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Abstract

Implementation science can inform healthcare delivery to improve outcomes in resource-constrained settings through
tailored strategies. The National Institutes of Health funds implementation science largely through its Dissemination and
Implementation Research in Health program. We analyzed the program’s grants with collaborators in low- and middle-
income countries to understand trends and gaps in National Institutes of Health-funded global implementation science
research. Query-View-Report was used to identify grants awarded between fiscal years 2013-2022 with at least one
collaborating institution in a low- and middle-income country. Two coders reviewed the abstract and specific aims to
determine the intervention being studied, setting, implementer, implementation outcomes, strategies, frameworks, and
study design. From fiscal years 2013-2022, 81 grants had collaborating institutions across 25 low- and middle-income
countries in five World Bank-defined regions, funded by 11 National Institutes of Health institutes and centers. Most grants
focused on cancer (n=12), other non-communicable diseases (n=16), and tuberculosis (#=12). Common implementa-
tion outcomes included costs (n=43), fidelity (n=38), maintenance (n=36), and adoption (n=235). Commonly studied
implementation strategies included assess for readiness and identify barriers and facilitators (n=18), revise professional
roles (n=17), and change service sites (n=15). Frequently reported frameworks were RE-AIM (n=30), CFIR (n=22),
and EPIS (n=38). Most grants tested implementation strategies using experimental study designs (n=52) in healthcare
settings (n=756). The National Institutes of Health funds a range of implementation science grants with collaborators in
low- and middle-income countries. This analysis helps identify commonly utilized implementation outcomes, strategies,
and frameworks and enables exploration of gaps and opportunities for further global research.
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Abbreviations CFIR Consolidated Framework for Implementation
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TMFs Theories, models, and frameworks ERIC Expert Recommendations for Implementing
LMICs Low-and middle-income countries Change

RE-AIM Reach, Effectiveness, Adoption, Implementa-
tion, and Maintenance
EPIS Exploration, Preparation, Implementation, Through implementation science, researchers and practitio-
Sustainment ners in the U.S. and globally aim to build a knowledge base
to help bridge the gap between research and healthcare prac-
tice and address health disparities (Kerkhoft et al., 2022).
Implementation science seeks to develop and test strategies
that can improve the efficiency and timeliness of delivering
evidence-based interventions in real-world settings through
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and sustainable use of healthcare resources in resource-con-
strained settings, which are particularly prevalent in low-
and middle-income countries (LMICs) (Alonge et al., 2019;
Theobald et al., 2018).

The National Institutes of Health (NIH) has supported
implementation science through the Dissemination and
Implementation Research in Health Program Announce-
ments since 2006 (National Institutes of Health, 2022a,
2022b, 2022c¢). This program has served as a primary fund-
ing mechanism for implementation science and, as of April
2024, includes support from 23 NIH institutes, centers, and
offices. This study catalogues and analyzes Dissemination
and Implementation Research in Health-funded implemen-
tation science grants in LMICs. It builds upon previous
analyses (Neta et al., 2021; Tinkle et al., 2013; Villalobos
et al., 2023) of NIH-funded implementation science grants
which are focused on specific health areas or topics within
implementation science but lack a global focus. This portfo-
lio analysis aims to assess trends and gaps in the NIH-funded
implementation science portfolio across all participat-
ing institutes, centers, and offices by examining the use of
theories, models, and frameworks (TMFs), implementation
strategies, study designs, and implementation outcomes as
well as contextual factors (e.g., setting and implementers)
applied to research in LMICs. This analysis also explores
differences in the use of implementation strategies between
health areas and interventions. By examining implementa-
tion studies across the agency, we can identify opportunities
for shared learning across disease states and interventions.
This study can serve as a baseline for analyses of NIH-
funded global implementation science (the Dissemination
and Implementation Research in Health funding announce-
ment has been re-issued and the program will continue in
2025 (National Institutes of Health, 2024b)) and can inform
other funders’ program development and evaluation efforts.

Methods

NIH’s internal grant reporting database, Query-View-
Report, was used to identify extramural awards based on the
following criteria: funded by a Dissemination and Imple-
mentation Research in Health program Funding Opportunity
Announcement, active in at least one year between fiscal
years 2013 and 2022 (to include the last year of available
data and most recent complete fiscal year in Query-View-
Report at the time of data collection), and funded by any
NIH institute, center, or office. If a project extended over
multiple years, only the most recent award was included in
the analysis. The initial search resulted in 281 Dissemina-
tion and Implementation Research in Health grants funded
between fiscal years 2013 and 2022.

Of the 281 grants, 178 grants were excluded from this
analysis because they did not have at least one foreign col-
laborating institution. Foreign collaborating institutions
were defined as collaborating sites in any non-U.S. country
documented in the Foreign Award and Component Tracking
System used by NIH (National Institutes of Health, 2024a).
Twenty-two additional grants were subsequently excluded
since they did not have at least one foreign collaborating
institution in an LMIC as defined by the World Bank (2023)
(inclusive of low-income, lower-middle income, and upper-
middle income countries). Grants with foreign collaborating
institutions in high-income countries were included if they
also had at least one foreign collaborating institution in an
LMIC. Six supplements and amendments were identified
as non-unique awards and excluded from the final portfo-
lio. Figure 1 depicts exclusion criteria and the final number
of grants for review. Collaborating institution names were
edited for clarity and consistency using the Global Research
Identifier Database and NIH Dimensions to produce stan-
dardized institution names when possible, using Microsoft
Excel and Python.

A codebook was developed in the NIH internal platform,
iSearch, to extract data on the following: evidence-based
interventions, settings, implementers, implementation strat-
egies tested, implementation outcomes, TMFs, and study
designs. Table 1 shows the description, field type, field
options, and data source for each variable in the codebook.
Field options were based on previously published portfolio
analyses and drew upon the implementation science litera-
ture. TMFs were derived from reviews of Tabak et al. (2012)
and Nilsen (2015), strategies were based on the Expert Rec-
ommendations for Implementing Change (ERIC) strategies
(Powell et al., 2015), and outcomes were based on a review
from Proctor et al. (2011) and from Glasgow, Vogt, and
Bole’s RE-AIM framework (Glasgow et al., 1999).

Full-text abstract and specific aims of each grant were
reviewed in iSearch. There were three total coders, and two
coders per grant to extract information from the abstract and
specific aims into the codebook. Grants could be coded to
multiple implementation outcomes, strategies, TMFs, set-
tings, and implementers. Strategies were coded only if they
were tested, not only referenced, and were categorized into
one of the ERIC strategies based on coder interpretation.
Coding discrepancies were reconciled by the two initial
coders in discrepancy discussions and finalized in iSearch
once agreed upon. If the two coders could not reach a con-
sensus, the third coder resolved the discrepancy during
ad hoc discrepancy discussions. After interventions were
coded using free text, interventions were categorized into
ten overarching intervention categories which were further
separated into 27 more specific focus areas. Categorization
of interventions were original to this project and were not
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Research in Health projects funded from

Fig. 1 Diagram of Dissemination and Implementation Research in Health portfolio analysis exclusions

based on a standardized implementation science approach,
but rather disease categories, natural groupings, and discus-
sions among coders. Intervention categories are mutually
exclusive. Descriptive analyses were conducted in Micro-
soft Excel on the exported data from iSearch.

Results

The final Dissemination and Implementation Research in
Health portfolio of grants active between fiscal years 2013
and 2022 with at least one collaborator in an LMIC con-
sisted of 81 grants funded by 11 different NIH institutes,
offices, or centers. Over half of the grants were active in the
most recent three years, between fiscal years 2020 and 2022.
Figure 2 shows the distribution of active grants over the ten-
year period by funding mechanism. The 81 grants were ini-
tiated between fiscal year 2011 and fiscal year 2022 with all
grants covering one grant activity category: “R” grants, or
research projects. Fifty-seven of the research project grants

@ Springer

were RO1s (research projects), 19 were R21s (exploratory/
developmental grants), and five were R03s (small research
grants). Two ROls were follow-up grants to previously
funded R21 grants.

Of the 81 grants in the portfolio, more than half received
funding from three institutes: National Institute of Allergy
and Infectious Disease (n=20), National Cancer Insti-
tute (n=18), and National Heart, Lung, and Blood Insti-
tute (n=14). Institutes fund implementation science for a
variety of disease areas and types of interventions. Grants
primarily examined interventions related to tuberculosis
(n=12), HIV/AIDS (n=11), cancer (n=12), and other
non-communicable diseases (7= 16). The number of grants
coded to each intervention category and intervention focus
area is shown in Table 2.
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Fig. 2 Dissemination and Implementation Research in Health active grants by fiscal year and activity code

Principal Investigator and Collaborating Institutions
in LMICs

Of the 81 grants, five were direct awards to principal inves-
tigators at foreign institutions and the remaining 76 were
awards to U.S. institutions with foreign collaborating insti-
tutions. Direct awards funded institutions in Uganda (n=2),
South Africa, Argentina, and Peru. Grants included collabo-
rators at 238 institutions in 25 LMICs, and eight grants had
collaborating institutions in multiple LMICs. Countries col-
laborating on the most grants were Kenya (n=14), South
Africa (n=11), Uganda (n=_8), India (n=6), and Mozam-
bique (n=35); all collaborating institution countries are
shown in Fig. 3.

Implementation Science Characteristics

Grants were coded for implementation strategies tested,
TMFs used, and implementation outcomes assessed. Sev-
enty-five grants tested a specific implementation strategy.
Of these that referenced a specific strategy, 22 ERIC strate-
gies were used in total. Studies most frequently used the fol-
lowing strategies: “assess for readiness and identify barriers
and facilitators” (n=18; 22%), “revise professional roles”
(n=17; 21%), and “change services sites” (n=15; 19%)
(Fig. 4).

@ Springer

Implementation strategies are stratified by intervention
category in Table 3, with thirteen strategies with three or
more grants per intervention category shown. Different
intervention categories exhibited varying uses of some strat-
egies. For example, HIV/AIDS studies frequently tested
“change physical structure and equipment” (n=4) and
“change service sites” (n=3) strategies. Other infectious
disease research, which included malaria treatment and
STD testing, was the only disease area testing “alter incen-
tive/allowance structure.” Grants studying behavioral health
(n=5), tobacco and alcohol control (n=4), cancer (n=3),
and other non-communicable disease (n=3) interventions
used “revise professional roles” (n=15) often. Additionally,
tobacco and alcohol control and injury studies were the only
disease areas that did not use “assess for barriers and facili-
tators” as an implementation strategy.

Fifty seven grants referenced a specific TMF (70%).
Of those that referenced a specific TMF, 10 TMFs were
mentioned, with RE-AIM being most frequently men-
tioned (n=30; 37%) followed by Consolidated Frame-
work for Implementation Research (CFIR) (n=22; 27%),
EPIS (n=9; 11%), and Proctor’s Implementation Out-
comes Framework (n=5; 16%). An additional nine grants
(11%) used other TMFs, and 24 grants (30%) did not refer-
ence a specific TMF (Fig. 5).

Lastly, 75 grants referenced a specific implementa-
tion outcome (93%). Of those that referenced a specific
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Table 2 Number of grants by intervention category and intervention
focus

Intervention  Intervention focus Number  Num-
category of grants  ber of
by focus  grants by
category
Tuberculosis  Tuberculosis screening and 12 12
treatment
HIV/AIDS HIV/AIDS prevention and 10 11
treatment
Clinical practice guidelines 1
Other infec- Malaria treatment 3 5
tious diseases STD testing 1
Male circumcision device 1
Cancer Cancer screening 10 12
Survivorship 1
Non-specified cancer 1
prevention
Other non- Hypertension 7 16
communica-  Heart disease 5
ble diseases  Diabetes 3
Sickle cell anemia 1
Tobacco Tobacco control 7 8
and alcohol  Alcohol control 1
control
Behavioral Mental health treatment 5 8
health Youth mental health
prevention
Measure development 1
Maternal and Sexual and reproductive 1 6
child health  health
Neonatal mortality 1
Group antenatal care 1
Partner violence 1
Pediatric surgical safety 1
Pediatric traumatic brain 1
injury
Air pollution Indoor air pollution 1 2
Plastic waste burning 1
Injury Snakebite 1 1

outcome, 15 implementation outcomes were evaluated. The
most common implementation outcomes were costs (n=43;
53%), fidelity (n=38; 47%), sustainability (n=36; 56%:;),
adoption (n=35 ; 43%), feasibility (n=27; 33%), reach
(n=27; 33%), and acceptability (n=26; 32%) (Fig. 6). Six
grants (7%) did not specify an implementation outcome.
Table 4 shows study designs, settings, and implementers
on each of the 81 grants. Proposed study designs included
experimental designs (n=52; 64%), observational designs
(n=21; 26%), pre-post (n="7; 9%), quasi-experimental
(n=5; 6%), and systems modeling (n=1; 1%). Research
was primarily conducted in healthcare settings (n=56;
69%) by healthcare providers (n=48; 59%) though six
other settings were used. Interventions were implemented
or disseminated by lay health professionals (n=20; 25%),

“other” implementers not listed in the original codebook
(n=15; 19%), public health officials (n=6; 7%), school
personnel (n=6; 7%), and clinic support staff (n=5; 6%).
Four grants (5%) were not coded to a specified implemen-
tation settings and nine grants (11%) were not coded to a
specific implementer.

Discussion

This analysis revealed that NIH-funded Dissemination and
Implementation Research in Health grants in LMICs cover
a variety of health areas and interventions using a range of
methodological approaches. Interventions were most often
related to tuberculosis, HIV, cancer, and other non-commu-
nicable diseases, which aligns with the high burden of these
diseases in LMICs (Institute for Health Metrics and Evalu-
ation, 2024). Additionally, Dissemination and Implementa-
tion Research in Health-funded research in LMICs has been
growing, as shown by the increase in active grants during
each consecutive year between fiscal years 2011 and 2022.
This increase follows the trends of NIH grants with col-
laborations in LMICs more broadly (National Institutes of
Health Office of Portfolio Analysis, 2024).

This study highlights key trends in implementation
strategies referenced in Dissemination and Implementa-
tion Research in Health grant proposals. Among the 81
grants in this analysis, 22 ERIC strategies were identified
across 75 grants. Only 10% of grants did not plan to test
an implementation strategy, indicating that Dissemination
and Implementation Research in Health-funded studies may
intentionally include testing of implementation strategies in
their research proposals. The common use of the strategy
“assess for readiness and identify barriers and facilitators”
suggests that a significant portion of Dissemination and
Implementation Research in Health studies in LMICs are
in exploratory stages of implementation science. Lovero
and colleagues (2023) found similar results in a systematic
review examining the use of ERIC strategies in 60 publica-
tions that were published through March 2023 and covered
implementation science across all health areas conducted in
LMICs (Lovero et al., 2023). That study also found a high
volume of named ERIC strategies related to using evalua-
tive and iterative strategies including “assess for readiness.”
Other predominant strategies in this analysis of Dissemina-
tion and Implementation Research in Health grants were
those related to task-shifting, which include two ERIC
strategies: “change services sites” and “revise professional
roles.”

ERIC strategies are used across a variety of disease areas
and interventions. “Assess for readiness and identify bar-
riers and facilitators” was coded for in almost all disease

@ Springer
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Fig. 3 Dissemination and Implementation Research in Health program grants with collaborating institutions in LMICs: collaborating site coun-

tries, fiscal years 2013-2022

Fig.4 Implementation strategies
of Dissemination and Implemen-
tation Research in Health grants
with collaborators in LMICs,
fiscal years 2013-2022

REAIM 30
None 24

Consolidated Framework for Implementation Research 22

EPIS 9
Other 9

Proctor's Implementation Outcomes Framework 5
Theoretical Domains Framework 3
Theory of Organizational Readiness for Change 2

ADAPT-ITT 2

PRECEDE/PROCEED 1
Organizational Theory of Innovation Implementation 1
Diffusion of Innovations 1

areas and interventions. However, compared to other dis-
ease areas, cancer, HIV/AIDS, and tobacco and alcohol
control interventions infrequently used the strategy “assess
for readiness and identify barriers and facilitators” indicat-
ing that perhaps the application of implementation science
is more advanced in these interventions than in other disease
areas. Task-shifting strategies are also prominent across
most disease areas, with behavioral health and tobacco and
alcohol control interventions relying heavily on the “revise
professional roles” strategy. HIV/AIDS interventions more
often employed ‘“change service sites” and “change physi-
cal structure”; strategies that rely more on the physical
movement of patients and medical supplies or changing
infrastructure.

The prominence of task-shifting reflects the horizon-
tal health system approach supported by policy guidance
for health system strengthening in LMICs (World Health

@ Springer

Number of Grants

Organization, 2020). Task-shifting is often promoted to
strengthen existing services and improve healthcare sys-
tems long-term by optimizing the use of already constrained
resources (Mounier-Jack et al., 2017). United Nations guid-
ance also promotes the integration of care (e.g. “change
service sites” and “revise professional roles” strategies) for
chronic diseases with primary healthcare services and with
already existing healthcare programs such as HIV/AIDS,
tuberculosis, and reproductive health (World Health Orga-
nization, 2020).

This portfolio analysis identifies primary strategies used
in global implementation science, but further research is
warranted to grow the knowledge base of existing imple-
mentation strategies, particularly in LMICs, and understand
the implementation mechanisms of commonly used strat-
egies. For example, future studies may explore how task-
shifting may facilitate adaptation of an intervention and
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Table 3 Number of grants that test specific implementation strategies by intervention category
Implementation strategy ~ Other Tuberculosis ~ Cancer ~ HIV/AIDS Behav- Tobacco Mater- Other Air Injury
non-com- ioral & nal & infectious pollution
municable health alcohol child diseases
diseases control  health
Assess for readiness 5 3 1 1 3 2 2 1
and identify barriers and
facilitators
Revise professional roles 3 1 3 5 4
Change service sites 2 3 3 3 2 1 1
Change physical structure 1 1
and equipment
None 2 2 1 1
Facilitate relay of clinical 2 1 1 1
data to providers
Involve patients/consum- 3 1 1
ers and family members
Tailor strategies 2 1 1
Create a learning 1 2 1
collaborative
Use train-the-trainer 1 1 1 1
strategies
Provide clinical 1 2
supervision
Conduct ongoing training 2 1
Audit and provide 1 1 1
feedback
Alter incentive/allowance 3
structures
Fig.5 Implementation science Costs 43
frameworks referenced in Dis- Fidelity 38
semination and Implementation Sustainability/Maintenance 36
Research in Health grants with Adoption 35
collaborators in LMICs, fiscal Reach 27
years 2013-2022 Feasibility 27
Acceptability 26
Appropriateness 12
Speed 7
None 6
Penetration
Scale-up
Change in attitudes 2
Awareness 2
Receipt 1
Acceptance 1

advance its implementation. Additional research should
also seek to understand how these commonly identified
strategies may be used to efficiently bundle care, integrate
care into primary care settings, decentralize specialty care,
and enhance patient retention across the continuum of care.
Similar global implementation science research objec-
tives were also identified in the National Cancer Institute’s
recently launched global implementation science initiative,
Global Implementation Science for Equitable Cancer Con-
trol (National Institutes of Health, 2022).

Of the 73 ERIC strategies, 51 were not identified in any
of the grants analyzed, suggesting these are underexplored

Number of Grants

in LMICs. Additional research is needed to further under-
stand the use of implementation strategies and the suitabil-
ity of the ERIC framework in LMICs. However, overall,
very few funded grants did not test an ERIC strategy. Across
disease areas and interventions within the portfolio, there
was a broad distribution of ERIC strategies tested. These
results highlight the great potential for cross-disciplinary
collaboration and learning in the application of implemen-
tation strategies.

While an overwhelming majority of grants tested an
implementation strategy, nearly 30% of grants did not spec-
ify a TMF, potentially illustrating either a gap in research
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Fig. 6 Implementation outcomes
of Dissemination and Implemen-
tation Research in Health grants
with collaborators in LMICs,
fiscal years 2013-2022
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None

Involve patients/consumers and family members
Facilitate relay of clinical data to providers
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Create a learning collaborative
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Distribute educational materials

Develop and implement tools for quality monitoring
Promote adaptability

Alter incentive/allowance structures

Audit and provide feedback

Conduct ongoing training

Provide clinical supervision

W wwwwww

15

17

18

Use advisory boards and workgroups

Conduct educational outreach visits
Intervene with patients/consumers to enhance uptake and adherence

Table 4 Other characteristics of Dissemination and Implementation
Research in Health grants with collaborators in LMICs, fiscal years
2013-2022

Implementation context

Number of grants (%)

Study design
Experimental 52 (64)
Observational 21 (26)
Pre-post design 709
Quasi-experimental 5(6)
Modeling 1(1)

Setting
Healthcare 56 (69)
Electronic 17 (21)
Other 15 (19)
Community-based organization 12 (15)
Health department 8 (10)
School 709)
Not specified 4(5)
Workplace 1(1)

Implementer
Healthcare provider 48 (59)
Lay health professional 20 (25)
Other 15 (19)
Not stated 9(11)
Public health official 6(7)
School personnel 6(7)
Clinic support staff 5(6)

methodology (e.g. a lack of knowledge on selection of an
appropriate TMF), too many TMFs, or a lack of applicable
TMFs in global implementation science. Although TMFs
are proposed less often in grant applications compared to
implementation strategies or outcomes, given that sixteen
TMFs are identified in the codebook and 10 are identi-
fied across the grants, investigators are proposing to apply

@ Springer

Change record systems

Facilitation

Use mass media

N NNNNN

Number of Grants

a range of TMFs. This indicates that TMFs are useful in
LMIC settings. Additionally, nearly all grants included at
least one implementation outcome. However, there is a clear
gap in examining scale-up and receipt of interventions in
implementation science. Future research may seek to pri-
oritize the use of these implementation outcomes in their
methodology.

Certain contextual factors across implementers and set-
tings were more predominant than others across the grant
portfolio. Interventions were implemented in healthcare
settings by healthcare workers in over half the grants,
resembling results from Lovero et al. (2023). Lay health
professionals served as primary implementers of interven-
tions, consistent with the substantial volume of interventions
implemented in healthcare facilities and community-based
organizations. System-level settings outside healthcare
institutions and community-based organizations, such as
schools, were often not identified as an implementation set-
ting. The distribution of implementation settings suggests
that there remain opportunities to explore implementation
of evidence-based health interventions across a range of set-
tings, as appropriate, and which can further enhance reach
and inform scale up.

This study has several limitations. It includes only grants
funded by the Dissemination and Implementation Research
in Health program and does not cover implementation sci-
ence funding through other NIH mechanisms or outside NIH.
However, the Dissemination and Implementation Research
in Health program is the predominant funding opportunity
for NIH implementation science studies, so should capture
a representative sample of investigator-initiated implemen-
tation science. Additionally, coders reviewed the abstracts
and specific aims submitted in the grant proposal, which
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may differ from the actual research conducted after inves-
tigators received funding. Another limitation is that due to
lack of common terminology in the field of implementation
science, there may have been misclassification of strategies
and outcomes despite mitigation efforts described in the
methods section. Furthermore, implementation characteris-
tics and contexts may have been undercounted since cod-
ing was restricted to abstract and specific aims and did not
include the research strategy.

Conclusions

This study shows that through the Dissemination and Imple-
mentation Research in Health program, NIH funds a variety
of implementation science with collaborators in LMICs,
and the number of grants has increased from fiscal years
2011 to 2022. There are a range of outcomes, strategies, and
TMFs used in implementation science in LMICs. In particu-
lar, implementation strategies were tested in the majority of
grants, with a range of strategies used across disease areas.
Some strategies were more commonly explored than others
across health foci, underscoring an opportunity to under-
stand their broader generalizability, such as readiness and
task-shifting, across a range of settings and disease areas.
However, gaps remain highlighting an opportunity for new
studies that seek to explore strategies for scale-up as well as
studies to understand factors that influence implementation
pace. This portfolio analysis provides a comprehensive sum-
mary of the Dissemination and Implementation Research in
Health program in low- and middle-income countries and
can inform future research priorities.
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