group that received structured nutrition education and a diet plan or the control group 

that only received general health education. This setting facilitated accessibility for participants and 

ensured continuity of care throughout the study period (Figure 1). 

1.2. Study population and sampling 

The study targeted pregnant women aged 18–45 years in their second trimester (gestational age 13–

28 weeks) attending antenatal care (ANC) visits at SMH and diagnosed with mild to moderate anemia 

(hemoglobin < 11 g/dL). Eligible participants had no chronic illnesses such as kidney or liver disease, 

diabetes, or hypertension, no gastrointestinal disorders including inflammatory bowel disease or celiac 

disease, and no blood disorders such as sickle cell anemia or thalassemia. Women with multiple 

pregnancies, pregnancy complications, prior participation in a nutrition education intervention within the 

past two months, or inability to attend scheduled follow-up sessions were excluded. 

The required sample size was calculated based on a previous study by Otoo and Adam [15], 

thereby accounting for a 10% non-response rate and 20% potential loss to follow-up, resulting in 114 

participants (58 intervention, 56 control). The sample size calculation was performed using STATA, 

version 13.0, at a 5% significance level and 90% power. A convenience sampling approach was 

employed to recruit participants daily from ANC outpatient clinics. Eligible women were 

consecutively enrolled and allocated to intervention and control groups based on the availability and 

eligibility, thus ensuring representation from both urban and rural populations. 
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Figure 1. Conceptual framework of the study. 

2. Materials and methods 

2.1. Data collection and intervention 

Data collection was conducted from November 2024 to June 2025 after obtaining written 

informed consent from all participants. Baseline data were collected using a semi-structured 

questionnaire covering socio-demographic characteristics, obstetric history, ANC service utilization, 

dietary knowledge and practices (assessed via 24-hour and 7-day food frequency recall), 

anthropometric measurements (height, weight, and BMI), and hemoglobin levels. Dietary knowledge 

was assessed using a researcher-developed questionnaire based on the WHO recommendations and 

relevant literature on maternal nutrition and anemia prevention. Each correct response was assigned 

one point, while incorrect or “don’t know” responses received zero points. The total score was 

converted into a percentage, and participants who scored ≥60% were classified as having good dietary 

knowledge, whereas those who scored <60% were classified as having poor dietary knowledge.  

Because pre-pregnancy body weight was not collected, gestational weight gain (GWG) could not be 
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calculated. Therefore, BMI was used as the anthropometric indicator to assess maternal nutritional 

status throughout the study. End-line data were collected after ten weeks of intervention. 

The intervention group received two structured nutrition education counselling sessions and a 

personalized iron-rich food-based diet plan, while the control group only received general health 

education. Nutrition education sessions were delivered by a research team member using materials 

adapted from previous studies [11,16,17] and translated into Arabic. The nutrition education program 

was developed based on WHO recommendations and a review of previous nutrition education 

interventions targeting pregnant women with anemia. The program was structured by the research team 

to address maternal nutrition and anemia prevention, including anemia definition, symptoms, causes, 

consequences, risk factors, prevention strategies, iron-rich food sources, factors affecting iron 

absorption, and recommended dietary practices during pregnancy. The educational materials were 

reviewed by experts in maternal health and nutrition to ensure content validity and cultural 

appropriateness before implementation. The control group received general education on hygiene, 

sanitation, rest, exercise, and pregnancy danger signs. Each counselling session lasted approximately 

one hour at enrollment, followed by biweekly phone calls (3–5 minutes) and monthly ANC follow-

ups to reinforce key messages. 

A personalized diet plan was developed for each participant in the intervention group using food 

exchange principles and standardized portion size recommendations routinely adopted by the Dietary 

Department of SMH. The food exchange list included major food groups (cereals, vegetables, fruits, 

milk and dairy products, meat and meat alternatives, and fats), with standardized serving sizes used to 

individualize meal plans according to the participant’s nutritional requirements. The dietary 

counselling emphasized the consumption of iron-rich foods (e.g., red meat, liver, poultry, fish, legumes, 

dark green leafy vegetables, and iron-fortified cereals), vitamin C-rich foods to enhance iron 

absorption, and the avoidance of tea and coffee immediately after meals to reduce iron absorption. 

Meals were individualized according to each participant’s nutritional requirements and structured into 

five daily portions (breakfast, lunch, snack, dinner, and bedtime snack). The total energy requirements 

were calculated using the Harris–Benedict equation with an additional 300–350 kcal/day to meet 

pregnancy needs. Dietary adherence was monitored every four weeks during ANC visits and telephone 

follow-ups using the same structured dietary assessment tools employed in the study, including the 24-

hour dietary recall and the 7-day food frequency questionnaire, to evaluate the participant’s compliance 

with the recommended dietary plan. The participants were purposively allocated to the intervention or 

control group based on the day of their ANC visit, with odd days allocated to the intervention group 

and even days to the control group. 

2.2. Pilot study, validity and reliability 

A pilot study was conducted with 10% of the intended sample to evaluate the feasibility of the 

intervention, identify potential challenges in data collection, and refine the study questionnaire. The 

questionnaire’s face and content validity were confirmed through expert review by nutritionists and 

epidemiologists, thus ensuring it accurately captured the intended outcomes. Reliability testing using 

Cronbach’s alpha yielded coefficients of 0.78 for dietary knowledge and 0.80 for dietary practices, 

indicating strong internal consistency. The participants involved in the pilot study were excluded from 

the final analysis to avoid potential bias. 
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2.3. Outcome measures 

The primary outcome of the study was the change in maternal hemoglobin concentration, 

measured through blood tests at baseline and end-line. Additional primary outcomes included changes 

in maternal BMI. Secondary outcomes focused on changes in dietary knowledge and dietary practices, 

which were assessed using a researcher-developed questionnaire at baseline and end-line in both the 

intervention and control groups. 

2.4. Statistical analysis 

Data analyses were performed using the SPSS statistical software package. Descriptive statistics 

summarized the participant’s demographic characteristics, including age, education level, income, and 

parity. Continuous variables were reported as means with standard deviations, while categorical 

variables were expressed as frequencies and percentages. The chi-square test was used to assess 

associations between the intervention and anemia prevalence by comparing the proportions of anemic 

women before and after the intervention. Additional analyses, including paired t-tests or independent 

t-tests, were applied as appropriate to evaluate changes in continuous outcomes such as hemoglobin 

levels, BMI, dietary knowledge, and dietary practices, with a significance level set at p < 0.05. 

3. Results 

3.1. Baseline socio-demographic characteristics of pregnant women 

The intervention and control groups were largely comparable in socio-demographic 

characteristics, thus minimizing the potential influence of pre-existing differences on study outcomes. 

The mean age was slightly lower in the intervention group (26 ± 6 years) compared to the control 

group (28 ± 6 years, p = 0.006), though this minor difference was unlikely to affect the results. No 

significant differences were observed between groups in education, employment, marital status, or 

family income (p > 0.05). A higher proportion of husbands in the intervention group held a bachelor’s 

degree or higher compared to the control group (58.6% vs. 35.7%, p = 0.040), while other socio-

economic factors showed no significant variation (Table 1). 
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Table 1. Baseline socio-demographic characteristics of intervention and control groups (n = 114). 

Variables Groups P-value 

Control (56) Intervention (58) 

F % F % 

Age (year) mean ± SD 28 ± 6 26 ± 6 0.006 

Mother education • Illiterate 2 3.6 0 0.0 0.098 

• Primary education 22 39.3 14 24.1 

• Secondary education 19 33.9 22 37.9 

• Bachelor and above 13 23.2 22 37.9 

Mother occupation • Employe 5 8.9 7 12.1 0.861 

• Housewife 46 82.1 46 79.3 

• Student 5 8.9 5 8.6 

Marital status • Married 55 98.2 53 91.4 0.224 

• Separate 1 1.8 5 8.6 

Husband’s education • Illiterate 0 0 0 0 0.040 

• Primary education 15 26.8 8 13.8 

• Secondary education 21 37.5 16 27.6 

• Batchelor and above 20 35.7 34 58.6 

Husband’s occupation • Employee 32 57.1 44 75.9 0.054 

• Non-employee 24 42.9 14 24.1 

Family monthly income • Hight 1 1.8 6 10.3 0.064 

• Moderate 38 67.9 47 81 

• Low 17 30.4 5 8.6 

3.2. Obstetric histories of pregnant women  

The intervention and control groups were comparable in baseline obstetric characteristics, with 

no statistically significant differences observed in gestational age, gravidity, parity, number of live 

births, or age of the youngest child (all p > 0.05), thus indicating similar baseline obstetric profiles 

between the two groups (Table 2). 

3.3. Utilization of antenatal care (ANC) services  

Baseline ANC utilization was comparable between the intervention and control groups, with no 

statistically significant differences in ANC attendance, regular check-ups, iron–folic acid 

supplementation, folic acid intake, or reported barriers to supplementation (all p > 0.05), thus 

indicating similar baseline utilization of maternal health services (Table 3). 

3.4. Hemoglobin (Hb) level among pregnant women in control and intervention groups  

Baseline hemoglobin (Hb) levels were comparable between the intervention and control groups. 

Following the ten-week nutrition education program, the intervention group demonstrated a significant 

improvement in Hb levels compared with the control group, while only a modest change was observed 

in the control group (Table 4). 
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Table 2. Obstetric history of participants in intervention and control groups at baseline (n = 114). 

Variables Groups P-value 

Control (56) Intervention (58) 

F % F % 

Base line gestational age(weeks) mean ± SD 21.06 ± 4.74 21.32 ± 4.89 0.244 

Gravidity Primigravida 12 21.4 20 34.5 0.179 

Multigravida 44 78.6 38 65.5 

Parity 1 17 30.4 16 27.6 0.903 

2–4 23 41.1 18 31 

>4 4 7.1 4 6.9 

Number of live births 1 15 26.8 16 27.6 0.761 

2–4 21 37.5 17 29.3 

>4 3 5.4 4 6.9 

Age of youngest child (Years) 1–2 13 23.2 12 20.7 0.281 

3–4 10 17.9 14 24.1 

>4 19 33.9 11 19 

Table 3. Utilization of antenatal care (ANC) services among participants in intervention 

and control groups at baseline (n = 114). 

Variables Groups P-value 

Control (56) Intervention (58) 

F % F % 

Attended the health center 

during this pregnancy 

Yes 43 76.8 45 77.6 1.000 

Regular antenatal check-ups First time 21 37.5 18 31 0.901 

2 10 17.9 11 19 

3 11 19.6 12 20.7 

4 or more 14 25 17 29.3 

Given iron/folic acid during 

pregnancy 

Yes 47 83.9 51 87.9 0.7298 

Take folic acid yesterday Yes 30 53.6 33 56.9 1.0000 

If the answer is no, what are the 

reasons? 

I didn’t have the tablets. 4 7.1 4 6.9 0.9970 

Because of the side effects 5 8.9 6 10.3 

Negligence 6 10.7 7 12.1 

I am not anemic. 1 1.8 1 1.7 
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Table 4. Comparison of blood hemoglobin (Hb) levels among pregnant women in control 

and intervention groups at baseline and endline after educational intervention (n = 114). 

Blood Hb level gm/dl Control (56) Intervention (58) P-value 

mean ± SD mean ± SD 

Baseline 10.23 ± 0.63 10.22 ± 0.65 0.901 

End line 10.57 ± 1.17 11.36 ± 0.97 0.000 

P-value 0.021 0.001  

3.5. Body mass index of pregnant women in control and intervention groups (n = 114). 

BMI changed over the study period in both groups. However, the participants in the intervention 

group demonstrated greater improvements than those in the control group, thus indicating a more 

favorable anthropometric outcome following the nutrition education program (Table 5). 

Table 5. Comparison of BMI levels among pregnant women in control and intervention 

groups at baseline and endline after educational intervention. 

Mean of BMI Control (56) Intervention (58) P-value 

mean ± SD mean ± SD 

BMI Baseline 23.39 ± 4.07 22.92 ± 3.58 0.016 

End line 24.54 ± 3.64 24.54 ± 3.71 0.012 

P-value 0.0169 0.003  

3.6. Overall dietary knowledge level about anemia among pregnant women in intervention and control 

groups before and after the educational program (n = 114). 

Baseline overall dietary knowledge was comparable between the intervention and control groups. 

Following the nutrition education program, the participants in the intervention group demonstrated a 

marked improvement in dietary knowledge compared with the control group, thus indicating the 

effectiveness of the intervention (Table 6). 

Table 6. Comparison of overall knowledge level about anemia among pregnant women in 

intervention and control groups before and after the educational program (n = 114). 

Overall level of knowledge Control (56) Intervention (58) P-value 

mean ± SD mean ± SD 

Baseline 9.80 ± 4.39 10.83 ± 4.56 0.222 

End line 10.61 ± 4.01 24.27 ± 10.10 0.000 

P-value 0.310 0.000  
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3.7. Overall dietary level about anemia among pregnant women in intervention and control groups 

before and after the educational program 

Baseline dietary practices, assessed using both the 24-hour dietary recall and the seven-day food 

frequency questionnaire, were comparable between the intervention and control groups. Following the 

ten-week nutrition education program, the intervention group demonstrated significant improvements 

in dietary practices, whereas no meaningful changes were observed in the control group (Table 7). 

Table 7. Comparison of overall dietary practices level about anemia among pregnant women 

in intervention and control groups before and after the educational program (n = 114). 

Overall level of practices Control (56) Intervention (58) P-value 

% of “Correct” answers % of “Correct” answers 

24-hour food frequency questionnaire 

Baseline 49.28% 50.50% 0.955 

End line 49.46% 62.07% 0.261 

p-value 0.984 0.209  

Seven-day food frequency questionnaire 

Baseline 58.94% 59.69% 0.887 

End line 59.28% 79.82% 0.041 

p-value 0.970 0.018  

4. Discussion 

Maternal nutrition is a crucial determinant of pregnancy outcomes, influencing both maternal 

health and fetal development. IDA remains a significant public health concern, contributing to 

complications such as preterm birth, low birth weight, and increased maternal morbidity. This study 

demonstrates that nutrition education, combined with an iron-rich diet plan, significantly improved the 

hemoglobin levels, BMI, dietary knowledge, and dietary practices among pregnant women. These 

findings align with global research supporting structured nutrition education as an effective 

intervention to reduce anemia risk and promoting healthier pregnancy outcomes [11,12,16]. 

The impact of nutrition education on hemoglobin levels was evident in this study, with a 

significant improvement observed in the intervention group compared to the control group. This 

finding is consistent with previous research indicating that structured dietary counseling enhances 

hemoglobin levels and reduces anemia prevalence [11,18]. Similar studies in Nepal, Ethiopia, and 

Ghana have reported that trimester-based nutrition education, combined with mobile-assisted follow-

ups, significantly improved iron-rich diet adherence and supplementation practices [15,19,20]. 

However, some studies suggest that education alone may not be sufficient, thereby emphasizing 

the need for complementary interventions such as micronutrient supplementation and food 

fortification [21,22]. 

In addition to hemoglobin levels, BMI and maternal nutritional status significantly improved 

among women in the intervention group, thus confirming the effectiveness of nutrition education in 

promoting healthy weight gain. These findings are supported by studies in Indonesia, Côte d’Ivoire, and 

Egypt, where structured education led to improved dietary intake and maternal weight gain [23–25]. 

Additionally, research has highlighted the role of community-based and mobile-assisted interventions 
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in optimizing maternal dietary intake, thereby reinforcing the importance of accessible, tailored 

education programs [4,13]. 

The study also revealed a significant increase in dietary knowledge among pregnant women in 

the intervention group, particularly regarding anemia prevention, iron-rich foods, and supplementation 

adherence. These results mirror findings from Ghana, Ethiopia, and Côte d’Ivoire, where structured 

education programs led to substantial improvements in anemia-related knowledge [11,23,26]. 

Additionally, digital and multimedia-based education has been shown to be highly effective in enhancing 

maternal nutritional awareness, as demonstrated in studies from Egypt and Indonesia [27,28]. 

Additionally, the use of mobile health strategies, including text messaging and app-based interventions, has 

been recognized as a practical approach to improving dietary adherence and knowledge retention [29,30]. 

Beyond knowledge improvement, dietary practices significantly improved in the intervention 

group, with increased consumption of iron-rich foods, vitamin C-rich foods, and overall dietary 

diversity. These findings are consistent with studies from Nepal, Ethiopia, and China, where nutrition 

education led to long-term changes in dietary behavior [16,17,31]. Research has shown that structured 

nutrition education enhances dietary compliance and increases the intake of essential micronutrients, 

particularly when combined with community-based interventions [32,33]. 

Despite the positive outcomes, challenges remain, particularly low adherence to dietary 

recommendations and supplementation. Studies from India and Indonesia suggest that integrating 

nutrition counseling into routine antenatal care and employing mobile-based strategies could enhance 

compliance and encourage sustained dietary improvements [13,29]. Moreover, research from Burkina 

Faso and Niger has demonstrated that community-led interventions significantly improved maternal 

dietary adherence and anemia prevention, thus highlighting the importance of culturally adapted 

strategies [32,34]. 

While this study provides strong evidence of the effectiveness of nutrition education, several 

limitations should be acknowledged. The sample size was relatively small, which may limit the 

generalizability of the findings. Additionally, reliance on self-reported dietary adherence may 

introduce bias, as compliance with dietary recommendations and supplementation was not objectively 

verified. Furthermore, this study did not differentiate between various types of anemia, such as iron 

deficiency anemia, genetic anemia, or infectious anemia, thus limiting a more comprehensive analysis 

of anemia causes. Moreover, pre-pregnancy body weight was not collected, preventing the calculation 

of GWG. Consequently, BMI was used as the available anthropometric indicator to monitor maternal 

nutritional status during the study. Future studies should collect pre-pregnancy anthropometric data to 

enable assessment of GWG according to established pregnancy guidelines and should consider larger 

randomized controlled trials (RCTs) with longer follow-up periods to evaluate the sustainability of 

nutrition education on maternal and infant health outcomes. 

In addition, some potential confounding variables, such as socioeconomic status, underlying 

nutritional conditions, and other lifestyle-related factors, were not fully assessed, which may have 

influenced the observed outcomes. Future studies should consider controlling these variables to 

provide more robust estimates of the intervention effect. 

5. Conclusion 

This study highlights the effectiveness of structured nutrition education programs in antenatal 

care, thereby demonstrating significant improvements in maternal hemoglobin levels, BMI, dietary 
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knowledge, and dietary practices. To maximize impact, future interventions should integrate digital 

education tools, community-based engagement, and culturally tailored approaches to enhance maternal 

nutritional awareness and adherence. Expanding access to mobile health applications, social support 

programs, and multi-sectoral collaboration can further reduce anemia prevalence and improve 

pregnancy outcomes in low-resource settings. These findings provide evidence for policymakers and 

healthcare providers to incorporate structured nutrition education into routine maternal health services, 

thus ultimately supporting healthier pregnancies and long-term maternal and child health. 

Author contributions  

All authors made a significant contribution to the work reported, whether that is in the conception, 

study design, execution, acquisition of data, analysis and interpretation, or in all these areas; took part 

in drafting, revising or critically reviewing the article; gave final approval of the version to be 

published; have agreed on the journal to which the article has been submitted; and agree to be 

accountable for all aspects of the work . 

Use of AI tools declaration  

The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article. 

Ethics approval and consent to participate 

The study received ethical clearance from the Ethics Committee for Research at Al-Razi 

University (7/2024; Ref: RU/17/FMHS/2024) and administrative approval from SMH. Aim of the 

study was clarified to the participants. A written informed consent was obtained from all participants 

before data collection with the ability to withdraw from the study neither penalty nor award. The 

authors granted that all data were kept confidentially. Routine antenatal care was ensured for all, with 

the intervention group receiving additional nutrition education. It was conducted in line with the 

Declaration of Helsinki. 

Acknowledgments  

The authors would like to express their sincere gratitude to all individuals who contributed to the 

successful completion of this research. Special thanks are extended to all participants for their valuable 

cooperation and willingness to participate in this study. 

Data availability statement  

The data that support the findings of this study are available from the corresponding author upon 

reasonable request. 

Conflicts of interest 

The authors declare no conflicts of interest . 



199 

AIMS Medical Science  Volume 13, Issue 3, 187–201. 

References 

1. World Health Organization (2024) Anaemia in women and children: WHO guideline on 

haemoglobin cutoffs to define anaemia in individuals and populations. Geneva: World Health 

Organization. [cited 2025 May 02]. Available from: 

https://www.who.int/publications/i/item/9789240088542⁠. 

2. World Health Organization (2014) Global Nutrition Targets 2025: Policy Brief Series. World 

Health Organization. [cited 2025 May 02]. Available from: 

https://www.who.int/publications/i/item/WHO-NMH-NHD-14.2. 

3. GBD 2021 Anaemia Collaborators (2023) Prevalence, years lived with disability, and trends in 

anaemia burden by severity and cause, 1990–2021: findings from the Global Burden of Disease 

Study 2021. Lancet Haematol 10: e713–e734. https://doi.org/10.1016/S2352-3026(23)00160-6 

4. Ariyani NW, Wirawan IMA, Pinatih GNI, et al. (2022) The effect of an application-based 

educational intervention with a social cognitive theory model on pregnant women in Denpasar, 

Bali, Indonesia: A randomized controlled trial. Osong Public Health Res Perspect 13: 153–161. 

https://doi.org/10.24171/j.phrp.2021.0209 

5. United Nations Department of Economic and Social Affairs (2024) Goal 8: Promote sustained, 

inclusive and sustainable economic growth, full and productive employment and decent work for 

all. [cited 2025 May 02]. Available from: https://sdgs.un.org/goals/goal8. 

6. World Bank Group (2021) Health sector in Yemen: Policy note. [cited 2025 May 02]. Available from: 

https://www.worldbank.org/en/country/yemen/publication/health-sector-in-yemen-policy-note. 

7. Akabat MY, Al-Shammakh AA, Mehrass AA, et al. (2017) Prevalence and associated factors of 

anemia among pregnant women residing at high altitude in Yemen. Ame J Health Res 5: 93–98. 

https://doi.org/10.11648/j.ajhr.20170504.11 

8. Al-Aini S, Senan CP, Azzani M (2020) Prevalence and associated factors of anemia among 

pregnant women in Sana’a, Yemen. Indian J Med Sci 72: 185–190. 

https://doi.org/10.25259/IJMS_5_2020 

9. Hunde AD, Demissie DB, Garado TS, et al. (2023) Caffeine consumption, khat chewing, and 

associated factors among pregnant mothers in Illu Aba Bor Zone, South West Ethiopia. Int J Africa 

Nurs Sci 18: 100559. https://doi.org/10.1016/j.ijans.2023.100559 

10. Anato A, Reshid M (2025) Effect of nutrition education and iron-folic acid supplementation on 

anemia among pregnant women in Ethiopia: a quasi-experimental study. Sci Rep 15: 3556. 

https://doi.org/10.1038/s41598-025-87957-x 

11. Wakwoya EB, Belachew T, Girma T (2023) Effect of intensive nutrition education and counseling 

on hemoglobin level of pregnant women in East Shoa zone, Ethiopia: Randomized controlled trial. 

BMC Pregnancy Childb 23: 676. https://doi.org/10.1186/s12884-023-05992-w 

12. Ramachandran R, Dash M, Adaikaladorai FC, et al. (2023) Effect of individual nutrition education 

on perceptions of nutritional iron supplementation, adherence to iron-folic acid intake and Hb 

levels among a cohort of anemic South Indian pregnant women. J Matern Fetal Neonatal Med 36: 

2183749. https://doi.org/10.1080/14767058.2023.2183749 

13. Nguyen PH, Kachwaha S, Tran LM, et al. (2021) Strengthening nutrition interventions in 

antenatal care services affects dietary intake, micronutrient intake, gestational weight gain, and 

breastfeeding in Uttar Pradesh, India: Results of a cluster-randomized program evaluation. J Nutr 

151: 2282–2295. https://doi.org/10.1093/jn/nxab131 



200 

AIMS Medical Science  Volume 13, Issue 3, 187–201. 

14. Abd Rahman R, Idris IB, Md Isa Z, et al. (2022) The effectiveness of a theory-based intervention 

program for pregnant women with anemia: a randomized control trial. PLoS One 17: e0278192. 

https://doi.org/10.1371/journal.pone.0278192 

15. Otoo G, Adam Y (2016) Effect of nutrition education with an emphasis on iron-rich foods on 

hemoglobin levels of pregnant women in Ghana. FASEB J 30: 410–412. 

https://doi.org/10.1096/fasebj.30.1_supplement.410.2 

16. Sunuwar DR, Sangroula RK, Shakya NS, et al. (2019) Effect of nutrition education on hemoglobin 

level in pregnant women: A quasi-experimental study. PLoS One 14: e0213982. 

https://doi.org/10.1371/journal.pone.0213982 

17. Beressa G, Whiting SJ, Belachew T (2025) Effect of nutrition education on hemoglobin level of 

pregnant women in Southeast Ethiopia: a cluster randomized controlled trial. BMC Public Health 

25: 507. https://doi.org/10.1186/s12889-025-21699-3 

18. Nurati OE, Allenidekania, Waluyanti FT, et al. (2024) Digital-based and direct education to 

enhance complementary feeding knowledge and practices: A systematic review. IJNP 8: 42–55. 

https://doi.org/10.18196/ijnp.v8i1.21431 

19. Tarigan N, Bangun S, Doloksaribu B, et al. (2022) Nutrition education with animated media to 

improve hemoglobin levels and nutritional intake of anemic pregnant women. Jurnal Gizi Klinik 

Indonesia 19. https://doi.org/10.22146/ijcn.70224 

20. Garg A, Kashyap S (2006) Effect of counseling on nutritional status during pregnancy. Indian J 

Pediatr 73: 687–692. https://doi.org/10.1007/BF02898446 

21. Ahmad A, Wagustina S, Dwiriani CM, et al. (2022) The efficacy of nutrition education on anemia 

and upper arm circumference among pregnant women in Aceh Besar district of Indonesia during 

the COVID-19 pandemic. J Gizi Pangan 17: 27–36. https://doi.org/10.25182/JGP.2022.17.1.27-36 

22. Kafatos AG, Vlachonikolis IG, Codrington CA (1989) Nutrition during pregnancy: the effects of 

an educational intervention program in Greece. Am J Clin Nutr 50: 970–979. 

https://doi.org/10.1093/ajcn/50.5.970 

23. Koeryaman MT, Pallikadavath S, Ryder IH, et al. (2023) The effectiveness of a web-based 

application for a balanced diet and healthy weight among Indonesian pregnant women: 

randomized controlled trial. JMIR Form Res 7: e38378. https://doi.org/10.2196/38378 

24. Elsharkawy NB, Abdelaziz EM, Ouda MM, et al. (2022) Effectiveness of health information 

package program on knowledge and compliance among pregnant women with anemia: A 

randomized controlled trial. Int J Environ Res Public Health 19: 2724. 

https://doi.org/10.3390/ijerph19052724 

25. Shetty A, Bhalerao A, Kawathalkar A, et al. (2023) Effect of educational handouts with standard 

therapy versus standard therapy alone on compliance with oral iron supplementation in antenatal 

women with iron deficiency anemia: A randomized controlled trial. Cureus 15: e39508. 

https://doi.org/10.7759/cureus.39508 

26. Sontakke P, Dwidmuthe KS, Kawathalkar A, et al. (2022) Effect of mobile phone call reminders 

with standard therapy versus standard therapy alone on compliance with iron supplementation in 

antenatal women with iron deficiency anemia: A randomized controlled trial. Cureus 14: e29501. 

https://doi.org/10.7759/cureus.29501 

27. Liu N, Mao L, Sun X, et al. (2009) The effect of health and nutrition education intervention on 

women’s postpartum beliefs and practices: A randomized controlled trial. BMC Public Health 9: 

45–54. https://doi.org/10.1186/1471-2458-9-45 



201 

AIMS Medical Science  Volume 13, Issue 3, 187–201. 

28. Ouedraogo CT, Wessells KR, Young RR, et al. (2019) The mixed effects of a package of multilevel 

interventions on the health and care of pregnant women in Zinder, Niger. BMJ Glob Health 4: 

e001200. https://doi.org/10.1136/bmjgh-2018-001200 

29. Ilboudo B, Savadogo LGB, Traoré I, et al. (2021) Effect of personalized support at home on the 

prevalence of anemia in pregnancy in Burkina Faso: A cluster randomized trial. Am J Trop Med 

Hyg 105: 207–216. https://doi.org/10.4269/ajtmh.20-1043 

30. Abd Rahman R, Idris IB, Isa ZM, et al. (2022) The prevalence and risk factors of iron deficiency 

anemia among pregnant women in Malaysia: a systematic review. Front Nutr 9: 847693. 

https://doi.org/10.3389/fnut.2022.847693 

31. Abdel-Aziz SB, Hegazy IS, Mohamed DA, et al. (2018) Effect of dietary counseling on preventing 

excessive weight gain during pregnancy. Public Health 154: 172–181. 

https://doi.org/10.1016/j.puhe.2017.10.014 

32. Engidaw MT, Lee P, Fekadu G, et al. (2025) Effect of nutrition education during pregnancy on 

iron-folic acid supplementation compliance and anemia in low- and middle-income countries: a 

systematic review and meta-analysis. Nutr Rev 83: e1472–e1487. 

https://doi.org/10.1093/nutrit/nuae170  

33. Elagamy MAEE, Shahin MA, Elkhalek NKA (2019) Effect of breast milk versus lanolin on 

healing of sore nipple among postnatal lactating mothers. EJHC 10: 371–387. 

https://doi.org/10.21608/EJHC.2019.190751 

34. Gomes F, King SE, Dallmann D, et al. (2021) Interventions to increase adherence to micronutrient 

supplementation during pregnancy: A systematic review. Ann N Y Acad Sci 1493: 41–58. 

https://doi.org/10.1111/nyas.14545 

© 2026 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/4.0) 


