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ABSTRACT

Introduction Anaemia remains a major public health
concern among Indian adolescents, particularly girls.
National-level and state-level initiatives led by the
Government of India, such as the Weekly Iron and

Folic Acid Supplementation, Anaemia Mukt Bharat

and the Intensified National Iron Plus Initiative, aim to
control iron-deficiency anaemia through systematic
supplementation and behaviour change communication
strategies. However, implementation challenges persist.
Given the limited evidence on barriers, facilitators and
interventions implemented to improve the outlined national
schemes, we have designed a systematic review to inform
future research and programmes. This review aims to
systematically identify and synthesise evidence on barriers
and facilitators influencing the implementation of national
iron and folic acid supplementation programmes targeting
adolescents aged 10—19 years in India.

Methods and analysis A comprehensive search will be
conducted using five databases, namely PubMed, EMBASE,
Web of Science, CINHAL and Scopus, from inception to

30 September 2025. To capture grey literature, we will

also search government portals, international agency
repositories, clinical trial registries and the Google platform.
Eligible studies include experimental, observational,
qualitative and implementation research conducted in
school-based, community-based or combined delivery
settings. Screening, data extraction and quality appraisal
will be performed independently by two reviewers using the
Covidence platform. The Joanna Briggs Institute tool will be
used to assess methodological quality of included studies.
Quantitative data will be synthesised descriptively following
the Synthesis Without Meta-analysis guidelines, and
qualitative data will be analysed using thematic synthesis.
Ethics and dissemination Ethical approval is not
required as there is no human participation. The results
will be published in a peer-reviewed journal and presented
at scientific conferences.

PROSPERO registration number CRD420251153248.

INTRODUCTION
Anaemia, particularly iron deficiency
anaemia, remains a major global public
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= A comprehensive, high-sensitivity search across
multiple databases and grey literature sources will
maximise identification of relevant studies.

= Inclusion of quantitative, qualitative and mixed-
methods evidence will enable a comprehensive as-
sessment of implementation barriers and facilitators
of adolescent iron and folic acid supplementation
programmes in India.

= Independent screening, data extraction and quality
appraisal by two reviewers using standardised tools
(Joanna Briggs Institute) will enhance methodologi-
cal rigour and minimise bias.

= Substantial heterogeneity in study designs, settings
and outcomes may limit comparability and preclude
meta-analysis, requiring narrative and thematic
synthesis.

= Restriction to published and accessible grey litera-
ture may lead to omission of relevant unpublished
studies.

health challenge, affecting an estimated 2
billion people worldwide." According to the
WHO, 40.0% of children aged 6-59 months,
37.0% of pregnant women and 30.0% of
women aged 15-49 years are anaemic.
Anaemia accounted for a substantial burden
of disease, with an estimated 50 million years
of healthy life lost due to disability in 2019,
largely driven by dietary iron deficiency.” Iron
and folic acid deficiencies, which are major
contributors to anaemia, constitute a signif-
icant portion of this burden and are among
the leading causes of years lived with disability
among adolescent girls and women of repro-
ductive age.” It has remained a subject of
the World Health Assembly (WHA) since
1959. In response, the WHA adopted six
global nutrition targets to reduce anaemia in
women of reproductive age (15-49) by 50.0%
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between 2012 and 2025.° However, according to the latest
WHO Global Health Observatory data (2023), the global
prevalence in this group remains around 30.7% (30.5%
in non-pregnant women and 35.5% in pregnant women),
reflecting only marginal progress over the past decade.”
This indicates that the progress is not on track to meet the
set targets, and it is particularly slow in low- and middle-
income countries.

In India, anaemia continues to be a major public health
concern, particularly among adolescents. The National
Family Health Survey 5 (2019-2021) reported anaemia
prevalence rates of 59.0% among adolescent girls and
31.0% among adolescent boys.” More than half of adoles-
cent girls are anaemic, placing them at increased risk of
impaired growth, reduced physical and cognitive capacity
and adverse maternal outcomes later in life. Global
comparative data across 195 countries show that India has
the second-highest burden of adolescent anaemia, with a
prevalence of 54.1%.” The burden is disproportionately
higher in rural areas and among low-income households."

Adolescenceisacritical period for physical and cognitive
development, during which anaemia can hinder growth,
reduce physical capacity, impair neurocognitive functions
and increase susceptibility to infections.'” The increased
physiological demand for iron during puberty, exacer-
bated by menstrual blood loss in females, further elevates
anaemia risk." To address this persistent challenge, the
Government of India launched the Anaemia Mukt Bharat
(AMB) initiative in 2018 as a comprehensive and unified
strategy. AMB builds on earlier efforts, including the
Intensified National Iron Plus Initiative and the Weekly
Iron and Folic Acid Supplementation programme. These
initiatives target six population groups, including both
school-going and out-of-school adolescents, through six
evidence-based interventions implemented via multisec-
toral mechanisms."'™" Iron and Folic Acid (IFA) supple-
mentation remains a cornerstone of these programmes,
with distribution to adolescent girls initiated in 2013 and
to pregnant women for over two decades.'* Despite these
longstanding national programmes, challenges persist in
achieving adequate coverage, compliance and effective-
ness, resulting in suboptimal IFA uptake.'>"

While several studies have evaluated anaemia inter-
ventions in India, synthesised evidence on the factors
influencing the implementation of national IFA supple-
mentation programmes remains limited. These factors
operate at multiple levels. At the individual level,
barriers include poor adherence, gender norms, stigma,
cultural beliefs and misinformation that may influence
adolescents’ willingness or ability to regularly consume
IFA.* System-level barriers include uneven programme
coverage across rural and urban areas, limited outreach
to out-of-school adolescents and insufficient focus on
marginalised populations, such as tribal and socioeco-
nomically disadvantaged groups.”’ Additional challenges
include supply chain disruptions, weak service delivery
mechanisms and inadequate integration with other
adolescent health programmes. Conversely, facilitators

include strong policy commitment, multisectoral collab-
oration, effective delivery platforms, trained personnel,
community engagement, reliable supply chains and
tailored approaches for hard-to-reach populations.* **

Given these multilayered challenges, a comprehensive
synthesis of existing evidence is needed. This systematic
review aims to identify key facilitators and barriers to
the implementation of national IFA supplementation
programmes for adolescents in India. The findings will
help inform future interventions, strengthen implemen-
tation strategies, and support policymakers in improving
programme outcomes.

REVIEW QUESTIONS

Primary research questions

1. What are the key facilitators and barriers influencing
the implementation of national IFA supplementation
programmes targeted at adolescents in India?

2. What interventions have been implemented to
strengthen or improve the existing national IFA sup-
plementation programmes or schemes for adolescents
in India?

Sub research questions

1. What factors influence the uptake of IFA supplemen-
tation among adolescents in India, considering indi-
vidual, system, contextual and interest-holder-related
dimensions?

2. What IFA supplementation interventions have been im-
plemented within or alongside national programmes
to reduce anaemia among adolescents in India, and
what has been their impact?

3. What evidence gaps remain regarding the implemen-
tation of adolescent IFA supplementation programmes
in India, and how can these inform future research,
policy, and practice?

METHODS AND ANALYSIS

The protocol follows the Preferred Reporting Items for
Systematic Reviews and Meta-analyses Protocols (PRIS-
MA-P) 2015 statement for reporting.”* The review is
registered with the PROSPERO database (registration ID:
CRD420251153248). No amendments have been made to
the protocol since registration. Any future changes will
be documented in PROSPERO with the date, description
and rationale, and reported in the final review.

Eligibility criteria
The inclusion and exclusion criteria are structured using
the PICO framework and summarised in table 1.

Search terms and strategy development

Information sources

Five electronic databases will be searched: PubMed
(via MEDLINE), Embase, Web of Science, Scopus and
CINAHL (via EBSCOhost), covering all records from
inception to 30 September 2025 without language
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Table 1 Inclusion and exclusion criteria
Item Inclusion criteria Exclusion criteria
Population  Adolescents aged 10-19 years, both school-going and out-of- Studies focusing exclusively on non-adolescent

Intervention

Comparator

Outcomes

Study Design

school, who are beneficiaries of national IFA supplementation
programmes in India (WIFS, AMB, I-NIPI). Studies with
overlapping age groups will be included if data for adolescents
(10-19 years) are reported separately or if >75% of participants
fall within this range.

National or large-scale government-supported IFA
supplementation programmes defined as programmes
implemented at national, state or multidistrict level with
standardised delivery mechanisms, such as WIFS, AMB and
I-NIPI.

No intervention, usual care, alternative delivery models (such
as but not limited to school-based vs community-based
delivery of IFA supplementation, including delivery integrated
within school platforms such as feeding programmes where
IFA supplementation is provided) or variations in programme
components (IFA-only vs IFA plus deworming).

Studies reporting implementation-related outcomes such

as coverage, adherence, uptake, compliance, acceptability,
feasibility, fidelity, reach, community engagement, interest-
holder perspectives, sustainability, cost-effectiveness,
integration or equity will be included. Studies must also report
at least one barrier or facilitator, either explicitly or inferentially
(e.g-‘low adherence due to side effects’ as a barrier or ‘high
coverage due to school-based delivery’ as a facilitator). Equity-
related variables, where reported, will be extracted to support
subgroup and equity-focused analyses.

RCTs, quasi-experimental studies, implementation research,
mixed-methods studies, qualitative research or observational
studies examining implementation processes. Studies
published in English, Hindi and/or regional Indian languages
will be included, with translations arranged as needed.

groups (infants, adults, pregnant women) or
conducted outside India. Studies not related

to national supplementation programmes or
focusing solely on pregnant adolescents (who
receive distinct antenatal care) will be excluded.

Interventions not related to IFA supplementation
(such as but not limited to school feeding
programmes that do not include an explicit

IFA supplementation component, WASH-

only interventions or education-only

activities), or those targeting treatment of
specific medical conditions (anaemia due to
haemoglobinopathies).

Not applicable.

Studies that do not report barriers or
facilitators to programme implementation,
uptake, delivery or effectiveness, or that are
limited to biomedical outcomes without an
implementation context.

Editorials, commentaries, reviews or purely
descriptive cross-sectional studies not
exploring barriers or facilitators. Studies with no
full text after reasonable retrieval attempts will
be excluded.

AMB, Anaemia Mukt Bharat; IFA, iron and folic acid; I-NIPI, Intensified National Iron Plus Initiative; RCTs, randomised controlled trials; WASH,
Water, Sanitation, and Hygiene; WIFS, Weekly Iron and Folic Acid Supplementation.

restrictions. To identify unpublished and non-indexed
studies, a grey literature search will be conducted using
predefined keywords aligned with the main PubMed
search strategy concepts. Grey literature sources will
include: government portals (Ministry of Health and
Family Welfare, Ministry of Education, NITI Aayog),
international agency repositories (UNICEF India, WHO
SEARO, World Bank, India), programme-specific portals
(Anaemia Mukt Bharat Dashboard), clinical trial regis-
tries (CTRI, WHO ICTRP), Google Scholar (using
advanced search features) and reference lists of included
studies (first-generation hand searching).

Search terms and strategy development

The search strategy will combine Medical Subject
Headings, controlled vocabulary (Emtree) and free-
text keywords for five core concepts: (1) anaemia; (2)

adolescents; (3) iron and folic acid supplementation or
anaemia programmes; (4) implementation outcomes,
including barriers, facilitators and delivery strategies; and
(5) geographical location (India). Boolean operators
(AND/OR) and truncation (adolescen*) will be used for
precision and coverage.

Search sensitivity and adaptation

A high-sensitivity search approach will be employed to
ensure comprehensive inclusion of relevant studies,
particularly qualitative and implementation research that
may not be well indexed. By ‘high-sensitivity’, we refer to
an author-designed strategy that deliberately uses broad
sets of keywords, synonyms and truncations across data-
bases to maximise recall. Specificity will be maintained
through careful screening and duplicate removal. This
approach is informed by the Peer Review of Electronic
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Search Strategies 2015 guidelines for electronic search
strategies.”” The complete search strategy is attached
(online supplemental file 1).

The number of records retrieved, screened and
included will be documented using a PRISMA flow
diagram in line with PRISMA 2020 guidance,” to ensure
transparency and reproducibility.

Search validation process

The sensitivity of the search strategy will be assessed by
confirming that several sentinel articles are successfully
retrieved.

Procedures to contact authors

When data are missing or inconsistent across reports,
corresponding author(s) will be contacted via email (up
to two attempts). All communication will be documented
(contact date, method, response status and decision
made). If no response is received or discrepancies remain
unresolved, we will proceed with the available data and
note potential implications for the discussion.

Screening procedure

All search results will be imported into Covidence (Veritas
Health Innovation, Melbourne, Australia), an internet-
based platform for systematic review management.
Duplicates will be removed automatically in Covidence,
followed by manual checks.?” Two independent reviewers
will independently screen titles and abstracts and assess
full texts according to the PICO-based eligibility criteria.
Discrepancies will be resolved by discussion or, if required,
a third reviewer. Screening results will be illustrated in a
PRISMA 2020 flowchart. The final list of included articles
will then be used for the data extraction.

Handling of non-English sources

Studies and/or reports published in Hindi or other
regional Indian languages will be included where relevant.
Initial screening and translation will be conducted by one
of the coauthors, proficient in respective language (s). For
data extraction, translated content will be cross-verified
by a second bilingual to ensure accuracy and consistency.
If required, an independent translation agency and/or
software will be used if members of the research team are
unable to translate papers into English.

Extraction procedure and reliability

Data extraction will be conducted using a standardised
extraction form developed based on objectives of this
review and established systematic review practices. The
standardised extraction form will capture study char-
acteristics,  participant demographics, intervention
features, implementation outcomes (barriers, facilita-
tors, delivery mechanisms) and findings. Two reviewers
will independently extract data from all included
studies. To ensure consistency and reliability, a pilot
extraction will be conducted on a sample of 10 studies,
selected to reflect variation in study design and source
type (eg, peerreviewed articles and grey literature).

Inter-rater agreement will be assessed, and discrepancies
will be discussed and resolved. Where agreement is below
a predefined threshold (290%), the extraction form and
coding approach will be refined before proceeding with
full data extraction.

Data validation, risk of bias and quality assessment

The methodological quality of included studies will
be appraised using the Joanna Briggs Institute critical
appraisal tools, selected for their applicability across
diverse study designs, including qualitative, observational
and mixed-methods research anticipated in this review.
This approach allows for a consistent and structured
assessment of methods quality and risk of bias across
heterogeneous study designs.”® Quality appraisal will
focus on assessing risk of bias within individual studies,
including selection bias, measurement bias and reporting
bias, as appropriate to study design. Two reviewers will
assess all included studies independently, with discor-
dance resolved by discussion or adjudication. Low-quality
studies will not be excluded but will be interpreted
cautiously in the synthesis. Confidence in findings will be
interpreted based on methodological quality, consistency
and strength of evidence across included studies, taking
into account the heterogeneity in study designs and the
inclusion of qualitative and implementation research.

Quantitative data transformations

Quantitative data on compliance, adherence, coverage,
accessibility and reduction in anaemia prevalence will
be extracted wherever available. Data on interventions
implemented to strengthen or improve the existing
national IFA supplementation programmes/schemes
will be recorded using intervention-related domains.
Given anticipated heterogeneity, meta-analysis may not
be feasible; therefore, synthesis will follow the Synthesis
Without Meta-analysis guidelines.” Descriptive statistics
(proportions, ranges) will summarise outcomes, and
effect estimates such as relative risk (RR), OR or risk
difference (RD) will be calculated where possible. Sensi-
tivity analyses will assess the robustness of findings.

Qualitative data synthesis

Qualitative data will be analysed using thematic synthesis
to identify recurrent barriers, facilitators and interven-
tions. The Consolidated Framework for Implementation
Research (CFIR) will guide coding and categorisation
across individual, system and contextual levels. Relevant
constructs from the RE-AIM framework (Reach, Effec-
tiveness, Adoption, Implementation and Maintenance)
will be incorporated to highlight programme reach and
sustainability. Intervention-related data will be recorded
using components listed below: intervention design char-
acteristics (type, components and frequency), delivery
mechanisms and settings, followed by fidelity and effec-
tiveness of interventions delivered. Team consensus will
determine final analytical domains. Reporting of qualita-
tive synthesis will be guided by the ENTREQ (Enhancing
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Transparency in Reporting the Synthesis of Qualitative
Research) statement to ensure clarity and transparency
in the presentation of methods and findings.*

Where data permit, findings will be stratified and anal-
ysed by interest-holder groups (such as but not limited
to adolescents, parents or caregivers, frontline health
workers, teachers, programme implementers and policy-
makers). This will allow identification of similarities and/
or differences in perceived barriers, facilitators and imple-
mentation experiences across groups. Diverse perspec-
tives will be explicitly reported to enhance contextual
interpretation of findings.

Integrated data synthesis

Findings will be synthesised narratively, integrating qualita-
tive and quantitative results. Data will be grouped by main
themes relating to barriers and facilitators of programme
implementation including systematic, societal, cultural,
programmatic, environmental and health-related factors.
Facilitators will include government policies and frame-
works, infrastructure and delivery platforms, awareness
and advocacy initiatives, monitoring and feedback mech-
anisms, supply chain management, community engage-
ment and a holistic programmatic approach. Where
feasible, quantitative data will be summarised using
descriptive statistics, such as compliance rates, adherence
rates, programme coverage, accessibility, anaemia preva-
lence and improvements in haemoglobin concentration.
If sufficient data are available, a meta-analysis may be
conducted to estimate pooled effect sizes for programme
outcomes, using appropriate measures (RR, OR, RD)
with 95% Cls. Qualitative results will be coded and
mapped to an implementation framework, such as CFIR,
where appropriate, to facilitate integration with thematic
findings. Where feasible, results will also be presented by
interest-holder group to highlight variation(s) in imple-
mentation experiences and outcomes. An equity-focused
analysis will be incorporated using the PROGRESS-Plus
framework (Place of residence, Race/ethnicity, Occupa-
tion, Gender/sex, Religion, Education, Socioeconomic
status, Social capital, plus additional context-specific
factors such as age, disability and programme access).”
Where data permit, findings will be stratified across these
dimensions to explore variations in barriers, facilitators
and implementation outcomes. This will support iden-
tification of underserved populations and inform more
equitable programme design and delivery.

Potential meta-biases, including publication bias
and selective reporting, will be considered during data
synthesis and interpretation. The inclusion of grey liter-
ature aims to minimise publication bias; however, formal
statistical assessment (using funnel plots) may not be
feasible due to expected heterogeneity in study designs
and outcomes.

Criteria for conclusions
Conclusions about the facilitators and barriers to imple-
menting national iron and folic acid supplementation

programmes will be derived primarily from the thematic
analysis of qualitative data and descriptive and analytical
synthesis of quantitative findings. Themes will be identi-
fied based on recurrence and the strength of supporting
evidence across studies. For studies reporting quantita-
tive outcomes (adherence rates, coverage, programme
reach), findings will be summarised narratively or using
descriptive statistics. Where feasible, effect size esti-
mates will be used to interpret magnitude and direc-
tion of impact. A similar approach will be used to report
interventions implemented to improve the national
iron supplementation scheme in line with the outlined
qualitative synthesis components. Robustness will be
determined by methodological quality, risk of bias and
the magnitude of reported effects. The findings of this
review will help identify practical barriers and facilita-
tors relevant to improving national IFA programmes in
India. The results will inform programme implementers
and policymakers regarding delivery gaps, supply chain
issues and context-specific strategies that may strengthen
programme performance. The review will also highlight
priority evidence gaps and guide future implementation
research focused on adolescent nutrition and anaemia
reduction.

Researcher positionality

The review team comprises researchers with back-
grounds in public health, clinical medicine, nutrition
and implementation science, with experience working
in adolescent health and national nutrition programmes
in India and similar settings. We acknowledge that these
perspectives may influence interpretation of findings. To
minimise potential bias, data extraction and synthesis
will be conducted independently by multiple authors/
researchers involved in this work, supported by team
discussions to ensure reflexivity, transparency and consis-
tency in interpretation.

Justification for synthesis approach

Given expected heterogeneity in study designs and
contexts, a mixed-methods narrative synthesis is the
most appropriate approach. Quantitative results will be
summarised using descriptive or inferential statistics,
while qualitative findings will be synthesised following the
approach described by Thomas and Harden to identify
recurring patterns and contextual factors.”® Quantitative
data (adherence or coverage) will be summarised using
descriptive statistics where possible. Where sufficient data
exist, effect measures (RR or OR) will be estimated in line
with the Cochrane Handbookgg; however, meta-analysis
will not be primary synthesis method due to anticipated
heterogeneity. This approach is pragmatic to achieve the
review’s scope, aims and objectives. Data integrity will be
ensured through independent data extraction by at least
two reviewers, with discrepancies resolved through discus-
sion or a third reviewer. Transparency and reliability will
be supported by adherence to recognised reporting
guidelines, including PRISMA 2020, as well as established
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methodological guidance for systematic reviews.”® ** The
narrative synthesis will follow the procedure described
by Popay and colleagues,” which involves developing a
preliminary synthesis and tabulating data by major themes
such as facilitators, barriers, compliance and intervention
related outcomes.

Strengths and limitations of the review

This review has several strengths, including the use of

a comprehensive, high-sensitivity search strategy across

multiple databases and grey literature sources and the

inclusion of diverse study designs to capture real-world
implementation evidence. While this review has been
designed to ensure methodological rigour and compre-
hensive coverage, several potential limitations should be
acknowledged. First, differences in study design, method-
ological rigour and the reporting quality may complicate
the synthesis and interpretations of findings. The inclu-
sion of diverse study types, though necessary to capture
real-world implementation evidence, may introduce
heterogeneity that affects confidence in pooled conclu-
sions. Second, variation(s) in implementation models,
target populations, geographical settings and outcome
measurement approaches are anticipated. This diversity
may limit the comparability and generalisability of results
across contexts.

Finally, this review may have the following limitations:

» Variability in study quality: Differences in study design,
conduct and reporting may complicate data synthesis
and interpretation.

» Heterogeneity: Variation in implementation models,
populations and study settings may limit compara-
bility and generalisability of findings.

» Scope limitation within AMB: The review focuses
specifically on the IFA supplementation component
of AMB strategy and other national programmes
implemented in India. It does not assess other compo-
nents such as periodic deworming, food fortification,
behaviour change communication or diagnostic
tools (digital haemoglobinometers and point-of-care
testing). While the clinical validity and reliability of
those diagnostic tools may impact the outcomes, their
evaluation is beyond the scope of this review. Simi-
larly, interventions addressing non-nutritional causes
of anaemia (malaria, haemoglobinopathies) will be
excluded.

» Thisreview may also be limited by potential constraints
in the review process, including reliance on published
data, the possibility of missing grey literature despite
comprehensive searching and subjective judgement
during screening and thematic synthesis. Independent
dual screening and extraction will help reduce these
risks, but they cannot be eliminated entirely.

Plan for updating the review

The review will be updated if substantial new evidence
emerges that could significantly alter its conclusions.
A formal updating will be planned within 3 years of

publication or sooner if major policy revisions occur in
India’s national iron supplementation programmes.
The timing of the update will depend on the new data,
evolving policy priorities and research feasibility.

Ethics and dissemination

As this study involves analysis and synthesis of previously
published data, formal ethical approval is not required.
The review will adhere to the highest standards of
research integrity, transparency and ethical reporting as
recommended by the Cochrane Handbook and PRISMA
2020 guidelines.

Findings will be disseminated through publication in
a peerreviewed journal and shared with policymakers,
programme implementers and public health practi-
tioners via research networks, conferences and national
dissemination workshops.
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