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The United Nations’ Millennium Development 
Goals, a set of interrelated targets adopted by world 
leaders in 2000, catalyzed political commitment 

toward improving child survival and maternal health. Goals 
4 and 5 called for a two-thirds reduction in mortality among 
children less than 5 years of age and a three-quarters reduc-
tion in maternal mortality between 1990 and 2015, respec-
tively.1 Five years before the goals came to a close, the Mus-
koka Initiative was launched at the G8 summit to intensify 
efforts toward improving maternal, newborn and child 
health in low- and middle-income countries, with Canada 
investing $2.85 billion to reduce the burden of disease, 
improve nutrition and strengthen health systems in areas 
with the greatest need.2 Although there have been substan-
tial gains in reducing global maternal and child mortality, 
progress has been insufficient to achieve the Millennium 
Development Goals’ targets.3,4 Unacceptably high numbers 
of women and children are still dying every year, largely due 

to conditions that could have been prevented or treated if 
existing cost-effective interventions were made universally 
available.5 Currently, there is insufficient knowledge on how 
to effectively implement proven affordable interventions in 
resource-limited settings.6 Over the past 5 years, Canadian 
funding through the Muskoka Initiative has focused on scal-
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Background: Improving global maternal, newborn, child and adolescent health (MNCAH) is a top development priority in Canada, as 
shown by the $6.35 billion in pledges toward the Muskoka Initiative since 2010. To guide Canadian research investments, we aimed 
to systematically identify a set of implementation research priorities for MNCAH in low- and middle-income countries.

Methods: We adapted the Child Health and Nutrition Research Initiative method. We scanned the Child Health and Nutrition 
Research Initiative literature and extracted research questions pertaining to delivery of interventions, inviting Canadian experts on 
MNCAH to generate additional questions. The experts scored a combined list of 97 questions against 5 criteria: answerability, feasi-
bility, deliverability, impact and effect on equity. These questions were ranked using a research priority score, and the average expert 
agreement score was calculated for each question.

Results: The overall research priority score ranged from 40.14 to 89.25, with a median of 71.84. The average expert agreement 
scores ranged from 0.51 to 0.82, with a median of 0.64. Highly-ranked research questions varied across the life course and focused 
on improving detection and care-seeking for childhood illnesses, overcoming barriers to intervention uptake and delivery, effectively 
implementing human resources and mobile technology, and increasing coverage among at-risk populations. Children were the most 
represented target population and most questions pertained to interventions delivered at the household or community level.

Interpretation: Investing in implementation research is critical to achieving the Sustainable Development Goal of ensuring health and 
well-being for all. The proposed research agenda is expected to drive action and Canadian research investments to improve MNCAH.
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ing up interventions to improve maternal, newborn and 
child health; however, investments in implementation 
research have been limited.7 If we are to achieve high, sus-
tainable and equitable coverage of life-saving interventions, 
addressing this research gap is essential.

The year 2015 marked the beginning of a new global frame-
work — the Sustainable Development Goals — and an addi-
tional Canadian pledge of $3.5 billion toward the Muskoka Ini-
tiative.2,8 These renewed commitments toward improving 
maternal, newborn and child health present an opportunity to 
address the unfinished agenda of the Millennium Development 
Goals, bridge the gap in implementation research and expand 
efforts to address the neglected area of adolescent health. We 
undertook an expert consensus process using standardized 
methods to systematically identify the top research priorities on 
the implementation of maternal, newborn, child and adolescent 
health (MNCAH) interventions in low- and middle-income 
countries with the aim of guiding Canadian research invest-
ments over the next 15 years — the timeline of the Sustainable 
Development Goal targets for 2030.

Methods

Study design
We adapted the Child Health and Nutrition Research Initia-
tive method.9 This method was designed to assist policy-
makers and investors to identify research gaps and examine 
the potential risks and benefits of investing in different 
research options. This systematic and transparent approach is 
the most frequently used method of health research prioriti-
zation since 2001, followed by the Delphi, James Lind Alli-
ance and Combined Approach Matrix methods.10 It has now 
been applied to a wide range of relevant MNCAH topics, 
including, but not limited to, birth asphyxia, childhood pneu-
monia and diarrhea, and adolescent sexual and reproductive 
health.11–14 The method involves 5 stages: (i) defining the con-
text and criteria for priority-setting with input from investors 
and policy-makers; (ii) listing and scoring research invest-
ment options by technical experts using the proposed criteria; 
(iii) weighting the criteria according to wider societal values 
with input from other stakeholders; (iv) calculating research 
priority scores and average expert agreement scores; and (v) 
ranking research priorities according to research priority 
scores. An initial stage was added to the present study, in 
which the steering committee extracted implementation-
focused research priorities from the existing Child Health 
and Nutrition Research Initiative literature before inviting 
input from technical experts. This literature review was con-
ducted to build on the foundation of existing Child Health 
and Nutrition Research Initiative studies, allowing our expert 
group to review and contribute to a set of research questions 
previously identified as priority areas.

Setting
This study aimed to inform various stakeholders, including 
the Canadian Partnership for Women and Children’s Health 
(CanWaCH) community and key Canadian donors and 

researchers, about research investment options that are 
expected to improve the implementation of MNCAH inter-
ventions in low- and middle-income countries. This process 
of developing and ranking research questions also allowed 
researchers to systematically approve a common research 
agenda and develop a consensus on priorities. The timeline of 
15 years was set to coincide with the Sustainable Develop-
ment Goal targets.

In selecting the criteria against which to evaluate the pro-
posed research questions, the steering committee modified 
the Child Health and Nutrition Research Initiative criteria 
from previous exercises to better reflect the context of imple-
mentation.9,15 The 5 criteria selected were answerability by 
research, research feasibility, deliverability, impact and effect 
on equity. Table 1 shows the 3 specific subquestions evaluated 
under each criterion.

Literature review
Through an initial literature search, a team member (O.M.) 
screened published Child Health and Nutrition Research Ini-
tiative studies, identifying all research questions potentially 
relevant to implementation. Two researchers (R.S. and M.B.) 
then screened this list for research questions explicitly per-
taining to implementation, defined as the delivery of interven-
tions (i.e., policies, programs or individual practices) and the 
translation of research evidence into improved health policy 
and practice.16,17 These questions were then classified into 4 
domains: description (epidemiology), discovery (new inter-
ventions), development (improving existing interventions) and 
delivery (health policy and implementation). We selected the 
highest-ranked delivery questions from each article, which 
was followed by an updated search for studies through Google 
Scholar, PubMed and Web of Science using the keywords: 
“CHNRI” and “Child Health and Nutrition Research Initia-
tive.” The 3 highest-ranked delivery questions from each 
additional article were then added to the list. Finally, the 
research questions were mapped by theme and position on the 
continuum of care, removing duplicates and questions within 
over-represented health areas.

Technical consultation
This study drew upon the expertise of researchers, clinicians and 
implementing partners from various institutions across Canada. 
We specifically engaged Canadian-based voices in global health 
given the focus of the study on guiding Canadian research 
investment. Experts either volunteered to participate at the Can-
WaCH meeting in November 2014, were identified from their 
affiliations with the Coalition of Centres in Global Child Health 
or SickKids Centre for Global Child Health, or were selected 
for their known expertise in the field of MNCAH.

Experts were asked to individually review the research 
questions identified from the literature and propose additional 
questions. We then thematically organized the combined list 
of questions by position on the continuum of care, removing 
overlapping options and questions outside the scope of the 
exercise. The remaining questions were organized into a 
marking tool for scoring.
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Experts scored each proposed research question against 
these 5 predetermined criteria, each with 3 subquestions:
•	 Answerable by research: likelihood that the research 

question can be answered ethically.
•	 Research feasibility: likelihood that there are sufficient 

resources and time to carry out the research.
•	 Deliverability: likelihood that the research can result in a 

deliverable, affordable and sustainable implementation 
strategy.

•	 Impact: likelihood that the results from this research will 
fill crucial knowledge gaps and shape future planning in 
implementation research.

•	 Effect on equity: likelihood that the implementation 
strategy will reduce inequity.

We asked experts to score 1 for yes, 0 for no and 0.5 if they 
were informed but undecided. If the experts did not feel suffi-
ciently knowledgeable to answer a particular question, they 
were instructed to leave the cell blank. These blank cells were 
not included in the calculation of scores.

Analysis
The relative importance of the scoring criteria may vary 
among stakeholders. In a previous exercise,18 a wide range of 
stakeholders was polled to weight the Child Health and 
Nutrition Research Initiative criteria; however, before scor-
ing, the steering committee decided not to assign weights for 
this exercise. We weighed all 5 criteria equally in the analysis, 
as we felt they were of equal importance.

The research priority score and average expert agreement 
scores were calculated for each research question. The 
research priority score is the mean of the scores across the 5 
criteria, expressed as a percentage. The average expert agree-
ment score is the average proportion of scorers who chose the 
mode (most common score) across the 15 subquestions asked. 
The average expert agreement score was calculated as follows:

where q is a question that experts are being asked to evalu-
ate competing research investment options, ranging from 1 to 
15, n is the number of scorers who provided the most fre-
quent response and N is the total number of scorers. A Pear-
son correlation coefficient was calculated to examine the asso-
ciation between research priority score and average expert 
agreement scores.

Results

Figure 1 shows how the steering committee identified rele-
vant research questions from existing Child Health and 
Nutrition Research Initiative studies.11–15,19–35 The final list 
from the literature contained 45 research questions. Thirty-
eight experts were then formally invited by email to partici-
pate. Six experts volunteered to participate at the CanWaCH 

Table 1: Criteria for implementation (Child Health and Nutrition Research Initiative)

Criterion Subquestions

Answerable by research 1.	 Would you say the research question is well framed?
2.	 Can a single study or a very small number of studies be designed to answer the research question?
3.	 Do you think that a study needed to answer the proposed research question would obtain ethical approval 

without major concerns?

Research feasibility 1.	 Is it likely that there will be sufficient capacity to carry out the proposed research?
2.	 Is it feasible to provide the training required for staff to carry out the research?
3.	 Is the cost and time required for this research reasonable?

Deliverability 1.	 Taking into account the level of difficulty with implementation of the potential delivery strategy (e.g., need 
for change of attitudes and beliefs, supervision, transport infrastructure), would you say that this strategy 
would be deliverable?

2.	 Taking into account the resources available to implement the intervention, would you say that the potential 
delivery strategy would be affordable?

3.	 Taking into account government capacity and partnership required, would you say that the potential 
delivery strategy would be sustainable?

Impact 1.	 Will the results of this research fill an important knowledge gap?
2.	 Are the results from this research likely to shape future planning and implementation?
3.	 Will the results of this research lead to a long-term reduction in disease burden?

Effect on equity 1.	 Would you say that the present distribution of the target disease burden/health issue affects mainly the 
poor and marginalized in the population?

2.	 Would you say that the poor and marginalized would be the most likely to benefit from the results of the 
proposed research?

3.	 Would you say that the proposed research has the overall potential to improve equity in disease burden 
distribution in the long-term (e.g., 10 yr)?
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meeting, and 32 experts were identified from their affiliations 
or known expertise. Participants’ expertise ranged across the 
continuum of care, representing knowledge of all 4 target 
populations.

Experts individually reviewed the 45 questions from the 
literature, with 24 experts proposing 71 additional questions. 
The steering committee then thematically organized the 116 
questions by position on the continuum of care, removing 
overlapping options. Ninety-seven remaining questions were 

organized into a marking tool, and 20 experts returned com-
pleted scoring sheets.

Table 2 shows the research questions with a rounded 
research priority score of 80 or more, and Appendix 1 (avail-
able at www.cmajopen.ca/content/5/1/E82/suppl/DC1) shows 
the complete list of ranks and scores for all 97 questions. Both 
tables present the perceived likelihood that each research ques-
tion will comply with each of the 5 priority-setting criteria. 
Research priority scores ranged from 40.14 to 89.25, with a 

Initial literature search and screen for research questions potentially relevant to implementation.
Questions from 18 exercises on maternal, newborn, child and adolescent health research 
priorities  n = 354

Further screen of research questions from initial list that meet study definition of ‘implementation’.
Questions from 18 exercises  n =249

Classification of questions into the four research domains (i.e., delivery, development, description, 
and discovery) and selection of the highest ranked delivery questions from each article.
Questions from 16 exercises  n = 49

Updated search for CHNRI literature and identification of 4 additional articles that were not captured 
by the initial search. The three highest ranked delivery questions were selected from each article 
and added to the master list.
Questions from 20 exercises  n = 61

Mapping of research questions by themes and population. Removal of duplicate questions and 
questions within over-represented health areas.
Questions from 20 exercises  n =45

Newborn health
n = 5
• Newborn care n = 1
• Low birth weight n = 1
• Preterm labour n = 1
• Neonatal resuscitation n = 1
• Birth asphyxia n = 1

Child health
n = 16
• PMTCT n = 2
• Diarrhea n = 4
• Pneumonia n = 2
• Immunization  n = 2
• Nutrition n = 1

• Malnutrition n = 2
• Zinc interventions n = 2
• Breastfeeding n = 1

Adolescent health
n = 4
• Adolescent health n = 1
• HIV/AIDS  n = 2
• Adolescent pregnancy  n = 1

Reproductive and maternal 
health 
n = 5
• Family planning n = 2
• Skilled birth attendance n = 1
• Clean delivery practices  n = 1
• Obstetric hemorrhage  n = 1

Management and health 
systems
n = 15
• Management & health systems 
n = 3
• Integrated MNCH services 
n = 1

• IMCI  n = 2
• CHWs  n = 4
• Transport, communication, and 
referral  n = 4
• Home care practices n = 1

Figure 1: Identification of priority research questions from the Child Health and Nutrition Research Initiative literature. Note: CHW = community 
health worker, IMCI = integrated management of childhood illness, PMTCT = Prevention of mother-to-child transmission of HIV.
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median of 71.84. The average expert agreement scores ranged 
from 0.51 to 0.82, with a median of 0.64. Similar to past Child 
Health and Nutrition Research Initiative exercises, average 

expert agreement showed a strong positive association with 
research priority score, as evidenced by a Pearson correlation 
coefficient of 0.783 (p < 0.0001). This finding suggests that 

Table 2: Top 15 research questions according to their achieved RPS, with AEA related to each question

Rank Research question

Criterion 1: 
answerable
by research

Criterion 2: 
research 
feasibility

Criterion 3: 
deliverability

Criterion 
4: impact

Criterion 5: 
equity RPS AEA

1 How can caregivers be mentored in recognizing 
child health danger signs (e.g., for pneumonia)?

0.90 0.97 0.91 0.89 0.80 89.25 0.82

2 Identify and evaluate delivery strategies to 
increase coverage of oral rehydration solution and 
zinc among remote populations and the poorest of 
the poor.

0.74 0.91 0.76 0.94 0.98 86.61 0.78

3 Can improved methods of detecting and managing 
dehydration in children with diarrhea reduce 
mortality?

0.93 0.88 0.88 0.85 0.77 86.26 0.82

4 Evaluate whether coverage of antibiotic treatment 
can be greatly expanded in safe and effective ways 
if administered by community health workers.

0.80 0.91 0.81 0.95 0.82 85.62 0.79

5 How can smart phoneintegrated community case 
management apps be implemented to accurately 
identify newborns and under-5 children requiring 
referral from their communities to a health facility?

0.88 0.93 0.85 0.90 0.66 84.23 0.78

6 What are effective delivery strategies to ensure 
that the most vulnerable individuals receive critical 
RMNCAH services?

0.70 0.85 0.68 0.95 0.99 83.31 0.77

7 Evaluate ways to reduce the financial barriers to 
facility births at the community level, such as 
through user fee exemptions, emergency loans, 
conditional cash transfers and transportation 
vouchers.

0.73 0.89 0.78 0.84 0.87 82.05 0.74

8 Can a simplified neonatal resuscitation program 
delivered by trained health workers reduce deaths 
due to intrapartum events and complications and 
birth asphyxia?

0.81 0.89 0.91 0.77 0.70 81.69 0.77

9 Can a standardized newborn kit (simple bag/mask, 
clean blades/knives, and cord clamps) with 
appropriate education reduce newborn mortality 
and morbidity?

0.78 0.93 0.82 0.66 0.90 81.54 0.72

10 How can mobile technology be used to identify 
mothers and children at risk, reduce unneeded 
transports and facilitate earlier timed care?

0.81 0.88 0.78 0.85 0.75 81.52 0.75

11 What factors drive care-seeking behaviour during 
childhood diarrheal disease, and how can we 
position oral rehydration solution and zinc to best 
respond to these factors?

0.62 0.81 0.88 0.88 0.88 81.32 0.71

12 Identify and evaluate strategies for retention and 
motivation of community health workers.

0.73 0.95 0.82 0.84 0.71 81.30 0.73

13 Identify innovative mechanisms to support and 
utilize existing trained but underutilized human 
resources in health (such as community midwives 
in Pakistan, auxiliary nurse midwives in India, and 
clinical officers in Malawi) to provide high-quality 
maternal health services in remote and rural areas.

0.64 0.84 0.74 0.88 0.93 80.62 0.72

14 How can we overcome the barriers to 
implementing kangaroo care in low-resource 
settings?

0.76 0.94 0.89 0.87 0.53 79.75 0.72

15 How can we overcome barriers to uptake of 
modern contraceptives in settings with very low 
prevalence of contraceptive use?

0.59 0.93 0.80 0.87 0.79 79.61 0.72

Note: AEA = average expert agreement, RMNCAH, reproductive, maternal, newborn, child and adolescent health, RPS = research priority score.
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there was strong agreement among experts about what were 
considered priority research questions.

The top 15 research questions varied across the continuum 
of care. Children were the most represented target popula-
tion, with 6 out of the 15 questions pertaining to child health. 
Although there were highly-ranked questions about maternal 
(questions 10 and 13) and newborn health (questions 5, 8, 9 
and 14), there were no top-ranked questions that explicitly 
mentioned adolescents. The highest ranking for an adolescent 
health question was number 19 — “What factors facilitate 
uptake, retention and adherence to antiretroviral therapy and 
minimize HIV treatment failure among adolescents.”

A wide range of topics was covered in the top 15 research 
questions. Diarrhea was the most frequently mentioned 
health condition, with 2 questions about oral rehydration 
solution and 1 question about detection and management of 
dehydration in children with diarrhea.

Research questions varied in specificity. For example, 
broad questions like “what are effective delivery strategies to 
ensure that the most vulnerable individuals receive critical 
reproductive, maternal, newborn child and adolescent health 
services?” were scored alongside specific questions like “Can a 
simplified neonatal resuscitation program delivered by trained 
health workers reduce deaths due to intrapartum events and 
complications and birth asphyxia?” Both broad and specific 
questions were ranked in the top and bottom 15 research 
questions, suggesting that no bias existed against the kind of 
question asked.

Interpretation

We engaged a diverse group of Canadian experts with knowl-
edge and experience across the continuum of care. The 
modified Child Health and Nutrition Research Initiative 
approach we used offered greater transparency and replicabil-
ity than Delphi or other consultative processes.10 The system-
atic ranking of proposed research priorities against predeter-
mined criteria also made apparent the strengths and 
weaknesses of competing research investment options.

The comprehensive list of research priorities generated by 
this exercise addressed leading causes of newborn, child and 
maternal death, including intrapartum events and complica-
tions, diarrhea and barriers to facility births.36 The 3 most 
important coverage gaps identified by the Countdown to 2015 
for Maternal, Newborn, and Child Survival group (Count-
down) were present in our list of priorities; they included fam-
ily planning, interventions addressing newborn mortality and 
case management of childhood diseases.36 Countdown 
reported that there are relatively smaller inequities in cover-
age for interventions that are delivered close to home.37 Our 
list of priorities was consistent with this finding, because most 
highly ranked research questions pertained to interventions 
that could be implemented at the household or community 
level. Seven of the 15 top-ranked questions originated from 
the Child Health and Nutrition Research Initiative literature 
and 2 of these questions (questions 7 and 12) came from Child 
Health and Nutrition Research Initiatives explicitly focused 

on implementation, indicating strong agreement between our 
expert group and the existing literature.15,30

Limitations
Although the Child Health and Nutrition Research Initiative 
method represents a systematic attempt to address the chal-
lenges inherent in the complex process of research investment 
priority setting, the approach is not without limitations. 
Yoshida and colleagues conducted an analysis of the Child 
Health and Nutrition Research Initiative methodology,38 
examining the concordance among top-ranking research pri-
orities as sample size increases from 15 to 90. They found that 
a high degree of reproducibility of top-ranking research prior-
ities was achieved with 45–55 experts, suggesting that our rel-
atively small sample of 20 scorers may be a limitation. How-
ever, it should be noted that they still found an appreciable 
degree of reproducibility with a sample of only 15 people. In 
addition, it is possible that there were sound research options 
that were not included in the list of questions generated by 
the literature and experts. These options, therefore, could not 
have been scored and identified as priorities. Proposed 
research questions and their subsequent scores were also lim-
ited to the opinions of the experts involved in the exercise. In 
an effort to minimize response bias, we employed a compre-
hensive process of identifying experts with relevant knowledge 
and experience. Although this process was nonsystematic, we 
deliberately invited only Canadian experts given the focus of 
the exercise on informing Canadian research investments. 
The predetermined Child Health and Nutrition Research Ini-
tiative criteria also ensured that questions were anonymously 
scored against a transparent and standardized set of values, 
thus eliminating the advantage of more eloquent speakers 
advocating for their own research agenda. An additional 
potential limitation was that experts might have scored ques-
tions about patient populations or health conditions outside of 
their area of expertise. To avoid inaccurate scores, experts 
were instructed to leave the cell blank when they did not feel 
sufficiently knowledgeable to answer a particular question.

The top 15 research questions varied across the continuum 
of care, but there were no highly-ranked questions that explic-
itly mentioned adolescents. The steering committee noted that 
existing Child Health and Nutrition Research Initiative litera-
ture on adolescent health was limited. In light of this gap, we 
made an effort to recruit adolescent health experts to propose 
additional research questions and provide scores. Adolescent 
health is an emerging global health priority and although this 
population was not explicitly mentioned among the top-ranked 
research questions, it should be noted that questions pertaining 
to maternal and reproductive health could also be relevant to 
adolescents, especially in low- and middle-income countries. 
Moreover, since the completion of this study, there has been a 
Child Health and Nutrition Research Initiative study pub-
lished, focusing on 8 areas of adolescent health.39

Conclusion
Current investments in health research predominantly target 
diseases prevalent in high-income countries and tend to favour 



Research

CMAJ  OPEN

E88	 CMAJ OPEN, 5(1)	

basic science research. If progress toward improving MNCAH 
is to be made by 2030, improving implementation is crucial to 
maximizing the impact of existing interventions and reducing 
inequity. The research gaps identified through this priority-
setting exercise cannot be addressed in isolation; they must be 
integrated with the measurement and accountability agenda, so 
as to ensure there is timely data on the quality and coverage of 
effective interventions. The proposed research agenda is 
expected to be a valuable tool in guiding research investments 
that could drive substantial improvement in health outcomes 
by 2013. We call upon the Canadian community of donors, 
researchers, policy-makers and program managers to support 
the translation of these recommendations into appropriate and 
transparent funding opportunities.
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