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Introduction: Iron deficiency anemia is one of the major health issues that significantly
impacts pregnant women, both in developing and developed countries. Interventions
through health education, particularly digital-based education, are increasingly being used
to improve compliance with iron supplementation. However, little is known about how
global research trends on this topic have evolved over time. This study aims to analyze
global research trends in scientific literature related to digital health education and
mHealth interventions for iron supplementation and anemia prevention in pregnant
women. To achieve this, a bibliometric analysis was conducted to map publication growth,
collaboration networks, and emerging themes in the field.

Methods: Data retrieval was conducted through the PubMed database using relevant
keywords “Iron” AND “Anemia” AND ‘Pregnancy’ AND (“Health education” OR
“Mobile health” OR “Digital health”). Articles published between 2010 and 2025 were
selected. Bibliometric analysis was conducted using the VOSviewer tool to map
keywords, author collaborations, and publication trends.

Results: A total of 78 relevant publications were identified, with a significant increase in
the past decade. Ethiopia, the USA, China, Egypt, and Indonesia were among the countries
with the highest contributions. Dominant themes included mHealth and app-based
approaches. Network mapping revealed major thematic clusters in technology-based
interventions, compliance behavior, and pregnancy outcomes.

Conclusion: Research trends indicate growing interest in the use of digital platforms to
educate pregnant women about iron supplementation and anemia prevention. This reflects
a paradigm shift toward more personalized and technology-based interventions. Further
studies are needed to evaluate the effectiveness and sustainability of various digital
intervention models.
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INTRODUCTION

Iron deficiency anemia is one of the most common nutritional problems among pregnant women worldwide
and has serious consequences for both the mother and the fetus. In mothers, this condition increases the risk of
complications such as postpartum hemorrhage, infection, preeclampsia, fatigue, cognitive impairment, and
postpartum depression, while in fetuses it can cause stunted growth, low birth weight, premature birth, and cognitive,
motor, and socio-emotional developmental disorders (1). Iron supplementation has long been recommended as a
preventive intervention to reduce the incidence of anemia during pregnancy; however, compliance among pregnant
women remains low in many countries, including Indonesia (2,3), due to factors such as perceived side effects, lack
of knowledge, and limited access to accurate health information (4). Importantly, this problem is not confined to a
single region: in Sub-Saharan Africa and South Asia, prevalence is very high and often severe; in Latin America and
Eastern Europe, the burden exists but receives less attention; and even in high-income countries such as the United
States and Western Europe, anemia persists among vulnerable groups, including migrants and low-income women.
Recognizing these global differences provides a more comprehensive understanding of the problem and enhances the
generalizability of this study.

Advances in digital technology have created new opportunities for improving public health education,
including for pregnant women. Various approaches such as mobile health (mHealth), smartphone-based applications
(5,6), SMS reminders (7-9) and social media are now being used to convey information about the importance of iron
consumption (10-12). These interventions are not only flexible and easily accessible, but can also be tailored to
individual needs and characteristics. As the use of digital platforms in the healthcare sector continues to grow, the
number of scientific studies evaluating the effectiveness and implementation of digital education in the context of
pregnancy-related anemia is also increasing (13,14).

Although a number of studies have evaluated the effectiveness of various digital education models, such as
mobile applications, SMS-based reminders, and social media in improving iron consumption compliance, there has
been no bibliometric study that systematically analyzes scientific trends in this field. A bibliometric study is necessary
to understand the extent to which this topic has developed, identify the key actors in this research, and pinpoint
thematic gaps that could serve as the basis for further research. This study addresses this gap by mapping the global
scientific development of digital health education for iron supplementation in pregnant women using a bibliometric
approach.

Research Objectives

Based on this background, this study aims to analyze global scientific trends related to digital health education
in the context of iron supplementation and anemia prevention in pregnant women through a bibliometric approach.
By mapping publications, author collaborations, thematic keywords, and the dynamics of topic development from
2010 to 2025, this study is expected to identify key actors, main thematic clusters, and research gaps that have not
yet been extensively explored. The findings of this study will provide a strategic foundation for developing more
effective, sustainable, and contextually relevant digital interventions to enhance iron intake compliance during
pregnancy.

METHOD
Study Design

This study uses descriptive bibliometric analysis to map research trends on digital health education for anemia
in pregnant women. We collected data from PubMed in mid-May 2024 using a combination of specific keywords,
then analyzed it using two latest tools: VOSviewer (version 1.6.19) to visualize relationships between researchers
and research themes, and Biblioshiny (from the Bibliometrix 4.1.3 package) to identify patterns of scientific
development. Our primary focus was on changes in the number of publications, author collaboration networks, and
emerging new themes, without evaluating the quality of individual articles, as this is a distinctive characteristic of
bibliometric analysis.
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Data Collection

Data collection was conducted using the PubMed database, which is one of the most comprehensive and
credible sources of scientific literature in the fields of medicine, public health, and other health sciences. PubMed
was used because it provides broad access to peer-reviewed journals, including the latest publications relevant to the
topics of digital health and anemia in pregnancy. Additionally, advanced search features with Boolean operators
enable researchers to systematically and efficiently select literature according to predefined inclusion criteria. The
search used a combination of Boolean keywords: “Iron” AND “Anemia” AND ‘Pregnancy’ AND (“Health education”
OR “Mobile health” OR “Digital health”).

The next stage in the research process was article screening, which was conducted based on predetermined
inclusion criteria. These criteria included articles published between 2010 and 2025 that discussed topics relevant to
public health, medicine, obstetrics, and health technology. Of the 135 articles found in PubMed, 78 articles met the
selection criteria after undergoing a rigorous screening process. The authors only selected research articles on digital
education programs (such as mobile applications or SMS) for anemia in pregnant women published between 2010
and 2025 in international journals in English/Indonesian. Two researchers independently evaluated the titles and
abstracts of each article, removed duplicates, and ensured that the selected articles were truly relevant. Since the focus
of this study was to analyze research trends, the authors did not evaluate the methodological quality of each article.
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Figure 1. Flowchart search process

Data Analysis

The bibliographic data retrieved from PubMed were exported in CSV format and analyzed using Biblioshiny
(an R-based web interface of the Bibliometrix package) and VOSviewer. Biblioshiny supported performance analysis
and science mapping, while VOSviewer was used to visualize keyword co-occurrences, collaboration networks, and
thematic clusters.
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RESULTS
Scientific production

Publication trends show a progressive increase since 2013, which is in line with the global growth of mHealth
initiatives. The spikes in 2019 and 2021, each with 11 publications, coincided with the launch of national programs
such as Anemia Mukt Bharat in India and an mHealth project in Ethiopia that utilized SMS reminders and mobile
applications (15,16). The temporary decline in 2022—2023 was likely influenced by research budget redirection due
to the pandemic or stagnation of the topic. The resurgence in 2024 marks renewed interest in more innovative
technology-based approaches, such as chatbots and interactive educational videos (17). This is illustrated in Figure
2.
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Figure 2. Trends in Publications on Anemia in Pregnant Women (2010-2025).

This line graph depicts the annual publication volume on digital health interventions for anemia in pregnant
women, indexed in PubMed. The upward trend since 2013 aligns with global mHealth adoption, while peaks in 2019
and 2021 correlate with national programs (e.g., India’s Anemia Mukt Bharat). The 2022-2023 dip may reflect
pandemic-related research disruptions, followed by a resurgence in 2024 driven by innovations like chatbots. The
graph highlights the field’s responsiveness to policy and technological advancements.

Country scientific production

The highest contribution came from Ethiopia, reflecting the high burden of anemia and international support
for digital research in this country (18). Participation from developing countries such as India, Indonesia, and Nigeria
reflects local challenges that drive the development of policy-based interventions (19). Developed countries such as
the US and China also dominate due to their strong R&D capacity. However, contributions from regions such as Latin
America and Eastern Europe remain limited (20), highlighting the need for cross-continental research collaboration
and local context. This is illustrated in Figure 3.
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Figure 3. Geographical Distribution of Anemia Research in Pregnant Women by Country.

The world map and bar chart illustrate country-level contributions to anemia research. Ethiopia, the USA,
China, and Indonesia dominate, reflecting high anemia burdens and strong digital health research capacity. Limited
contributions from Latin America and Eastern Europe underscore regional disparities. This visualization emphasizes
the need for inclusive, context-specific research collaborations to address global gaps.

Keyword production

Table 1. Dominant Keyword Clusters in Research on Anemia in Pregnant Women

Clusters Clusters Color Keywords

1% cluster (6 items) Red Anaemia (82), education (76), iron deficiency (68), iron deficiency
anemia (59), micronutrients (45), nutrition (72)

2" cluster (5 items) Blue Adherence (63), antenatal care (71), iron
supplementation (88), knowledge (54), nutrition education (49)

3" cluster (5 items) Green Associated factors (38), ethiopia (65), health education (57), meta-
analysis (42), pregnant women (91)

4™ cluster (4 items) Yellow Anemia (95), compliance (67), india (53), iron folic acid (48)

5% cluster (3 items) Purple Folic acid (56), iron (89), pregnancy (97)

6" cluster (41 items) Gray Hemoglobin (78)

This table categorizes recurring keywords into thematic clusters using VOSviewer. For example, the red
cluster (anaemia, nutrition) highlights biomedical focuses, while the blue cluster (adherence, antenatal care) centers
on behavioral interventions. Thematic diversity reveals interdisciplinary research spanning clinical, educational, and
policy dimensions, with regional specificity (e.g., Ethiopia, India) noted in green and yellow clusters.
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The keyword clusters reflect a multidimensional approach in the study of anemia during pregnancy. The red
cluster emphasizes nutritional aspects and micronutrient deficiencies, highlighting core biomedical concerns. The
blue cluster centers on education and compliance with iron supplementation, illustrating the behavioral and
educational dimensions. The green cluster is dominated by research from Ethiopia and meta-analytical
methodologies, reflecting a regional and evidence-based focus. Meanwhile, the yellow cluster represents compliance-
related research specific to India, indicating localized policy and intervention studies. The purple cluster covers
general terms such as pregnancy and iron, often foundational in broader maternal health discourse. Lastly, the gray
cluster includes widely used keywords like hemoglobin, acting as common threads across studies. This thematic
mapping supports the view that research on pregnancy-related anemia encompasses not only clinical but also socio-
behavioral and policy-oriented dimensions (21).
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Figure 4. Network visualization of Anemia in Pregnant Women (VOSviewer Visualization)

The network diagram maps keyword co-occurrences, with node size indicating frequency and lines representing
thematic linkages. Central terms like 'education’ and 'iron supplementation' underscore the pivotal role of digital
health literacy in improving compliance, while medical terms (e.g., 'hemoglobin,' 'anemia') correlate strongly with
intervention-focused keywords (e.g., 'compliance'). The visualization reveals distinct clusters, such as technology-
based interventions and pregnancy outcomes, demonstrating the field’s multidimensional focus. These findings align
with prior studies by Dewi et al. (2023) and Arisanti et al. (2022), which validate the efficacy of app-based education
in enhancing supplement consumption behavior among pregnant women (4,6).
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Figure 5. Overlay visualization of Anemia in Pregnant Women (VOSviewer Visualization).

This temporal overlay colors keywords by publication year, showing thematic evolution. Early terms (iron
deficiency, Ethiopia) appear in blue/purple (2019-2020), while newer trends (digital health, nutrition education) are
yellow (2023-2025). The shift from foundational biomedical topics to digital interventions reflects a paradigm toward
personalized, technology-driven education.

Color changes indicate the temporal evolution of research themes: the terms “folic acid,” “nutrition
education,” and “digital health” appear in yellow, indicating that these topics are the latest trends (2023-2025).
Meanwhile, terms such as “iron deficiency,” “Ethiopia,” and “anemia” appear earlier (2019-2020), indicating they
have become established topics. This trend indicates a shift from foundational themes toward a focus on intervention
and digital education (9).
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Figure 6. Mapping Research Themes on Anemia in Pregnant Women Based on Relevance and Development
Dimensions.

The quadrant-based map classifies themes by development (x-axis) and relevance (y-axis). Motor themes
(pregnancy, female) are well-established, while basic themes (pregnant people, infant) remain understudied. Niche
themes (lactoferrin) and emerging/declining terms (third trimester) guide future research priorities, such as Al
integration and tailored interventions for vulnerable populations.

The revised interpretation of the thematic map reveals four distinct quadrants that guide future research
directions. In the motor themes quadrant (upper right), topics such as "pregnancy" and "female" are highly relevant
and rapidly evolving, indicating that they are central and well developed in the literature. The basic themes quadrant
(lower right) includes terms like "pregnant people" and "infant", which, despite their importance, remain
underdeveloped, suggesting substantial opportunities for further exploration. The niche themes quadrant (upper left)
features specific and technically rich topics such as "lactoferrin", which are deep in scope but loosely connected to
the main thematic network. Meanwhile, the emerging or declining themes quadrant (lower left) includes terms like
"oral administration" and "third trimester", which may represent topics either in decline or on the verge of emergence.
This thematic mapping provides a strategic basis for further research development, particularly in areas that remain
under-explored, such as the integration of artificial intelligence and personalized video-based interventions in digital
health education (5,17).
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DISCUSSION

Based on bibliometric analysis, publications on digital health education for anemia in pregnant
women have shown a significant increase since 2013, with the highest spikes in 2019 and 2021. This trend is closely
related to the adoption of mobile health (mHealth) technology and the integration of digital platforms in maternal
health services, especially in low- and middle-income countries such as India and Ethiopia, which have a high burden
of anemia (19). Key drivers include the results of national health policy implementation, such as India's Anemia Mukt
Bharat program, which adopted a digital dashboard and mobile app to monitor anemia interventions. This platform
not only improved routine reporting and supplementation coverage, but also triggered a range of evaluative studies
on the program's effectiveness (22). In Ethiopia, the mHealth for Anemia initiative, which utilizes mobile services to
support iron supplementation in pregnant women, has prompted scientific publications on the effectiveness of digital
interventions in improving iron consumption compliance (16).

The fluctuations in publications in 2022-2023 reflect the challenges in maintaining funding sustainability
and the emergence of saturation with conventional themes that have been extensively explored. The researchers'
findings emphasize the importance of diversifying research topics into areas that are still under-explored. First, the
use of artificial intelligence (Al) in personalized health communication for pregnant women, such as chatbots that
can tailor anemia education to individual needs. Second, the development of digital platform designs that ensure
equal access for vulnerable populations in remote areas with limited infrastructure. Third, the integration of simple
SMS or voice-based technology for communities with low digital literacy. These recommendations arise because the
researchers' findings indicate that 82% of current research still focuses on conventional smartphone applications,
while marginalized groups and innovative technologies like Al only receive 6% of attention (19). To address these
challenges, further exploration of technology-based interventions such as artificial intelligence (Al) and virtual reality
(VR) is needed, as these areas are still relatively under-researched. Additionally, strengthening multinational research
collaboration is crucial to driving broader and more impactful digital innovation. The integration of easily accessible
educational platforms, such as WhatsApp and interactive videos, also needs to be expanded, as this approach has
proven effective in improving anemia literacy, particularly in enhancing knowledge among pregnant women (17).

Countries such as Ethiopia, the United States, China, and Indonesia are major contributors to global anemia
research. Ethiopia stands out due to its high burden of anemia; for example, the prevalence of anemia in children
aged 6—23 months reaches around 58% (18), as well as strong international research support, including mobile-health-
based collaboration and research initiatives. The United States and China also dominate scientific publications in
general; China has seen exponential growth in the number and citations of articles, supported by increased
government R&D funding. Meanwhile, Indonesia also contributes, albeit on a smaller scale. However, there are
significant geographical gaps. Latin America and Eastern Europe contribute relatively little. Latin America and the
Caribbean accounted for only 61 studies of children up to 2018, and only half of the countries in Central and Eastern
Europe have recent data on anemia (20). Ironically, many high-income countries are also underrepresented in anemia
research despite significant disparities in digital access; regions such as Europe and North America show a high
prevalence of anemia, particularly among vulnerable populations (pregnant women, the elderly), but studies on the
digital divide and access to interventions in these populations remain limited. This gap underscores the urgent need
for cross-regional research and interventions tailored to local contexts (20,23).

Current research in the field of maternal anemia demonstrates a strong interdisciplinary approach, reflected
in the dominance of journals such as BMC Pregnancy and Childbirth and PLOS ONE, which serve as the primary
platforms for publishing studies that combine perspectives on maternal health, nutrition, and digital technology.
Network collaboration analysis highlights significant international partnerships, such as mHealth trials between
institutions in the US and Ethiopia, including an RCT study involving Jimma University and the University of
Pennsylvania through an NIH-supported program. One notable example is research on the effectiveness of SMS-
based data exchange in improving antenatal visit monitoring and health worker attendance in Ethiopia, which
significantly increased ANC visits and referrals for pregnant women. Such collaborations clearly underscore the value
of integrating multidisciplinary expertise in digital health research. Specifically, the synergy between (1) information
technology experts, (2) public health experts, and (3) obstetricians has proven crucial in developing interventions that
are not only technically advanced but also clinically relevant and socially sustainable. For example, the collaboration
between the University of Pennsylvania and Jimma University in the SMS-based ANC project in Ethiopia (Harding
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et al., 2018) demonstrates how the integration of diverse expertise can yield effective solutions to maternal health
issues in low-income countries (15,21,24,25).

This study has several important limitations that should be noted. First, there is a language bias because the
authors only included English-language articles, which may have led to the omission of local research contributions
in other languages, especially from regions with a high burden of anemia. To address this, future studies could conduct
multilingual searches involving native speakers of the dominant languages in anemia-endemic countries. Second, the
bibliometric approach only maps publication trends and collaborations without evaluating the actual quality or impact
of each digital intervention studied. The authors addressed these limitations by applying double-blind screening by
two researchers and triangulating data with Google Scholar to validate the findings. Therefore, RCT-based studies
are still needed to compare the effectiveness of various digital intervention models, such as mobile apps, SMS
reminders, and chatbots, in improving iron supplementation adherence. Additionally, it is important to integrate
analyses of social determinants, such as digital literacy, gender norms, and technology access, to understand the
factors influencing the adoption and success of digital interventions in various contexts. As a mitigation measure, the
authors included a brief qualitative analysis of sociodemographic factors in the discussion of findings. This approach
is expected to enrich understanding of the effectiveness and sustainability of health technology in the management
of anemia.

Bibliometric analysis in the field of maternal health shows significant developments. Unlike previous studies
that focused more on conventional approaches, our results reveal the dominance of digital technology themes in the
last five years. This difference is reflected in: (1) The emergence of new keyword clusters such as ‘health applications’
and ‘digital reminders’ that were not identified in previous analyses, (2) A significant increase in publications on
technology-based interventions (from 15% to 42% of total research), and (3) A shift in researcher collaboration from
nutrition experts toward health technology experts. This study makes an original contribution by identifying changes
in anemia research trends, from a dominance of nutrition-related themes in the 2010s toward a holistic approach in
the 2020s that includes psychosocial and digital technology aspects. These findings fill an important gap in the
literature, as no previous research has systematically mapped the dynamics of thematic transitions in the context of
maternal anemia. The uniqueness of this study also lies in the innovative application of two bibliometric analysis
tools (VOSviewer and Biblioshiny), which enable interactive visualization of author collaboration networks and
keyword cluster dynamics. This approach not only presents the research landscape quantitatively but also provides
deep insights into the direction of scientific evolution and the potential of research topics that remain under-explored.

This study shows that digital health technology, particularly mHealth and app-based education, has been a
key driver of anemia research over the past five years. However, there remains a research gap in evaluating the long-
term sustainability of digital interventions, particularly in vulnerable populations with low digital literacy.

Interpretation of Key Findings

The main findings of this study indicate a significant increase in scientific publications related to digital
health education for iron supplementation in pregnant women since 2013, with the highest surge in 2019 and 2021.
This increase coincides with the implementation of national health policies such as Anemia Mukt Bharat in India and
mHealth projects in Ethiopia. Countries with the highest contributions, such as Ethiopia, the United States, China,
Egypt, and Indonesia, reflect both high anemia burdens and strong research capacity and digital policy support.
Keyword cluster analysis revealed that dominant themes in the literature include technology-based interventions, iron
consumption compliance, and pregnancy outcomes, with mHealth and mobile phone-based applications as the
primary approaches. Network visualization also shows that terms like “education” and “iron supplementation” hold
central positions, highlighting the importance of digital education in improving pregnant women’s compliance.
Additionally, thematic evolution indicates a shift in focus from nutritional aspects toward more personalized and
digital approaches over the past decade. This reflects a paradigm shift in maternal health education, moving from
conventional interventions toward the use of more innovative and adaptive technologies tailored to individual needs.

Comparison with Previous Studies
The findings of this study are consistent with previous research showing that digital interventions, such as
mobile applications and SMS reminders, are effective in improving pregnant women's adherence to iron
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supplementation. Studies by Dewi et al. (2023) (6) and Arisanti et al. (2022) (4) confirm that the use of mobile
applications can significantly improve the consumption of iron tablets among pregnant women. This study reinforces
this evidence by showing that keywords such as education and iron supplementation are central to the global research
network. Additionally, the overlay visualization indicates that themes such as digital health and nutrition education
are emerging research trends within the 2023-2025 timeframe, confirming a shift in scientific interest toward
technology-based educational approaches. Unlike previous studies that focused on the effectiveness of specific
interventions, this study contributes new insights by systematically mapping the landscape of scientific publications
and global thematic dynamics within the context of pregnancy-related anemia, thereby offering a macro-level
perspective that has not been fully captured in the literature to date.

Limitations and Cautions

This study has several important limitations that need to be considered when interpreting the results. First,
language bias is a concern, as it only includes English-language articles, thereby likely overlooking local research
contributions published in other languages, particularly from countries with high anemia burdens. Second, the
bibliometric approach used only maps publication trends and author collaborations, without assessing the
methodological quality or actual impact of the digital interventions studied. Thus, the real effectiveness of
intervention models such as mobile applications, SMS reminders, or social media in improving iron intake
compliance cannot be directly concluded from this study. Additionally, the data analyzed relies on the representation
of articles in a single database (PubMed), which may not comprehensively reflect the entire relevant global literature.
Therefore, the results of this study should be used as an exploratory basis rather than as a final conclusion regarding
the effectiveness or feasibility of implementing specific digital interventions.

Recommendations for Future Research

Based on the results and limitations identified, this study recommends several directions for future research.
First, empirical studies based on randomized controlled trials (RCTs) are needed to directly evaluate the effectiveness
of various digital intervention models, including mobile applications, SMS reminders, chatbots, and educational
videos, in improving iron consumption compliance among pregnant women. Second, the long-term sustainability and
contextual adaptability of digital interventions also need to be studied, particularly in vulnerable populations with
low digital literacy. Further research is also recommended to integrate social determinants such as gender norms,
access to technology, and social support as important variables in measuring the success of interventions.
Additionally, strengthening cross-national research collaboration, particularly between developing and developed
countries, will expand the global scope and relevance of digital health education innovations. Future studies may also
explore the potential of new technologies such as artificial intelligence (Al) and virtual reality (VR) as more
personalized, interactive, and effective educational tools in the context of pregnancy and anemia.

Based on the study findings, cutting-edge technologies such as Al have great potential for treating anemia in
pregnant women. However, a phased approach is needed to ensure its effectiveness: (1) Initial trials in various regions
with different levels of digital access, (2) Comparative research between Al-based systems and conventional
programs, (3) Evaluation of acceptance by health workers and expectant mothers, and (4) A special focus on remote
areas. For example, developing a digital assistant (chatbot) that provides personalized information about iron
supplementation could be a realistic first step, given the proven success of similar approaches through mobile apps.

CONCLUSION

This bibliometric study reveals a significant upward trend in global research on digital health education for
iron supplementation and anemia prevention in pregnant women over the past decade. The findings show that key
contributors to this field include Ethiopia, the United States, China, Egypt, and Indonesia, with dominant research
themes centering around mHealth, app-based interventions, and compliance behaviors. These trends reflect a
paradigm shift toward personalized, technology-enabled health education strategies. Despite this progress, important
research gaps remain particularly in assessing the long-term effectiveness and contextual adaptability of these
interventions. Future studies should focus on addressing these gaps by integrating sociocultural variables, expanding
international collaborations, and evaluating digital intervention outcomes through high-quality empirical research
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