
Review

Effects of Interventions for the Prevention and Management
of Maternal Anemia in the Advent of the COVID-19 Pandemic:
Systematic Review and Meta-Analysis

John Kyalo Muthuka1,2, DIP PHARM, HND, BSc, PGD, MPH, PhD; Dianna Kageni Mbari-Fondo3, PM, BEd,
MSc, MPH; Francis Muchiri Wambura4, HND, BSc, Dip-Med Lab, MPH; Kelly Oluoch4, BPharm, MPharm,
MBA, PhD; Japheth Mativo Nzioki5, BSc (EVH), BSc (ENSc), CPH, MPH, PhD; Everlyn Musangi Nyamai4,
BScN, MPH, PhD; Rosemary Nabaweesi6, MPH, MBChB, DrPH
1Department of Community Health and Health Promotion, Faculty of Public Health, Kenya Medical Training College, Nairobi, Kenya
2Epidemiology/Public Health Section, KEMRI Graduate School of Health Sciences, Kenya Medical Research Institute, Nairobi, Kenya
3Alberta Health Services, Edmonton, AB, Canada
4Kenya Medical Training College, Nairobi, Kenya
5School of Nursing, Andrews University, Berrien Springs, MI, United States
6School of Global Health, Meharry Medical College, Nashville, TN, United States

Corresponding Author:
John Kyalo Muthuka, DIP PHARM, HND, BSc, PGD, MPH, PhD
Department of Community Health and Health Promotion
Faculty of Public Health, Kenya Medical Training College
Mbagathi Way, Kenyatta National Hospital
Nairobi 30195-00100
Kenya
Phone: 254 724274843
Email: johnmuthuka@gmail.com

Related Articles:
Preprint (medRxiv): https://www.medrxiv.org/content/10.1101/2024.02.18.24302492v1
Peer-Review Report by I Gde Sastra Winata (Reviewer JS): https://med.jmirx.org/2025/1/e81700
Peer-Review Report by Suriya Kumareswaran (Reviewer IG): https://med.jmirx.org/2025/1/e81699
Peer-Review Report by Anonymous: https://med.jmirx.org/2025/1/e82836
Authors' Response to Peer-Review Reports: https://med.jmirx.org/2025/1/e81711

Abstract
Background: The COVID-19 pandemic presented many unknowns for pregnant women, with anemia potentially worsening
pregnancy outcomes due to multiple factors.
Objective: This review aimed to determine the pooled effect of maternal anemia interventions and associated factors during
the pandemic.
Methods: Eligible studies were observational and included reproductive-age women receiving anemia-related interventions
during the COVID-19 pandemic. Exclusion criteria comprised non-English publications, reviews, editorials, case reports,
studies with insufficient data, sample sizes below 50, and those lacking DOIs. A systematic search of PubMed, Scopus,
Embase, Web of Science, and Google Scholar identified articles published between December 2019 and August 2022. Risk
of bias was evaluated using the Cochrane Risk of Bias 2 tool for randomized trials and the National Institutes of Health’s
assessment tool for observational studies. Pooled rate ratios (RRs) with 95% CIs were calculated in Review Manager 5.4.1.
Synthesis included subgroup analysis, meta-regression, and publication bias checks to assess intervention effectiveness.
Results: This meta-analysis included 11 studies with 6129 pregnant women. Of these, 3591 (59%) were in the intervention
group and 2538 (41%) were in the comparator group. Effects were recorded for 1921 (53.4%) women in the intervention group
and 1350 (53.1%) in the comparator group. The cumulative impact ranged from 23% to 81%, averaging 56%. The initial
analysis showed no significant effect on anemia prevention (RR 0.79, 95% CI 0.61‐1.02; P=.07), with high heterogeneity
(I²=97%). Sensitivity analysis excluding 4 outlier studies improved the effect size to a significant level at 39% (RR 0.61,
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95% CI 0.43‐0.87; P=.006). Subgroup analysis revealed substantial heterogeneity (I²=87.2%). Intravenous sucrose had a poor
impact (RR 1.31, 95% CI 1.17‐1.47; P<.001), while medicinal or herbal interventions showed benefit (RR 0.81, 95% CI
0.73‐0.90; P=.006). Educational interventions yielded a 28% effect (RR 0.72), medicinal administration 19% (RR 0.81),
iron supplementation 17% (RR 0.83), and intravenous ferric carboxylmaltose 15% (RR 0.85; P<.02). Additional sensitivity
analysis confirmed a pooled positive effect of 17% (RR 0.83, 95% CI 0.79‐0.88; P<.001), with minimal heterogeneity (I²=0%).
Regionally, effectiveness was highest in Africa (RR 0.84, 95% CI 0.79‐0.89; P<.001). Multicenter studies and those with 2020
data were predictive of better outcomes (RR 0.84 and RR 0.50, respectively). Despite initial heterogeneity and publication bias,
interventions showed utility in mitigating maternal anemia in targeted subgroups and regions.
Conclusions: Maternal anemia interventions during the COVID-19 pandemic showed modest, context-specific effectiveness,
with declining impact from 2020 to 2022. Although high heterogeneity and study inconsistencies limited generalizability,
significant benefits were observed particularly in African and multicenter studies. The pandemic exposed gaps in maternal
health systems, emphasizing the need for tailored interventions, stronger data infrastructure, and resilient care strategies in
future global crises.
Trial Registration: PROSPERO CRD42023410657; https://www.crd.york.ac.uk/PROSPERO/view/CRD42023410657

JMIRx Med 2025;6:e57626; doi: 10.2196/57626
Keywords: maternal anemia; anemia in pregnancy; COVID-19; pregnancy complications; meta-analysis; maternal and child
health; anemia prevention; reproductive health

Introduction
Anemia is a condition where the number of red blood cells
or the hemoglobin concentration within them is lower than
normal. Maternal anemia refers to pregnant women having
hemoglobin levels less than 12 g/dL [1-3]. Studies have
found a correlation between the prevalence of anemia in
women and the gross domestic product per capita. Projec-
tions suggest a 10% decline in global gross domestic product
due to COVID-19, with findings indicating that the availabil-
ity of nutritious foods, in particular, has been affected by
COVID-19 measures [4].

Globally, the COVID-19 pandemic has had devastating
effects on health care delivery systems for people of all ages,
but pregnant women face particular challenges [5,6]. Reports
show that the pandemic is making it increasingly challenging
to provide adequate maternity care worldwide [5,7]. Even the
movement of people seeking to access health care services
has been restricted in many countries to prevent the spread
of the virus. The pandemic has led to a complete stoppage of
the import and export of many essential commodities among
various countries, leading to a shortage of necessary items
and affecting health care services badly, especially sexual and
reproductive health care [8,9]. The population was advised
not to go to hospitals unless strictly necessary; this advice
seems to apply to all, including healthy pregnant women and
even those with complications [5,10].

Before COVID-19, anemia prevention interventions
focused on iron and folic acid supplementation, dietary
modifications, and public health campaigns [11-13]. During
the COVID-19 pandemic, these interventions adapted to
include telemedicine, remote consultations, and increased
community health worker involvement to address health
care disruptions [14-17]. These measures aimed to ensure
continued support for pregnant women [18,19]. Interventions
to prevent anemia in pregnant women included iron and
folic acid supplementation, dietary modifications, education

and awareness programs, telemedicine and remote consulta-
tions, and community-based interventions [20,21]. The World
Health Assembly set 6 targets to be accomplished by the year
2025. Among the targets is a 50% reduction of anemia in
women of reproductive age through several strategies such
as food fortification with iron, folic acid, and other micronu-
trients; the distribution of iron-containing supplements; and
the control of infections and malaria [22].

There were many unknowns for pregnant women during
the COVID-19 pandemic. Some issues may have gone
unnoticed; however, conditions such as anemia could lead to
worse pregnancy outcomes. Standard intervention efforts may
have been compromised due to the COVID-19 pandemic, as
was reported during prior pandemics, affecting the effect of
health interventions in vulnerable populations [23].

The COVID-19 pandemic has had significant direct
and indirect effects on pregnant women, newborns, young
children, and adolescents. Directly, pregnant women infected
with COVID-19 faced increased risks of preterm birth
and stillbirth. However, the transmission of the virus from
pregnant women to their newborns was found to be very low
[10,24-26]. Indirectly, the pandemic led to reduced prenatal
care visits, strained health care infrastructure, and increased
maternal mental health issues such as anxiety and depres-
sion. Additionally, social and economic disruptions caused
by the pandemic exacerbated domestic violence and financial
instability, disproportionately affecting women and children
[10].

These combined effects highlight the need for targeted
interventions to support maternal and child health during and
after the pandemic. The effects on pregnant women, newborn
babies, young children, and adolescents are enormous and
possibly translate to interventions meant to mitigate anemic
conditions in pregnancy [6,7,9,10,27-29]. The objective of the
review was to assess the cumulative impact of interventions
for maternal anemia and related factors during the COVID-19
pandemic.
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Methods
Design
All guidelines listed in the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement
were followed in performing this meta-analysis [30]. For
this systematic review and meta-analysis, data were pooled
from observational studies, including cohort, case-control,
cross-sectional, and similar viable case studies. The study was
registered on PROSPERO (International Prospective Register
of Systematic Reviews; CRD42023410657).
Search Strategy
We performed a simple search in the Google Scholar,
PubMed, Scopus, Web of Science, and Embase databases
to identify observational studies suitable for inclusion with
the following search terms: “maternal anemia” OR “anemic
condition” OR “poor hemoglobin levels” OR “pregnancy
anemia” OR “anemia in pregnant women” OR “gestation
anemia” AND “treatment” OR “intervention” OR “manage-
ment” AND “effect” OR “effectiveness” AND “impact” OR
“outcome.” Studies were restricted to those published in
English from December 2019 to August 2022.
Inclusion and Exclusion Criteria
The inclusion criteria for this study were as follows:

1. Studies that examined women of reproductive age
who were part of any anemia prevention program or
intervention, whether they were anemic or nonanemic
according to World Health Organization criteria.

2. Observational, cross-sectional, prospective, or
retrospective studies.

3. Studies that compared intervention approaches with
control or comparator approaches.

4. Studies evaluating the effects of different interventions
on pregnant women during the advent of the COVID-19
pandemic.

The exclusion criteria for this study were as follows:
1. Unrelated, duplicate, and missing information

answering our research question.
2. Non–English-language studies.
3. Case reports/series.
4. Reviews.
5. Editorials.
6. Studies lacking a full text (unavailable or not yet

published).
7. Articles without a DOI.
8. Studies with small sample sizes (<50 patients), due to

low statistical power.
Data Extraction
Both adjusted and nonadjusted data for pregnant women
receiving interventions versus those in the comparator group
were extracted to identify the most relevant confounding
factors for subsequent pooling analysis. Two reviewers (JKM
and DMF) scanned study titles and abstracts obtained from
the initial database search and included relevant articles in a
secondary pool. Next, two independent reviewers (FMW and

KO) evaluated the full texts of these articles to determine
if they met the study inclusion criteria. Any disputes were
resolved through discussion and negotiation with a fourth
reviewer (EMN). Only studies agreed upon by all reviewers
were included in the final analysis.

The following data were obtained from all studies: title,
first author, data collection year, region, sample size, study
design, study setting (single or multicenter), intervention type,
and the effect associated with each intervention approach.
The analysis aimed to determine whether the intervention
group was more likely to experience a better effect on
maternal anemia mitigation, treatment, or management using
end-result indicators such as hemoglobin levels. Further
sensitivity and subgroup analyses were also conducted.

Risk of Bias (Quality) Assessment
To assess the quality of randomized controlled trials (RCTs),
the Cochrane Risk of Bias tool and Risk of Bias 2 tool
[31] were used, evaluating domains such as randomization,
deviations from intended interventions, missing outcome data,
outcome measurement, and selection of reported results.
For observational and cross-sectional studies, the National
Institutes of Health tool was used [32]. Two to three
reviewers independently assessed study quality, rating each of
the 14 items as yes, no, or not applicable. Overall scores were
calculated to classify studies as poor, fair, or good. To reduce
bias, data checks were performed by reviewers who did not
initially extract the data, though some overlap occurred in rare
cases.
Statistical Analyses
Review Manager 5.4.1 was used to calculate rate ratios
(RRs) with 95% CIs, depicted using forest plots. Quantitative
variables were summarized as total numbers and percentages.
RRs that did not favor the intervention arm were noted.
The effects on anemia prevention, control, management, and
treatment were compared between intervention and control
arms.

Heterogeneity was evaluated using the Cochran Q and
Higgins tests, applying fixed-effects or random-effects
models based on heterogeneity levels. Sensitivity adjust-
ments were made to identify sources of heterogeneity
by excluding studies one at a time. Subgroup analysis,
cumulative analyses, and meta-regression were performed
to test result consistency and the impact of confounders
on anemia control. Publication bias was assessed using the
Cochrane Risk of Bias tool.

Results
Included Articles and Quality Assessment
The initial search of international databases using the
specified keywords yielded 248 articles. After excluding 110
duplicates, 138 articles remained. Upon evaluating the titles
and abstracts for appropriateness, 33 articles met the inclusion
criteria. Additionally, 22 articles were excluded after full-text
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review for not meeting the inclusion criteria. Ultimately, 11
articles met the inclusion criteria [33-43] (Figure 1).

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart of the study selection procedures.

Features of the Included Studies
The 11 included studies provided data for 6129 pregnant
women in the advent of the COVID-19 pandemic [33-43].
Among the 6129 pregnant women included in the meta-anal-
ysis, 3591 (59%) were in the maternal anemia intervention

group and 2538 (41%) were in the comparator group. The
effects of the intervention were reported for 1921 partic-
ipants (53.4%) in the intervention group and 1350 partic-
ipants (53.1%) in the comparator group. The cumulative
effect on maternal anemia for both groups ranged from 23%
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to 81%, with an average of 56%. The main outcome of
this meta-analysis was the pooled effect of interventions on
maternal anemia, assessed by increased hemoglobin levels
and other parameters. The study designs included 4 RCTs
(2 multicenter, 2 single-center), 3 cross-sectional studies (all
multicenter), 2 prospective studies (1 multicenter, 1 single-
center), 1 retrospective case-control study (single-center), and
1 quasi-experimental study (single-center). A summary of the
studies is provided in Table S1 in Multimedia Appendix 1.

We evaluated the quality of observational studies using a
modified Newcastle-Ottawa Scale, which includes 8 items
across 3 subscales. Studies scoring ≥7 were considered
high quality, though no universal standard exists. Out of
11 studies, the average score was 6.7, indicating moder-
ate quality (score range: 5‐8; see Table S2 in Multimedia
Appendix 1).

The Pooled Effect of Interventions on the
Prevention and Management of Maternal
Anemia
The meta-analysis revealed a nonsignificant effect of the
interventions on the prevention and management of mater-
nal anemia as indicated by stabilized hemoglobin levels and
other parameters (random-effects model RR 0.79, 95% CI
0.61‐1.02; P=.07; χ210=286.98, P<.001; I²=97%). Based on
the confidence interval, this indicated little knowledge about
the effect and this imprecision affected the certainty in the
evidence; thus, further information was needed before a more
certain conclusion could be made (Figure 2). A funnel plot
demonstrated an asymmetrical shape, depicting the presence
of publication bias (Figure 3).

Figure 2. A forest plot of a meta-analysis of the effect of maternal anemia interventions [33-43]. M-H: Mantel-Haenszel.

Figure 3. Funnel plot evaluating publication bias. RR: relative risk; SE: standard error.
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A sensitivity analysis was performed to explore the impact
of excluding or including studies in the meta-analysis based
on sample size, methodological quality, and variance. After
removing 4 studies (with 1788 pregnant women) [32-34,
36] with wider 95% CIs, a total of 4341 pregnant women
remained for analysis in the remaining studies [29-31,35,37-
39], showing a shift in a random effects model (RR 0.61,

95% CI 0.43‐0.87; P=.006; χ²6=286.98, P<.001; I²=97%),
revealing that the interventions had a 39% utility in prevent-
ing and managing maternal anemia during the advent of the
COVID-19 pandemic (Figure 4). The funnel plot evaluating
publication bias revealed considerable heterogeneity between
all pooled studies for the updated analysis (I²=97%; P<.001;
Figure 5).

Figure 4. A forest plot of a meta-analysis on the effect of maternal anemia interventions after sensitivity analysis [33-43]. M-H: Mantel-Haenszel.

Figure 5. Funnel plot evaluating publication bias after sensitivity analysis. RR: rate ratio; SE: standard error.

Subgroup Analysis and Investigation of
Heterogeneity
Heterogeneity in the pooled effect estimates was considerably
high for all 11 studies, with 1788 of 6129 (29%) evaluated
subjects contributing to this variability. Therefore, it was
necessary to perform subgroup analyses to identify possible
variables or characteristics moderating the results.

Subgroup analysis with a random-effects model was
conducted according to the type or form of the interven-
tion used, including dietary iron supplementation (n=2176),
education or dietary information (n=786), intravenous
(IV) ferric carboxylmaltose (n=791), medicinal or herbal
administration (n=914), IV sucrose (n=232), and other forms
(n=1230). This analysis still showed considerable heterogene-
ity (χ²₅=38.92, P<.001; I²=87.2%).

The tests for the overall effect of dietary iron supplementa-
tion (z=0.92, P=.36), education or dietary information (z=.05,
P=.96), ferric carboxylmaltose (z=1.01, P=.31), and other
interventions (z=0.51; P=.61) all indicated no significant
difference, with substantial heterogeneity (I²>90%).

Intravenous sucrose (RR 1.31, 95% CI 1.17-1.47; z=4.70;
P<.001) demonstrated poor prevention and management of
maternal anemia, favoring the comparator by 31%. Mean-
while, medicinal or herbal administration had a 19% effect on
the prevention and management of maternal anemia (random-
effects model RR 0.81, 95% CI 0.73-0.90; P=.006; Figure 6).
Publication bias was further demonstrated by a funnel plot
(Figure 7).
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Figure 6. Subgroup analysis according to the type or form of intervention, showing similarly high heterogeneity as compared with the full
meta-analysis [33-43]. IV: intravenous; M-H: Mantel-Haenszel.
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Figure 7. Funnel plot of the subgroup analysis (type or form of intervention). IV: intravenous; RR: rate ratio; SE: standard error.

Using a fixed-effect model, assuming one true effect size
underlies each specific intervention form or approach, the
subgroup analysis demonstrated the following significant
influences on the prevention and management of maternal
anemia: dietary iron supplementation (RR 0.83, 95% CI

0.75‐0.92; P<.001), IV ferric carboxylmaltose (RR 0.85,
95% CI 0.74‐0.97; P<.02), and medicinal or herbal admin-
istration (RR 0.81, 95% CI 0.73‐0.90; P<.001). However,
all interventions still exhibited high heterogeneity (I²>90%;
Figure 8).
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Figure 8. Subgroup analysis (fixed-effect model) according to the type or form of intervention [33-43]. M-H: Mantel-Haenszel.

The high heterogeneity obtained prompted a further sen-
sitivity analysis on each subgroup to identify the group
most strongly associated with heterogeneity. Following this
analysis on subgroups (n=5228), by eliminating studies
causing major heterogeneity [37,38,40], all intervention
approaches against maternal anemia showed a pooled positive
effect of 17% (fixed-effect model RR 0.83, 95% CI 0.79‐
0.88; P<.001; χ²₄=2.93, P=.57; I²=0%).

Education or information given to pregnant women
(n=117) showed a 28% effect (RR 0.72, 95% CI 0.58‐0.89;
P<.001). Medicinal or herbal administration had a 19%
effect (RR 0.81, 95% CI 0.73‐0.90; P<.001; n=914). Dietary
iron supplementation showed a 17% effect (RR 0.83, 95%
CI 0.75‐0.92; P<.001; n=2176). IV ferric carboxylmaltose
exhibited a 15% effect (RR 0.85, 95% CI 0.74‐0.97; P<.02;
n=791; Figure 9).
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Figure 9. Sensitivity analysis on intervention type subgroups showing very low heterogeneity [33-43]. M-H: Mantel-Haenszel.

These findings were accompanied by greatly reduced
publication bias and heterogeneity between the subgroups
(I²=0%), as shown by the funnel plot (Figure 10).
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Figure 10. Funnel plot of the subgroup sensitivity analysis (type of intervention). IV: intravenous; RR: rate ratio; SE: standard error.

Subgroup and Sensitivity Analysis on the
Possible Covariates

Location of the Pregnant Women
Generally, maternal anemia interventions during the advent
of the COVID-19 pandemic demonstrated a higher and

significant effect (16%) in Africa (n=4580) compared to Asia
and Europe (fixed-effects model RR 0.84, 95% CI 0.79‐0.89;
P<.001; χ²₅=176.53, P<.001; I²=97%; Figure 11).
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Figure 11. Subgroup analysis by the location of pregnant women during the advent of the COVID-19 pandemic [33-43]. M-H: Mantel-Haenszel.

Study Setting
Similarly, multicenter studies (n=4580) showed a more
significant predictive effect (16%) on maternal anemia
intervention compared to single-center studies (n=1549;
fixed-effects model RR 0.84, 95% CI 0.79‐0.89; P<.001;

χ²₅=176.53, P<.001; I²=97%; Figure 12). The funnel plot
demonstrated that most studies close to the mean effect were
multicenter and associated with heterogeneity, with only one
study tending to signify homogeneity (Figure 13).
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Figure 12. Subgroup analysis by study setting [33-43]. M-H: Mantel-Haenszel.

Figure 13. A funnel plot of subgroup analysis by study setting, showing that single-center studies (diamond shape) signified higher heterogeneity.
RR: rate ratio; SE: standard error.

Time or Year of Data Collection
Studies whose data were collected in 2020, during the advent
of the COVID-19 pandemic (n=2350), showed a signifi-
cantly higher predictive effect (50%) on maternal anemia
intervention compared to data from other times or years

(random-effects model RR 0.50, 95% CI 0.26‐0.99; P<.05;
χ²₃=167.34, P<.001; I²=98%; Figure 14). This finding was
further supported by fixed-effect analysis, where the year
2020 showed a 28% effect (RR 0.72, 95% CI 0.67‐0.78;
P<.001; χ²₃=167.34, P<.001; I²=98%; Figure 15).
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Figure 14. Subgroup analysis by the year the data were collected (random-effects model) [33-43]. M-H: Mantel-Haenszel.
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Figure 15. Subgroup analysis by the year the data were collected (fixed-effect model) 33-43. M-H: Mantel-Haenszel.

Statistical Justifications of the Use of
Fixed-Effect or Random-Effects Models
The initial analysis used a random-effects model due
to significant heterogeneity among the studies (I²=97%;
P<.001), allowing for variations in true effect sizes across
different populations and contexts. This model was suita-
ble for handling diverse study designs, sample sizes, and
intervention approaches. However, when assuming one true
effect size for specific intervention forms, a fixed-effects
model was used. This model was appropriate for evaluat-
ing interventions like dietary iron supplementation, IV ferric
carboxylmaltose, and medicinal or herbal administration,
despite high heterogeneity (I²>90%). By combining both
models, the study leveraged the strengths of each approach,
ensuring that the analysis accounted for both within-study and
between-study variability. This dual approach enhanced the
robustness and credibility of the findings, leading to more
accurate and reliable pooled estimates for maternal anemia
interventions.

Discussion
Principal Findings
This study found that while the overall effect of interventions
on maternal anemia during COVID-19 was initially unclear
due to high variability and publication bias, more focused
analyses showed certain interventions—such as dietary iron
supplementation, herbal/medicinal treatments, and IV ferric
carboxylmaltose—were significantly beneficial. Sensitivity

and subgroup analyses revealed these effects were strongest
in studies conducted in Africa, studies conducted in multicen-
ter settings, and especially among data collected in 2020, with
a notable reduction in heterogeneity and a clearer positive
impact on maternal hemoglobin levels.

The meta-analysis explored the effects of various
interventions on maternal anemia among 6129 pregnant
women during the COVID-19 pandemic. The primary
outcome focused on the effectiveness of different inter-
ventions, such as dietary iron supplementation, education,
intravenous iron therapy, and medicinal or herbal treat-
ments. Although the overall quality of studies was moderate,
the interventions showed varied effectiveness in managing
and preventing maternal anemia. Sensitivity and subgroup
analyses helped identify factors contributing to the observed
heterogeneity in results. The interventions were generally
more effective in Africa compared to Asia and Europe,
and data collected during 2020 indicated a more significant
impact. Overall, the study highlighted the need for further
research to draw more definitive conclusions about the
effectiveness of these interventions on maternal anemia.

This meta-analysis included 11 studies and revealed
that the pooled intervention approaches had an effect on
mitigating or reducing maternal anemia in the advent of
the COVID-19 pandemic by 39%. Previous research has
indicated a similar range of effect during the pandemic based
on iron supplementation and iron and folic acid interven-
tions (1.39, 0.33-2.45; P=.01 and 0.72, 0.36-1.07, P<.001,
respectively) [15,27,44]. The general net cumulative effect
of the interventions on maternal anemia ranged from 23%
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to 81% [6,45-47]. This is supported by recently published
studies. Additionally, other meta-analyses have reported the
outcomes of interventions on maternal anemia during the
COVID-19 pandemic [28,44]. This analysis adds to the
extensive consensus in the literature, which should motivate
further research investigating the key aspects inherent to
anemia control in pregnancy during similar pandemics.

Further, this systematic meta-analysis offers a more
detailed view as it covers 11 studies from diverse regions
capturing both single-center and multicenter studies. The
heterogeneity was high even after subgroup analysis
adjustments as per the specific cluster of intervention.

However, with fixed model analysis, dietary iron
supplementation (17%), IV ferric carboxylmaltose (15%),
and medicinal or herbal administration (19%) interventions
significantly influenced the prevention and or management
of maternal anemia. These findings are consistent with the
guidance provided in the e-Library of Evidence for Nutri-
tion Actions, where it is noted that daily iron and folic
acid supplementation during pregnancy improve anemia [48],
while the efficacy of intravenous ferric carboxylmaltose has
been shown to be similarly positive for the condition [27,
28,49-53]. In addition, past studies have also shown similar
trends of significant control of maternal anemia through
the use of medicinal or herbal treatments [29,54-56]. It is
important to note that the effect found in this study as
demonstrated by the pooled and specific interventions is
seemingly lower as compared to the effects demonstrated
by the earlier studies mentioned herein. Therefore, this can
possibly be attributed to the influence of the COVID-19
pandemic in compromising the effectiveness of different
anemia interventions.

The sensitivity analysis with the fixed-effect model on
the subgroups by intervention type further showed a pooled
positive effect of 17%. Notably, education or information
interventions showed a 28% effect. Medicinal or herbal
administration, iron supplementation, and IV ferric carbox-
ylmaltose also had effects. The greatly reduced publication
bias and heterogeneity between the subgroups following this
sensitivity analysis provides evidence that using education
and information to control maternal anemia is generally an
efficient approach.

Anemia intervention in Africa generally had the highest
effect as compared to other regions. However, this may not
be due to best practices, as the prevalence of maternal anemia
is higher in sub-Saharan Africa than in other regions [4,29,
57-59]; instead, it may be due to more interventions being
implemented to control anemia in Africa. Data collected from
multicenter studies showed a more predictive effect (16%)
of maternal anemia intervention as compared to single-cen-
ter studies. Similar findings were reported by other similar
reviews, although not during the COVID-19 pandemic [12,
44,60]. In this context, the single-center studies had major
heterogeneity as compared to multicenter studies.

Studies whose data were collected in the year 2020 in
the advent of the COVID-19 pandemic had a more signifi-
cant predictive effect (50%) on maternal anemia intervention

as compared to other times or years of data collection.
A subanalysis showed that the trend in maternal anemia
effectiveness decreased with time from the year 2020 to 2021
and 2022. This fact is supported by a report asserting that the
availability of nutritious foods in particular was affected by
COVID-19 measures [7,61]. This was expected as nations
concentrated on COVID-19 mitigation when it became a
pandemic 2020 onward.

In addition, micronutrient intervention programs were
affected during COVID-19, including disruptions of up
to 75% for antenatal care programs in selected countries
during the first months of the lockdown [29,62]. Further-
more, stockouts of iron and folic acid/multiple micronutrient
supplementation may have occurred due to supply chain
disruptions and programs no longer reporting stock informa-
tion [9,63].
Comparison to Prior Work
Prior studies have reported results that contrast with those
presented here, with a better effect based on percentage
reduction and/or hemoglobin mean standard deviation change
on controlling maternal anemia [29,64-66]; however, these
studies did not include data from the advent of the COVID-19
pandemic. In addition, a meta-analysis that targeted only
RCTs [7,67] showed superiority in preventing anemia by
the intervention as compared with the control. Moreover, a
study focusing on hemoglobin mean level change demonstra-
ted a similar trend in improving anemia control in pregnancy
[9,68]. Of concern, as mentioned previously, most studies
showed mixed outcomes relative to the outcome measure,
with timelines of data collection in some being outside the
scope of this study, which focused on the advent of the
COVID-19 pandemic.

Similar findings were reported in a previous study, in
which individual education through a pictorial handbook
on anemia in conjunction with a counseling intervention
program had a positive impact on hemoglobin and hematoc-
rit levels for pregnant women with anemia in their third
trimester of pregnancy [9,69]. The mean change in hemoglo-
bin levels was also found to be significant in another study,
which established that educational interventions can increase
family support for maternal behaviors that can prevent anemia
during pregnancy, such as improving adherence to taking iron
supplements and maintaining a high intake of food contain-
ing iron [7,65]. Prior studies reported better outcomes from
information package interventions compared to the current
findings in the advent of the COVID-19 pandemic. Generally,
an education package on maternal anemia control is part of an
integrated approach where all the other intervention methods
are included as part of the package [9,70]. This may be
why the current findings show that this intervention had the
highest effect on maternal anemia control.

The effects and impacts of specific disasters and/or
calamities on maternal anemia interventions have been
investigated previously. In one study, the COVID-19 crisis
exacerbated maternal and child undernutrition and child
mortality in low- and middle-income countries [28,71].
Further, measuring the effects of COVID-19 disruptions
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on the delivery of essential health and nutrition interven-
tions has proven challenging, as resilient, real-time informa-
tion systems were not well-established in many countries
before the crisis [9,72]. A World Health Organization report
surveyed the extent of disruptions across all health care
services; such disruptions may have included disruptions
to pregnancy anemia management and interventions [73].
Similarly, a study based in Africa found that health care
services utilization in the advent of the COVID-19 pan-
demic was disrupted [29,74]. This could be expected to
have affected and compromised standard interventions for
mitigating maternal health issues. Another study demonstra-
ted that the COVID-19 pandemic affected maternal health
both directly and indirectly, including poor birth and maternal
health outcomes [10,75]. This can explain the reduced effect
of maternal anemia interventions.

Research shows that, in 2019, global anemia prevalence
was 29.9% (95% uncertainty interval [UI] 27.0%-32.8%) in
women of reproductive age, equivalent to over half a billion
women aged 15‐49 years. Prevalence was 29.6% (95% UI
26.6%-32.5%) in nonpregnant women of reproductive age
and 36.5% (95% UI 34.0%-39.1%) in pregnant women.
Since 2000, the global prevalence of anemia in women of
reproductive age has been stagnant, while the prevalence
of anemia in pregnant women has decreased slightly [27,
76]. Although more information is accumulating daily since
the COVID-19 pandemic, subjective factors on pregnancy
and the effect of the pandemic on health systems in Afri-
can nations may have compromised the progress toward
addressing anemia in general [29,77]. Given this, a few
interlinked factors, including any similar pandemics, should
be considered together as a single risk factor for maternal
anemia.
Strengths and Limitations
The study included 11 articles with 6129 participants
and revealed a pooled intervention effect of 39% in
preventing and managing maternal anemia. Interventions
such as education (28%), medicinal administration (19%),
iron supplementation (17%), and IV ferric carboxylmaltose
(15%) showed substantial impact, especially in Africa.
Multicenter studies were more predictive than single-center
ones. Sensitivity analyses significantly reduced heterogeneity
(I²=0%), increasing the reliability of results. Education and
tailored strategies proved highly effective in low-resource
settings and during crises, highlighting the importance of
contextual interventions.

Several constraints may have affected the findings. First,
most studies were retrospective, with only 4 RCTs con-
tributing high-quality evidence. This could weaken the
robustness of pooled estimates, though sensitivity analyses
were conducted to mitigate this. Second, a lack of dem-
ographic details—such as participant age or gestational
stage—led to inconsistent data and reduced comparability.
Future studies should ensure thorough reporting to enhance
clarity. Third, COVID-19 may have indirectly affected
anemia metrics through influences on hemoglobin levels
and nutritional access. These impacts underscore the need

for pandemic-adjusted assessments in future meta-analyses.
Publication bias may have exaggerated effectiveness, but
comprehensive searches and statistical adjustments helped
maintain validity.
Future Directions
The effectiveness of maternal anemia interventions declined
during the COVID-19 pandemic (2020‐2022), even for the
most reliable approaches. Future pandemics call for rapid
research into resilient solutions. Pregnant women should be
screened for tailored interventions, and stakeholders must
prioritize maternal health in emergency planning. Further
studies should explore the mechanisms behind the reduced
effectiveness and improve delivery systems.

This meta-analysis advances existing knowledge by using
rigorous methodologies and expanded datasets from 11
articles with 6129 participants. It reveals novel insights, such
as a 39% utility in preventing and managing maternal anemia,
with significant impacts from education (28%), medicinal
administration (19%), iron supplementation (17%), and IV
ferric carboxylmaltose (15%). The study also highlights
regional differences, particularly higher effectiveness in
Africa, and underscores the importance of multicenter studies
and ongoing research.
Feasible Policy Recommendations
Based on this study, we make the following policy recom-
mendations:

• Tailored regional interventions: focus on region-spe-
cific approaches, especially in Africa, to address unique
challenges and maximize effectiveness.

• High-impact interventions: emphasize proven inter-
ventions like dietary iron supplementation, intrave-
nous ferric carboxylmaltose, and medicinal or herbal
administration for better prevention and management.

• Multicenter studies: encourage multicenter studies to
improve the generalizability and reliability of results.

• Education and information: educate pregnant women
about anemia prevention and management, providing
dietary information and education.

• Time-specific considerations: tailor interventions to
address unique circumstances, such as the advent of
future pandemics, and resulting impacts on maternal
anemia.

Conclusion
The COVID-19 pandemic exposed critical gaps in mater-
nal anemia management, underscoring the need for resilient
health care strategies and enhanced data systems. Although
meta-analytical evidence revealed modest yet significant
intervention effects—especially from medicinal or herbal
therapies, education, and dietary iron supplementation—these
benefits were most evident in multicenter studies and African
populations when high-heterogeneity outliers were exclu-
ded. This context-specific efficacy highlights the urgency
for tailored approaches and further research to strengthen
maternal and child health during future global crises, as
emphasized [10,78].

JMIRx Med Muthuka et al

https://med.jmirx.org/2025/1/e57626 JMIRx Med 2025 | vol. 6 | e57626 | p. 17
(page number not for citation purposes)

https://med.jmirx.org/2025/1/e57626


Acknowledgments
This study was funded partially by Kenya Medical Training College (grant number 2023-2-001). The funder had no role in the
study design or interpretation.
Data Availability
All data generated or analyzed during this study are included in this published article and its supplementary files. Additional
data may be requested from the corresponding author.
Authors’ Contributions
Conceptualization: JKM and DKMF.
Methodology: JKM and FMW.
Data curation: JKM and KO.
Formal analysis: JKM.
Writing – original draft: JKM.
Writing – review & editing: all authors.
Supervision: RN.
Conflicts of Interest
None declared.
Multimedia Appendix 1
Supplementary tables.
[DOCX File (Microsoft Word File), 23 KB-Multimedia Appendix 1]

Checklist 1
PRISMA checklist.
[DOCX File (Microsoft Word File), 31 KB-Checklist 1]
REFERENCES
1. Moghaddam Tabrizi F, Barjasteh S. Maternal hemoglobin levels during pregnancy and their association with birth

weight of neonates. Iran J Ped Hematol Oncol. 2015;5(4):211-217. [Medline: 26985354]
2. Chaparro CM, Suchdev PS. Anemia epidemiology, pathophysiology, and etiology in low- and middle-income countries.

Ann N Y Acad Sci. Aug 2019;1450(1):15-31. [doi: 10.1111/nyas.14092] [Medline: 31008520]
3. Yang J, Liu Z, Guo H, et al. Prevalence and influencing factors of anaemia among pregnant women in rural areas of

Northwestern China. Public Health (Fairfax). Jul 2023;220:50-56. [doi: 10.1016/j.puhe.2023.04.024] [Medline:
37269588]

4. Anaemia in women and children: WHO global anaemia estimates. World Health Organization. 2021. URL: https://www.
who.int/data/gho/data/themes/topics/anaemia_in_women_and_children [Accessed 2025-09-23]

5. Rocca-Ihenacho L, Alonso C. Where do women birth during a pandemic? Changing perspectives on Safe Motherhood
during the COVID-19 pandemic. J Glob Health Sci. 2020;2(1). [doi: 10.35500/jghs.2020.2.e4]

6. Benson AE, Martens KL, Ryan KS, et al. Correction of anemia with intravenous iron mitigates adverse maternal
outcomes in pregnancy. Blood. Nov 2, 2023;142(Supplement 1):3747-3747. [doi: 10.1182/blood-2023-178359]

7. Flaherty SJ, Delaney H, Matvienko-Sikar K, Smith V. Maternity care during COVID-19: a qualitative evidence synthesis
of women’s and maternity care providers’ views and experiences. BMC Pregnancy Childbirth. May 26, 2022;22(1):438.
[doi: 10.1186/s12884-022-04724-w] [Medline: 35619069]

8. Kumar N. COVID 19 era: a beginning of upsurge in unwanted pregnancies, unmet need for contraception and other
women related issues. Eur J Contracept Reprod Health Care. Aug 2020;25(4):323-325. [doi: 10.1080/13625187.2020.
1777398] [Medline: 32567961]

9. Schmitt N, Mattern E, Cignacco E, et al. Effects of the Covid-19 pandemic on maternity staff in 2020 - a scoping review.
BMC Health Serv Res. Dec 27, 2021;21(1):1364. [doi: 10.1186/s12913-021-07377-1] [Medline: 34961510]

10. Kotlar B, Gerson EM, Petrillo S, Langer A, Tiemeier H. Correction: The impact of the COVID-19 pandemic on maternal
and perinatal health: a scoping review. Reprod Health. Mar 30, 2023;20(1):52. [doi: 10.1186/s12978-023-01575-2]
[Medline: 36998017]

11. Heidkamp R, Guida R, Phillips E, Clermont A. The Lives Saved Tool (LiST) as a model for prevention of anemia in
women of reproductive age. J Nutr. Nov 2017;147(11):2156S-2162S. [doi: 10.3945/jn.117.252429] [Medline:
28904114]

JMIRx Med Muthuka et al

https://med.jmirx.org/2025/1/e57626 JMIRx Med 2025 | vol. 6 | e57626 | p. 18
(page number not for citation purposes)

https://jmir.org/api/download?alt_name=xmed_v6i1e57626_app1.docx
https://jmir.org/api/download?alt_name=xmed_v6i1e57626_app1.docx
https://jmir.org/api/download?alt_name=xmed_v6i1e57626_app2.docx
https://jmir.org/api/download?alt_name=xmed_v6i1e57626_app2.docx
http://www.ncbi.nlm.nih.gov/pubmed/26985354
https://doi.org/10.1111/nyas.14092
http://www.ncbi.nlm.nih.gov/pubmed/31008520
https://doi.org/10.1016/j.puhe.2023.04.024
http://www.ncbi.nlm.nih.gov/pubmed/37269588
https://www.who.int/data/gho/data/themes/topics/anaemia_in_women_and_children
https://www.who.int/data/gho/data/themes/topics/anaemia_in_women_and_children
https://doi.org/10.35500/jghs.2020.2.e4
https://doi.org/10.1182/blood-2023-178359
https://doi.org/10.1186/s12884-022-04724-w
http://www.ncbi.nlm.nih.gov/pubmed/35619069
https://doi.org/10.1080/13625187.2020.1777398
https://doi.org/10.1080/13625187.2020.1777398
http://www.ncbi.nlm.nih.gov/pubmed/32567961
https://doi.org/10.1186/s12913-021-07377-1
http://www.ncbi.nlm.nih.gov/pubmed/34961510
https://doi.org/10.1186/s12978-023-01575-2
http://www.ncbi.nlm.nih.gov/pubmed/36998017
https://doi.org/10.3945/jn.117.252429
http://www.ncbi.nlm.nih.gov/pubmed/28904114
https://med.jmirx.org/2025/1/e57626


12. Skolmowska D, Głąbska D, Kołota A, Guzek D. Effectiveness of dietary interventions in prevention and treatment of
iron-deficiency anemia in pregnant women: a systematic review of randomized controlled trials. Nutrients. Jul 23,
2022;14(15):3023. [doi: 10.3390/nu14153023] [Medline: 35893877]

13. Skolmowska D, Głąbska D, Kołota A, Guzek D. Effectiveness of dietary interventions to treat iron-deficiency anemia in
women: a systematic review of randomized controlled trials. Nutrients. Jun 30, 2022;14(13):2724. [doi: 10.3390/
nu14132724] [Medline: 35807904]

14. Maddock J, Parsons S, Di Gessa G, et al. Inequalities in healthcare disruptions during the COVID-19 pandemic:
evidence from 12 UK population-based longitudinal studies. BMJ Open. Oct 13, 2022;12(10):e064981. [doi: 10.1136/
bmjopen-2022-064981] [Medline: 36229151]

15. Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in
Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med. May 2020;8(5):475-481. [doi:
10.1016/S2213-2600(20)30079-5] [Medline: 32105632]

16. Singh SS, Singh LB. Training community health workers for the COVID-19 response, India. Bull World Health Organ.
Feb 1, 2022;100(2):108-114. [doi: 10.2471/BLT.21.286902] [Medline: 35125535]

17. Tan SY, Foo CD, Verma M, et al. Mitigating the impacts of the COVID-19 pandemic on vulnerable populations: lessons
for improving health and social equity. Soc Sci Med. Jul 2023;328:116007. [doi: 10.1016/j.socscimed.2023.116007]
[Medline: 37279639]

18. da Silva Lopes K, Yamaji N, Rahman MO, et al. Nutrition-specific interventions for preventing and controlling anaemia
throughout the life cycle: an overview of systematic reviews. Cochrane Database Syst Rev. Sep 26,
2021;9(9):CD013092. [doi: 10.1002/14651858.CD013092.pub2] [Medline: 34564844]

19. Perelman SI, Shander A, Mabry C, Ferraris VA. Preoperative anemia management in the coronavirus disease
(COVID-19) era. JTCVS Open. Mar 2021;5:85-94. [doi: 10.1016/j.xjon.2020.12.020] [Medline: 34173552]

20. e-Library of Evidence for Nutrition Actions (eLENA). Exclusive breastfeeding for optimal growth, development and
health of infants. World Health Organization. 2023. URL: https://www.who.int/tools/elena/interventions/exclusive-
breastfeeding [Accessed 2025-09-23]

21. Jin Q, Shimizu M, Sugiura M, et al. Effectiveness of non-pharmacological interventions to prevent anemia in pregnant
women: a quantitative systematic review protocol. JBI Evid Synth. Jun 1, 2024;22(6):1122-1128. [doi: 10.11124/JBIES-
23-00081] [Medline: 38084098]

22. Global nutrition targets 2025: anaemia policy brief. World Health Organization. 2014. URL: https://www.who.int/
publications/i/item/WHO-NMH-NHD-14.4 [Accessed 2025-09-23]

23. Jamison DT, Alwan A, Mock CN. Universal health coverage and intersectoral action for health: key messages from
Disease Control Priorities, 3rd edition. The Lancet. Mar 2018;391(10125):1108-1120. [doi: 10.1016/S0140-
6736(15)60097-6]

24. Brandibur TE, Kundnani NR, Boia M, et al. Does COVID-19 infection during pregnancy increase the appearance of
congenital gastrointestinal malformations in neonates? Biomedicines. Nov 21, 2023;11(12):3105. [doi: 10.3390/
biomedicines11123105] [Medline: 38137326]

25. Jamieson DJ, Rasmussen SA. An update on COVID-19 and pregnancy. Am J Obstet Gynecol. Feb 2022;226(2):177-186.
[doi: 10.1016/j.ajog.2021.08.054] [Medline: 34534497]

26. Khedmat L, Mohaghegh P, Veysizadeh M, Hosseinkhani A, Fayazi S, Mirzadeh M. Pregnant women and infants against
the infection risk of COVID-19: a review of prenatal and postnatal symptoms, clinical diagnosis, adverse maternal and
neonatal outcomes, and available treatments. Arch Gynecol Obstet. Aug 2022;306(2):323-335. [doi: 10.1007/s00404-
021-06325-y] [Medline: 34842975]

27. Zhang J, Li Q, Song Y, Fang L, Huang L, Sun Y. Nutritional factors for anemia in pregnancy: a systematic review with
meta-analysis. Front Public Health. 2022;10. [doi: 10.3389/fpubh.2022.1041136]

28. . R, Widowati R, Siauta JA, Azzahroh P, Silawati V. The prevention of anaemia among pregnant women: a literature
review. ijmst. 2023;10(2):2867-2872. [doi: 10.15379/ijmst.v10i2.2978]

29. Rahma FA. Anaemia in pregnancy: a literature review. J Ilm STIKES Yars Mataram. 2023;13(1). [doi: 10.57267/jisym.
v13i1.233]

30. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev. Jan 1, 2015;4(1):1. [doi: 10.1186/2046-4053-4-1] [Medline: 25554246]

31. Jørgensen L, Paludan-Müller AS, Laursen DRT, et al. Evaluation of the Cochrane tool for assessing risk of bias in
randomized clinical trials: overview of published comments and analysis of user practice in Cochrane and non-Cochrane
reviews. Syst Rev. May 10, 2016;5(1):80. [doi: 10.1186/s13643-016-0259-8] [Medline: 27160280]

32. Zeng X, Zhang Y, Kwong JSW, et al. The methodological quality assessment tools for preclinical and clinical studies,
systematic review and meta‐analysis, and clinical practice guideline: a systematic review. J Evidence Based Medicine.
Feb 2015;8(1):2-10. [doi: 10.1111/jebm.12141]

JMIRx Med Muthuka et al

https://med.jmirx.org/2025/1/e57626 JMIRx Med 2025 | vol. 6 | e57626 | p. 19
(page number not for citation purposes)

https://doi.org/10.3390/nu14153023
http://www.ncbi.nlm.nih.gov/pubmed/35893877
https://doi.org/10.3390/nu14132724
https://doi.org/10.3390/nu14132724
http://www.ncbi.nlm.nih.gov/pubmed/35807904
https://doi.org/10.1136/bmjopen-2022-064981
https://doi.org/10.1136/bmjopen-2022-064981
http://www.ncbi.nlm.nih.gov/pubmed/36229151
https://doi.org/10.1016/S2213-2600(20)30079-5
http://www.ncbi.nlm.nih.gov/pubmed/32105632
https://doi.org/10.2471/BLT.21.286902
http://www.ncbi.nlm.nih.gov/pubmed/35125535
https://doi.org/10.1016/j.socscimed.2023.116007
http://www.ncbi.nlm.nih.gov/pubmed/37279639
https://doi.org/10.1002/14651858.CD013092.pub2
http://www.ncbi.nlm.nih.gov/pubmed/34564844
https://doi.org/10.1016/j.xjon.2020.12.020
http://www.ncbi.nlm.nih.gov/pubmed/34173552
https://www.who.int/tools/elena/interventions/exclusive-breastfeeding
https://www.who.int/tools/elena/interventions/exclusive-breastfeeding
https://doi.org/10.11124/JBIES-23-00081
https://doi.org/10.11124/JBIES-23-00081
http://www.ncbi.nlm.nih.gov/pubmed/38084098
https://www.who.int/publications/i/item/WHO-NMH-NHD-14.4
https://www.who.int/publications/i/item/WHO-NMH-NHD-14.4
https://doi.org/10.1016/S0140-6736(15)60097-6
https://doi.org/10.1016/S0140-6736(15)60097-6
https://doi.org/10.3390/biomedicines11123105
https://doi.org/10.3390/biomedicines11123105
http://www.ncbi.nlm.nih.gov/pubmed/38137326
https://doi.org/10.1016/j.ajog.2021.08.054
http://www.ncbi.nlm.nih.gov/pubmed/34534497
https://doi.org/10.1007/s00404-021-06325-y
https://doi.org/10.1007/s00404-021-06325-y
http://www.ncbi.nlm.nih.gov/pubmed/34842975
https://doi.org/10.3389/fpubh.2022.1041136
https://doi.org/10.15379/ijmst.v10i2.2978
https://doi.org/10.57267/jisym.v13i1.233
https://doi.org/10.57267/jisym.v13i1.233
https://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
https://doi.org/10.1186/s13643-016-0259-8
http://www.ncbi.nlm.nih.gov/pubmed/27160280
https://doi.org/10.1111/jebm.12141
https://med.jmirx.org/2025/1/e57626


33. Oskovi-Kaplan ZA, Kilickiran H, Buyuk GN, Ozyer S, Keskin HL, Engin-Ustun Y. Comparison of the maternal and
neonatal outcomes of pregnant women whose anemia was not corrected before delivery and pregnant women who were
treated with intravenous iron in the third trimester. Arch Gynecol Obstet. Mar 2021;303(3):715-719. [doi: 10.1007/
s00404-020-05817-7] [Medline: 32990783]

34. Adeboye TE, Bodunde IO, Okekunle AP. Dietary iron intakes and odds of iron deficiency anaemia among pregnant
women in Ifako-Ijaiye, Lagos, Nigeria: a cross-sectional study. Pan Afr Med J. 2022;42:23. [doi: 10.11604/pamj.2022.
42.23.29965] [Medline: 35910059]

35. Saapiire F, Dogoli R, Mahama S. Adequacy of antenatal care services utilisation and its effect on anaemia in pregnancy.
J Nutr Sci. 2022;11:e80. [doi: 10.1017/jns.2022.80] [Medline: 36304821]

36. Hansen R, Spangmose AL, Sommer VM, et al. Maternal first trimester iron status and its association with obstetric and
perinatal outcomes. Arch Gynecol Obstet. Oct 2022;306(4):1359-1371. [doi: 10.1007/s00404-022-06401-x] [Medline:
35088196]

37. Elsharkawy NB, Abdelaziz EM, Ouda MM, Oraby FA. 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. Feb 26, 2022;19(5):2724. [doi: 10.3390/ijerph19052724] [Medline: 35270420]

38. Koné S, Probst-Hensch N, Dao D, Utzinger J, Fink G. Improving coverage of antenatal iron and folic acid
supplementation and malaria prophylaxis through targeted information and home deliveries in Côte d’Ivoire: a cluster
randomised controlled trial. BMJ Glob Health. Apr 2023;8(4):e010934. [doi: 10.1136/bmjgh-2022-010934] [Medline:
37076197]

39. Agyeman YN, Newton S, Annor RB, Owusu-Dabo E. Intermittent preventive treatment comparing two versus three
doses of sulphadoxine pyrimethamine (IPTp-SP) in the prevention of anaemia in pregnancy in Ghana: a cross-sectional
study. PLoS ONE. 2021;16(4):e0250350. [doi: 10.1371/journal.pone.0250350] [Medline: 33878140]

40. Chauhan N, Dogra P, Sharma R, Kant S, Soni M. Randomized controlled trial comparing ferrous sulfate and iron sucrose
in iron deficiency anemia in pregnancy. Cureus. Feb 2023;15(2):e34858. [doi: 10.7759/cureus.34858] [Medline:
36923182]

41. Hanley-Cook G, Toe LC, Tesfamariam K, et al. Fortified balanced energy-protein supplementation, maternal anemia,
and gestational weight gain: a randomized controlled efficacy trial among pregnant women in rural Burkina Faso. J Nutr.
Oct 6, 2022;152(10):2277-2286. [doi: 10.1093/jn/nxac171] [Medline: 35906874]

42. Pasricha SR, Mwangi MN, Moya E, et al. Ferric carboxymaltose versus standard-of-care oral iron to treat second-
trimester anaemia in Malawian pregnant women: a randomised controlled trial. The Lancet. May
2023;401(10388):1595-1609. [doi: 10.1016/S0140-6736(23)00278-7]

43. Ramachandran R, Dash M, Adaikaladorai FC, Aridass J, Zachariah B, Manoharan B. 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. Dec 31, 2023;36(1). [doi: 10.1080/
14767058.2023.2183749]

44. Panchal PD, Ravalia A, Rana R, et al. Impact of nutrition interventions for reduction of anemia in women of
reproductive age in low- and middle-income countries: a meta-review. Curr Dev Nutr. Dec 2022;6(12):nzac134. [doi: 10.
1093/cdn/nzac134] [Medline: 36601436]

45. Luwangula AK, McGough L, Tetui M, et al. Improving iron and folic acid supplementation among pregnant women: an
implementation science approach in East-Central Uganda. Glob Health Sci Pract. Dec 21, 2022;10(6):e2100426. [doi:
10.9745/GHSP-D-21-00426] [Medline: 36951283]

46. Berhane A, Belachew T. Effect of preconception pictured-based health education and counseling on adherence to iron-
folic acid supplementation to improve maternal pregnancy and birth outcome among women who plan to pregnant:
“randomized control trial”. Clinical Nutrition Open Science. Feb 2022;41:98-105. [doi: 10.1016/j.nutos.2021.12.002]

47. Stewart T, Lambourne J, Thorp-Jones D, Thomas DW. Implementation of early management of iron deficiency in
pregnancy during the SARS-CoV-2 pandemic. Eur J Obstet Gynecol Reprod Biol. Mar 2021;258:60-62. [doi: 10.1016/j.
ejogrb.2020.12.055] [Medline: 33418463]

48. Daily iron and folic acid supplementation during pregnancy. World Health Organization. 2020. URL: https://www.who.
int/tools/elena/interventions/daily-iron-pregnancy [Accessed 2025-09-23]

49. Kim MS, Koh IJ, Choi KY, Yang SC, In Y. Efficacy and safety of intravenous ferric carboxymaltose in patients with
postoperative anemia following same-day bilateral total knee arthroplasty: a randomized controlled trial. J Clin Med. Apr
2, 2021;10(7):1457. [doi: 10.3390/jcm10071457] [Medline: 33918110]

50. Froessler B, Gajic T, Dekker G, Hodyl NA. Treatment of iron deficiency and iron deficiency anemia with intravenous
ferric carboxymaltose in pregnancy. Arch Gynecol Obstet. Jul 2018;298(1):75-82. [doi: 10.1007/s00404-018-4782-9]
[Medline: 29740690]

JMIRx Med Muthuka et al

https://med.jmirx.org/2025/1/e57626 JMIRx Med 2025 | vol. 6 | e57626 | p. 20
(page number not for citation purposes)

https://doi.org/10.1007/s00404-020-05817-7
https://doi.org/10.1007/s00404-020-05817-7
http://www.ncbi.nlm.nih.gov/pubmed/32990783
https://doi.org/10.11604/pamj.2022.42.23.29965
https://doi.org/10.11604/pamj.2022.42.23.29965
http://www.ncbi.nlm.nih.gov/pubmed/35910059
https://doi.org/10.1017/jns.2022.80
http://www.ncbi.nlm.nih.gov/pubmed/36304821
https://doi.org/10.1007/s00404-022-06401-x
http://www.ncbi.nlm.nih.gov/pubmed/35088196
https://doi.org/10.3390/ijerph19052724
http://www.ncbi.nlm.nih.gov/pubmed/35270420
https://doi.org/10.1136/bmjgh-2022-010934
http://www.ncbi.nlm.nih.gov/pubmed/37076197
https://doi.org/10.1371/journal.pone.0250350
http://www.ncbi.nlm.nih.gov/pubmed/33878140
https://doi.org/10.7759/cureus.34858
http://www.ncbi.nlm.nih.gov/pubmed/36923182
https://doi.org/10.1093/jn/nxac171
http://www.ncbi.nlm.nih.gov/pubmed/35906874
https://doi.org/10.1016/S0140-6736(23)00278-7
https://doi.org/10.1080/14767058.2023.2183749
https://doi.org/10.1080/14767058.2023.2183749
https://doi.org/10.1093/cdn/nzac134
https://doi.org/10.1093/cdn/nzac134
http://www.ncbi.nlm.nih.gov/pubmed/36601436
https://doi.org/10.9745/GHSP-D-21-00426
http://www.ncbi.nlm.nih.gov/pubmed/36951283
https://doi.org/10.1016/j.nutos.2021.12.002
https://doi.org/10.1016/j.ejogrb.2020.12.055
https://doi.org/10.1016/j.ejogrb.2020.12.055
http://www.ncbi.nlm.nih.gov/pubmed/33418463
https://www.who.int/tools/elena/interventions/daily-iron-pregnancy
https://www.who.int/tools/elena/interventions/daily-iron-pregnancy
https://doi.org/10.3390/jcm10071457
http://www.ncbi.nlm.nih.gov/pubmed/33918110
https://doi.org/10.1007/s00404-018-4782-9
http://www.ncbi.nlm.nih.gov/pubmed/29740690
https://med.jmirx.org/2025/1/e57626


51. Gandotra N, Zargar S, Mahajan N. Intravenous ferric carboxymaltose for anaemia in pregnancy. Int J Res Med Sci.
2020;8(10):3539. [doi: 10.18203/2320-6012.ijrms20204225]

52. Froessler B, Collingwood J, Hodyl NA, Dekker G. Intravenous ferric carboxymaltose for anaemia in pregnancy. BMC
Pregnancy Childbirth. Mar 25, 2014;14(1):115. [doi: 10.1186/1471-2393-14-115] [Medline: 24667031]

53. Agrawal D, Masand DL. A study for efficacy and safety of ferric carboxymaltose versus iron sucrose in iron deficiency
anemia among pregnant women in tertiary care hospital. Int J Reprod Contracept Obstet Gynecol. 2019;8(6):2280. [doi:
10.18203/2320-1770.ijrcog20192418]

54. El Hajj M, Sitali DC, Vwalika B, Holst L. “Back to Eden”: an explorative qualitative study on traditional medicine use
during pregnancy among selected women in Lusaka Province, Zambia. Complement Ther Clin Pract. Aug
2020;40:101225. [doi: 10.1016/j.ctcp.2020.101225] [Medline: 32798811]

55. Nalumansi PA, Kamatenesi-Mugisha M, Anywar G. Medicinal plants used during antenatal care by pregnant women in
Eastern Uganda. Afr J Reprod Health. Dec 2017;21(4):33-44. [doi: 10.29063/ajrh2017/v21i4.4] [Medline: 29624949]

56. Ahmed M, Hwang JH, Ali MN, Al-Ahnoumy S, Han D. Irrational use of selected herbal medicines during pregnancy: a
pharmacoepidemiological evidence from Yemen. Front Pharmacol. 2022;13:926449. [doi: 10.3389/fphar.2022.926449]
[Medline: 35928277]

57. Abdallah F, John SE, Hancy A, et al. Prevalence and factors associated with anaemia among pregnant women attending
reproductive and child health clinics in Mbeya region, Tanzania. PLOS Glob Public Health. 2022;2(10):e0000280. [doi:
10.1371/journal.pgph.0000280] [Medline: 36962486]

58. Ministry of Health, Community Development, Gender, Elderly and Children, Tanzania Mainland, Ministry of Health,
National Bureau of Statistics, Office of the Chief Government Statistician, ICF. 2015-16 TDHS-MIS Key Findings;
MoHCDGEC, MoH, NBS, OCGS, and ICF; 2016. URL: https://preview.dhsprogram.com/pubs/pdf/SR233/SR233.pdf
[Accessed 2025-09-23]

59. Odhiambo JN, Sartorius B. Mapping of anaemia prevalence among pregnant women in Kenya (2016-2019). BMC
Pregnancy Childbirth. Nov 23, 2020;20(1):711. [doi: 10.1186/s12884-020-03380-2] [Medline: 33228585]

60. Lopez de Romaña D, Mildon A, Golan J, Jefferds MED, Rogers LM, Arabi M. Review of intervention products for use
in the prevention and control of anemia. Ann N Y Acad Sci. Nov 2023;1529(1):42-60. [doi: 10.1111/nyas.15062]
[Medline: 37688369]

61. Laborde D, Martin W, Vos R. Impacts of COVID-19 on global poverty, food security, and diets: insights from global
model scenario analysis. Agric Econ. May 2021;52(3):375-390. [doi: 10.1111/agec.12624] [Medline: 34230728]

62. Tracking the situation of children during COVID-19 dashboard. Standing Together for Nutrition. 2020. URL: https://
knowledgehub.standingtogetherfornutrition.org/knowledge-hub/tracking-the-situation-of-children-during-covid-19-
dashboard/ [Accessed 2025-09-23]

63. Negro-Calduch E, Azzopardi-Muscat N, Nitzan D, Pebody R, Jorgensen P, Novillo-Ortiz D. Health information systems
in the COVID-19 pandemic: a short survey of experiences and lessons learned from the European region. Front Public
Health. 2021;9:676838. [doi: 10.3389/fpubh.2021.676838] [Medline: 34650946]

64. Ouédraogo S, Koura GK, Bodeau-Livinec F, Accrombessi MMK, Massougbodji A, Cot M. Maternal anemia in
pregnancy: assessing the effect of routine preventive measures in a malaria-endemic area. Am J Trop Med Hyg. Feb
2013;88(2):292-300. [doi: 10.4269/ajtmh.12-0195] [Medline: 23296448]

65. Triharini M, Armini NKA, Nastiti AA. Effect of educational intervention on family support for pregnant women in
preventing anemia. Belitung Nurs J. 2018;4(3):304-311. [doi: 10.33546/bnj.332]

66. Haider BA, Olofin I, Wang M, et al. Anaemia, prenatal iron use, and risk of adverse pregnancy outcomes: systematic
review and meta-analysis. BMJ. Jun 21, 2013;346(jun21 3):f3443. [doi: 10.1136/bmj.f3443] [Medline: 23794316]

67. Hansen R, Sommer VM, Pinborg A, et al. Intravenous ferric derisomaltose versus oral iron for persistent iron deficient
pregnant women: a randomised controlled trial. Arch Gynecol Obstet. Oct 2023;308(4):1165-1173. [doi: 10.1007/
s00404-022-06768-x] [Medline: 36107229]

68. Pinsuwan S, Chatchawet W, Chunuan S. Effectiveness of interactive learning via multimedia technology with family
support program among pregnant women with anemia: a quasi-experimental study. Pacific Rim Int J Nurs Res.
2022;26(4).

69. Nahrisah P, Somrongthong R, Viriyautsahakul N, Viwattanakulvanid P, Plianbangchang S. Effect of integrated pictorial
handbook education and counseling on improving anemia status, knowledge, food intake, and iron tablet compliance
among anemic pregnant women in Indonesia: a quasi-experimental study. J Multidiscip Healthc. 2020;13:43-52. [doi:
10.2147/JMDH.S213550] [Medline: 32021233]

70. Focusing on anaemia: towards an integrated approach for effective anaemia control. World Health Organization. 2004.
URL: https://www.who.int/publications/m/item/focusing-on-anaemia-towards-an-integrated-approach-for-effective-
anaemia-control [Accessed 2025-09-23]

JMIRx Med Muthuka et al

https://med.jmirx.org/2025/1/e57626 JMIRx Med 2025 | vol. 6 | e57626 | p. 21
(page number not for citation purposes)

https://doi.org/10.18203/2320-6012.ijrms20204225
https://doi.org/10.1186/1471-2393-14-115
http://www.ncbi.nlm.nih.gov/pubmed/24667031
https://doi.org/10.18203/2320-1770.ijrcog20192418
https://doi.org/10.1016/j.ctcp.2020.101225
http://www.ncbi.nlm.nih.gov/pubmed/32798811
https://doi.org/10.29063/ajrh2017/v21i4.4
http://www.ncbi.nlm.nih.gov/pubmed/29624949
https://doi.org/10.3389/fphar.2022.926449
http://www.ncbi.nlm.nih.gov/pubmed/35928277
https://doi.org/10.1371/journal.pgph.0000280
http://www.ncbi.nlm.nih.gov/pubmed/36962486
https://preview.dhsprogram.com/pubs/pdf/SR233/SR233.pdf
https://doi.org/10.1186/s12884-020-03380-2
http://www.ncbi.nlm.nih.gov/pubmed/33228585
https://doi.org/10.1111/nyas.15062
http://www.ncbi.nlm.nih.gov/pubmed/37688369
https://doi.org/10.1111/agec.12624
http://www.ncbi.nlm.nih.gov/pubmed/34230728
https://knowledgehub.standingtogetherfornutrition.org/knowledge-hub/tracking-the-situation-of-children-during-covid-19-dashboard/
https://knowledgehub.standingtogetherfornutrition.org/knowledge-hub/tracking-the-situation-of-children-during-covid-19-dashboard/
https://knowledgehub.standingtogetherfornutrition.org/knowledge-hub/tracking-the-situation-of-children-during-covid-19-dashboard/
https://doi.org/10.3389/fpubh.2021.676838
http://www.ncbi.nlm.nih.gov/pubmed/34650946
https://doi.org/10.4269/ajtmh.12-0195
http://www.ncbi.nlm.nih.gov/pubmed/23296448
https://doi.org/10.33546/bnj.332
https://doi.org/10.1136/bmj.f3443
http://www.ncbi.nlm.nih.gov/pubmed/23794316
https://doi.org/10.1007/s00404-022-06768-x
https://doi.org/10.1007/s00404-022-06768-x
http://www.ncbi.nlm.nih.gov/pubmed/36107229
https://doi.org/10.2147/JMDH.S213550
http://www.ncbi.nlm.nih.gov/pubmed/32021233
https://www.who.int/publications/m/item/focusing-on-anaemia-towards-an-integrated-approach-for-effective-anaemia-control
https://www.who.int/publications/m/item/focusing-on-anaemia-towards-an-integrated-approach-for-effective-anaemia-control
https://med.jmirx.org/2025/1/e57626


71. Osendarp S, Akuoku JK, Black RE, et al. The COVID-19 crisis will exacerbate maternal and child undernutrition and
child mortality in low- and middle-income countries. Nat Food. Jul 2021;2(7):476-484. [doi: 10.1038/s43016-021-
00319-4] [Medline: 37117686]

72. Polašek O, Wazny K, Adeloye D, et al. Research priorities to reduce the impact of COVID-19 in low- and middle-
income countries. J Glob Health. 2022;12:09003. [doi: 10.7189/jogh.12.09003] [Medline: 35475006]

73. Pulse survey on continuity of essential health services during the COVID-19 pandemic: interim report. World Health
Organization. Aug 27, 2020. URL: https://www.who.int/teams/integrated-health-services/health-services-performance-
assessment/monitoring-health-services/global-pulse-survey-on-continuity-of-essential-health-services-during-the-covid-
19-pandemic [Accessed 2025-09-23]

74. Mebratie AD, Nega A, Gage A, Mariam DH, Eshetu MK, Arsenault C. Effect of the COVID-19 pandemic on health
service utilization across regions of Ethiopia: an interrupted time series analysis of health information system data from
2019–2020. PLOS Glob Public Health. 2022;2(9):e0000843. [doi: 10.1371/journal.pgph.0000843]

75. Thakur G, Arora A, Sikka P, Jain V. Impact of covid 19 pandemic on severe maternal outcomes -an observational study
from a referral institute of India. Clin Epidemiol Glob Health. 2022;17:101121. [doi: 10.1016/j.cegh.2022.101121]
[Medline: 35957952]

76. Vardell E. Global Health Observatory data repository. Med Ref Serv Q. 2020;39(1):67-74. [doi: 10.1080/02763869.
2019.1693231] [Medline: 32069199]

77. Hussein Sayed Abdel Gaowad A, Hamdio S, Fathi Nabaweya Saleh A. Effect of Covid19 pandemic on pregnant women
utilization of antenatal care services. Egyptian Journal of Health Care. Dec 1, 2022;13(4):668-681. [doi: 10.21608/ejhc.
2022.265053]

78. Bonet M, Babinska M, Buekens P, et al. Maternal and perinatal health research during emerging and ongoing epidemic
threats: a landscape analysis and expert consultation. BMJ Glob Health. Mar 7, 2024;9(3):e014393. [doi: 10.1136/
bmjgh-2023-014393] [Medline: 38453249]

Abbreviations
IV: intravenous
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PROSPERO: International Prospective Register of Systematic Reviews
RCT: randomized controlled trial
RR: rate ratio
UI: uncertainty interval

Edited by Edward Meinert, Tiffany Leung; peer-reviewed by Anonymous, I Gde Sastra Winata, Suriya Kumareswaran;
submitted 21.02.2024; final revised version received 11.07.2025; accepted 31.07.2025; published 06.10.2025

Please cite as:
Muthuka JK, Mbari-Fondo DK, Wambura FM, Oluoch K, Nzioki JM, Nyamai EM, Nabaweesi R
Effects of Interventions for the Prevention and Management of Maternal Anemia in the Advent of the COVID-19 Pandemic:
Systematic Review and Meta-Analysis
JMIRx Med 2025;6:e57626
URL: https://med.jmirx.org/2025/1/e57626
doi: 10.2196/57626

© John Kyalo Muthuka, Dianna Mbari Fondo, Francis Muchiri Wambura, Kelly Oluoch, Japheth Mativo Nzioki, Everlyn
Musangi Nyamai, Rosemary Nabaweesi. Originally published in JMIRx Med (https://med.jmirx.org), 06.10.2025. This
is an open-access article distributed under the terms of the Creative Commons Attribution License (https://creativecom-
mons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work, first published in JMIRx Med, is properly cited. The complete bibliographic information, a link to the original publica-
tion on https://med.jmirx.org/, as well as this copyright and license information must be included.

JMIRx Med Muthuka et al

https://med.jmirx.org/2025/1/e57626 JMIRx Med 2025 | vol. 6 | e57626 | p. 22
(page number not for citation purposes)

https://doi.org/10.1038/s43016-021-00319-4
https://doi.org/10.1038/s43016-021-00319-4
http://www.ncbi.nlm.nih.gov/pubmed/37117686
https://doi.org/10.7189/jogh.12.09003
http://www.ncbi.nlm.nih.gov/pubmed/35475006
https://www.who.int/teams/integrated-health-services/health-services-performance-assessment/monitoring-health-services/global-pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic
https://www.who.int/teams/integrated-health-services/health-services-performance-assessment/monitoring-health-services/global-pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic
https://www.who.int/teams/integrated-health-services/health-services-performance-assessment/monitoring-health-services/global-pulse-survey-on-continuity-of-essential-health-services-during-the-covid-19-pandemic
https://doi.org/10.1371/journal.pgph.0000843
https://doi.org/10.1016/j.cegh.2022.101121
http://www.ncbi.nlm.nih.gov/pubmed/35957952
https://doi.org/10.1080/02763869.2019.1693231
https://doi.org/10.1080/02763869.2019.1693231
http://www.ncbi.nlm.nih.gov/pubmed/32069199
https://doi.org/10.21608/ejhc.2022.265053
https://doi.org/10.21608/ejhc.2022.265053
https://doi.org/10.1136/bmjgh-2023-014393
https://doi.org/10.1136/bmjgh-2023-014393
http://www.ncbi.nlm.nih.gov/pubmed/38453249
https://med.jmirx.org/2025/1/e57626
https://doi.org/10.2196/57626
https://med.jmirx.org
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://med.jmirx.org/
https://med.jmirx.org/2025/1/e57626

	Effects of Interventions for the Prevention and Management of Maternal Anemia in the Advent of the COVID-19 Pandemic: Systematic Review and Meta-Analysis
	Introduction
	Methods
	Design
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction
	Risk of Bias (Quality) Assessment
	Statistical Analyses

	Results
	Included Articles and Quality Assessment
	Features of the Included Studies
	The Pooled Effect of Interventions on the Prevention and Management of Maternal Anemia
	Subgroup Analysis and Investigation of Heterogeneity
	Subgroup and Sensitivity Analysis on the Possible Covariates
	Statistical Justifications of the Use of Fixed-Effect or Random-Effects Models

	Discussion
	Principal Findings
	Comparison to Prior Work
	Strengths and Limitations
	Future Directions
	Feasible Policy Recommendations
	Conclusion



