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Abstract

Cardiovascular diseases are the leading causes of morbidity and mortality worldwide, but
implementation of evidence-based interventions for risk factors such as hypertension is
lacking, particularly in low and middle income countries (LMICs). Building implementation
research capacity in LMICs is required to overcome this gap. Members of the Global
Research on Implementation and Translation Science (GRIT) Consortium have been col-
laborating in recent years to establish a research and training infrastructure in dissemination
and implementation to improve hypertension care. GRIT includes projects in Ghana, Guate-
mala, India, Kenya, Malawi, Nepal, Rwanda, and Vietnam. We collected data from each site
on capacity building activities using the Potter and Brough (2004) model, mapping formal
and informal activities to develop (a) structures, systems and roles, (b) staff and infrastruc-
ture, (c) skills, and (d) tools. We captured information about sites’ needs assessments and
metrics plus program adaptations due to the COVID-19 pandemic. All sites reported capac-
ity building activities in each layer of the Capacity Pyramid, with the largest number of activi-
ties in the Skills and Tools categories, the more technical and easier to implement
categories. All sites included formal and informal training to build Skills. All sites included a
baseline needs assessment to guide capacity building activities or assess context and
inform intervention design. Sites implementing evidence-based hypertension interventions
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used common implementation science frameworks to evaluate implementation outcomes.
Although the COVID-19 pandemic affected timelines and in-person events, all projects were
able to pivot and carry out planned activities. Although variability in the activities and meth-
ods used existed, GRIT programs used needs assessments to guide locally appropriate
design and implementation of capacity building activities. COVID-19 related changes were
necessary, but strong collaborations and relationships with health ministries were main-
tained. The GRIT Consortium is a model for planning capacity building in LMICs.

Introduction

Cardiovascular diseases (CVDs) are leading causes of mortality and morbidity; the top two
causes of death globally are ischemic heart disease followed by stroke, accounting for 16% and
11% of the total deaths, respectively [1]. Hypertension, a major driver of CVD, is the leading
attributable risk factor for death worldwide [2]. Proven prevention and management programs
for hypertension and other CVD risk factors exist [3-6], but translation of these models into
real-world settings is needed. This is particularly true in low and middle income countries
(LMIC:s), where the burden of chronic diseases is high [2, 7], but capacity for implementation
research is limited, presenting a barrier for accelerating the implementation of evidence-based
interventions [8-10].

To address these barriers and the gaps in implementation research and practice in LMICs
[9], the National Heart, Lung and Blood Institute (NHLBI) of the United States (U.S). National
Institutes of Health funded eight research grants under two funding opportunity announce-
ments for partnering interdisciplinary teams of non-U.S. and U.S. research investigators: (1)
Hypertension Outcomes for T4 Research in Lower Middle-Income Countries (Hy-TREC) and
(2) T4 Translation Research Capacity Building Initiative in Low Income Countries (TREIN).
The eight countries represented by these projects face challenges to implementation of preven-
tion and control of non-communicable diseases (NCDs) such as hypertension and CVD that
are seen across LMICs. LMICs have fewer health resources (including personnel and financial
resources) to address the dual burden of chronic and infection diseases as well as continued
needs for maternal and child health [11, 12]. Many LMICs (e.g., Kenya, India, Guatemala)
organize their health systems in tiers with primary, secondary and tertiary care facilities; how-
ever referral networks between these care levels are inefficient in some settings, leading to gaps
in care management (for examples, see data from Kenya [13] and India [14]).

Furthermore, the healthcare systems in LMICs face specific barriers to managing condi-
tions like hypertension. Examples include poor or inconsistent access to medications in Ghana
[15], Malawi, and Guatemala [16]; low rates of disease diagnosis in Malawi [17]; heterogeneity
in treatment guidelines, diagnostic testing, and available medications leading to inconsistency
in treatment for patients with hypertension in India [18-20]; insufficient access to guidelines
for hypertension prevention and management in Rwanda [21]; and insufficient staffing and
high staff turnover in Guatemala [16]. Healthcare providers, policy makers, and patients in
some LMIC settings often rely on incorrect, missing, or limited knowledge of hypertension
management in providing patient or self-care and interacting with the healthcare system (e.g.,
in Guatemala [16, 22] and Vietnam [23]).

Across LMICs, there is variability in national policies and healthcare resource allocation for
hypertension and other NCDs. In Nepal, for example, there is a lack of national policies to
address and health care system training and resources (human and financial) for prevention or
management of hypertension and other NCDs [24]. On the other end of the spectrum, Ghana
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has a national strategy to deliver basic community-based health services, which has resulted in
increased access to care [25, 26]; however, restrictions on who can administer medications,
service reimbursement issues, and lack of knowledge of and training on hypertension among
community health workers, has reduced the impact on hypertension management [27]. Simi-
larly, in Vietnam, significant and rapid economic growth since the 1980’s has resulted in
reductions in poverty, improvements in living standards, and high insurance coverage, but
this growth has also accelerated the epidemic transition leading to a rapid increases in NCDs
including hypertension which have outpace the growth in screening programs and patient
self-management education [28-30]. Finally, country-specific data on disease rates and pat-
terns, patient and economic burden, risk factors, and programs are lacking in many LMIC set-
tings particularly for NCDs (for example, see studies from Rwanda [21], Nepal [24], and
Malawi [31]), making it challenging to design and implement appropriate interventions.

Given the shared research interests of Hy-TREC and TREIN awardees in intervention
development and implementation and building capacity for implementing late-stage transla-
tion research, the NHLBI convened the awardees as an investigator network, which became
known as the Global Research on Implementation and Translation Science (GRIT) Consor-
tium. The GRIT Consortium fosters collaborations to advance implementation science
research and research capacity to reduce the global burden, particularly in LMICs, of hyperten-
sion and CVDs. To enable other researchers, public health practitioners, and clinicians to
learn from the models created across the GRIT Consortium, there is a need to describe the
capacity building efforts across the network.

Research capacity building can be defined as “an ongoing and iterative process of empower-
ing individuals, interdisciplinary teams, networks, institutions and societies to identify health
and health-related challenges; to develop, conduct and manage scientifically appropriate and
rigorous research to address those challenges in a dynamic and sustainable manner; and to
share, apply and mobilize research knowledge generated with the active participation of
engaged stakeholders and decision-makers” [32]. Potter and Brough developed a model for
systemic capacity building to operationalize activities to improve success (see Fig 1) [33]. They
proposed a four-tier hierarchy of needs when building capacity in a system and programs
should address capacity at each of these levels: 1. Structures, systems, and roles; 2. Staff and
facilities; 3. Skills; and 4. Tools. These four levels are interdependent, each promoting success
(or failure) of the preceding and proceeding levels. Within each tier, there is a need to improve
specific capacities including performance (Tools), personnel (Skills), workload, supervisory,
facility, support (Staff and Facilities), and systems, structure and role (Structures, Systems, and
Roles) capacities. To date, few studies provide detailed reporting of capacity building activities,
and the GRIT consortium is a unique opportunity to present a descriptive analysis of the types
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Fig 1. Potter and Brough Capacity Pyramid.
https://doi.org/10.1371/journal.pgph.0002237.g001
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of capacity building activities across multiple LMIC settings. Characterization of capacity
building activities in LMICs, using frameworks like the one developed by Potter and Brough,
is an important contribution to the literature and for practitioners. These data provide key
details on the types of activities being implemented in real-world capacity building efforts and
offer considerations for researchers and implementers.

Herein, we describe the capacity building activities across the GRIT Consortium. We use
the systemic capacity building model [33] to categorize and describe the capacity building
activities by site. In addition, we report on the needs assessments and metrics across the GRIT
projects as well as adjustments made to capacity building activities during the COVID-19
pandemic.

Materials and methods

The Global Research on Implementation and Translation Science (GRIT)
consortium

In 2017, NHLBI funded five Hy-TREC projects that tested regional and national implementa-
tion strategies for evidence-based interventions for prevention, treatment, and control of
hypertension and three TREIN projects focused on building transdisciplinary, in-country
research capacity in CVD and dissemination and implementation sciences. A brief description
of the projects’ teams, location, and goals is shown in Table 1 (additional program/intervention
details can be found in the project-specific methods publications [13, 14, 24, 28, 31, 34, 35]).

Reporting and categorization of capacity-building activities

The Capacity Building Subcommittee of the GRIT Consortium, which includes representatives
of each of the GRIT projects, GRIT coordinating center members, and NHLBI staff, aims to
(1) develop plans for sharing training materials, design and implement training efforts and
standardize implementation research training across the GRIT consortium; (2) assess the types
of training necessary to build local and regional research capacity and develop training activi-
ties to build these skills; (3) identify opportunities to leverage in-country investments to build
capacity; and (4) develop metrics of training programs to evaluate trainee and program suc-
cess. For the analysis reported here, Capacity Building Subcommittee members created a data
table (S1 Appendix) to collect data on capacity building activities and metrics as well as plans
for project needs assessments based on the systemic capacity building model [33]. The data
collection tool includes items for individual sites to report project-related capacity building
purchases and activities in the following categories/subcategories:

« Tools: Equipment, Computers/Digital Devices/Cell Phones, Internet/Cell Phone Access/
Implementation Science Frameworks, Other

« Skills: Formal Training (planned and structured training including courses, lectures, training
classes), Informal Training (unplanned/unstructured training including mentoring activi-
ties), Curriculum Used, Other

« Staff and Infrastructure: Mentors, Investigator Time (protected), Funding, Other

o Structures, Systems, Roles: New Positions Developed, Ministry of Health Involvement, Pol-
icy Development, Forums/Dissemination/etc., Other

o Metrics: Implementation Outcomes, Clinical Outcomes, Other

o Needs Assessments Plans
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Table 1. Global Research on Implementation and Translation Science (GRIT) consortium member projects.

Country
Type
Ghana Hy-
TREC

Guatemala
Hy-TREC

India Hy-
TREC

Kenya Hy-
TREC

Vietnam
Hy-TREC

Malawi
TREIN

Nepal
TREIN

Rwanda
TREIN

Project Title

Uptake of task-shifting strategy for
blood pressure control in
community health planning
services: a mixed methods study
(34]

Implementing a multicomponent
intervention to improve
hypertension control in Central
America [35]

Integrated tracking, referral, and
electronic decision support, and
care coordination (I-TREC) [14]

Strengthening Referral Networks
for Management of Hypertension
Across the Health System
(STRENGTHS)[13]

Conquering Hypertension in
Vietnam: Solutions at Grassroots
level [28]

NCD-BRITE (Building Research
Capacity, Implementation, and
Translation Expertise) [31]

Translational Research Capacity
Building Initiative to Address
Cardiovascular Diseases in Nepal
[24]

Developing T4 translational
research capacity for control of
hypertension in Rwanda

LMIC Partner

Kwame Nkrumah University of Science
and Technology; Kintampo Health
Research Centre

Institute of Nutrition of Central
America and Panama (INCAP),
Guatemala; Ministry of Health and
Social Welfare of Guatemala; Center of
Excellence for Cardiovascular Health
(CESCAS), Argentina; Instituto de
Efectividad Clinica y Sanitaria

Centre for Chronic Disease Control; All
India Institute of Medical Sciences;
Public Health Foundation of India

Moi Teaching and Referral Hospital;
Moi University College of Health
Sciences; Academic Model Providing
Access to Healthcare (AMPATH)

Health Strategy and Policy institute,
Ministry of Health, Vietnam

The University of Malawi College of
Medicine; Ministry of Health and
Population, Malawi; Dignitas
International; Partners in Health,
Malawi

Dhulikhel Hospital Kathmandu
University Hospital; Kathmandu
Medical College; Nepal Health
Research Council; B.P. Koirala Institute
of Health Sciences

Regional Alliance for Sustainable
Development (RASD Rwanda);
Ministry of Education Rwanda;
Ministry of Health Rwanda; Gent
University; King Faisal Hospital Kigali;
University Teaching Hospital of Kigali;
University of Rwanda

U.S./Other HIC Partner(s)

Saint Louis University;
NYU School of Medicine;
NYU Langone Health

Tulane University;
University of Colorado-
Denver

Emory University

NYU School of Medicine;
Purdue University; Duke
University; University of
Southern California

University of Massachusetts
Medical School

University of North
Carolina Chapel Hill;
London School of Hygiene
and Tropical Medicine

University of Washington;
Yale University

Washington University in
Saint Louis

Primary Objective

To improve uptake and evaluate in a
mixed methods study the role of practice
facilitation and task-strengthening
strategies for hypertension control
(TASSH) at 70 Community-based Health
Planning and Services Compounds.

To plan, implement and evaluate a
multilevel and multicomponent
hypertension control program for patients
with uncontrolled hypertension in the
primary healthcare system in rural
Guatemala.

To assess the effectiveness of the
Integrated Tracking, Referral, Electronic
Decision Support and Care Coordination
Package (I-TREC) package for improving
hypertension and diabetes processes of
care in patients at community health
clinics in Punjab State.

To utilize transdisciplinary
implementation research strategies to
address the challenge of improving
hypertension control in Western Kenya
and measure the program’s effectiveness
and cost-effectiveness.

To evaluate the implementation and
effectiveness of two multi-faceted
community and clinic-based strategies on
the control of elevated blood pressure
among adult men and women.

To build capacity for sustainable late-stage
T4 translation research for heart, lung,
blood and sleeping diseases and disorders
in Malawi and design a context specific
research plan for implementing T4
translation research for these conditions.

To build national capacity in Nepal to
lead transnational research in
cardiovascular disease by creating and
training a multi-sectorial,
multidisciplinary team; systematically
assessing national needs; and developing
an actionable translational research plan
for the prevention and management of
CVD.

To increase uptake of proven
hypertension control strategies by
building competencies in T4 translation
research and creating a collaborative team
of healthcare providers, researchers, and
public health experts.

Key: LMIC = low to middle-income country; HIC = high income country; Hy-TREC = Hypertension Outcomes for T4 Research in Lower Middle-Income Countries;

TREIN = T4 Translation Research Capacity Building Initiative in Low Middle-Income Countries

https://doi.org/10.1371/journal.pgph.0002237.t001
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Data collection instruments were emailed to each GRIT program Principal Investigator
(PI) in Summer 2019, and a team member was tasked with providing the requested informa-
tion. Completed surveys were returned to the Capacity Building Subcommittee for review and
analysis. In Spring and Summer of 2021, the data instrument was adapted to allow for report-
ing of changes to capacity building activities due to the COVID-19 pandemic and data collec-
tion procedures were repeated.

Members of the manuscript writing team (MBW, AAB, AR, AF, MPF) conducted a the-
matic review of the information provided in the data collection tool. Each of the five reviewers
reviewed for one category of data or the needs assessment; data were not double coded. Each
reviewer pulled the data pertaining to their assigned category from the data collection tool,
documented commonalities and differences across country sites, then created summary docu-
ments and tables including both quantitative (e.g., number of sites reporting various items)
and qualitative (e.g., descriptions of needs assessments used) outcomes for each of the four
tiers of the systemic capacity building model as well as a summary of each project’s needs
assessment activities, program/study metrics, and COVID-19 adaptations. Stakeholder check-
ing was conducted by sending tables and supporting text to the sites’ PIs and members of the
Capacity Building Subcommittee who added additional detail and clarification. Adaptations to
the capacity building activities due to COVID-19 were similarly reviewed and summarized.
Additional updates were added upon review of the manuscript by members of the Capacity
Building Subcommittee to reflect additional changes during the COVID-19 pandemic in April
2022 not captured by the updated data collection tool.

Ethics approval

This descriptive study evaluates program-level data and is not human research; review board
approval was not needed. The analysis reported in this manuscript did not include any patients
or the public, collecting data only from the project teams through the Pls.

Results

All eight GRIT projects reported capacity building activities (Table 2). Results are presented
for each Tier of the model, starting with the easier to implement activities (those that are more
technical, e.g., acquisition of tools)) at the top of the Capacity Pyramid through the harder to
implement activities (those that require systemic or culture changes such as changes to struc-
tures and roles) at the bottom tier of the pyramid, followed by Metrics and Needs
Assessments.

Tools

Projects reported purchasing a variety of study equipment with computers, software (for data
collection, analysis, or communications), and cell phones/SIM cards being purchased most fre-
quently and across TREIN and Hy-TREC sites. Additional equipment purchases at individual
sites included Wi-Fi Routers, printers, digital recorders, cameras, treadmills, educational mate-
rials, and internet access. Hy-TREC sites, reported purchasing medical equipment (e.g., blood
pressure monitors, scales, stadiometers, measuring tapes, and glucometers).

Four Hy-TREC projects reported the use of an implementation science framework to assess
program outcomes. These included Predisposing, Reinforcing, and Enabling Constructs in Edu-
cational/Environmental Diagnosis and Evaluation-Policy, Regulatory, and Organizational Con-
structs in Educational and Environmental Development (PRECEDE-PROCEED, Kenya), Reach,
Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM, India, Ghana, Guate-
mala), and Consolidated Framework for Implementation Research (CFIR, Ghana) [36-38].
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Table 2. GRIT consortium capacity building activities by domain and program type and site.

Capacity Domain

Tools

Skills

Staff and Infrastructure

Structures, System, and
Roles

Metrics

Activity/Components/ Deliverables Program Site by Type
Hy-TREC Sites TREIN Sites
Testing evidence-based intervention through Building research
implementation research capacity for NCD and
D&I research

Ghana | Guatemala |India |Kenya | Vietnam |Malawi Nepal |Rwanda
Medical Equipment 4 v v v v v - -
Computer Equipment (computers, tablets), Cell Phones, or v v 4 v v v 4
Software
Internet/Cell phone access - v v v v v v -
IS Framework (if used) v v v v - - - v
Formal Training 4 v v 4 v v v
Informal Training 4 v v v v v v v
Curriculum Used 4 v v v v v v v
Mentors - 4 4 4 v - v v
Investigator Time (protected) v v v v v 4 v -
Funding v v v v v v v v
Other - - - - v - v :
Involvement of Ministry of Heath v v 4 v v v v v
Policy Development - v v v - v - v
Forums, Dissemination, etc. v v 4 v v 4 v v
IS Process Outcomes v v 4 v 4 4 v v
Clinical Outcomes v v v v v v _ _

Key: Hy-TREC = Hypertension Outcomes for T4 Research in Lower Middle-Income Countries; TREIN = T4 Translation Research Capacity Building Initiative in Low

Middle-Income Countries; NCD = Non-Communicable Disease; D&I = Dissemination and Implementation; IS = Implementation Science

https://doi.org/10.1371/journal.pgph.0002237.t002

Skills

All projects reported some training activities, both formal and informal, to build skills among
the project team and/or affiliated clinic staff. Formal training on hypertension was most com-
monly reported and was conducted at 6/8 GRIT sites. Guatemala provided the most compre-
hensive hypertension training program, a certification program for healthcare providers
supported by the National Department of Training (DECAP—Departamento de Capacitacion)
and co-created with the Unit for Promotion and Education for Health (PROEDUSA) of the
Ministry of Health. Vietnam invited experts from the National Heart Institute to conduct
annual in-person training for study site doctors, nurses, and community health workers on
hypertension diagnosis and management; Rwanda conducted a similar workshop to train
healthcare providers. Four projects (India, Malawi, Guatemala, and Vietnam) conducted for-
mal training in evaluation/data collection methods and research ethics for members of the
project or study team and/or members of the Ministry of Health who were involved in imple-
menting the project. Three sites (Guatemala, Rwanda, and Nepal) conducted formal training
on dissemination and implementation research or other public health research topics. For
example, Nepal delivered workshops on CVD research, qualitative research methods, and bio-
statistics. Rwanda conducted a weeklong training that covered hypertension, CVDs, and HIV,
biostatistics, and dissemination and implementation research [21]. Malawi co-supported two
PhD Fellows and provided formal manuscript, proposal, and protocol writing workshops.

Curricula for formal trainings varied with some sites using newly created materials and
other sites leveraging existing programs (e.g., materials created by national or local
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governments, the Global Alliance for Chronic Diseases, the University of Washington’s Imple-
mentation Sciences Program, and the CITI training on Human Subjects Research). As
reported previously [39, 40], all sites were invited by the Capacity Building Subcommittee and
enrolled participants in a Massive Open Online Course (MOOC) on dissemination and imple-
mentation research developed and implemented by the Special Programme for Research and
Training in Tropical Diseases at the World Health Organization [39].

All of the sites reported informal training activities on technology, engaging collaborators,
and research skills. This training was delivered in person, by phone, or using communication
software (e.g. Zoom). Some informal training leveraged other training and networking oppor-
tunities; for example, two sites (Guatemala, Nepal) facilitated the attendance of early stage
investigators at international meetings and conferences.

Staff and infrastructure

All sites reported capacity building activities to improve the skills, knowledge, and training of
early stage investigators, researchers, clinicians or staff. Six sites reported planned mentoring
of early stage team members by more experienced investigators. Mentors included the site PIs
and Co-Investigators, including both in-country and U.S. experts. All sites except Rwanda
used grant funds to provide protected time for investigators to ensure sufficient time and effort
could be spent on the project. Two sites (Nepal and Vietnam) earmarked grant funding to pay
support staff to assist with projects. Across sites, projects initiated new and strengthened exist-
ing partnerships and collaborations with partners within country, regionally (e.g., South-South
collaborations between Guatemala and Argentina), and in High Income Country (HIC).

Structures, systems, and roles

Although none of the project teams documented the creation of new, permanent positions as
part of their project, some supported trainees or leveraged existing staff to assist in capacity
building activities. For example, the Nepal team created sixteen research fellow positions as
part of their project. All study teams reported collaborating with the Ministry of Health at the
Central (and in some cases Regional) level as well as collaborations with local agencies (e.g.,
universities). Most sites included a Ministry of Health representative on the project’s Steering
Committee. In all of the Hy-TREC sites, Ministry of Health employees are implementing the
intervention. The Multiple-PI of the Vietnam project is the Director of the Health Strategy,
Policy Institute, a division of Vietnam’s Ministry of Health.

Several sites described activities related to dissemination or policy. Project teams described
meetings with key stakeholders including public health officials, community members, and
community health workers to guide the projects and inform stakeholders of project/study
design and progress. All sites described plans to disseminate results through local media, publi-
cations, and forums/symposia. Both Kenya and Guatemala have been involved in the develop-
ment and/or dissemination of treatment guidelines.

Metrics

All of the sites were collecting implementation outcome metrics, although these varied by site.
Implementation outcome metrics included measures of training and capacity building ranging
from number of trainees completing the program and achievement of deliverables by research
fellows to evaluations of implementation climate, leadership support, and organizational
capacity. Several sites included assessments of program adoption and sustainability. Five sites
described multi-factor implementation evaluations. Guatemala and India are both assessing
Reach, Effectiveness, Adoption, Implementation, and Maintenance, following the RE-AIM
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framework [38], and Guatemala is also capturing contextual factors using the Practical,
Robust, Implementation and Sustainability Model (PRISM) [41]. Both Guatemala and Kenya
are collecting data on acceptability, appropriateness, and feasibility of the program and both
are doing cost-effectiveness analyses. The Kenya team is using the Saunders Framework to
guide its implementation assessment, which includes metrics of the referral process as well as a
process evaluation [42]. Vietnam is using the Promoting Action on Research Implementation
in Health Services model (PARiHS) to guide implementation and evaluation of their multi-
level intervention within a de-centralized health system with semi-autonomous clinical deliv-
ery systems [43, 44]. Nepal plans to document program reach in terms of collaborations with
international and regional partners, consolidation of members in different teams, and policy
briefs for addressing the gap in health assessment.

In addition, all Hy-TREC sites and Malawi collected clinical outcomes to evaluate program
effects. These included biomedical outcomes (blood pressure means, percent with controlled
or uncontrolled blood pressure, change in CVD risk, mortality, hospital admissions, CVD
complications, CVD risk factor prevalence, medication adherence, markers of adiposity) and
behavioral outcomes (lifestyle behaviors such as diet, physical activity, alcohol or tobacco use,
quality of life, and stage of change).

Needs assessment

All projects conducted a needs assessment. TREIN sites focused needs assessments on general
requirements for country-specific hypertension interventions, with a focus on documenting
gaps in infrastructure, staffing, and or training. For example, Rwanda used the Context Assess-
ment for Community Health (COACH) questionnaire with healthcare providers to design
context-specific training [45]. At Hy-TREC sites, needs assessments were targeted towards
obtaining information key to study or program implementation. In Ghana, a practice capacity
survey, guided by CFIR [36], was conducted to assess health worker and facility readiness for
study participation, and the Vietnam team conducted key informant interviews and focus
group discussions with community health workers, program coordinators, local health manag-
ers, and hypertension patients to identify gaps in care and intervention targets at the study
sites. Similarly, Guatemala conducted a multilevel qualitative participatory needs assessment,
applying the WHO health system building blocks framework; alongside the needs assessment
the team carried out workshops with health authorities, providers, and patients to adapt the
intervention to the Guatemalan context [16, 46]. Both India and Kenya employed a mixed
methods approach for their needs assessments, with India collecting data through a commu-
nity epidemiological survey and qualitative interviews and Kenya conducting observational
process mapping, a gap assessment, baseline referral network analysis and qualitative inter-
views (community meetings, key informant interviews, focus group discussions). Guatemala
and India’s needs assessments both included facility assessments at planned intervention sites.

Changes due to the COVID pandemic

All projects reported some adaptations to timelines due to the pandemic, and the most com-
mon shift was adapting trainings, data collection, and meetings from in-person to virtual for-
mats (Table 3). Changes were made to allow continuation of the project while protecting the
health of the study team, trainees, and partners. Sites reported an increase in phone/internet
contacts, with some sites setting up regular calls to maintain project momentum. Later in the
pandemic, as in-person meetings became feasible at some sites, the size of gatherings was
decreased to enable social distancing and some activities were carried out in a hybrid format.
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Table 3. Adaptations to capacity building activities at TREIN and Hy-TREC sites due to COVID-19 pandemic.

Tools:

Skills: Training

Staff and
Infrastructure

Structures, Systems,
and Roles

Metrics

Needs Assessments

TREIN (Rwanda, Malawi, Nepal)
Most work done via phones and computers
Updated network connectivity

Internet continued to be provided to PIs and senior faculty
which was key when working remotely

Transport continued to be provided as needed

Skills-focused workshops delivered remotely

Community-awareness campaigns delivered via social
media, radio, and TV

Weekly calls to connect members of the team and discuss
publications and training

Maintained expert linkages—just switched to virtual

Meetings and workshops shifted to Zoom during 1st and 2nd
wave

Trainings not affected, but shifted to Zoom or in-person
(with COVID-19 prevention measures) when cases low

Closing of clinics disrupted some trainee’s research projects,
but they resumed activities as soon as possible

Most trainings conducted pre-COVID-19; training of fellows
done remotely via U.S. site

Planned training of fellows in the U.S. canceled and done
remotely

Mentor-mentee interactions virtual

Still able to recruit high level trainees and engage Ministry of
Health

Meetings with Ministry of Health and other partners done
online via various virtual meeting platforms

NHLBI in person site visits canceled

Fellows presented work (posters and presentations) online
Qualitative data collection done via telephone instead of in-
person

Rapid assessment of infrastructure and readiness halted

Closing of the College of Medicine and health centers shifted
timeline of needs assessment-related activities.

Some health facilities could not be visited to collect data.
Reporting used data from before the shut-down

Hy-TREC (India, Kenya, Ghana, Guatemala, Viet Nam)
« Telephone call system added to monitor participants, for example [47]
« Increased calls to participants to inform them of delays

« Increased sanitation of equipment

« Training activities were moved to Zoom or small group in-person sessions
resulting in more time and manpower needed to implement

« Training done in batches over a period of two weeks instead of three days
« Health managers training delayed because of COVID obligations

« Trainings modified to one day in person + remote support with phone or
WhatsApp

« Small group and phone/digital activities continue

« Updated standard operating procedure with COVID-19 related changes
and conducted virtual training of staff on updates and best practices

« Change in PI because of COVID-related death

« Changes in mentor team due to COVID-related changes in duties

« MOH implementing staff shifted focus to COVID responsibilities,
including testing and vaccination

« Meetings canceled or shifted online

« Despite challenges integration with Government of India NCD portal
complete

« Health ministry remains engaged

« Health area directors and Ministry of Health needed to carry out
intervention

« Midline surveys delayed. Deciding if in person or phone data collection
will be done is a moving target

« 6-month follow-up most affected with considerable delays of 3 to 5 months

« Project on hold for one year with only training activities occurring. Field
activities resumed April 2021

« Shifted needs assessment data collection (could not conduct year 3)

« Conducted pre-COVID-19, so no change

Key: Hy-TREC = Hypertension Outcomes for T4 Research in Lower Middle-Income Countries; TREIN = T4 Translation Research Capacity Building Initiative in Low

Middle-Income Countries; PI = Principal Investigator; NCD = Non-communicable Disease; NHLBI = National Heart, Lung, and Blood Institute, National Institutes of

Health

https://doi.org/10.1371/journal.pgph.0002237.t003

Discussion

In this manuscript we described the capacity building activities in the eight programs making
up the GRIT Consortium. Across the consortium, individual projects had the largest number
of specific activities targeting the more technical and relatively simpler upper levels of the
Capacity Pyramid—Tools and Skills. Sites increased tools available for office work and com-
munication, data analysis and management programs, educational materials, and medical care
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and outcomes assessment (e.g., blood pressure monitors, weighing scales). Hy-TREC sites—
locations with implementation research projects—reported using implementation science
frameworks as tools to assess implementation outcomes, most commonly RE-AIM [38], but
also PRECEDE-PROCEED [37], PRISM [41], and CFIR [36]. All sites included both formal
and informal training to build skills, with formal training programs on hypertension planned
at 75% of the sites, evaluation/data collection and research ethics at 50% of sites, and dissemi-
nation and implementation research at 25% of sites. Sites were also invited to enroll trainees,
researchers, and others in a MOOC on dissemination and implementation research, further
expanding the reach related to training on this topic. In addition, seven sites included informal
training through seminars and conferences.

GRIT Consortium projects also built capacity in the bottom tiers of the Capacity Pyramid,
those more focused on the harder to change, sociocultural and structural aspects of capacity
building. These include Staff and Infrastructure and Structures, Systems, and Roles, the base of
the pyramid. Activities focused on staffing included mentoring of early stage team members
by more experienced investigators, both from the in-country and U.S. project investigators (at
75% of sites) and providing protected time for investigators through the project grant funds
(7/8 sites). Within the Structures, Systems, and Roles category, studies leveraged existing staff
and trainees to assist in capacity building activities, created additional research fellow posi-
tions, and collaborated with the Ministry of Health and universities to implement capacity
building activities and implementation research projects. All sites planned to disseminate their
project findings through local media, conferences, publications, and key stakeholders (e.g.,
community members, health workers, and public health officials).

In a review of capacity building activities to improve implementation of evidence-based
interventions in HICs, the authors reported that most studies focused on providing technical
assistance and tools (e.g., manuals, evaluation tools) targeted to the specific intervention being
delivered [48]. The factors that most influenced effectiveness of the capacity building strategies
included setting-level factors such as resources and willingness to implement the provided pro-
gram [48]. Although that review focused on research in HICs, these factors are also likely to
impact work in LMIC settings. Lack of financial, personnel, and material resources are one of
the strongest barriers to building research capacity in LMICs [10, 32]. Across the GRIT net-
work, studies used funds to overcome some resource-related barriers, purchasing necessary
tools, computers and software, and other needed equipment, as well as providing protected
research time for LMIC investigators. The Hy-TREC studies, which focused on delivering evi-
dence-based interventions in community settings, leveraged strong international partnerships
to ensure interventions were designed and implemented in ways that were culturally and set-
ting appropriate, acceptable within the communities of practice, and could be sustained and
disseminated. Follow-up is needed to assess if these efforts will result in long-term improve-
ments in implementation research capacity and post-intervention adoption of these interven-
tions (if proven successful) in clinics or communities.

By contrast, a systematic review and meta-analysis of programs seeking to institutionalize
research capacity in LMICs, described a larger variety of activities across studies to reach these
goals [49]. This includes activities not widely used in GRIT projects, such as formalized educa-
tion programs (masters degrees or diplomas), formalized programs for research-oriented skills
building (grant or manuscript writing, see also [8]), research support systems for grant or data
management, and analysis not linked to specific implementation research studies [49]. How-
ever, other capacity building activities were similar across the GRIT network and the studies
included in the systematic review [49], including non-credit courses, online education, offer-
ing investigators protected time, setting up research groups and collaborative networks, and
facilitating both in-country and international research collaborations. Also, although GRIT
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Consortium projects did not provide formalized training on research skills, research mentors
worked with trainees to build capacity in conducting, reporting, and presenting implementa-
tion research.

Even though the GRIT Consortium capacity building activities are comprehensive, addi-
tional activities are needed to foster the creation and maintenance of sustainable, relevant, and
maximally effective implementation research infrastructure. In HICs, mentorship is often pro-
vided by a team of individuals, each serving different roles in helping the mentee reach her/his
career, research, and personal goals. By contrast, in LMICs, the number of skilled mentors is
typically limited, placing a large burden on existing mentors to provide mentorship and sup-
port for all their mentees’ needs [50]. To do this effectively, however, these mentors need more
than technical knowledge and research skills (e.g., conducting research, manuscript writing,
grant writing); they require the leadership skills to succeed and in turn, to help their mentees
grow and thrive [10, 32, 51]. To be an effective research leader, individuals require training in
a multitude of areas including goal setting, effective communication, skill assessment and
building, and fostering diversity, integrity, ethical behavior and research, and managing
change [50], as well as the ability to successfully train others in these areas.

Building leadership skills and competencies while building technical skills will also
empower mentors to champion the needs of the research community at their institutions to
provide necessary resources including financial support (including protected research time),
research infrastructure and staffing, access to continued training and necessary oversight [10,
32,52, 53]. Even the most effective and well-trained research mentor is limited by the organi-
zation in which she or he works. A culture of research support, including policy supporting
implementation of proven interventions and continued training to build and maintain
research capacity, should be prioritized by universities, research institutions, Departments of
Health, and local, regional, and national governments [54, 55]. The GRIT Consortium studies
all included key stakeholders and public health leaders as partners or steering committee mem-
bers, reflecting the understanding of leveraging these partnerships and working with policy
makers. However, like other capacity building activities in LMICs [49], the GRIT network of
programs and studies relied on funding from a HIC. Although providing funding in low-
resource settings is often necessary to kickstart capacity building efforts, there is little evidence
on long-term sustainability of these arrangements. Continued evaluation of the impacts of the
GRIT Consortium projects will be vital to understanding the long term outcomes and impact
of the projects and initial funding scheme.

There was variability in the capacity building activities across GRIT Consortium sites, with
activities planned to be responsive to contextual factors and the needs of each country setting.
All GRIT projects included a needs assessment to guide the program/study design and identify
gaps in research/implementation science capacity. Methods differed across projects, but all
incorporated feedback from a variety of stakeholders and assessed needs at multiple levels of
the research, healthcare, and/or public health system. All Hy-TREC sites and one TREIN site
included biomedical and behavioral outcome evaluation to describe the effectiveness of the
implementation study or training outcomes. Most sites planned to evaluate program imple-
mentation using widely known and applied frameworks (e.g., RE-AIM [38], Saunders Frame-
work [42]) and a few sites planned cost-effectiveness and acceptability assessments. In
addition, all sites included implementation outcomes focused on assessing training and capac-
ity building activities (i.e., number of trainees, evaluation of leadership support and organiza-
tional capacity). Across the GRIT Consortium, programs reflect the current shift in capacity
building [32] from that focusing primarily on individual training (e.g., through graduate or
post-graduate programs) to a more holistic, systems-level approach seeking to improve capac-
ity at individual, organizational, local, national, and international levels. This differs from
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other published work showing that few capacity building interventions include rigorous
approaches to designing or testing the applied strategies for capacity building [48, 49].

Although there were impacts on project timelines and disruptions to clinic-based data col-
lection, GRIT projects were able to pivot and continue activities throughout the COVID-19
pandemic. Common reported adaptations were moving to online or phone-based platforms for
meetings, participant management, and data collection, planning in-person gatherings to be
responsive to current pandemic regulations and safety protocols, and providing team members
with protective equipment when in-field activities were feasible. Shifts in timeline and inability
to access clinics during acute COVID-19 waves did not prevent data collection, only delayed it.
Projects reported that they were able to maintain involvement of the Ministry of Health despite
impacts of the pandemic. Some projects were forced to make changes to the investigative teams
because of increased healthcare-related responsibilities of physician scientists on the team and
in one case, the death of a study’s contact PI. Overall, COVID-related adaptations were similar
across GRIT projects, with observed differences based on variation in planned program or
intervention activities and not location-specific barriers. These modifications allowed the proj-
ect teams to continue their work and reach study goals, while minimizing risk of COVID trans-
mission and adhering to local COVID-19 guidelines. Other organizations focused on capacity
building in LMICs also describe similar project impacts and program changes to maintain
capacity building work in the face of the COVID-19 pandemic [56, 57]. The pandemic has
brought needed attention to inequities globally [58-61], and the need for programs to build
capacity, improve equity, and promote equitable partnerships, locally, nationally, and interna-
tionally is clearer than ever. The GRIT Consortium projects, led, by in-country PIs, with a focus
on describing and addressing locally identified gaps in implementation research capacity, may
be a good model of how to start building better global partnerships.

The research presented in this article has several strengths. It describes the capacity building
activities across a global network of studies and training programs focused on building imple-
mentation research capacity, strengthening global partnerships, and providing cross-country
training and mentorship in global implementation research to early stage investigators. The
authors describe these activities using an established framework for systemic capacity building
[33]. Importantly, this adds to the limited reporting on capacity-building activities for imple-
mentation research in LMICs focused on chronic diseases, in this case hypertension. The
authors also collected data describing project adaptations due to the COVID-19 pandemic.
There are two potential limitations to this analysis. Although the authors are unable to report
on the evaluations of these capacity building efforts or adaptations to activities during the
COVID-19 pandemic in this manuscript, that data is forthcoming from the sites and will be
shared in the future. Also, data is self-reported by sites using open ended survey items with
only limited guidance on which activities to include in each category. Although the authors
tried to actively engage site representatives in data reporting, data from the sites could be miss-
ing important nuance. Future studies of this type should consider mixed methods data collec-
tion to explore capacity building activities and their impacts.

Conclusion

The GRIT Consortium included projects in LMICs across the globe which leveraged strong
LMIC-HIC partnerships and baseline needs assessments to design capacity building activities
and interventions that were responsive to the needs of the community and current evidence
for hypertension management. Although long-term evaluation is needed to understand the
impacts of these programs on research capacity, collaborations, and program longevity, they
provide a model for planning capacity building activities in low-resource settings.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002237  September 14, 2023 13/18


https://doi.org/10.1371/journal.pgph.0002237

PLOS GLOBAL PUBLIC HEALTH Global implementation research capacity building to address CVD

Supporting information

S1 Appendix. Capacity building activity reporting tool.
(DOCX)

S1 Data. Data reports.
(PDF)

S1 File. PLOS questionnaire on inclusivity in global research.
(DOCX)

Acknowledgments

The authors would like to acknowledge the tremendous and impactful contributions that Dr.
Jacob Plange-Rhule made to capacity-building efforts and the hypertension program in Ghana
and within the GRIT Consortium.

Author Contributions

Conceptualization: Mary Beth Weber, Ana A. Baumann, Ashlin Rakhra, Constantine Akwa-
nalo, Kezia Gladys Amaning Adjei, Josephine Andesia, Kingsley Apusiga, Duc A. Ha, Mina
C. Hosseinipour, Adamson S. Muula, Hoa L. Nguyen, LeShawndra N. Price, Manuel
Ramirez-Zea, Annette L. Fitzpatrick, Meredith P. Fort.

Data curation: Mary Beth Weber, Ana A. Baumann, Ashlin Rakhra, Constantine Akwanalo,
Kezia Gladys Amaning Adjei, Josephine Andesia, Kingsley Apusiga, Duc A. Ha, Mina C.
Hosseinipour, Adamson S. Muula, Hoa L. Nguyen, Manuel Ramirez-Zea, Annette L. Fitz-
patrick, Meredith P. Fort.

Formal analysis: Mary Beth Weber, Ana A. Baumann, Ashlin Rakhra, Annette L. Fitzpatrick,
Meredith P. Fort.

Investigation: Ana A. Baumann, Ashlin Rakhra.

Methodology: Mary Beth Weber, Hoa L. Nguyen, LeShawndra N. Price, Manuel Ramirez-
Zea, Annette L. Fitzpatrick, Meredith P. Fort.

Project administration: Ashlin Rakhra.
Validation: Ashlin Rakhra.

Visualization: Ana A. Baumann, Ashlin Rakhra.
Writing - original draft: Mary Beth Weber.

Writing - review & editing: Mary Beth Weber, Ana A. Baumann, Ashlin Rakhra, Constantine
Akwanalo, Kezia Gladys Amaning Adjei, Josephine Andesia, Kingsley Apusiga, Duc A. Ha,
Mina C. Hosseinipour, Adamson S. Muula, Hoa L. Nguyen, LeShawndra N. Price, Manuel
Ramirez-Zea, Annette L. Fitzpatrick, Meredith P. Fort.

References

1. World Health Organization. The Top 10 Causes of Death 2020 [cited 2022 March 31, 2022]. https://
www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death.

2. GBDREF Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-2019: a

systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020; 396(10258):1223—49.
https://doi.org/10.1016/S0140-6736(20)30752-2 PMID: 33069327.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002237  September 14, 2023 14/18


http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0002237.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0002237.s002
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0002237.s003
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1016/S0140-6736%2820%2930752-2
http://www.ncbi.nlm.nih.gov/pubmed/33069327
https://doi.org/10.1371/journal.pgph.0002237

PLOS GLOBAL PUBLIC HEALTH

Global implementation research capacity building to address CVD

10.

1.

12

13.

14.

15.

16.

17.

American Diabetes Association Professional Practice Committee, American Diabetes Association Pro-
fessional Practice Committee, Draznin B, Aroda VR, Bakris G, Benson G, et al. 3. Prevention or Delay
of Type 2 Diabetes and Associated Comorbidities: Standards of Medical Care in Diabetes-2022. Diabe-
tes Care. 2022; 45(Suppl 1):S39-S45. https://doi.org/10.2337/dc22-S003 PMID: 34964876.

American Diabetes Association Professional Practice Committee, Draznin B, Aroda VR, Bakris G, Ben-
son G, Brown FM, et al. 1. Improving Care and Promoting Health in Populations: Standards of Medical
Care in Diabetes-2022. Diabetes Care. 2022; 45(Suppl 1):S8-S16. https://doi.org/10.2337/dc22-S001
PMID: 34964872.

Commodore-Mensah Y, Loustalot F, Himmelfarb CD, Desvigne-Nickens P, Sachdev V, Bibbins-
Domingo K, et al. Proceedings From a National Heart, Lung, and Blood Institute and the Centers for Dis-
ease Control and Prevention Workshop to Control Hypertension. American Journal of Hypertension.
2022; 35(3):232—-43. https://doi.org/10.1093/ajh/hpab182 PMID: 35259237

Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Back M, et al. 2021 ESC Guidelines on
cardiovascular disease prevention in clinical practice: Developed by the Task Force for cardiovascular
disease prevention in clinical practice with representatives of the European Society of Cardiology and
12 medical societies With the special contribution of the European Association of Preventive Cardiology
(EAPC). European Heart Journal. 2021; 42(34):3227-337. https://doi.org/10.1093/eurheartj/ehab484
PMID: 34458905

International Diabetes Federation. IDF Diabetes Atlas, 10th edn. Brussels, Belgium2021. https://www.
diabetesatlas.org.

Neupane D, Cobb LK, Hall B, Lackland DT, Moran AE, Mukhtar Q, et al. Building research capacity
within cardiovascular disease prevention and management in low- and middle-income countries: A col-
laboration of the US Centers for Disease Control and Prevention, the Lancet Commission on Hyperten-
sion Group, Resolve to Save Lives, and the World Hypertension League. J Clin Hypertens (Greenwich).
2021; 23(4):699-701. Epub 20210131. https://doi.org/10.1111/jch.14181 PMID: 33522103.

Aifah A, Iwelunmor J, Akwanalo C, Allison J, Amberbir A, Asante KP, et al. The Kathmandu Declaration
on Global CVD/Hypertension Research and Implementation Science: A Framework to Advance Imple-
mentation Research for Cardiovascular and Other Noncommunicable Diseases in Low- and Middle-
Income Countries. Glob Heart. 2019; 14(2):103—7. https://doi.org/10.1016/j.gheart.2019.05.006 PMID:
31324363.

Galaviz Kl, Venkat Narayan KM, Manders O, McFarland DA, Goenka S, Torres-Mejia G, et al. The Pub-
lic Health Leadership and Implementation Academy (PH-LEADER) for Non-Communicable Diseases.
Health Syst Reform. 2016; 2(3):222-8. Epub 20160825. https://doi.org/10.1080/23288604.2016.
1224452 PMID: 30035148.

GBD 2013 DALYs and HALE Collaborators, Murray CJ, Barber RM, Foreman KJ, Abbasoglu Ozgoren
A, Abd_Allah F, et al. Global, regional, and national disability-adjusted life years (DALYSs) for 306 dis-
eases and injuries and healthy life expectancy (HALE) for 188 countries, 1990-2013: quantifying the
epidemiological transition. Lancet. 2015; 386(10009):2145-91. Epub 20150828. https://doi.org/10.
1016/S0140-6736(15)61340-X PMID: 26321261.

Jamison DT, Summers LH, Alleyne G, Arrow KJ, Berkley S, Binagwaho A, et al. Global health 2035: a
world converging within a generation. Lancet. 2013; 382(9908):1898—955. Epub 20131203. https://doi.
org/10.1016/S0140-6736(13)62105-4 PMID: 24309475.

Mercer T, Njuguna B, Bloomfield GS, Dick J, Finkelstein E, Kamano J, et al. Strengthening Referral Net-
works for Management of Hypertension Across the Health System (STRENGTHS) in western Kenya: a
study protocol of a cluster randomized trial. Trials. 2019; 20(1):554. Epub 20190909. https://doi.org/10.
1186/s13063-019-3661-4 PMID: 31500661.

Patel SA, Sharma H, Mohan S, Weber MB, Jindal D, Jarhyan P, et al. The Integrated Tracking, Referral,
and Electronic Decision Support, and Care Coordination (I-TREC) program: scalable strategies for the
management of hypertension and diabetes within the government healthcare system of India. BMC
Health Services Research. 2020; 20(1):1022. https://doi.org/10.1186/s12913-020-05851-w PMID:
33168004

Nyaaba GN, Masana L, de-Graft Aikins A, Beune E, Agyemang C. Factors hindering hypertension con-
trol: perspectives of front-line health professionals in rural Ghana. Public Health. 2020; 181:16-23.
Epub 20200107. https://doi.org/10.1016/j.puhe.2019.11.007 PMID: 31923796.

Fort MP, Mundo W, Paniagua-Avila A, Cardona S, Figueroa JC, Hernandez-Galdamez D, et al. Hyper-
tension in Guatemala’s Public Primary Care System: A Needs Assessment Using the Health System
Building Blocks Framework. BMC Health Serv Res. 2021; 21(1):908. Epub 20210903. https://doi.org/
10.1186/s12913-021-06889-0 PMID: 34479559.

Msyamboza KP, Kathyola D, Dzowela T, Bowie C. The burden of hypertension and its risk factors in
Malawi: nationwide population-based STEPS survey. Int Health. 2012; 4(4):246-52. https://doi.org/10.
1016/j.inhe.2012.09.005 PMID: 24029670.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002237  September 14, 2023 15/18


https://doi.org/10.2337/dc22-S003
http://www.ncbi.nlm.nih.gov/pubmed/34964876
https://doi.org/10.2337/dc22-S001
http://www.ncbi.nlm.nih.gov/pubmed/34964872
https://doi.org/10.1093/ajh/hpab182
http://www.ncbi.nlm.nih.gov/pubmed/35259237
https://doi.org/10.1093/eurheartj/ehab484
http://www.ncbi.nlm.nih.gov/pubmed/34458905
https://www.diabetesatlas.org
https://www.diabetesatlas.org
https://doi.org/10.1111/jch.14181
http://www.ncbi.nlm.nih.gov/pubmed/33522103
https://doi.org/10.1016/j.gheart.2019.05.006
http://www.ncbi.nlm.nih.gov/pubmed/31324363
https://doi.org/10.1080/23288604.2016.1224452
https://doi.org/10.1080/23288604.2016.1224452
http://www.ncbi.nlm.nih.gov/pubmed/30035148
https://doi.org/10.1016/S0140-6736%2815%2961340-X
https://doi.org/10.1016/S0140-6736%2815%2961340-X
http://www.ncbi.nlm.nih.gov/pubmed/26321261
https://doi.org/10.1016/S0140-6736%2813%2962105-4
https://doi.org/10.1016/S0140-6736%2813%2962105-4
http://www.ncbi.nlm.nih.gov/pubmed/24309475
https://doi.org/10.1186/s13063-019-3661-4
https://doi.org/10.1186/s13063-019-3661-4
http://www.ncbi.nlm.nih.gov/pubmed/31500661
https://doi.org/10.1186/s12913-020-05851-w
http://www.ncbi.nlm.nih.gov/pubmed/33168004
https://doi.org/10.1016/j.puhe.2019.11.007
http://www.ncbi.nlm.nih.gov/pubmed/31923796
https://doi.org/10.1186/s12913-021-06889-0
https://doi.org/10.1186/s12913-021-06889-0
http://www.ncbi.nlm.nih.gov/pubmed/34479559
https://doi.org/10.1016/j.inhe.2012.09.005
https://doi.org/10.1016/j.inhe.2012.09.005
http://www.ncbi.nlm.nih.gov/pubmed/24029670
https://doi.org/10.1371/journal.pgph.0002237

PLOS GLOBAL PUBLIC HEALTH

Global implementation research capacity building to address CVD

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Hasan H, Zodpey S, Saraf A. Diabetologist’s perspective on practice of evidence based diabetes man-
agement in India. Diabetes Res Clin Pract. 2012; 95(2):189-93. Epub 20111015. https://doi.org/10.
1016/j.diabres.2011.09.021 PMID: 22001282.

Kotwani A, Ewen M, Dey D, lyer S, Lakshmi PK, Patel A, et al. Prices & availability of common medi-
cines at six sites in India using a standard methodology. Indian J Med Res. 2007; 125(5):645-54.
PMID: 17642500.

Pakhare A, Kumar S, Goyal S, Joshi R. Assessment of primary care facilities for cardiovascular disease
preparedness in Madhya Pradesh, India. BMC Health Serv Res. 2015; 15:408. Epub 20150923. https://
doi.org/10.1186/s12913-015-1075-x PMID: 26399634.

Baumann AA, Mutabazi V, Brown AL, Hooley C, Reeds D, Ingabire C, et al. Dissemination and Imple-
mentation Program in Hypertension in Rwanda: Report on Initial Training and Evaluation. Glob Heart.
2019; 14(2):135-41. https://doi.org/10.1016/j.gheart.2019.06.001 PMID: 31324367.

Figueroa JC, Paniagua-Avila A, Sub Cuc |, Cardona S, Ramirez-Zea M, Irazola V, et al. Explanatory
models of hypertension in Guatemala: recognizing the perspectives of patients, family members,
health care providers and administrators, and national-level health system stakeholders. BMC Public
Health. 2022; 22(1):2320. Epub 20221212. https://doi.org/10.1186/s12889-022-14668-7 PMID:
36510216.

Ha DA, Goldberg RJ, Allison JJ, Chu TH, Nguyen HL. Prevalence, Awareness, Treatment, and Control
of High Blood Pressure: A Population-Based Survey in Thai Nguyen, Vietnam. PLoS One. 2013; 8(6):
€66792. Epub 20130627. https://doi.org/10.1371/journal.pone.0066792 PMID: 23826134.

Archana S, Karmacharya BM, Rashmi M, Abhinav V, Meghnath D, Natalia O, et al. Stakeholder
Engagement in Planning the Design of a National Needs Assessment for Cardiovascular Disease Pre-
vention and Management in Nepal. Glob Heart. 2019; 14(2):181-9. https://doi.org/10.1016/j.gheart.
2019.05.002 PMID: 31324378.

Nyonator FK, Awoonor-Williams JK, Phillips JF, Jones TC, Miller RA. The Ghana community-based
health planning and services initiative for scaling up service delivery innovation. Health Policy Plan.
2005; 20(1):25-34. https://doi.org/10.1093/heapol/czi003 PMID: 15689427.

Ntsua S, Tapsoba P, Asare GQ, Nyonator FK. Repositioning community-based family planning in
Ghana: A case study of Community-based Health Planning and Services (CHPS). Population Council,
2012.

Nyame S, Iwelunmor J, Ogedegbe G, Adjei KGA, Adjei K, Apusiga K, et al. Capacity and Readiness for
Implementing Evidence-Based Task-Strengthening Strategies for Hypertension Control in Ghana: A
Cross-Sectional Study. Glob Heart. 2019; 14(2):129-34. https://doi.org/10.1016/j.gheart.2019.05.008
PMID: 31324366.

Ha DA, Tran OT, Nguyen HL, Chiriboga G, Goldberg RJ, Phan VH, et al. Conquering hypertension in
Vietnam-solutions at grassroots level: study protocol of a cluster randomized controlled trial. Trials.
2020; 21(1):985. Epub 20201127. https:/doi.org/10.1186/s13063-020-04917-8 PMID: 33246495,

Nguyen TT, Hoang MV. Non-communicable diseases, food and nutrition in Vietnam from 1975 to 2015:
the burden and national response. Asia Pac J Clin Nutr. 2018; 27(1):19-28. https://doi.org/10.6133/
apjcn.032017.13 PMID: 29222878.

Hoang VM, Dao LH, Wall S, Nguyen TK, Byass P. Cardiovascular disease mortality and its association
with socioeconomic status: findings from a population-based cohort study in rural Vietnam, 1999-2003.
Prev Chronic Dis. 2006; 3(3):A89. Epub 20060615. PMID: 16776890.

van Oosterhout JJ, Hosseinipour M, Muula AS, Amberbir A, Wroe E, Berman J, et al. The Malawi NCD
BRITE Consortium: Building Research Capacity, Implementation, and Translation Expertise for Non-
communicable Diseases. Glob Heart. 2019; 14(2):149-54. https://doi.org/10.1016/j.gheart.2019.05.
004 PMID: 31324369.

Kahwa E, Edwards N, Mortley N. Research Capacity Building: A Literature Review and the Theoretical
Framework. In: Edwards N, Kaseje D, Kahwa E, editors. Building and Evaluating Research Capacity:
Case Studies and Innovative Models. Cape Town, South Africa: UCT Press; 2016. p. 11-30.

Potter C, Brough R. Systemic capacity building: a hierarchy of needs. Health Policy Plan. 2004; 19
(5):336—45. https://doi.org/10.1093/heapol/czh038 PMID: 15310668.

Asante KP, lwelunmor J, Apusiga K, Gyamfi J, Nyame S, Adjei KGA, et al. Uptake of Task-Strengthen-
ing Strategy for Hypertension (TASSH) control within Community-Based Health Planning Services in
Ghana: study protocol for a cluster randomized controlled trial. Trials. 2020; 21(1):825. Epub 20201002.
https://doi.org/10.1186/s13063-020-04667-7 PMID: 33008455.

Paniagua-Avila A, Fort MP, Glasgow RE, Gulayin P, Hernandez-Galdamez D, Mansilla K, et al. Evalu-
ating a multicomponent program to improve hypertension control in Guatemala: study protocol for an
effectiveness-implementation cluster randomized trial. Trials. 2020; 21(1):509. Epub 20200609. https://
doi.org/10.1186/s13063-020-04345-8 PMID: 32517806.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002237  September 14, 2023 16/18


https://doi.org/10.1016/j.diabres.2011.09.021
https://doi.org/10.1016/j.diabres.2011.09.021
http://www.ncbi.nlm.nih.gov/pubmed/22001282
http://www.ncbi.nlm.nih.gov/pubmed/17642500
https://doi.org/10.1186/s12913-015-1075-x
https://doi.org/10.1186/s12913-015-1075-x
http://www.ncbi.nlm.nih.gov/pubmed/26399634
https://doi.org/10.1016/j.gheart.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31324367
https://doi.org/10.1186/s12889-022-14668-7
http://www.ncbi.nlm.nih.gov/pubmed/36510216
https://doi.org/10.1371/journal.pone.0066792
http://www.ncbi.nlm.nih.gov/pubmed/23826134
https://doi.org/10.1016/j.gheart.2019.05.002
https://doi.org/10.1016/j.gheart.2019.05.002
http://www.ncbi.nlm.nih.gov/pubmed/31324373
https://doi.org/10.1093/heapol/czi003
http://www.ncbi.nlm.nih.gov/pubmed/15689427
https://doi.org/10.1016/j.gheart.2019.05.008
http://www.ncbi.nlm.nih.gov/pubmed/31324366
https://doi.org/10.1186/s13063-020-04917-8
http://www.ncbi.nlm.nih.gov/pubmed/33246495
https://doi.org/10.6133/apjcn.032017.13
https://doi.org/10.6133/apjcn.032017.13
http://www.ncbi.nlm.nih.gov/pubmed/29222878
http://www.ncbi.nlm.nih.gov/pubmed/16776890
https://doi.org/10.1016/j.gheart.2019.05.004
https://doi.org/10.1016/j.gheart.2019.05.004
http://www.ncbi.nlm.nih.gov/pubmed/31324369
https://doi.org/10.1093/heapol/czh038
http://www.ncbi.nlm.nih.gov/pubmed/15310668
https://doi.org/10.1186/s13063-020-04667-7
http://www.ncbi.nlm.nih.gov/pubmed/33008455
https://doi.org/10.1186/s13063-020-04345-8
https://doi.org/10.1186/s13063-020-04345-8
http://www.ncbi.nlm.nih.gov/pubmed/32517806
https://doi.org/10.1371/journal.pgph.0002237

PLOS GLOBAL PUBLIC HEALTH

Global implementation research capacity building to address CVD

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Damschroder LJ, Aron DC, Keith RE, Kirsh SR, Alexander JA, Lowery JC. Fostering implementation of
health services research findings into practice: a consolidated framework for advancing implementation
science. Implement Sci. 2009; 4:50. Epub 20090807. https://doi.org/10.1186/1748-5908-4-50 PMID:
19664226.

Gielen AC, McDonald EM. Using the PRECEDE-PROCEED planning model to apply health behavior
theories. In: Glanz K, Rimer BK, Lewis FM, editors. Health Behavior and Health Education. San Fran-
sisco, CA: Jossey-Bass Publishers; 2002.

Glasgow RE, Vogt TM, Boles SM. Evaluating the public health impact of health promotion interventions:
the RE-AIM framework. Am J Public Health. 1999; 89(9):1322-7. https://doi.org/10.2105/ajph.89.9.
1322 PMID: 10474547.

Rakhra A, Hooley C, Fort M, Weber MB, Price L, Nguyen HL, et al. The WHO-TDR Dissemination and
Implementation Massive Open Online Course (MOOC): Evaluation and Lessons Learned from Eight
Low-and Middle-Income Countries. Res Sq. 2022. Epub 20220329. https://doi.org/10.21203/rs.3.rs-
1455034/v1 PMID: 35411340.

Hooley C, Baumann AA, Mutabazi V, Brown A, Reeds D, Cade WT, et al. The TDR MOOC training in
implementation research: evaluation of feasibility and lessons learned in Rwanda. Pilot Feasibility Stud.
2020; 6:66. Epub 20200515. https://doi.org/10.1186/s40814-020-00607-z PMID: 32467769.

Feldstein AC, Glasgow RE. A practical, robust implementation and sustainability model (PRISM) for
integrating research findings into practice. Jt Comm J Qual Patient Saf. 2008; 34(4):228—43. https://doi.
org/10.1016/s1553-7250(08)34030-6 PMID: 18468362.

Saunders RP, Evans MH, Joshi P. Developing a process-evaluation plan for assessing health promo-
tion program implementation: a how-to guide. Health Promot Pract. 2005; 6(2):134—47. https://doi.org/
10.1177/1524839904273387 PMID: 15855283.

Stetler CB, Damschroder LJ, Helfrich CD, Hagedorn HJ. A Guide for applying a revised version of the
PARIHS framework for implementation. Implement Sci. 2011; 6:99. Epub 20110830. https://doi.org/10.
1186/1748-5908-6-99 PMID: 21878092.

Rycroft-Malone J. The PARIHS framework—a framework for guiding the implementation of evidence-
based practice. J Nurs Care Qual. 2004; 19(4):297-304. https://doi.org/10.1097/00001786-200410000-
00002 PMID: 15535533.

Baumann AA, Hooley C, Goss CW, Mutabazi V, Brown AL, Schechtman KB, et al. Exploring contextual
factors influencing the implementation of evidence-based care for hypertension in Rwanda: a cross-
sectional study using the COACH questionnaire. BMJ Open. 2021; 11(9):e048425. Epub 20210921.
https://doi.org/10.1136/bmjopen-2020-048425 PMID: 34548353.

Fort MP, Paniagua-Avila A, Beratarrechea A, Cardona S, Figueroa JC, Martinez-Folgar K, et al. Stake-
holder Engagement in the Translation of a Hypertension Control Program to Guatemala’s Public Pri-
mary Health Care System: Lessons Learned, Challenges, and Opportunities. Glob Heart. 2019; 14
(2):155-63. https://doi.org/10.1016/j.gheart.2019.05.005 PMID: 31324370.

Hernandez-Galdamez D, Mansilla K, Peralta AL, Rodriguez-Szaszdi J, Ramirez JM, Roche D, et al.
Monitoring Study Participants and Implementation with Phone Calls to Support Hypertension Control
During the COVID-19 Pandemic: The Case of a Multicomponent Intervention Trial in Guatemala. Glob
Heart. 2021; 16(1):77. Epub 20211124. https://doi.org/10.5334/gh.954 PMID: 34900568.

Leeman J, Calancie L, Hartman MA, Escoffery CT, Herrmann AK, Tague LE, et al. What strategies are
used to build practitioners’ capacity to implement community-based interventions and are they effec-
tive?: a systematic review. Implement Sci. 2015; 10:80. Epub 20150529. https://doi.org/10.1186/
s13012-015-0272-7 PMID: 26018220.

Vicente-Crespo M, Agunbiade O, Eyers J, Thorogood M, Fonn S. Institutionalizing research capacity
strengthening in LMICs: A systematic review and meta-synthesis. AAS Open Res. 2020; 3:43. Epub
20210212. https://doi.org/10.12688/aasopenres.13116.3 PMID: 33215062.

Hamer DH, Hansoti B, Prabhakaran D, Huffman MD, Nxumalo N, Fox MP, et al. Global Health Research
Mentoring Competencies for Individuals and Institutions in Low- and Middle-Income Countries. Am J
Trop Med Hyg. 2019; 100(1_Suppl):15-9. https://doi.org/10.4269/ajtmh.18-0558 PMID: 30430976.

Jackson D. Servant leadership in nursing: a framework for developing sustainable research capacity in
nursing. Collegian. 2008; 15(1):27-33. https://doi.org/10.1016/j.colegn.2007.10.001 PMID: 18341074.

Brownson RC, Fielding JE, Maylahn CM. Evidence-based public health: a fundamental concept for pub-
lic health practice. Annu Rev Public Health. 2009; 30:175-201. https://doi.org/10.1146/annurev.
publhealth.031308.100134 PMID: 19296775.

Umble K, Steffen D, Porter J, Miller D, Hummer-McLaughlin K, Lowman A, et al. The National Public
Health Leadership Institute: evaluation of a team-based approach to developing collaborative public
health leaders. Am J Public Health. 2005; 95(4):641—4. https://doi.org/10.2105/AJPH.2004.047993
PMID: 15798124.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002237  September 14, 2023 17/18


https://doi.org/10.1186/1748-5908-4-50
http://www.ncbi.nlm.nih.gov/pubmed/19664226
https://doi.org/10.2105/ajph.89.9.1322
https://doi.org/10.2105/ajph.89.9.1322
http://www.ncbi.nlm.nih.gov/pubmed/10474547
https://doi.org/10.21203/rs.3.rs-1455034/v1
https://doi.org/10.21203/rs.3.rs-1455034/v1
http://www.ncbi.nlm.nih.gov/pubmed/35411340
https://doi.org/10.1186/s40814-020-00607-z
http://www.ncbi.nlm.nih.gov/pubmed/32467769
https://doi.org/10.1016/s1553-7250%2808%2934030-6
https://doi.org/10.1016/s1553-7250%2808%2934030-6
http://www.ncbi.nlm.nih.gov/pubmed/18468362
https://doi.org/10.1177/1524839904273387
https://doi.org/10.1177/1524839904273387
http://www.ncbi.nlm.nih.gov/pubmed/15855283
https://doi.org/10.1186/1748-5908-6-99
https://doi.org/10.1186/1748-5908-6-99
http://www.ncbi.nlm.nih.gov/pubmed/21878092
https://doi.org/10.1097/00001786-200410000-00002
https://doi.org/10.1097/00001786-200410000-00002
http://www.ncbi.nlm.nih.gov/pubmed/15535533
https://doi.org/10.1136/bmjopen-2020-048425
http://www.ncbi.nlm.nih.gov/pubmed/34548353
https://doi.org/10.1016/j.gheart.2019.05.005
http://www.ncbi.nlm.nih.gov/pubmed/31324370
https://doi.org/10.5334/gh.954
http://www.ncbi.nlm.nih.gov/pubmed/34900568
https://doi.org/10.1186/s13012-015-0272-7
https://doi.org/10.1186/s13012-015-0272-7
http://www.ncbi.nlm.nih.gov/pubmed/26018220
https://doi.org/10.12688/aasopenres.13116.3
http://www.ncbi.nlm.nih.gov/pubmed/33215062
https://doi.org/10.4269/ajtmh.18-0558
http://www.ncbi.nlm.nih.gov/pubmed/30430976
https://doi.org/10.1016/j.colegn.2007.10.001
http://www.ncbi.nlm.nih.gov/pubmed/18341074
https://doi.org/10.1146/annurev.publhealth.031308.100134
https://doi.org/10.1146/annurev.publhealth.031308.100134
http://www.ncbi.nlm.nih.gov/pubmed/19296775
https://doi.org/10.2105/AJPH.2004.047993
http://www.ncbi.nlm.nih.gov/pubmed/15798124
https://doi.org/10.1371/journal.pgph.0002237

PLOS GLOBAL PUBLIC HEALTH

Global implementation research capacity building to address CVD

54.

55.

56.

57.

58.

59.

60.

61.

Bates |, Boyd A, Smith H, Cole DC. A practical and systematic approach to organisational capacity
strengthening for research in the health sector in Africa. Health Res Policy Syst. 2014; 12:11. Epub
201403083. https://doi.org/10.1186/1478-4505-12-11 PMID: 24581148.

Bowsher G, Papamichail A, El Achi N, Ekzayez A, Roberts B, Sullivan R, et al. A narrative review of
health research capacity strengthening in low and middle-income countries: lessons for conflict-affected
areas. Global Health. 2019; 15(1):23. Epub 20190326. https://doi.org/10.1186/s12992-019-0465-y
PMID: 30914049.

The Organisation for Economic Co-operation and Development (OECD). Developing Capacity in Times
of COVID-19: 2021 Global Forum Capacity Building Report 2021. https://www.oecd.org/tax/
transparency/documents/2021-Global-Forum-Capacity-Building-Report.pdf.

Richter |, Gabe-Thomas E, Maharja C, Nguyen TH, Van Nguyen Q, Praptiwi R, et al. Virtual Capacity
Building for International Research Collaborations in Times of COVID-19 and #Flygskam. Frontiers in
Communication. 2021; 5. https://doi.org/10.3389/fcomm.2020.562828

Gravlee CC. Systemic racism, chronic health inequities, and COVID-19: A syndemic in the making? Am
J Hum Biol. 2020; 32(5):e23482. Epub 20200804. https://doi.org/10.1002/ajhb.23482 PMID: 32754945.

Cenat JM, Dalexis RD, Kokou-Kpolou CK, Mukunzi JN, Rousseau C. Social inequalities and collateral
damages of the COVID-19 pandemic: when basic needs challenge mental health care. Int J Public
Health. 2020; 65(6):717-8. Epub 20200710. https://doi.org/10.1007/s00038-020-01426-y PMID:
32651593.

Sarfraz A, Sarfraz Z, Sarfraz M. Survival of the wealthiest? Wait in line for COVID-19 vaccination. Post-
grad Med J. 2022; 98(e2):e81. https://doi.org/10.1136/postgradmed;j-2021-140970 PMID: 35232842.

Shamasunder S, Holmes SM, Goronga T, Carrasco H, Katz E, Frankfurter R, et al. COVID-19 reveals
weak health systems by design: Why we must re-make global health in this historic moment. Glob Pub-
lic Health. 2020; 15(7):1083-9. Epub 20200430. https://doi.org/10.1080/17441692.2020.1760915
PMID: 32352911.

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0002237  September 14, 2023 18/18


https://doi.org/10.1186/1478-4505-12-11
http://www.ncbi.nlm.nih.gov/pubmed/24581148
https://doi.org/10.1186/s12992-019-0465-y
http://www.ncbi.nlm.nih.gov/pubmed/30914049
https://www.oecd.org/tax/transparency/documents/2021-Global-Forum-Capacity-Building-Report.pdf
https://www.oecd.org/tax/transparency/documents/2021-Global-Forum-Capacity-Building-Report.pdf
https://doi.org/10.3389/fcomm.2020.562828
https://doi.org/10.1002/ajhb.23482
http://www.ncbi.nlm.nih.gov/pubmed/32754945
https://doi.org/10.1007/s00038-020-01426-y
http://www.ncbi.nlm.nih.gov/pubmed/32651593
https://doi.org/10.1136/postgradmedj-2021-140970
http://www.ncbi.nlm.nih.gov/pubmed/35232842
https://doi.org/10.1080/17441692.2020.1760915
http://www.ncbi.nlm.nih.gov/pubmed/32352911
https://doi.org/10.1371/journal.pgph.0002237

