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CHAPTER 1

Background, Conceptual Framework, Aims, and Literature Review

1.1 Statement of Problem

Approximately 287,000 maternal deaths occurred in 2020, averaging nearly 800 every day (World Health

Organization [WHO], 2023). A maternal death is the death of a woman while pregnant or within 42 days of

termination of pregnancy, irrespective of the duration and site of the pregnancy, from any cause related to or

aggravated by the pregnancy or its management, but not from accidental or incidental causes (WHO, n.d.).

Postpartum hemorrhage, sepsis, pre-eclampsia and eclampsia, complications from childbirth, and unsafe

abortion account for 75 percent of all maternal deaths as well as substantial severe morbidity (Say et al.,

2014). Stillbirth and low-birthweight (i.e., birthweight ¡ 2500 grams) are additional indicators of maternal

quality of care (Miller & Belizan, 2015). In 2021, there were 1.9 million stillbirths globally (United Nations

Children’s Fund [UNICEF], 2023a), and 15-20 percent of all babies were born weighing less than 2500 grams

(UNICEF, 2023b). Although preventable maternal deaths occur in all countries, they are disproportionately

concentrated in low- and middle-income countries (LMICs), where 95 percent of maternal deaths occur

(WHO, 2024a). In low-income countries, the lifetime risk of maternal death for a 15-year-old woman is 1 in

49, compared to 1 in 5,300 in high-income countries (WHO, 2024a).

Reducing maternal deaths is essential; while each death is an individual tragedy, there are also significant

economic and societal consequences of these deaths. Economic costs start with higher medical expenses

associated with maternal deaths (Islam & Gerdtham, 2006; Wang et al., 2013), but the broader disruption

is much more significant. Miller & Belizan (2015) highlighted that the diverse roles women play in their

families, homes, communities, and workplaces result in substantial costs that “ripple out” from maternal

deaths, causing intergenerational and multi-sectorial disruptions. In low income countries, neonates are more

likely to die (Kusiako et al., 2000; Vogel et al., 2014) and older children in the household are at higher risk

of malnutrition, have increased susceptibility to illness, and are more likely to be forced into early marriage

or labor market participation (Bazile et al., 2015; Ronsmans et al., 2010; Wang et al., 2013; Yamin et al.,

2013). These households often face financial ruin from medical bills, funeral costs, and lost income (Miller

& Belizan, 2015).

High maternal mortality ratios (MMRs; calculated as the number of maternal deaths per 100,000 live

births) are considered to be representative of a country’s health, gender equality, and health system func-

tioning (Miller & Belizan, 2015). Due to the significant societal and economic impacts of maternal death,
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reducing maternal mortality has been a global priority since the introduction of the Safe Motherhood Initiative

in 1987 (Mahler, 1987). In 2015, the Sustainable Development Goals (SDGs) set a target to reduce the MMR

to fewer than 70 maternal deaths per 100,000 live births by 2030, a 68 percent reduction from the 216 mater-

nal deaths per 100,000 live births in 2015 (WHO, 2015a). However, between 1990 and 2015, the global MMR

decreased by only 44 per cent, far short of the Millennium Development Goals’ (the SDGs predecessor) tar-

get of a 75 percent (WHO, 2015). A 2018 analysis predicted a similar shortfall for the SDGs, projecting that

the global MMR will decrease to just 164 per 100,000 live births at the current rate of progress (McArthur

et al., 2018). The COVID-19 pandemic further slowed progress toward the goal, putting most countries even

further off-track from meeting SDG targets (Ahmed et al., 2021). In 2020, the global MMR increased to

223 maternal deaths per 100,000 live births, even higher that the 216 deaths per 100,000 live births in 2015

(WHO, 2023).

Complications during childbirth can arise quickly and unexpectedly, even in healthy women, making

the presence of a skilled birth attendant—someone with specialized birth training and skills—essential for

promptly recognizing and managing these complications (WHO, 2024a). In low-income countries, the cur-

rent sexual, reproductive, maternal, newborn, and adolescent health (SRMNAH) workforce can meet just

41 percent of the need, highlighting the substantial investment in the SRMNAH workforce that is required

(United Nations Population Fund [UNFPA] et al., 2021). “Need” is defined as the amount of SRMNAH

worker time necessary to achieve universal, high-quality coverage of essential SRMNAH interventions as

outlined in the Global Strategy for Women’s Children’s, and Adolescent’s Health, with 55 percent of this

global need for maternal and newborn health interventions (antenatal, intrapartum, and postpartum care)

(UNFPA et al., 2021). Inadequate maternal healthcare in a country has become a political liability, and health

authorities and government leaders in LMICs must exhibit the political will and capability to maintain cred-

ibility and legitimacy (Van Lerberghe et al., 2014). These countries face significant external pressure from

donor agencies and global movements such as the SDGs alongside internal pressure from citizens, to reduce

their MMRs (WHO, 2015a). Consequently, they are challenged with recruiting, training, deploying, and re-

taining enough skilled birth attendants to meet need (Ajuebor et al., 2019). The disparities in MMRs between

high- and low-income countries, and the inverse relationship between MMR and the number of skilled birth

attendants, are shown in Figure 1.

1.1.1 Midwifery as a Potential Solution

As countries seek the most effective ways to invest limited funds to expand the maternal health workforce,

midwives are often recommended as a “best buy” healthcare delivery solution. This is due to the holis-

tic midwifery model of care and the wide range of reproductive health services that midwives can provide,
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Figure 1.1: Maternal mortality, life expectancy and births attended by skilled health personnel in high-income
countries, lower-middle-income countries, low-income countries, Small Island developing states and sub-
Saharan Africa (Kurjak et al., 2023)

making them both an efficacious and economical solution (Nove et al., 2018). According to the UNFPA, mid-

wifery professionals plan, manage and provide midwifery care services before, during and after pregnancy

and childbirth. They provide delivery care to reduce health risks to women and newborn children according

to the practice and standards of modern midwifery, working autonomously or in teams with other health-

care providers. They may conduct research on midwifery practices and procedures, as well as implementing

midwifery education activities in clinical and community settings (UNFPA et al., 2021a).

A midwife’s value partly derives from their ability to provide nearly all of a set of life-saving high-

impact interventions, including preconception care, antepartum, intrapartum and postpartum care, and family

planning (UNFPA et al., 2021a). Modeling studies suggest that universal coverage of these interventions by

midwives could prevent 67 percent of all maternal deaths (Nove et al., 2021). Midwifery care itself appears

to improve outcomes such as reducing rates of cesarean birth, low birthweight, premature birth, and other

adverse outcomes (Renfrew et al., 2014a; Sandall et al., 2016). These improvements speculatively result

from continuity of care, judicious use of interventions, and the promotion of birth as a normal physiologic

process (Renfrew et al., 2014a). While much research on skilled birth attendants broadly applies to midwives,

differentiating midwives from other skilled birth attendants is valuable in order to understand, protect, and

enhance the unique contribution of midwifery.

Given this, increasing global access to midwives appears to be an evidence-based, cost-effective solution

for improving maternal health outcomes (UNFPA et al., 2021a). Despite efforts to scale up the numbers of

midwives in both low- and high-income countries, approximately 900,000 more midwives are required to

meet care needs, mostly in Africa and low-income countries (UNFPA et al., 2021a). However, improvements

in maternal health outcomes have often not been commensurate with investment. This discrepancy is par-

ticularly evident when investments focus primarily on improving access without addressing the quality of

care provided by the expanded midwifery workforce. Indonesia and Nigeria are prime examples of this issue
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(Shankar et al., 2008, Abimbola et al., 2012).

Indonesia launched its “Village Midwife” program in 1989, aiming to place a skilled birth attendant in

every village to reduce high maternal and neonatal mortality, requiring the training and placement of 54,000

midwives in seven years (Shankar et al., 2008). Although this goal was achieved and midwife density and

birth attendance increased dramatically, there was little progress in reducing the MMR (Shankar et al., 2008).

Shankar et al. (2008) attributed this to insufficient intra- or interprofessional support and supervision once in

practice, lack of integration into the larger health system for referrals, and unclear scopes of work.

Similarly, Nigeria’s “Midwife Service Scheme” aimed to double the proportion of births attended by

skilled birth attendants between 2009 and 2015 by recruiting and deploying unemployed, retired, and newly

graduated midwives to rural and underserved primary care facilities (Abimbola et al., 2012). However, Okeke

et al. (2016) found no evidence that the program increased institutional deliveries or skilled birth attendance,

attributing this to a lack of systemic support for the midwives. Data from these experiences in Indonesia

and Nigeria helped the Lancet Global Health Commission on High Quality Health Systems in the SDG era

demonstrate that simply expanding access to midwives does not, by itself, improve maternal health out-

comes; quality of care must also be addressed (Kruk et al., 2018). For example, in LMICs, mothers and

children receive less than half of recommended clinical actions during typical preventive or curative visits.

The Commission also found that poor-quality care poses a greater barrier to reducing mortality than insuf-

ficient access, and that high-quality health systems could prevent half of maternal deaths each year. The

WHO has adopted the Institute of Medicine’s 2001 definition of quality care as “safe, effective, timely, effi-

cient, people-centered, and equitable” (WHO, 2006). Tuncalp et al. (2015) specify that good quality of care

“requires appropriate use of effective clinical and non-clinical interventions, strengthened health infrastruc-

ture and optimum skills and attitude of health providers, resulting in improved health outcomes and positive

experience of women and providers.”

1.1.2 Improving Quality of Midwifery Care

Extensive discussions have followed regarding what midwives need to be able to provide the high-quality

care necessary for improving maternal health outcomes. According to UNFPA et al. (2021a), midwives must

be “educated, licensed and fully integrated in and supported by interdisciplinary teams, and in an enabling en-

vironment” to deliver provide high-quality care. In their systematic review, Renfrew et al. (2014a) found that

midwives are most effective when integrated into the health system within the context of effective teamwork,

referral mechanisms, and sufficient resources. Similarly, Vedam et al. (2018) reported that integration of

midwives into the health system “facilitates the full exercise of scope of practice, autonomy, self-regulation,

and collaboration.”
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While there is no universal or widely accepted definition of midwifery integration, there are frameworks

that can be considered (California Maternal Quality Care Collaborative [CMQCC], 2023). For example,

the American College of Obstetrics and Gynecology’s framework for integrated systems for maternity care

emphasizes the need for enhanced coordination, cooperation, communication, and assessment of risk on

an individual basis (Kilpatrick et al., 2019). Other countries, such as Australia, the Netherlands, and the

United Kingdom, which demonstrate low rates of maternal mortality, low birthweight, and newborn death,

have health systems that emphasize midwifery care and interprofessional collaboration. These countries

have specific guidelines that allow midwives to practice autonomously and at full scope (Kennedy et al.,

2020). These frameworks and examples suggest that the primary drivers of integration are interprofessional

collaboration and the ability to function autonomously at full scope practice (Vedam et al., 2018). Critical

factors include seamless coordination of care, professional collaboration in decision-making, and clear roles

and responsibilities for providers (Kennedy et al., 2020). The underlying premise is that integration promotes

collaboration and seamless coordination of care, resulting in fewer catastrophic intrapartum outcomes during

critical events and preventing such events from occurring. In contrast, interprofessional disconnect results in

poor communication, an uncentered patient experience, and an unsafe care environment (CMQCC, 2023).

Unfortunately, the midwifery workforce in many countries faces numerous barriers to integration, such

as a lack of role clarity and standardization, inconsistent and limited scopes of practice that do not align with

international standards, variable educational and clinical entry requirements, and weak licensure and regis-

tration authorities and systems (Filby et al., 2016). These issues have led to reduced autonomy and scope

for midwives, role confusion, and a lack of professional credibility (Cornthwaite et al., 2012). These fac-

tors inhibit interprofessional collaboration, which is crucial for managing obstetric emergencies effectively.

Collectively, midwives often experience a lack of integration with, and sometimes even alienation from, the

health system which has profound implications for outcomes (Vedam et al., 2018). While midwives can

function to some extent in a parallel or non-integrated system, an integrated system is critical for preventing

and responding to the critical events that contribute to maternal mortality.

1.1.3 Regulatory Environment

Improving midwifery regulation is a key strategy for LMICs to improve the integration of midwives into the

health system, thereby strengthening access to and quality of care (Lopes et al., 2016). The proposed dis-

sertation research focuses on midwifery regulation, encompassing the allocation of resources and capacities

for a regulatory body governed by midwives that establishes midwifery as a distinct profession, the laws or

bylaws defining minimum educational requirements, entry to practice, title protection, and scope-of-practice,

as well as the regulation of continuing professional development (Kreutzberg et al., 2019). The WHO rec-
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ognizes regulation as a priority, emphasizing that regulations establish mechanisms and standards that define

the roles of health professionals with flexibility to adapt to complex and evolving health contexts (Nkowane

& Wheeler, 2014).

Midwifery regulation specifically refers to the set of criteria and processes arising from legislation that

identify who is and is not a midwife and describe the scope of midwifery practice (International Confederation

of Midwives [ICM], 2011). Regulation aims to support midwives in working autonomously within their full

scope of practice, thereby improving standards of maternity care and maternal and newborn health outcomes.

Common regulatory issues include duplication of roles at national and sub-national levels, unclear scopes of

work, or non-standard registration requirements (Filby et al., 2016).

The regulatory environment comprises the existence (or absence) of a midwifery-specific regulatory body

and its subsequent authority and ability to regulate midwifery education and qualification, licensure and reg-

istration, and scope of practice and conduct (Kennedy, 2018; Jefferson, 2021; Kreutzberg, 2019; ICM, 2011).

A strong midwifery regulatory environment differentiates midwifery as a distinct profession and includes a

midwifery-specific regulatory body with midwifery leadership, though a separate midwifery regulation track

within a nursing board or council may suffice. Separate midwifery regulatory structures and processes are

essential for enabling autonomous midwifery practice and ensuring midwifery standards are applied, both of

which critical for providing high-quality midwifery care to mothers and babies (ICM, 2011). The regulatory

body must be empowered with statutory powers and able to effectively implement activities across the fol-

lowing domains derived from ICM (2011) and supported by research from Kennedy (2018), Jefferson (2021),

and Kreutzberg (2019):

• Education and Qualification, through setting of standards for education, curricula, and, occasionally,

accreditation of educational institutions. This area is largely focused on developing competence neces-

sary for practice.

• Licensure, through development and enforcement of criteria, standards, and processes for initial entry

to practice.

• Registration/Re-Licensure, through setting of continuing medical education requirements or other demon-

stration of continued competence to practice and maintenance of an up-to-date database of midwives

including their registration/licensure status. This may include credentialing continuing medical educa-

tion. This area is focused on maintaining competence to ensure a qualified workforce, but has important

implications for workforce planning and consumer transparency.

• Scope and conduct of practice, through clear definition of a scope of practice of a midwife consistent
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with ICM’s definition of a midwife and maintenance of mechanisms for complaints and disciplinary

action.

A weak regulatory environment exists when some or all of these regulatory activities and mechanisms are

absent, sub-functional, or non-functional.

Despite the global emphasis on investing in midwifery, there is limited guidance on specific areas to

invest in for maximizing returns. Midwifery regulation emerges as a potential target for investment because

it has the potential to address both quality and access issues (by addressing midwifery density). However,

the relationship between the midwifery regulatory environment and maternal health outcomes has not been

well-described. Vedam et al. (2018) demonstrated that, in the United States, jurisdictions with regulations

supporting the integration of midwives into the health system (specifically autonomy in full scope of practice

and interprofessional collaboration) had improved perinatal outcomes compared to those with less integration.

However, examining the impact of variations in midwifery regulation and integration on maternal health

outcomes across countries has been challenging. This lack of clarity has resulted in insufficient, inconsistent,

and unconfident investment in midwifery regulation by policymakers (Lopes et al., 2016; UNFPA et al.,

2021a). Further research examining the relationship between regulatory environments and maternal health

outcomes is necessary.

1.2 Purpose of Study, Specific Aims, and Hypothesis

The purpose of my dissertation was to systematically evaluate the relationship between country-level mid-

wifery regulatory environments and maternal health outcomes. I hypothesized that countries with strong

midwifery regulatory environments would have higher densities of midwives and improved quality of care,

resulting in better maternal health outcomes. Conversely, I hypothesized that countries with weak regulatory

environments would have lower densities of midwives and diminished care quality, leading to suboptimal

maternal health outcomes. My dissertation resulted in three manuscripts related to this hypothesis.

• Manuscript 1: My aim with this study was to use responses from the Global Midwives’ Associa-

tions Map Survey to develop a composite index, the Midwifery Regulatory Environment (MRE) Index,

that represents the midwifery regulatory environment in countries that participated in the survey. Our

manuscript detailed the process of using model fit and performance to determine which scoring method

should be used to develop the MRE Index, both to lay the statistical groundwork for the following

manuscripts and to demonstrate the value and processes of statistical modeling approaches to other

global health researchers using composite scores as part of secondary data analysis.

• Manuscript 2: My aim with this study was to evaluate the relationship between midwifery regulatory
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environments and midwifery workforce density in ICM member countries, addressing a critical gap in

the literature. We hypothesized that countries with stronger midwifery regulatory environments will

have higher densities of midwives per 100,000 population.

• Manuscript 3: My aim with this study was to explore the relationship between midwifery regulation and

maternal mortality, providing preliminary evidence that policymakers can use to assess the importance

of investing in midwifery regulation as a strategy for eliminating preventable maternal deaths. We

hypothesized that countries with stronger regulatory environments as indicated by a higher MRE Index

would have lower MMRs.

The long-term goal of this research is to provide policymakers in LMICs with specific and actionable

evidence that supports investment in midwifery regulatory structures as part of holistic strategies to improve

maternal health outcomes.

1.3 Scientific Premise

Given the significant need and limited funds for addressing maternal health in LMICs, it is crucial to iden-

tify specific interventions that enhance both the density of midwives and the quality of midwifery services.

The scientific premise for this dissertation is that regulatory mechanisms are essential for improving both

the density and quality of care provided by midwives, which are critical for improving maternal health out-

comes. For midwifery care to effectively reduce maternal morbidity and mortality in a country, investment

in the midwifery regulatory environment must occur prior to or concurrently with other initiatives aimed at

expanding and enhancing midwifery care. A strong regulatory environment enhances the density and qual-

ity of midwives by establishing and enforcing the scope of practice, standards for entering and continuing

practice, complaints and discipline procedures, and a code of conduct and ethics. The elements collectively

enable midwives to practice autonomously at their full scope while being supported through integration into

health systems, facilitating strong interprofessional collaborations. The Theoretical Framework in Figure 1.2

demonstrates these relationships.

1.4 Theoretical Framework

The midwifery workforce is hypothesized to have the potential to transform maternal health outcomes.

Achieving this will require significant investment across various areas, with improvements to the regulatory

environment being a critical and manageable step toward establishing a strong midwifery workforce capable

of achieving the desired outcomes. The left side of the framework outlines key regulatory aspects, drawing

from ICM’s Global Standards for Midwifery Regulation (2011) and Kennedy et al.’s (2018) model midwifery
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Figure 1.2: Theoretical Framework on Effect of Regulatory Environment on Maternal Health Outcomes

regulation consensus document. The right side of the framework is informed by various sources, including

CMQCC (2023) and Vedam et al. (2018) for the integration variable, along with substantial evidence linking

density, quality of care, and maternal health outcomes.

The model posits that the regulatory environment (the independent variable) impacts maternal health

outcomes (the dependent variable) mediated by its effects on the density of midwives (mediating variable

one) and the quality of care provided by midwives (mediating variable two). The relationship between the

independent variable and mediating variables is itself mediated by integration, an unmeasured variable in this

dissertation due to the complexities of its measurement.

1.5 Literature Review

1.5.1 Evidence for Investments in Midwifery

There is substantial evidence supporting the positive effect of midwifery on maternal health outcomes. In

LMICs, this evidence often focuses on the ability of midwives to deliver globally identified essential, life-

saving, high-impact interventions, as outlined in the Global Strategy for Women’s Children’s, and Adoles-

cent’s Health (WHO, 2018) and ICM’s essential midwifery competencies (ICM, 2011). These interventions

span the reproductive lifespan, including preconception (e.g., provision of modern contraceptive methods),

early pregnancy (e.g., post-abortion care, ectopic pregnancy management), antenatal (e.g., tetanus toxoid

vaccination, hypertension screening and management, malaria and diabetes screening and management), in-
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trapartum (e.g., parenteral administration of anti-convulsants, uterotonics, and antibiotics, manual removal of

placenta), and postpartum (e.g., breastfeeding promotion) periods.

Nove et al. (2021) used the Lives Saved Tool (LiST) to model the impact of increased coverage of

essential midwife-delivered interventions on maternal deaths in the 88 countries where the majority of global

maternal mortality occurs. They found that even a modest increase in coverage (10 percent in 5 years) could

avert 22 percent of maternal deaths, 23 percent of neonatal deaths, and 14 percent of stillbirths, potentially

saving 1.3 million deaths annually by 2035 (Nove et al., 2021). Universal coverage of these interventions

could avert 67 percent of maternal deaths, 64 percent of neonatal deaths, and 65 percent of stillbirths, resulting

in 4.3 million lives saved annually by 2035 (Nove et al., 2021). This study built on a 2014 study that used

LiST modeling, demonstrating similar results in 78 LMICs (Homer et al., 2014).

In addition to interventions midwives are able to provide, midwifery itself offers benefits, particularly

when midwives lead interprofessional care teams. Research has shown that midwifery care can reduce neona-

tal deaths, preterm births, episiotomies, and instrumental births while increasing spontaneous vaginal births

and women’s satisfaction, all without raising the risk of harm (Sandall et al., 2016). Interestingly, some ev-

idence of midwifery’s benefits comes from countries without a midwifery cadre. India, China, and Brazil,

which collectively account for 35 percent of births globally, have excluded or marginalized midwives while

heavily promoting institutional births, typically attended by obstetricians and staff nurses (Van Lerberghe

et al., 2014). Brazil and China have some of the highest cesarean birth rates in the world, and India has a

high maternal mortality rate not proportionate with its economic growth. While a direct causal relationship

cannot be established, Renfrew et al. (2014a) suggest these outcomes stem from a lack of the “balancing

effect” midwifery care provides, which helps counteract unnecessary and potentially harmful interventions.

Notably, Brazil, China, and India are currently in the process of reintroducing midwifery.

1.5.2 The Complex Interplay of Density and Quality in Determining Outcomes

Since 1994, the “Three Delays” model has been widely used to understand why women continue to die in

childbirth despite the existence of health care solutions. The model identifies three types of delay: first, a

delay in recognizing a need for healthcare; second, a delay in actually reaching healthcare facilities; and

third, a delay in receiving appropriate services once healthcare is reached (Thaddeus & Maine, 1994). Health

service interventions primarily target the second and third delays by improving access to care and quality

of care, respectively. It follows that midwifery outcomes are driven by two key factors: the availability

or physical presence of a midwife capable of providing needed services (reflected in this study as midwife

density) and the quality of care provided by the midwife (Filby et al., 2016).
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1.5.3 Role of Regulation in Density of Midwives and Quality of Care Provided by Midwives

Barriers to providing high-quality care, stemming from the weak health systems of many LMICs, have been

well-defined and include education, training, licensure, and regulation within the midwifery profession (Ren-

frew et al., 2014a; Filby et al., 2016). Nove et al. (2018) specifically emphasized that investing in the

regulation of midwives is necessary to unlock their “full life-saving potential,” enabling them to work at their

full scope and to do so at high-quality. Regulation of a profession brings about credibility, accountability, and

standardization by establishing clear standards for the role itself, as well as the required training, experience,

and expertise (Thiessen et al., 2016). This has significant impacts on the desirability of the profession (i.e., the

number of people choosing to enter and remain in the profession) and the quality of services that midwives

can provide. While the collective benefits of midwifery regulation are likely derived from different domains,

there is limited research on the overall impact of these combined benefits, let alone the specific contributions

of individual domains. However, the available information regarding the effect of specific regulatory domains

on midwife density and care quality is discussed below, noting that there is considerable overlap between the

domains.

1.5.3.1 Overarching Policy and Legislation

An independent authority with the statutory powers to regulate midwives is critical for density and qual-

ity. Autonomy begins with the capacity for self-regulation. Mattison et al. (2021) discovered that when

decision-makers within healthcare systems did not perceive midwifery as an autonomous profession, partic-

ularly without distinct regulatory bodies, midwifery tended to disappear from political agendas. This had

significant downstream effects, preventing the integration of midwives into the healthcare system. Addition-

ally, as some of the benefits of midwifery stem from its philosophical and holistic practices, it is imperative to

have midwives as the majority members of the regulatory body and be led by a midwife. This arrangement not

only promotes autonomy but also ensures the protection of midwifery practices and care models (Kennedy et

al., 2018). In their review of gaps in maternal health research, Kendall & Langer (2015) noted a widespread

sentiment among respondents regarding the need to “transform power relationships within institutions and

between groups of healthcare providers.” One interviewee even remarked that such transformation would

require “profound changes in...how the actors in institutions relate to each other.” Autonomous regulation

represents a critical component of transforming these relationships.

1.5.3.2 Education and Qualification

Increasing evidence indicates that a consistent barrier to providing quality midwifery care is inadequate ed-

ucation, often limited to a matter of weeks, lacking both qualified faculty and practical application (WHO,
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2017a). There are potential links between poor education, substandard clinical care, and mistreatment of

women in healthcare facilities (WHO, 2017a). Standardizing education requirements for midwives is neces-

sary for preparing them for their scope of practice and building professional credibility by demonstrating that

midwives are educated to a minimum standard. Aligning these requirements with international norms and

standards further strengthens their credibility.

1.5.3.3 Licensure

While acknowledging the challenge of defining accountability, Goeschel (2011) notes that regulatory bodies

have the critical role of licensing caregivers who possess the necessary knowledge and skills to understand

and competently perform their roles. This forms the basis of integrated team-based accountability for quality

of care because, “at its most general, accountability is about individuals who are responsible for a set of

activities and for explaining or answering for their actions” (Emanuel & Emanuel, 1996). In other words,

establishing clear expectations through regulation provides a framework for integrated teams to hold each

other accountable across complex health systems, thereby promoting further integration.

1.5.3.4 Registration/Re-Licensure

Attracting sufficient numbers of candidates to midwifery and retaining them once trained has been a challenge

for many countries (Berman et al., 2016; Louazi et al., 2022). The geographical distribution of midwives is

also a persistent issue, with rural areas being chronically underserved (Saralegui-Gainza et al., 2021). Without

strong registration systems, many countries cannot accurately identify the number of midwives they have,

their locations, and whether they are actively working or retired. This complicates planning for the number

of additional health workers needed to meet the population’s needs and determining where these workers

should be deployed.

1.5.3.5 Scope and Conduct of Practice

Clearly delineating professional scope of work is a major function of regulatory environments (Kennedy,

2018). Issues such as ambiguity in roles, limitations on autonomy, restricted scope of practice, and lack of

interprofessional respect and collaboration contribute to reduced interest and retention in midwifery practice

and poorer patient outcomes (Filby et al., 2016; Intrahealth et al., 2021). Elwood (2013) observed similar

challenges among allied health workers in the US, highlighting how scope of practice controversies can

lead to conflicts between healthcare professionals due to confusion and concerns about overlapping roles or

inadequate clinical preparation. Clearly defined scopes of practice can mitigate these challenges. Regulation

of scope of practice also brings credibility, a critical factor for the midwifery profession which is often
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besieged by stereotypes and misconceptions about its professional scope, which have weakened its overall

reputation (Thiessen et al., 2016).

While midwives are capable of providing most life-saving interventions when they have autonomy and

full scope of practice, there are certain critical interventions, such as performing cesarean births, that are

beyond their scope. Scope of practice not only delineates what a midwife can do but also sets the stage for

scenarios requiring care beyond their scope. In these cases, interprofessional collaboration becomes essential

to ensure access to necessary interventions and to improve the safety, timeliness, and effectiveness of care,

thereby improving overall quality. Barriers to interprofessional collaboration include disputes over scope of

practice, professional role boundaries, and philosophical differences regarding maternity care (Watkins et al.,

2017). A study in Indonesia revealed that seven out of 30 maternal deaths were related to poor communica-

tion between midwives at the primary level and physicians at the tertiary level (Mahmoud et al., 2018). Clear

scopes of work that foster strong interprofessional collaboration offers benefits beyond expanding access to

a comprehensive range of services. They can also help attract and retain health workers, which is vital in

countries where health workers are in short supply (Soewondo et al., 2022; Belaid et al., 2017). A qualitative

systematic review by Okello & Gilson (2015), which included studies from 23 LMICs, found that workplace

relationships based on trust contribute to social interactions and cooperation among healthcare workers. The

relationships positively impact the intrinsic motivation of healthcare workers and influence retention, per-

formance, and quality of care. Additionally, evidence suggests that when midwives practice autonomously,

they experience increased occupational satisfaction, improved professional identity, greater autonomy, and

reduced burnout (West et al., 2020; Fenwick et al., 2018; Homer et al., 2016).

The credibility of the midwifery profession is further strengthened by ensuring there are consequences

for poor practice (Butler et al., 2006). Providing mechanisms for consumers and stakeholders to register

concerns and complaints is crucial for protecting public health (Kennedy et al., 2018). Strong regulatory

bodies are essential for developing and enforcing ethics, codes of conduct, and complaint mechanisms.

1.5.4 Existing Evidence for Regulatory Interventions

There is a growing body of evidence supporting the strategy of investing in regulatory efforts. Gross et al.

(2018) assessed the impact of technical assistance and funding from the African Health Regulatory Collab-

orative, which were provided to country teams of nursing and midwifery leaders to improve national HIV

service delivery regulations. Their study revealed significant increases in leadership, collaboration, and or-

ganizational capacity, along with improvements in national nursing regulations. They suggest that these

regulatory improvements facilitated nurse- and midwifery-initiated and managed treatment for people with

HIV, although they did not directly evaluate clinical outcomes or establish a causal relationship.
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McCarthy et al. (2013) noted that as the roles of nursing and midwifery expand, so does the need for

regulation, a viewpoint widely recognized by key stakeholders in an African context. However, they also

found marked discrepancies between regulation, practice, and education, highlighting insufficient capacity at

the nursing and midwifery council level as a barrier to regulatory progress. They recommend strengthening

the capacity of regulatory councils as an essential first step towards regulatory reform, and advocate for lever-

aging global initiatives and data supporting the expanded roles of nurses and midwives to drive regulatory

advancements. Similarly, the Countdown Working Group on Health Policy and Health Systems (Cavagnero et

al., 2008) emphasized the necessity of strong global and national commitment, adequate financial resources,

and intensive technical support to reduce the gap between maternal health policy and implementation. They

suggest that improved understanding of the effect of midwifery regulatory measures can contribute to ad-

dressing this gap.

1.5.5 Effects of Investment in Midwifery Without Attention to Regulation

Until the mid-2010s, most maternal health investment primarily centered on improving physical access, lead-

ing to significant expansions of the midwifery workforce in countries like Indonesia and Nigeria, as previ-

ously discussed (Shankar et al., 2008: Abimbola et al., 2012; Kruk et al., 2018). However, a post-expansion

evaluation in Indonesia by the Joint Committee on Reducing Maternal and Neonatal Mortality (2013) found

that efforts to increase the midwifery workforce must be preceded or accompanied by improvements in the

regulatory environment to achieve meaningful and sustainable outcomes. Adegoke et al. (2015) evaluated

the job satisfaction of midwives in Nigeria’s Midwife Service Scheme and found poor retention rates due

to factors such as a lack of career structure and inadequate supervision. They suggested that enhancing job

satisfaction could improve retention rates and, in turn, maternal health outcomes, underscoring the necessity

of first updating regulations at a system level.

There is evidence that initial investment in regulatory environments yields significant improvements in

maternal health outcomes. The 2021 State of the World’s Midwifery (SoWMy) report highlights several

country examples where substantial investments in midwifery across various regulatory domains, including

education, training, regulation, and working environment, led to reductions in MMRs in both high-income

and LMIC settings. Examples include Cambodia, which saw a reduction in MMR from 488 deaths per

100,000 live births in 2000 to 160 per 100,000 in 2017, and the Netherlands, which reduced its MMR from

13 per 100,000 live births in 2000 to 5 per 100,000 in 2017) (UNFPA, 2021).
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1.6 Innovation

Kendall & Langer (2015) identified the health workforce as a crucial issue in maternal health that has received

inadequate research attention, with midwifery being no exception. Despite evidence demonstrating compara-

ble or improved outcomes with midwifery care and indications of midwifery as a cost-effective intervention,

policymakers still grapple with how to strategically invest in midwifery to achieve the full benefits from the

care it provides. There is a notable gap in the literature regarding the relationship between midwifery regu-

latory environments and maternal health outcomes in LMICs, a gap that this dissertation addresses. While

important work has outlined critical components of midwifery regulation, there has been limited research

on the impact of these components on maternal health outcomes. This limitation reduces the practical ap-

plicability of stronger midwifery regulation for policymakers. Additional evidence is needed to guide and

justify investments in transformative regulatory initiatives, particularly in establishing links between regu-

latory efforts and outcomes. However, acquiring this evidence presents challenges. Van Lerberghe et al.

(2014) noted the scarcity of documentation of system-level interventions, limiting the ability to make in-

ferences about the contributions of specific health system efforts and requiring careful triangulation in such

attempts. Additionally, much of the research related to midwifery is dependent on process or proxy indicators

of care quality, which may not always translate into actual improvements in care quality or outcomes. This

challenge is partly due to the large sample sizes required to detect changes in obstetric complications and

pregnancy-related deaths, given their relative rarity, and limited funding. Consequently, many studies either

do not attempt to evaluate or fail to achieve improvements in actual maternal health outcome measures such

as reduced rates of postpartum hemorrhage, eclampsia, and sepsis (e.g., Egenberg et al., 2017; Agha et al.,

2004; Molina et al., 2020; Nababan et al., 2017).

This study is innovative in that it looks beyond simply identifying barriers to care and instead uses out-

comes indicators to directly link actionable steps that policymakers can invest in at the systems level to

improve maternal health outcomes. It accomplishes this by exclusively leveraging publicly available global

datasets. Building on the foundational methodology used by Vedam et al. (2018) in their research linking

regulatory environments in U.S. states to the integration of midwives into healthcare systems and perinatal

outcomes, this dissertation advances this innovative approach on an international scale. Another unique fea-

ture of this dissertation is its inclusive approach, which, while targeting policymakers in LMICs, incorporates

data from both LMICs and high-income countries to enhance examination of relationships.

Another, even broader, innovative aspect of this dissertation is its use of statistical techniques to assess

model fit and performance, as opposed to defaulting to a basic point summation or a complex consensus

process such as a Delphi/modified Delphi approach, to determine how data should be scored and weighed to
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create composite measures. Demonstrating the feasibility and accessibility of this approach is a significant

contribution to secondary data analysis in global health. This is particularly relevant in addressing com-

plex health system issues that often require the development of composite measures to effectively leverage

secondary data.
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CHAPTER 2

Manuscript 1: Development of a Midwifery Regulatory Index Using Data from the Global Midwives’

Associations Map Survey

2.1 Background

The 2014 Lancet Series on Midwifery provided a comprehensive review of the role and potential contributions

of midwives, strengthening the evidence for the broader use of midwives as an essential and cost-efficient

strategy for improving maternal health outcomes (Renfrew et al., 2014b). Modeling studies indicate that uni-

versal coverage of a set of life-saving high-impact interventions, including family planning, preconception,

antepartum, intrapartum, and postpartum care, that can be delivered by midwives could prevent 67 percent

of all maternal deaths (Nove et al., 2021). However, the midwifery workforce faces numerous obstacles in

many countries, hindering their capacity to achieve this end. These barriers include unclear roles, inconsis-

tent or limited scopes of practice, absent or limited continuing professional development programs, varying

educational and clinical standards for entry to practice, and weak licensure and registration authorities and

systems (Filby et al., 2016).

Strengthening midwifery regulation has been proposed by policymakers as a means of overcoming ex-

isting barriers and improving maternal health care in LMICs (Lopes et al., 2016). Healthcare professional

regulation establishes mechanisms and standards that define the roles of different healthcare professional

groups (Nkowane & Wheeler, 2014). Midwifery regulation, specifically, refers to the legislation and resultant

criteria and procedures that determine the qualifications of midwives, delineate their scope of practice, and

differentiate them from non-midwives (ICM, 2011). Regulation is intended to support midwives to work au-

tonomously within their full scope of practice to assure standards of maternity care and maternal and newborn

health outcomes, and is a priority component of addressing health workforce challenges (WHO, 2013). There

are five major domains of midwifery regulation: overarching regulatory policy and legislation, education and

qualification, licensure, registration/re-licensure, and scope and conduct of practice (ICM, 2011;,Kennedy et

al., 2018; Jefferson et al., 2021; Kreutzberg et al., 2019). A strong midwifery regulatory environment is one

wherein the profession is recognized to be a distinct profession under legislation, having its own regulatory

body or track within a broader regulatory body. This regulatory body must have statutory authority and be

capable of implementing and overseeing activities across the major domains of regulation (1) to ensure pre-

scribed educational standards are met by all midwives; (2) to establish and maintain transparent standards and

processes for entering and remaining in practice; (3) to ensure the defined midwifery scope of practice aligns
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with the ICM definition of a midwife; and, (4) to establish transparent procedures for addressing complaints

and to administer discipline, as needed (ICM, 2011;,Kennedy et al., 2018; Jefferson et al., 2021; Kreutzberg

et al., 2019). A weak regulatory environment is one where most or all of these structures, mechanisms, and/or

activities are absent, curtailed, or non-functional.

Despite delineation of the components and functions of midwifery regulation (ICM, 2011;,Kennedy et al.,

2018; Jefferson et al., 2021; Kreutzberg et al., 2019), few attempts have been made to measure and quantify

regulatory environments in a consistent way across countries. Additionally, there is a lack of research regard-

ing the influence of regulatory environments on maternal health outcomes that limits actionability toward

ICM and WHO calls for improved midwifery regulation. This underscores the importance for additional

research to inform and justify investments in transformative regulatory initiatives, particularly research that

establishes a clear link between regulatory efforts and measurable outcomes.

The Global Midwives’ Associations Map Survey is a high-quality dataset available to the public, contain-

ing information on midwifery associations, education, leadership, and regulation across more than a hundred

countries (ICM, 2019a). This is a crucial resource for research on global midwifery regulation. When paired

with other aggregated databases such as the Global Health Data Exchange (GHDx) (GHDx, 2024) and WHO

Global Health Observatory (WHO, 2024b), datasets like the Global Midwives’ Association Map Survey en-

able research teams to cost-effectively explore new questions using existing, high-quality data from diverse

national and global sources (Cheng et al., 2014; Wickham, 2019). Analyzing secondary data is a widely

recognized method for developing evidence required in global health initiatives, policymaking, and invest-

ments. For example, use of Demographic Health Survey data was instrumental in recommending future

funding allocation for marginalized groups in Nigeria to achieve universal maternal health coverage (Mafiana

et al., 2022). Similarly, examining maternal death audit data has helped identify obstacles to implementing

postpartum hemorrhage recommendations in Kenya (Ameh et al., 2022).

Maximizing the usefulness of existing datasets frequently requires aggregating two or more variables

that represent multiple dimensions of a particular domain or construct into a unified composite measure in

order to effectively capture complex health system and service delivery contexts (Wickham, 2019). This

can increase reliability by decreasing reliance on a single indicator (Kara et al., 2022). However, given the

potential impact on policy and programming decision-making, researchers must be conscientious in defining

and operationalizing health system components to prevent oversimplification or misrepresentation in com-

posite scores (Kara et al., 2022). Given this, a prerequisite step before using data from the Global Midwives’

Associations Map Survey to evaluate the relationship between midwifery regulatory environments and ma-

ternal health outcomes is to aggregate responses from regulatory-focused survey questions into a composite

regulatory measure that encompasses the five regulatory domains. Our primary aim with this study is to use
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responses from the Global Midwives’ Associations Map Survey to develop a composite index that represents

the midwifery regulatory environment in the countries that participated in the survey.

2.2 Methods

We conducted secondary data analysis on the multi-country Global Midwives’ Associations Map Survey

dataset, which includes questions associated with the regulatory aspects of midwifery. The ICM, in charge

of administering the survey, derived the regulatory section from their Global Standards for Midwives (ICM,

2011), which were established through expert consensus by a multi-member ICM-appointed taskforce with

input from regulators and ICM member associations (UNFPA et al., 2021b). We identified five different char-

acterizations of scoring regulatory indicators to create a composite score we called the ‘Midwifery Regulatory

Environment (MRE) Index’. We assessed model fit and performance in prediction of outcomes for each of the

five characterizations to determine the most appropriate characterization for use in evaluating relationships

between the MRE Index and maternal health outcomes in future research. This study was approved by the

Vanderbilt University Medical Center Institutional Review Board.

2.2.1 Conceptual Framework

Before analysis, we developed a conceptual framework depicting the essential MRE domains from the ICM

Global Standards for Regulation (ICM, 2011) (i.e., overarching regulatory policy and legislation; education

and qualification; licensure; registration/re-licensure; and scope and conduct of practice) and their key com-

ponents as described by several research teams (Kennedy et al., 2018; Jefferson et al., 2021; Kreutzberg et

al., 2019) (Figure 1.1). This framework posits that MRE impacts the highest-level maternal health outcomes

such as maternal death (measured by MMR), mediated by the extent to which midwives are integrated into

the health system. Integration of midwives is operationalized as (1) the density of midwives (a proximal

indicator for access to midwifery care), and (2) the quality of care provided by midwives (including high-

level indicators such as LBW prevalence and stillbirth rate) (Miller Belizan, 2015; Hug et al., 2021). This

framework guided components included in MRE Index characterization and variable selection in modeling

MRE scoring characterization performance.

2.2.2 Data Sources and Variables

The Global Midwives’ Associations Map Survey was developed by ICM and UNFPA and sent to all 142

ICM member associations in October of 2019 (19). Countries with no ICM member association were invited

to participate through UNFPA and WHO regional offices. The survey included four sub-surveys: associa-

tion, education, leadership data, and regulation and was available in English, Russian, Spanish, and French.

19



Integration of Midwives into Health Systems

Density of midwives

Regulatory Environment 

Quality of care 
provided by midwives

Maternal Health Outcomes
· Standards for 
education and 
clinical training, 
practice, and 
conduct
· Accreditation 
of midwifery 
education 
programs and 
institutions

Scope and 
Conduct of 

Practice

Registration
/Relicensure

Licensure

Overarching Regulatory Policy/Legislation

Regulatory Authority designated

Education 
and 

Qualification

Differentiation of 
midwifery and 

nursing

Legislation of a midwifery 
regulation system

Regulation

·Criteria, 
standards, and 
processes for 
initial midwifery 
licensure and/or 
licensure 
renewal
·Demonstrations 
of continuing 
competency

· Workforce 
planning
· Consumer 
Transparency

Interprofessional CollaborationAbility to function autonomously 
at full scope of practice

· Defined 
scope of 
practice 
consistent 
with ICM 
definition
· Mechanisms 
for 
complaints/ 
disciplinary 
action

Figure 2.1: Conceptual Framework

Respondents were country midwifery associations, with support from the UNFPA Country Office and rele-

vant government authorities/organization, and data validation was conducted by an analysis team contracted

by ICM and country government officials (UNFPA et al., 2021b). One hundred-fifteen member countries

submitted responses to the regulatory subsection.

For our dependent variables, we used publicly available data from the United Nations Maternal Mortality

Estimation Inter-Agency Group (MMEIG) for a country’s MMR, defined as the number of female deaths

from any cause related to pregnancy or its management, excluding accidental causes, per 100,000 live births

in a given year (WHO, 2023). The UNICEF and WHO low birthweight (LBW) database provided data for the

LBW prevalence outcome, defined as the percentage of newborns at birth that weight less than 2,500 grams

regardless of gestational age (UNICEF & WHO, 2019). We used United Nations Inter-Agency Group for

Child Mortality Estimation Core Stillbirth Estimation Group for the stillbirth outcome, defined as the number

of babies born without signs of life at or after 28 weeks of gestation, per 1,000 live births (United Nations

Inter-Agency Group for Child Mortality Estimation Core Stillbirth Estimation Group, 2022). Each dependent

variable was treated as continuous, and transformations were undertaken when necessary. We incorporated

the same set of four covariates in all models to adjust for economic and socioeconomic variations between

countries. We obtained covariate data for our modeling from several publicly available datasets, including

the United Nation Development Program’s (UNDP) Human Development Index (HDI) (UNDP, 2022) and

WHO’s Global Health Expenditure (WHO, 2024c) databases, as well as the World Bank’s income group
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(World Bank, 2024a) and Gini index (World Bank, 2024b) databases. Two of these covariates (country health

spending and the Gini index, which measures income inequality) were continuous variables. The other two

covariates, HDI and income group, were categorical with four categories each.

2.2.3 Alignment of Data with Conceptual Framework

The regulatory subsection of the Global Midwives’ Associations Map Survey consists of 38 questions iden-

tified by ICM and the State of the World’s Midwifery Core Group (ICM, 2019a). We began by selecting

questions appropriate for inclusion as items in the MRE Index. Of the 38 regulatory subsection questions,

eight were excluded because they were open-ended and asked for free-text information (e.g., the source of

or link to data provided in another question), and another eight were excluded as they did not directly relate

to at least one regulatory domain (e.g., number of non-practicing midwives). We consolidated five questions

on individual components of family planning scope of practice into one family planning scope of practice

item. Likewise, we consolidated seven questions on individual components of basic emergency obstetric and

newborn care (BEmONC) into a specific BEmONC scope of practice item. Nine of the original regulatory

subsection questions were included without change and a final question about the frequency or re-licensure

(question RS17) was included after answer free-text options were re-coded into a yes/no format (i.e., “Never”

or “0” coded as no, all other numeric answers coded as yes). This resulted in a total of 12 items representing

22 questions to be used in composite MRE Index development (Table 2.1).

Next, we associated each item with its respective regulatory domain, i.e., overarching regulatory policy

and legislation; education and qualification; licensure; registration/re-licensure; scope and conduct of prac-

tice (Table 2.1). Since there were no education and qualification-domain related questions in the regulatory

subsection, we included a question about the national curriculum for midwifery education from the education

subsection of the survey for incorporation into the composite MRE Index (ICM, 2019a). The final set of 13

items (12 from the regulatory sub-section and 1 from the education sub-section) are listed in Table 2.1.

2.2.4 Data Screening and Analysis

One hundred fifteen countries (80 percent of the 142 member countries) provided complete responses in the

regulatory subsection of the Global Midwives’ Associations Survey as well as a complete response to the

education subsection question, allowing for computation of composite MRE Index using each of the five

characterizations described below. We excluded nine countries with missing data for one or more covariates

(i.e., Health Spending, Gini Index, HDI, and/or income group) from analyses. MMR data were missing for

three countries, while stillbirth rate data and LBW prevalence data were missing for three and fourteen coun-

tries, respectively. Therefore, we were able to assess MRE model fit and performance using 103 countries
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Table 2.1: ICM Global Midwives’ Associations Map Survey Questions Included in Composite MRE Index
Development

Item ICM Question
Number

Question Answer Choices Assigned
Domain

1 Regulation
Sub-Survey

(RS) 3

Is there legislation in your country which
recognizes midwifery as a profession that

is distinct from nursing?

Y/N Overarching

2 RS4 Is there legislation through which
midwives are regulated?

Y/N Overarching

3 RS6 Is there a regulation system for midwives
in your country?

Y/N Overarching

4 RS12 If the regulatory authority regulates
midwives and other professions, are there

separate and distinct policies and
processes?

Y/N Overarching

5 RS15 Is there a system for licensing midwives? Y/N Licensure
6 RS16 Is licensing compulsory before midwives

start to practice in the country?
Y/N Licensure

7 RS17 Are midwives required to relicense in order
to practice?*

Y/N Licensure

8 RS18 As a condition of re-licensing, are
midwives required to provide evidence that

they have participated in continuing
professional development activities?

Y/N Licensure

9 RS20 Is registration required to practice
midwifery in the country?

Y/N Registration/
Re-licensure

10 RS21 How often does this organization update
the register to add new midwives or

remove those who have left the profession?

Daily/ Monthly/
Several times a
year/ Annually/
Less Often**

Registration/
Re-licensure

11 RS27-RS33 Are midwives authorized to provide this
BEmONC function: parenteral

administration of antibiotics/administration
of anticonvulsants/administration of

oxytocics/manual removal of
placenta/manual vacuum aspiration for
retained products/assisted instrumental
delivery by vacuum extractor/newborn

resuscitation with mask

Y/N Scope and
Conduct of

Practice

12 RS34-RS38 Are midwives authorized to provide:
contraceptive injection/contraceptive

pill/intrauterine device/emergency
contraception (morning after
pill)/contraceptive implant

Y/N Scope and
Conduct of

Practice

13 Education
Sub-Survey

(ES) 4

Does your country have a national
curriculum for midwifery education,

whether is direct entry or post-nursing?

Yes, and all
schools follow it
/Yes, and some
schools follow

it/No***

Scope and
Conduct of

Practice

*Question rewritten and recoded from free-text question “ How often are midwives required to relicense in order to
practice (in years)?” **Scoring assigned as Daily = 4; Monthly = 3; Several times a year = 2; Annually = 1; Less Often

= 0. ***Scoring assigned as Yes, and all schools follow it = 2; Yes, and some schools follow it = 1; No = 0.
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with complete MMR and stillbirth rate data and using 92 countries with complete LBW prevalence data.

MMR and Health Spending did not meet assumptions of normalcy required for analysis. We performed sev-

eral inverse square root transformations and selected the ones that most effectively reduced skewness and

kurtosis. We used the open-source statistical platform R for data analysis (R Core Team, 2013).

2.2.5 MRE Index Scoring Characterizations

Developing different scoring characterizations for the MRE Index involved ensuring that very weak or very

strong performance on specific elements of the regulatory environment was not masked and deciding how to

group and weight the final set of 13 items contributing to the MRE Index (McDonnell et al., 2023). Addi-

tionally, we needed to determine whether to use a cumulative or multiple individual components model. The

dominant model used in developing composite scores in health research is the cumulative model, in which

components are combined without considering what specific components they are. This addresses how in-

creasing the total number of regulatory activities in a country impacts outcomes, regardless of their specific

activities (LaNoue et al., 2020). This characterization suggests that rather than specific items or domains, it

is an accumulation of events that drives outcomes. It answers the question, “What is the impact of increasing

the number of regulatory items, regardless of which items they were?” (LaNoue et al., 2020)

Several variations of cumulative models are possible to address: 1) how to assign values to individual

components for the nine binary items versus two items encompassing multiple questions and two multi-

answer option items; 2) different answer options across questions; and, 3) non-ordered answer selections

in some cases. This resulted in four scoring characterizations for the MRE Index, shown in Table 2 along

with their interpretations and key considerations. Three characterizations (Any-or-None Scoring; Total Sum

Scoring; and Aggregated Domain Scoring) treat the MRE Index as a continuous variable, resulting in a

single coefficient that describes the expectation of constant change in the outcome as the predictor increases

by one unit. The fourth characterization, Factor Aggregated Domain Scoring, treats the MRE Index as a

categorical variable and generates four separate coefficients to describe the change in outcome as each level of

the categorical predictor is compared to a reference level. We also evaluated a multiple individual components

model in which individual domains are examined independently in relation to outcomes while controlling

for the other domains (i.e., Domain Scored Results). This characterization answers the question, “What is

the impact on the outcome of the occurrence of each specific domain given the presence/absence of other

domains?” (LaNoue et al., 2020)
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Table 2.2: MRE Index Scoring Characterizations

Scoring Type Characterization Score
Range

Interpretation/
Considerations

Cumulative Characterizations
Any-or-None

Scoring
Each of the 13 items comprising the MRE

receives 0 or 1 point. Points assigned are no
(0)/yes (1); for questions with a larger number of
available point values the option is none (0)/any

points (1).

0-13 Avoids the inadvertent
weighting of any of the

multicomponent items by
assigning all questions the

same point value
regardless of answer

choices
Total Sum

Scoring
Items 1-9 receive no (0)/yes (1) (0-9 possible).

Item 10 with 5 answer options receives 0-4
points. Item 11 with 7 questions receives 0 or 1
point for each question (0-7 possible). Item 12
with 5 questions receives 0 or 1 point for each
question (0-5 possible). Item 13 with 3 answer

options receives 0-2 points.

0-27 “Weights” answers for
non-binary items,

assigning point values for
each “yes” answer to

questions in
multi-component items;

Items with more
sub-components/

questions included in them
will contribute more to the

score than single
component/ question items

Aggregated
Domain
Scoring

The 13 items are aggregated into 5 categories
(one for each domain: overarching regulatory

policy and legislation; education and
qualification; licensure, registration/

re-licensure; scope and conduct of practice). A
single point for any item in a category (domain)

component gets a point for the domain.

0-5 Reduces inadvertent
weighting toward domains

with more items versus
domains with fewer items

Factor
Aggregated

Domain
Scoring

The 13 items are aggregated into 5 categories
(one for each domain: overarching regulatory

policy and legislation; education and
qualification; licensure, registration/

re-licensure; scope and conduct of practice). A
single point for any item in a category (domain)

component gets a point for the domain.

0-5 Treats the score as a factor
rather than a continuous

number, which is possible
because of the small score

range; can generate
coefficients to describe the
change in outcome at each

level compared to the
reference level, allowing
each domain to have its
own relationship with
outcomes rather than

assuming a linear
relationship

Multiple Individual Component Characterization
Domain Scored

Results
The 13 items are aggregated in 5 categories (one
for each domain: overarching regulatory policy

and legislation; education and qualification;
licensure, registration/ re-licensure; scope and

conduct of practice). A single point for any item
in a category (domain) component gets a point

for the domain.

0-5 Can produce coefficients
for each event separately

while controlling for other
events in the model; works

well for items which are
very correlated, as

regulatory mechanisms
may be
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Table 2.3: Descriptive Results for All Midwifery Regulatory Environment Models

Outcome MMR* LBW Prevalence** Stillbirth Rate*
Model Type R2 AIC R2 AIC R2 AIC

Cumulative Models
Any-or-None 0.742 580.8731 0.4978 533.4896 0.7804 567.9165
Total Sum 0.7281 586.2821 0.4796 536.7545 0.7715 572.028
Aggregated Domain 0.7441 580.0132 0.4901 534.8806 0.7822 567.0804
Factor Aggregated
Domain

0.7444 581.6721 0.4921 536.2417 0.7781 570.735

Multiple Individual
Components

0.7372 586.2446 0.504 535.7387 0.7749 573.9442

*N=103; **N=92

2.2.6 Model Assessment and Comparisons

Two descriptive statistics for each model were calculated: R2 estimates the total variability explained by the

model and serves as a summary measure of the model’s predictive power. The Akaike Information Criterion

(AIC) assesses how well the model fits the data it was generated from using a log likelihood measure of unex-

plained information (Akaike, 1973). Model fit was the primary metric used to assess the five composite MRE

Index scoring characterizations. The models tested are considered partially non-nested because they used the

same covariates but each characterized the MRE Index differently. Formal guidance on model selection is

rare in empirical literature, with Vuong (1989) and Clarke (2007) being the two widely available tests for

comparing models. We chose to use Clarke’s test due to evidence suggesting it is more effective with smaller

sample sizes (Clarke, 2007; Clarke, 2003). Both Vuong and Clarke first test model distinguishability by cal-

culating the ratio of log likelihoods of the models (Kullback & Leibler, 1951). The Clarke test subsequently

applies a modified paired sign test to assess differences in the log-likelihood for each model being compared,

determining if the difference is greater or less than zero (Clarke, 2003). All possible pairs of models were

compared against each other to gauge their performance relative to each outcome. If the model fit is not sig-

nificantly different according to the Clarke test, a difference in AIC <50 can be used to indicate a substantial

difference, helping select the ‘best fit’ model (Burnham et al., 2004). This criterion can be combined with the

adjusted R2 (predictive performance) to arrive at a final model.

2.3 Results

Descriptive results of the five MRE Index characterizations are presented in Table 2.3. Bolded values reflect

the highest R2 and lowest AIC for each model.

The between-model comparison results are shown in Table 2.4. For the MMR outcome, Clarke’s test

indicated that while both the Any-or-None and Aggregated Domain Scoring models performed better than
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all other models, there was no significant preference between the Any-or-None and Aggregated Domain

models when compared to each other. We next evaluated AIC and R2 to select the best-fit model. Based

on this analysis, the Aggregated Domain Scoring characterization (continuous cumulative) emerged as the

best fit model with a very slightly lower AIC (-0.8599 lower AIC and slightly higher predictive power (0.21

percent higher than Any-or-None). The Aggregated Domain Scoring model was identified as the best-fit

model for the stillbirth outcome as it outperformed other models in all comparisons using Clarke’s test. For

the LBW prevalence outcome, Clarke’s test indicated that the Any-or-None and Aggregated Domain Scoring

models outperformed other models, just as we found with the MMR outcome. Ultimately, the Any-or-None

model emerged as the best fit model with a very small reduction in AIC (-1.391 compared to the Aggregated

Domain model) and a slight increase in predictive power (0.77 percent higher compared to the Aggregated

Domain model). The Multiple Individual Components Model demonstrated the poorest performance across

all outcomes; it was significantly poorer than all alternative models at a p<0.001 level according to Clarke’s

test. Additionally, it had higher AIC values and reduced predictive power compared to most models across

all outcomes. Among the cumulative models, the Total Sum Scoring model performed the poorest for the

stillbirth outcome based on Clarke’s test, while the Factor Aggregated Domain Scoring model was the poorest

performing model for the MMR and LBW prevalence outcomes based on Clarke’s test.

2.4 Discussion

In this research, we developed five characterizations of midwifery regulatory environments in the countries

that participated in the Global Midwives’ Associations Map Survey. We then assessed the fit and perfor-

mance of each model to identify the optimal characterization of the effects of the regulatory environment on

three maternal health-related outcomes (MMR, LBW prevalence rate, and stillbirth rate) in order to have an

operationalized independent variable (the MRE Index) representing the midwifery regulatory environment

construct for future research.

The MRE Index represents a significant step towards better characterization of a construct that represents

the complexity of a multicomponent midwifery regulatory environment. The high predictive power of the

models we tested indicates that the regulatory environment plays a critical role in maternal health outcomes.

This research provides a replicable and transparent methodological process for operationalizing and mea-

suring the MRE. Future research can build on this work by exploring areas such as the impact of the MRE

on midwifery recruitment and retention. Overall, this research underscores the importance of midwifery

regulation, highlighting its significance for policymakers and encouraging investment in this area.
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Table 2.4: Preferred Models for Between-Model Comparison Results for MRE

Outcome Model Any-or-None Total Item
Sum

Aggregated
Domain

Factor
Aggregated

Domain
MMR Total Item Sum Neither - - -

Aggregated
Domain

Neither Aggregated
Domain*

- -

Factor
Aggregated

Domain

Any-or-
None***

Total Item
Sum***

Aggregated
Domain*

-

Multiple
Individual

Components

Any-or-
None***

Total Item
Sum***

Aggregated
Domain***

Factor
Aggregated
Domain***

LBW
Preva-
lence

Total Item Sum Any-or-
None**

- - -

Aggregated
Domain

Neither Aggregated
Domain*

- -

Factor
Aggregated

Domain

Any-or-
None***

Total Item
Sum***

Aggregated
Domain**

-

Multiple
Individual

Components

Any-or-
None***

Total Item
Sum***

Aggregated
Domain***

Factor
Aggregated
Domain***

Stillbirth
Rate

Total Item Sum Any-Or-
None**

-

Aggregated
Domain

Aggregated
Domain*

Aggregated
Domain***

Factor
Aggregated

Domain

Factor
Aggregated
Domain*

Factor
Aggregated
Domain***

Aggregated
Domain***

-

Multiple
Individual

Components

Any-or-
None***

Total Item
Sum***

Aggregated
Domain***

Factor
Aggregated
Domain***

*p<0.05; **p<0.01; ***p<0.001.
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2.4.1 Research Implications

Our study highlights that a commonly used method among researchers when developing scoring systems

(Scherer et al., 2019; Biswas et al., 2022; Bhopal et al., 2019) – simply adding up answers to all questions

– can yield some of the poorest results. This was evident in our Total Sum model, where each question

contributed equally to an additive score without considering the number of questions in each regulatory

domain. Consequently, our Total Sum model disproportionately weighted the scope of practice questions

because they had more components rather than considering their inherent significance. While the impact of

this weighting was somewhat masked by the small number of items in our survey, on a larger scale, a Total

Sum model could significantly inflate scores from multicomponent questions lacking a conceptual basis. An

inaccurate, oversimplified, or suboptimal characterization of a predictor variable has significant implications

given the reliance on evidence-based research for policy and programmatic decision-making (LaNoue et al.,

2020). Incorporating model fit and prediction as standard practice in composite variable development could

enhance the reliability and replicability of conclusions derived from research that uses a composite variable

predictor.

Expert consensus, often achieved through methods like the Delphi process or modified Delphi process,

is a common approach used in developing composite measures. For example, Vedam et al. (2018) used a

four-round modified Delphi process to identify, rank, and weight items to create a Midwifery Integration

Scoring System for assessing midwifery integration in the United States, using regulatory data from multiple

databases. While this process is widely used, it has limitations: it can be time-consuming and lack reliability,

the definition of “consensus” may be ambiguous, and maintaining ongoing expert engagement can be chal-

lenging (Shang, 2023). Importantly, reaching consensus does not guarantee the ‘correct’ answer has been

found; it simply indicates agreement on the importance of certain aspects related to the topic being studied

(Shang, 2023). In an era prioritizing decolonization of global health research, alternative approaches are

valuable, especially considering that researchers in LMICs may not have access to a global body of experts

(Ramani et al., 2023). The ‘model fit and prediction’ approach we present offers an excellent alternative for

developing a composite variable in many scenarios.

Developing composite measures increases the value of secondary data analysis by effectively and effi-

ciently operationalizing complex health system data. This approach is versatile, cost-effective, and applicable

across various outcomes. However, researchers must remain mindful that the methodology used to develop

final composite measures may significantly affect research findings in terms of reliability, validity, and useful-

ness (Kara et al., 2022; National Quality Forum, 2024). Therefore, transparent and replicable approaches are

essential, along with justification of the methods used (Centers for Medicare and Medicaid Services, 2023).
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Our study demonstrates how this methodology can be used to create a composite variable for subsequent use

in studies with significant global health implications and offers a framework for other researchers to undertake

similar processes. When regulatory data is not available for a health profession, these findings demonstrate

the value of routine regulatory data collection and how this data can be used to strengthen regulatory efforts.

2.4.2 Scoring Characterizations and Outcomes

Our results also indicate that different scoring characterizations may be preferred for different outcomes, a

finding that has important implications for interpreting relationships between midwifery regulatory environ-

ment and outcomes. The Aggregated Domain model (which assigns a single point for at least one category in

which action is being taken in each domain) was the best fit for both MMR and stillbirth rate. This suggests

that no single domain is more important than another and that even limited activities within a domain can sig-

nificantly strengthen the regulatory environment. The Aggregated Domain model is relatively straightforward

to understand and calculate, aiding replicability and preventing inadvertent weighting of certain domains due

to some domains having more questions than others. Overall, this model suggests that countries making ef-

forts to address regulation across all domains may achieve better outcomes than those focusing more heavily

on one area while neglecting others. Additional research is needed to confirm how this finding is reflected in

practice across different countries.

The best model fit and performance for the LBW prevalence outcome was the Any-or-None model. This

may be because prevalence of low birth weight is, in many ways, a more complex and multifactorial phe-

nomenon than stillbirth rate and MMR. While intrapartum stillbirths, which account for approximately half of

all stillbirths globally (Lawn et al., 2009) and as much as 75 percent of stillbirths in some countries (Saleem

et al., 2018), and MMR are heavily dependent on care provided during the intrapartum period, birthweight

is already determined by the time a patient presents for intrapartum care, except in cases of premature labor

where skilled care can sometimes delay birth. LBW has multi-factorial such as maternal nutrition before and

during pregnancy, antenatal care attendance, acute (e.g., malaria, syphilis) and chronic maternal health condi-

tions (e.g., hypertension), and lifestyle choices (e.g., smoking) (WHO, 2014). Thus, while LBW prevalence

is a sensitive indicator of maternal health care quality, it indicates the quality of care across the reproductive

lifespan, and the variation in the best fit model may reflect this. Comparing model fit and performance be-

tween fresh stillbirth (no sign of maceration) outcomes, which are more likely related to intrapartum care,

and macerated stillbirth outcomes, which are more likely to have multifactorial antepartum causes similar to

LBW, might provide additional insights into why one midwifery regulatory environment model works better

for intrapartum-focused outcomes and another for antepartum or reproductive lifespan outcomes.
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2.4.3 Limitations

This ensured that differences between models were due to differences in characterization of the MRE Index,

because variation from the covariates remains constant across models. These decisions do affect model out-

comes and how models should be interpreted. Additionally, we did not use a multi-level modeling approach

in this study because of data limitations, and so we are not able to detect differences in the correlates of MMR

that may differ by country. Additional research on this topic would be valuable contribution.

2.5 Conclusions

Midwifery regulation is widely acknowledged as crucial for effective midwifery care, which significantly

impacts maternal health outcomes. Our study demonstrates that using model fit prediction with existing

datasets offers a transparent and accessible approach for developing a Midwifery Regulatory Environment

(MRE) Index with strong predictive power for key maternal health outcomes (MMR, LBW prevalence, and

stillbirth rate). The MRE Index can be a valuable tool for researchers investigating relationships between

regulatory environments, midwifery-related factors, and health outcomes. The broader takeaway from this

study is that global health researchers should consider integrating model fit prediction in developing compos-

ite measures during secondary data analysis. This can enhance the transparency, replicability, and accuracy

of their findings, providing valuable insights for policymakers.
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CHAPTER 3

Manuscript 2: Relationship between Midwifery Density and Midwifery Regulatory Environments in

International Confederation of Midwives Member Countries

3.1 Introduction

The current SRMNAH workforce is insufficient, meeting only 75 percent of the global need for essential

services (UNFPA et al., 2021). This workforce provides care across the reproductive lifespan, including

preconception (e.g., offering modern contraceptive methods), early pregnancy (e.g., post-abortion care, ec-

topic pregnancy management), antenatal (e.g., screening and managing hypertensive disorders, diabetes, and

malaria), intrapartum (e.g., parenteral administration of anticonvulsants, uterotonics, and antibiotics, manual

removal of placenta), and postpartum (e.g., promoting breastfeeding) periods (WHO, 2018). In low-income

countries, only up to 41 percent of the need for these essential services is met (UNFPA et al., 2021).

Midwives are increasingly recognized as a cost-effective means for delivering SRMNAH services that

improve outcomes and reduce preventable maternal and newborn mortality (Nove et al., 2021; Homer, 2016;

Sandall et al., 2016), yet an estimated 900,000 more midwives are needed to meet global service delivery

needs (UNFPA et al., 2021). The availability of a country’s health workforce to provide essential SRM-

NAH services in any given geographical area can be estimated using national workforce density reports, with

LMICs having the greatest workforce shortfall (WHO, 2024d). Numerous regulatory barriers at the country

level can contribute to this shortfall, hindering the recruitment, training, deployment, and retention of mid-

wives. These health professional regulation barriers include unclear and non-standardized role definitions,

limited scopes of practice misaligned with international standards, varying educational and clinical standards

for entry to practice, and weak licensure and registration authorities and systems (Renfrew et al., 2014a; Filby

et al., 2016).

Health professional regulation establishes mechanisms and standards that recognize and delineate the

roles of health professionals, providing flexibility to adapt to complex and evolving health system contexts

(Nkowane & Wheeler, 2014). According to the WHO, regulation is a priority component of advancing

the health workforce, and policymakers should consider it a strategic tool for addressing workforce imbal-

ances and other challenges to ensure adequate training and availability of health professionals (WHO, 2013).

Specifically, midwifery regulation defines criteria and processes outlined in legislation to identify what a

midwife is and to describe their scope of practice (ICM, 2011). The aim of regulation is to promote regula-

tory mechanisms that protect the public (women and families) by ensuring that safe and competent midwives
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provide high standards of midwifery care to every woman and baby through such actions as producing au-

tonomous, high-quality practice (ICM, 2011). The presence of distinct regulatory structures and processes

for midwifery is crucial to enable autonomous midwifery practice and maintain midwifery standards, both of

which are essential for providing high-quality care to mothers and infants (ICM, 2011). Midwifery regulation

can be categorized into the following regulatory domains, which are derived from the ICM Global Standards

for Midwives (ICM, 2011) and adapted through additional research (Kennedy et al., 2018; Jefferson et al.,

2021; Kreutzberg et al., 2019).

• Overarching Regulatory Policy and Legislation: Enacting legislation that recognizes midwifery as

a profession distinct from nursing and establishing a dedicated regulatory body with specifically for

midwives or with separate and distinct policies and processes for midwives.

• Education and Qualification: Establishing standards for midwifery education, curricula, and, occa-

sionally, accreditation of educational institutions to develop necessary competence for practice.

• Licensure: Developing and enforcing criteria, standards, and processes for initial entry into practice.

• Registration/Re-Licensure: Establishing continuing medical education or other requirements for

demonstrating continued competence and maintaining a current database of midwives, including their

registration/licensure status, to support workforce planning, and consumer transparency.

• Scope and Conduct of Practice: Clearly defining the scope of practice of a midwife consistent with

ICM’s definition of a midwife and establishing mechanisms for handling complaints and disciplinary

action.

A strong midwifery regulatory environment is one in which midwifery is recognized as a distinct pro-

fession, and a specific regulatory body, led by midwives, exists. Alternatively, a distinct track for midwifery

regulation within a nursing board or council may suffice. This empowered body, established through regu-

latory policies, has statutory authority and effectively implements and oversees activities across the domains

noted above. Conversely, a weak regulatory environment is characterized by the absence, inadequacy, or

non-functionality of regulatory activities and mechanisms.

Midwifery density is the number of midwives per 10,000 population in a specified geographic area. Den-

sity data are critical for assessing workforce availability, recruitment, deployment, and retention. The WHO

and global professional associations have emphasized the significance of regulation in advancing the mid-

wifery workforce, resulting in a growing body of research aiming to formally establish linkages between

regulation and midwifery workforce densities. Predominantly conducted in high-income countries, these
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studies have explored how regulations constraining midwifery practice can lead to a reduction in the mid-

wifery workforce (Rachoff et al., 2016; Hoehn-Velasco et al., 2022; Markowitz et al., 2017).

Research in the United States has underscored that strong regulatory environments are related to higher

midwifery workforce densities (Vanderlaan, 2023; Vedam et al., 2018). However, limited evidence exists

on this relationship in LMICs, where research mostly focuses on documenting midwifery workforce chal-

lenges and suggesting that improved regulation might alleviate these challenges, without exploration of the

underlying mechanisms. For example, a scoping review in Kenya (Kimani et al., 2023) and a descriptive

review in Nigeria (Adegoke et al., 2015) effectively highlight how poor job satisfaction and low retention

rates contribute to midwifery shortages, with the suggestion that weak regulatory environments may be a

driving factor. However, similar to other LMIC-focused research, these studies lacked a quantitative analysis

of associations between regulation and workforce, limiting actionable insights for policymakers.

This study aims to evaluate the relationship between midwifery regulatory environments and midwifery

workforce densities in ICM member countries, addressing a critical gap in the literature. We hypothesize that

countries with stronger midwifery regulatory environments will have higher densities of midwives.

3.2 Methods

This study was conducted using a cross-sectional design and secondary data analysis of multiple publicly

available databases. Approval for this study was obtained from the Vanderbilt University Medical Center

Institutional Review Board.

3.2.1 Data and Variables

The independent variable for this study was the MRE Index, a composite score our team developed to oper-

ationalize the strength of a country’s midwifery regulatory environment. Data used in developing this index

were drawn from the ICM Global Midwives’ Association Map Survey. For this survey, ICM collected data

from country midwifery associations with support from the UNFPA Country Office and relevant government

organizations between October and December 2019 (UNFPA et al., 2021b). The survey included four sub-

sections on midwifery: association, education, leadership, and regulation. To ensure data quality, ICM used

a multi-step process including an initial review with country follow-up for clarifications and completeness,

internal logic, and validity; review of the revised and validated data by country midwifery associations; and

a letter of validation from an official for each survey section or confirmation that data were publicly available

from reputable sources (UNFPA et al., 2021b).

To develop the MRE Index, we began by identifying relevant data from the Map Survey for inclusion

in the composite score. The regulatory sub-section contained 38 questions assessing a country’s regulatory
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environment (ICM, 2019a). We eliminated sixteen questions for free-text answers and/or not directly relating

to at least one regulatory domain. The remaining 22 questions were consolidated and organized into 12

items, each associating with one of the five essential domains noted above [overarching regulatory policy and

legislation (4 items); education and qualification (0 items); licensure (4 items); registration/re-licensure (2

items); and scope and conduct of practice (2 items)]. Because the education and qualification domain was

not reflected in the regulatory sub-section questions, one question from the education subsection of the Map

Survey about the national curriculum for midwifery education was included as a final item for MRE Index

development purposes. This resulted in a total of 13 items for inclusion in calculation of the final composite

MRE Index. Five different potential scoring methodologies for aggregating the 13 items into a single MRE

Index were developed, and the characterization that best fit the data and had the highest predictive ability for

each of three outcomes (LBW prevalence, stillbirth rate, MMR) was selected. While all characterizations

performed well, the “Aggregated Domain Scoring” characterization proved to be the best. In this approach,

the 13 items are grouped into five categories, each representing a regulatory domain: overarching regulatory

policy and legislation, education and qualification, licensure, registration/re-licensure, or scope and conduct

of practice. One point is assigned to each domain with at least one “yes” response to the item(s) within that

domain, allowing for a total score between zero (no regulatory activities in any domain) and five (regulatory

activities in all five domains). Detailed methodology regarding development of the MRE Index is published

in a forthcoming manuscript.

The dependent variable for this study was the density of midwives at the country level, defined as the num-

ber of midwives per 10,000 population. These data were obtained from WHO’s National Health Workforce

Accounts (NHWA), which facilitates data reporting on key workforce indicators to improve the availability,

quality, and use of health workforce data with the goal of achieving universal health coverage (WHO, 2024e).

WHO’s 194 member states submit health workforce data annually to the NHWA. These data sources include

health workforce registries or databases, aggregated data from health facilities such as routine administrative

records and District Health Information System census or surveys, professional council, chamber, and/or as-

sociation registers, and labor force surveys (WHO, 2017b). The NHWA uses population estimates provided

by the United Nations (UN) Statistics Division, drawn from civil registration and vital statistics systems,

population censuses or registers, population registers, and household surveys. If other methodologies are

used, WHO recalculates densities using the UN Statistics Division population estimates described above to

harmonize densities (WHO, 2017b).

Covariate data were obtained from publicly available databases including the UNDP HDI (UNDP, 2022)

and WHO’s Global Health Expenditure database (WHO, 2024c), and the World Bank’s income group databases

(2024a) and Gini index (World Bank, 2024b). Four control variables were selected to reduce potential bias
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related to overall allocation and distribution of resources within countries. These included two continuous

variables: per capita health spending in United States dollars and the Gini index, which measures the extent

to which the distribution of income or consumption among individuals or households within an economy

deviates from a perfectly equal distribution (World Bank, 2024b). We also used two categorical variables. A

country’s income group is assigned annually by the World Bank based on the gross national income (GNI) per

capita of the previous year, expressed in United States dollars. In 2022, countries were classified as low in-

come (GNI per capita less than $1,085), lower middle income (GNI per capita $1,086 to 4,255), upper-middle

income (GNI per capita $4,256 to 13,205), and high income (GNI per capita greater than $13,205) (World

Bank, 2024a). The HDI, the final control variable, is a composite measure of average achievement in three

key dimensions of human life: a long and healthy life measured by life expectancy at birth; education, mea-

sured by mean years of schooling and expected years of schooling; and a decent standard of living, measured

by gross national income per capita in Purchasing Power Parity (PPP) international dollars. It is reported on

a scale from 0 to 1.00, with greater than 0.800 classified as very high human development, 0.700-0.799 as

high, 0.550-0.699 as medium, and less than 0.550 as low (WHO, 2024c).

3.2.2 Data Screening and Analysis

One hundred fifteen countries submitted complete responses to the regulatory subsection of the ICM Global

Midwives’ Association Map Survey, which was used for calculating the MRE Index. Six countries were

missing density information, and nine others were missing data for one or more covariates, leaving a total

of 100 countries for analyses. We transformed two highly-skewed variables, midwifery workforce density

and per capita health spending, by selecting the positive square root transformation which had the best effect

on skewness and kurtosis. We used multivariable linear regression to test for associations between the MRE

Index and midwifery density, adjusting for the covariates. Statistical significance was set a priori at <0.05.

SPSS Statistics 27 was used to conduct the analysis.

3.3 Results

MRE Indices across countries ranged from 2 to 5, with an average score of 4.36 (SD = 0.88). Midwifery

workforce density ranged from 0.11 midwives per 10,000 population in Burundi to 20.46 midwives per

10,000 population in Ireland. The median density was 2.41 midwives per 10,000 population (interquartile

range [IQR] 1.43, 5.10). Table 3.1 presents descriptive summaries of MRE Index, midwifery workforce

density, and control variables used in the regression analysis (i.e., per capita health spending, Gini index,

income group, and HDI).

Correlations among the explanatory variables indicate that all control variables were significantly as-
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Table 3.1: Descriptive statistical summaries of country characteristics (N = 100)

Mean SD
MRE Index 4.36 0.88

Gini Index (1-100) .37 .07
Median IQR

Health Spending (USD) 201.06 58.5, 1278.18
Density of Midwives (per 10,000 population) 2.41 1.43, 5.10

Percent Percent
Human Development Index

Low 24 24.0
Medium 26 26.0

High 17 17.0
Very High 33 33.0

Income Level
Low 19 19.0

Low-Middle 36 36.0
Upper-Middle 15 15.0

High 30 30.0

Table 3.2: Correlations among MRE Index and control variables (N= 103)

MRE Index Health
Spending****

Income Group Human
Development

Index
Health Spending**** -0.097 -

Income Group 1.19 155.037*** -
Human Development Index 1.42 101.55*** 181.055*** -

Gini Index 0.003 0.304* 9.35*** 8.10***

Chi square for categorical variables, Pearson r for continuous variables, one-way ANOVA for mixed categorical (fewer
than 2 categories) and continuous variables. * = p <0.05, ** = p <0.01, *** p <0.001. ****Transformed variable.

sociated with each other, with health spending, Gini index, and income group demonstrating very strong

associations (Table 3.2). However, MRE Index was not significantly associated with any of the covariates.

Results of univariate and multivariate regression analyses are shown in Table 3.3. The multiple regression

of all explanatory variables with midwifery workforce density was significant (Multiple R = 0.405, p = 0.010),

explaining approximately 12 percent of the variance. While all explanatory variables showed significant

univariate correlations with midwifery workforce density, only health spending and the MRE Index remained

significant after adjusting for health spending, HDI, Gini index, and income level.

Since transformed variables were used for midwifery workforce density and per capita health spending,

beta values were calculated from non-transformed variables to aid interpretation. These values demonstrate

that for every 1-point increase in the MRE Index (indicating activities in at least one additional regulatory

domain), midwifery density increased by 0.66 midwives per 10,000 population (p = 0.011). This effect

decreased to 0.41 midwives per 10,000 population when accounting for health spending, income group,
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Table 3.3: Summary of univariate and multivariate associations with midwifery density (N = 103)

Characteristic r p-value beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE Index -0.24 0.011 0.41 .013 -0.37-1.19 0.04
Health Spending
(USD)

0.31 <0.001 0.00 0.00 0.00-0.00 0.03

Income Group* 5.00 0.003
2-1 -1.51 1.39 -4.24-1.23 0.28
3-1 -0.93 1.89 -4.63-2.77 0.28
4-1 0.39 2.15 -3.82-4.61 0.39
Human Development
Index**

6.24 <0.001

2-1 3.89 1.43 1.09-6.68 0.05
3-1 2.16 1.92 -1.61-5.92 0.59
4-1 1.46 1.97 -2.39-5.31 0.97
Gini Index 0.29 0.002 -0.02 0.05 -0.12-0.09 0.12

Multiple R = 0.405, p = 0.010; R2=0.164 (Adjusted R2=0.120) *Income Group: 1 = Low; 2 = Lower Middle; 3 = Upper
Middle; 4 = High; all income group values are relative to low-income group. **Human Development Group: 1 = Low; 2

= Middle; 3 = High; 4 = Very High.***Beta obtained from model with untransformed variables for interpretation
purposes.

inequality, and HDI, yet the MRE Index remained significantly associated with midwifery workforce density

(p = 0.04).

3.4 Discussion

This study aimed to determine if there is a relationship between midwifery regulatory environments and

density of midwives in ICM member countries. The findings support our hypothesis that there is a positive

association between the midwifery regulatory environments and midwife density; stronger regulatory envi-

ronments are associated with higher densities. This relationship remains significant even when controlling for

potential confounding health system and country factors. The sample included a relatively balanced repre-

sentation of low-, lower-middle, upper-middle, and high-income countries, as well as countries with varying

levels of human development, although there were slightly more high-income and high human development

countries.

Research such as the WHO’s “Midwives’ Voices, Midwives’ Realities” consultation highlights numerous

issues that affect density. These issues include inadequate education, uncertainty about midwifery’s role in

the health system, restrictions on practice that are inconsistent with the legal scope of practice, and overwork

leading to burnout and attrition (WHO, 2016). Each regulatory domain – overarching regulatory policy

and legislation, education and qualification, licensing, registration/re-licensure, and scope and conduct of
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practice – contains aspects that can influence midwifery density, with significant cross-over and reinforcement

between domains. For example, in the overarching regulatory policy and legislation domain, Mattison et al.

(2021) found when health system decision-makers did not recognize midwifery as an autonomous profession,

such as through distinct regulatory bodies, midwifery was excluded from maternal health-related political

agendas. This omission led to downstream impacts such as lack of clarity about midwives’ specific roles

in the health system and inappropriate deployment and remuneration. These factors significantly affect the

desirability of midwifery as a profession and influence how many people choose to enter and remain in the

profession.

Regulation in the education and qualification domain helps standardize education requirements for mid-

wives, ensuring they meet at least minimum education standards and are prepared for their defined scope of

practice. Aligning these standards with international norms further strengthens credibility, making the pro-

fession more attractive and drawing in more and stronger candidates. Administrative aspects of regulation,

such as licensure and registration, can improve density by providing data on the number of midwives working

in the country, distinguishing between active, inactive, and retired midwives, and identifying their locations.

This information is crucial for forecasting supply and analyzing it alongside demand data to understand labor

market dynamics and gaps. Such insights support appropriate investments in midwifery training institutions

and efforts to expand midwifery scope of practice, ensuring an adequate number of midwives are available to

provide needed services. Lastly, activities within the scope and conduct of practice domain are fundamental

aspects of regulatory environments (Kennedy et al., 2018) and major drivers of midwifery workforce den-

sity. Well-defined scopes of practice that promote strong interprofessional collaboration have been shown to

attract and retain healthcare workers by clarifying task division, enhancing support, and managing overall

workload (Soewondo et al., 2022; Belaid et al., 2017). A qualitative systematic review including studies

from 23 LMICs found that workplace relationships between healthcare professionals that are built on trust

contribute to social interactions and cooperation among healthcare workers, impacting their intrinsic motiva-

tion, retention, performance, and quality of care (Okello et al., 2015). There is also evidence suggesting that

midwives who practice autonomously – defined as the authority to make decisions and act freely based on

their knowledge base– experience increased occupational satisfaction, improved professional identity, and re-

duced burnout (Homer, 2016; West et al., 2020; Fenwick et al., 2018). Qualitative research on policymakers’

and regulators’ perspectives from both strong and weak regulatory environments could identify additional

domains or domain activities not considered in this research. Research tracking health systems that are in

the process of enhancing regulatory mechanisms for midwives, such as Lao People’s Democratic Republic

(Kubota, 2023), could also be evaluated using approaches that account for the complexity of health systems,

such as difference-in-differences. It is also critical to ascertain if the relationship between midwifery work-
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force density and regulation holds at a sub-national level, as remote and rural areas often have much lower

densities than urban areas and national averages, leading to poorer maternal, newborn, and child health out-

comes (Saralegui-Gainza et al., 2022). While the NHWA has the capacity to report sub-national densities,

only two countries in the study sample reported this information. As sub-national density data becomes more

available, or in countries where it is currently available, this analysis could influence overall and specific

domain investment in midwifery regulation.

3.4.1 Limitations

This study had several limitations. As a secondary data analysis, it is limited by the quality of the datasets

used. The data quality and validation processes for the main data sources are discussed, with quality varia-

tion being a generally accepted limitation of secondary data sources. Our regression analyses only included

countries that are ICM members and participated in the ICM mapping survey, potentially introducing bias

toward countries with more midwives and more sophisticated regulatory systems. However, many countries

which are not ICM members do not have a midwifery cadre, mitigating some of this bias. Additional re-

search is also needed to demonstrate a causal relationship between regulatory environments and midwifery

workforce density to maximize policymaker interest in regulatory investments. Our findings only state an

association, not causation, and these associations may be influenced by other factors in the health system or

country governance, such as other investments in maternal and newborn health (e.g., abolition of user fees

for MNH services).

3.5 Conclusion

Stronger midwifery regulatory environments, characterized by regulatory policies and legislation, education

and qualification standards, licensure, registration/re-licensure processes, and well-defined scopes and con-

duct of practice, are associated with higher densities of midwives globally. This likely results from the posi-

tive impact of regulation on the profession’s ability to attract, develop, and retain midwives due to enhanced

professional identity, autonomy, and credibility. These findings underscore the importance of investing in

midwifery regulation as a critical component for ensuring sufficient midwifery workforce and, consequently,

improved maternal, newborn, and child health outcomes. However, additional research is needed to better

understand how specific regulatory factors influence the pipeline of midwifery students, as well as the re-

cruitment and retention of midwives, to establish causality and identify the role individual domains play in

driving density.
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CHAPTER 4

Manuscript 3: Relationship between Midwifery Density and Midwifery Regulatory Environments in

International Confederation of Midwives Member Countries

4.1 Introduction

Worldwide there were approximately 287,000 maternal deaths in 2020 averaging almost 800 every day

(WHO, 2023). Postpartum hemorrhage, sepsis, pre-eclampsia/eclampsia, birth-related complications, and

unsafe abortion account for 75 percent of all maternal deaths, as well as substantial morbidity (Say et al.,

2014). LMICs disproportionately carry the burden of preventable maternal deaths, accounting for 94 percent

of these deaths (WHO, 2024a). In low-income countries, the lifetime risk of maternal death, which measures

the probability that a 15-year-old woman will eventually die from a maternal cause, is 1 in 49 (WHO, 2024a).

This risk sharply contrasts with that of high-income countries where the risk is 1 in 5,300.

Reducing maternal mortality has been on the global agenda since the introduction of the Safe Mother-

hood Initiative in 1987 (Mahler, 1987). The Sustainable Development Goals (SDGs) set a target in 2015 of

decreasing the maternal mortality ratio (MMR) to fewer than 70 maternal deaths per 100,000 live births by

2030 (WHO, 2015a). Achieving this goal requires a 68 percent decrease from the 2015 rate of 216 mater-

nal deaths per 100,000 live births. In 2018, it was estimated that the global MMR will only fall to 164 per

100,000 live births by 2030 based on trajectories of progress at that time (McArthur et al., 2018). However, in

2020, there were 223 maternal deaths per 100,000 live births,1 surpassing the baseline rate on which the SDG

target was set on in 2015. With the worsening global trajectory of maternal deaths and mounting pressure

from citizens, policymakers worldwide are under heightened pressure to address maternal mortality, primar-

ily aiming to achieve this through investments in recruiting, training, deploying, and maintaining enough

maternal healthcare workers to meet the need (Ajuebor et al., 2024). Having a skilled birth attendant – an

individual trained in managing birth – is crucial for promptly identifying and managing birth complications

that may arise during childbirth (WHO et al., 2018). A marked inverse relationship exists between the number

of births attended by skilled birth attendants and MMR (Kurjak et al, 2023). Midwives are often suggested to

be a cost-effective way for countries to increase skilled attendance at birth, improve birth outcomes (Renfrew

et al., 2014a; Sandall et al., 2016) and eliminate preventable maternal deaths (Nove et al., 2018). Modeling

studies suggest that universal coverage of midwife-delivered interventions could prevent 67 percent of ma-

ternal deaths (Nove et al., 2021). However, there is a need for over 900,000 additional midwives, especially

in Africa and low-income countries, to meet care needs (UNFPA et al., 2021). Quality of care also remains
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an issue; The Lancet Global Health Commission on High Quality Health Systems in the SDG era noted that

poor-quality care presents a bigger barrier to reducing mortality than insufficient access and that high-quality

health systems could prevent half of maternal deaths each year (Kruk et al., 2018)

Improving midwifery regulation is proposed as a means for increasing access to and the quality of care

provided by midwives (Lopes et al., 2016) potentially leading to improved maternal health outcomes. WHO

prioritizes regulation, as it establishes mechanisms and standards that define the roles of healthcare profes-

sionals and allows for adaptability in complex health contexts (Nkowane & Wheeler). Midwifery regulation

encompasses criteria and processes arising from legislation which establish national definitions for midwifery

and outlines the scope of midwifery practice (ICM, 2011). Regulation aligned with international standards

is intended to enable midwives to work autonomously within their full scope of practice to improve peri-

natal care standards and outcomes. When grounded in evidence and aligned with international standards,

regulation can address major barriers to midwifery access and quality including role ambiguity, inconsistent

or restricted scopes of practice that deviate from international standards, varying educational and clinical

practice entry standards, and weak licensure and registration systems (Filby et al., 2016). However, the re-

lationship between the midwifery regulatory environments and maternal health outcomes in LMICs has not

been well-described. This study aims to explore the relationship between midwifery regulation and maternal

mortality, providing preliminary evidence that policymakers can use to assess the importance of investing in

midwifery regulation as a strategy for eliminating preventable maternal deaths.

4.2 Methods

We conducted a secondary analysis of data from ICM member countries. Our dependent variable was country

MMR, calculated as the number of maternal deaths per 100,000 live births. The WHO defines a maternal

death as the death of a woman while pregnant or within 42 days of the termination of pregnancy, irrespective

of the duration and site of the pregnancy, from any cause related to or aggravated by the pregnancy or its man-

agement, but not from accidental or incidental causes.1 National MMRs were obtained from the MMEIG,

comprising WHO, UNICEF, UNFPA, the World Bank, and United Nations Department of Economic and

Social Affairs (UNDESA). The MMEIG generates estimates using a Bayesian maternal mortality estimation

model and includes adjustments for data quality issues to ensure comparability across different data sources

(WHO, 2023). This method involves assessing data for underreporting and, if necessary, adjusting for in-

completeness and misclassification of deaths, as well as developing estimates through statistical modeling for

countries lacking reliable national-level data.

Our independent variable was the MRE Index, created from data collected through the Global Midwives’

Associations Map Survey from October to December 2019 (ICM, 2019a). The survey included four sub-

41



sections: association, education, leadership, and regulation. Country midwifery professional associations

completed the Map Survey with support from the UNFPA country office. Responses underwent a validation

process overseen by the analytics firm Novametrics that included an initial review for completeness and va-

lidity, a review by the country association, and validation of final data by a country official or confirmation

that data was publicly available from a reputable source.14 Out of 142 member countries, 115 submitted

complete responses to the 38 questions comprising the regulatory subsection of the Global Midwives’ Asso-

ciations Map Survey, which were used for calculating the MRE Index.

To prevent reliance on arbitrary metrics for the regulatory environment in the development of the MRE

Index, the regulatory subsection questions of the Map Survey were assessed for relevance and usability. We

eliminated sixteen questions for free-text answers and/or not directly relating to at least one regulatory domain

(e.g., number of non-practicing midwives). The remaining 22 questions were consolidated and organized into

12 items, each associating with one of the five essential domains developed from the ICM Global Standards

for Regulation18 and several research teams21-23 (overarching regulatory policy and legislation; education

and qualification; licensure; registration/re-licensure; and scope and conduct of practice). Since there were

no education and qualification-domain related questions in the regulatory subsection, one question from the

education subsection of the Map Survey about the national curriculum for midwifery education was included

as an item for MRE Index development purposes.

Five different characterizations were evaluated for combining the final set of 13 items into a composite

MRE Index, and the model that best fit the data and had the highest predictive ability for each of three out-

comes (i.e., MMR, LBW prevalence, stillbirth rate) was selected. While all five models performed well, the

‘Aggregated Domain’ scoring characterization emerged as the top-performing model. This characterization

assigns one point to each domain with at least one “yes” response to the item(s) within that domain, signifying

action is being taken by the country in that specific domain area. Therefore, a total score between zero (no

regulatory activities in any domain) and five (regulatory activities in all five domains) is possible. Detailed

methodology on development of the MRE Index is published elsewhere.

Covariate data were obtained from publicly available databases, including the UNDP HDI (UNDP, 2022)

and WHO’s Global Health Expenditure databases (WHO, 2024c) and the income group (World Bank, 2024a)

and Gini Index (World Bank, 2024b) datasets from the World Bank. We selected four control variables to

mitigate bias related to overall availability and distribution of financial resources in the country and socio-

economic status. Per capita heath spending (in United States dollars) and the Gini index, a commonly used

measure of income inequality, were continuous variables. Income level (categorized as low, low-middle,

upper-middle, or high) and HDI (categorized as low, medium, high, or very high) were categorical variables.

We used multivariable linear regression to test for associations between the MRE Index and country
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Table 4.1: Descriptive statistical summaries of country characteristics (N = 103)

Mean SD
MRE Index 4.35 0.88

Gini Index (0-1) .38 .08
Median IQR

Health Spending (USD) 214.9 59.05, 1278.18
MMR 78 12.0, 263.0

N Percent
Human Development Index

Low 22 21.4
Medium 29 28.2

High 18 17.5
Very High 34 33.0

Income Level
Low 19 24.3

Low-Middle 36 35.0
Upper-Middle 17 16.5

High 31 30.1

MMR, adjusting for the four covariates. Of the 115 countries with a calculated MRE Index, three were

missing MMR data while nine others were missing data for one or more covariates). We transformed two

highly-skewed variables, MMR and health spending per capita, by selecting the positive square root transfor-

mation which had the best effect on skewness and kurtosis. Bivariate associations were done using chi-square

for categorical variables, Pearson’s r for continuous variables, and one-way ANOVA for mixed categorical

(<2 categories) and continuous variables. Statistical significance was set at ≤ 0.05. SPSS Statistics 27 was

used to conduct the analysis.

4.3 Results

Our final dataset included 103 countries with complete data from the regulatory subsection of the Global

Midwives’ Association Map Survey, allowing for calculation of the MRE Index, and also with complete

MMR and covariate data. The MRE Index scores ranged from 2 to5, with an average score of 4.35 (SD =

0.88). Countries were well-distributed across income and HDI levels. The median MMR was 78 (interquartile

range [IQR] 12.0, 263.0), ranging from 2 maternal deaths per 100,000 live births in Norway and Poland to

1,063 maternal deaths per 100,000 live births in Chad. Descriptive and exploratory analyses for all variables

are in Table 4.1.

Bivariate associations among explanatory variables indicated significant associations between all vari-

ables (Table 4.2). Income group, HDI, and health spending emerged as highly significantly associated with

MMR.

Our multivariable linear regression model, which included the MRE Index and covariates, yielded signif-

43



Table 4.2: Correlations among MRE Index and control variables (N= 103)

MRE Index Health
Spending****

Income Group Human
Development

Index
Health Spending**** 0.30* -

Income Group 3.96* 193.96*** -
Human Development Index 3.70* 138.57*** 198.83*** -

Gini Index 0.28** 0.23* 9.32*** 6.79***

Chi square for categorical variables, Pearson r for continuous variables, one-way ANOVA for mixed categorical (fewer
than 2 categories) and continuous variables. * = p <0.05, ** = p <0.01, *** p <0.001. ****Transformed variable.

icant results (Multiple R = 0.866, p<0.001), explaining approximately 74 percent of the variability in MMR.

Although all variables initially had significant correlations with MMR in univariate analyses, after entering

covariates, two of the three contrasts in the income group variable were no longer significant (i.e., lower-

middle income v. low-income, p = 0.265; and upper-middle income v. low-income, p = 0.063). The MRE

Index was significantly associated with the MMR in the univariate analysis and remained so in the adjusted

model (β = -42.14, p = 0.011). The negative beta coefficient indicates that for each additional domain the

country had addressed, the MMR decreased 42 per 100,000 live births [CI = -70.07 to -14.22, p = 0.011].

4.4 Discussion

The ICM’s Midwifery Services Framework contends that investment in midwifery regulation is necessary for

midwives to reach their “full life-saving potential” by providing high-quality services within their full scope

(Nove et al., 2018). Our findings demonstrate the robust association between strong regulatory environments

and improved MMRs, even after controlling for health spending, country level income, HDI, and Gini Index,

which can all significantly influence health outcomes. These findings are consistent with research conducted

in the United States where, after scoring states on 50 regulatory-related items, it was found that states with

higher scores (indicating stronger regulatory systems) had better perinatal outcomes (Vedam et al., 2018).

Although this research demonstrates associations rather than causation, it establishes an important founda-

tion for quantifying regulation and generating testable hypotheses to explore its impact on maternal health

outcomes.

Marked discrepancies between regulation, practice, and education have been identified, highlighting in-

sufficient capacity at the nursing and midwifery council level as a barrier to regulatory progress (McCarthy

et al., 2013). Global initiatives and data supporting expanded roles for nurses and midwives are beneficial

for advancing regulatory efforts (McCarthy et al., 2013). Our present research takes an important step in this

direction. Similarly, the Countdown Working Group on Health Policy and Health Systems found that strong

global and national commitment, sufficient financial resources, and intensive technical support are essential
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Table 4.3: Summary of univariate and multivariate associations with midwifery density (N = 103)

Characteristic r p-value beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE Index -

0.269
0.004 -

42.13
14.25 -70.07–14.22 0.011

Health Spending
(USD)

0.805 <0.001 -
0.003

0.009 -0.021-0.015 0.025

Income Group* 75.93 <0.001
2-1 -

97.77
50.93 -197.59-2.05 0.265

3-1 -
180.45

66.22 -310.25–50.66 0.063

4-1 -
217.96

77.11 -369.09–66.83 0.048

Human Development
Index**

94.41 <0.001

2-1 -
166.64

51.98 -268.52–64.76 0.013

3-1 -
223.81

68.54 -358.14–89.47 0.015

4-1 -
185.47

71.27 -325.19–45.77 0.010

Gini Index 0.36 <0.001 2.08 1.77 -1.38-5.54 0.005

Multiple R = 0.866, p<0.001; R2=0.750 (Adjusted R2=0.737) *Income Group: 1 = Low; 2 = Lower Middle; 3 = Upper
Middle; 4 = High; all income group values are relative to low-income group. **Human Development Group: 1 = Low; 2

= Middle; 3 = High; 4 = Very High.***Beta obtained from model with untransformed variables for interpretation
purposes.
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to bridge the gap between maternal health policy and implementation (Cavagnero et al., 2008). An improved

understanding of the effect of midwifery regulatory measures, as highlighted in this study, can contribute to

closing this gap. This research can also identify countries where intensive regulatory efforts are most needed

and highlight countries that may be able to provide insights to enhance regulation in other countries.

The negative association between midwifery regulation and MMR likely stems from several key aspects

of regulation that collectively impact access and quality, carrying policy implications for countries aiming to

improve maternal health outcomes. Despite the importance of skilled birth attendants for maternal health,

many countries, particularly LMICs, face challenges in attracting enough midwives to ensure a skilled at-

tendant at all births. They also struggle with effectively deploying, retaining, and ensuring they provide

high-quality services (Berman et al., 2021; Louazi et al., 2022). Investment in regulatory policy is a powerful

intervention because strong regulatory systems can improve recruitment, deployment, retention, and quality

of care provided by midwives.

Regulatory systems play a critical role by providing a clear definition of what constitutes a midwife and

delineating their scope of work, as well as establishing standards for the midwifery role, including the re-

quired training, experience, and expertise (Thiessen et al., 2016) Controversies regarding scope of practice

can result in conflicts among healthcare professionals, arising from uncertainty about the scopes of practice

of other professions and concerns about potential encroachment or lack adequate preparation to provide care

in certain areas (Elwood, 2013). Clear scopes of work can promote prompt and effective interprofessional

collaboration by minimizing disputed scopes of practice and philosophical differences about maternity care,

thereby strengthening professional role boundaries (Watkins et al., 2017). This can aid in the recruitment

and retention of healthcare workers, particularly crucial in countries facing shortages of healthcare person-

nel (Soewondo et al., 2022; Belaid et al., 2017). Evidence also suggests that autonomous practice among

midwives leads to increased job satisfaction, improved professional identity, and lower burnout rates (West

et al., 2020, Fewnick et al., 2018; Homer, 2016). Geographical distribution of midwives remains a persis-

tent challenge, with rural areas being chronically underserved (Saralegui-Gainza et al., 2022). Registration

systems can aid in workforce planning by determining the required number of additional health workers and

identifying optimal deployment locations.

Increasing the total number of midwives to enhance access is a necessary step for improving outcomes, yet

it alone is insufficient; concurrent improvements in the quality of midwifery care are also required. Various

features of regulatory systems play crucial roles in driving quality. Increasing evidence highlights the chal-

lenge of inadequate instruction or insufficient duration of midwifery education, leading to substandard prac-

tical application (WHO, 2017a). Standardizing education requirements according to international standards

not only equips midwives with the necessary skills for practice but also builds their professional credibility by
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demonstrating adherence to minimum educational standards. Licensure further enhances quality assurance

by ensuring that practitioners have the requisite knowledge to perform their roles competently (Goeschel et

al., 2011). Additionally, the presence of a regulatory body with established ethics, codes of conduct, and

mechanisms for addressing complaints has been shown to contribute to quality care (Kennedy et al., 2018;

Butler et al., 2008). While scope of work issues are largely related to access, they have important implications

for the quality of care provided as well. In addition to the access issues addressed above, a lack of interpro-

fessional collaboration from poorly defined scopes of work have been documented to be a major contributor

to poor outcomes in obstetric emergencies (Cornthwaite et al., 2013). One study in Indonesia found that

seven out of 30 maternal deaths were related to poor interprofessional collaboration between midwives at the

primary level and physicians at the tertiary level (Mahmood et al., 2018). On the other hand, Australia, the

Netherlands, and the United Kingdom, which all demonstrate low rates of maternal mortality, all have health

systems that emphasize midwifery care and interprofessional collaboration and specific guidelines around the

need for midwives who can practice autonomously at full scope (Kennedy et al., 2018).

The benefits of midwifery regulation are likely derived from the collective impact of the various domains,

yet little research has focused on assessing these collective benefits let alone the specific contributions of

each domain. Our MRE Index awarded a point for each domain (overarching regulatory policy and legisla-

tion; education and qualification; licensure; registration/re-licensure; and scope and conduct of practice) in

which a country had undertaken efforts, with countries scoring highest having initiatives in all five regulatory

domains. This aligns with ICM (ICM, 2011), UNFPA (UNFPA et al., 2021), Renfrew et al. (2014a), and

Vedam et al. (2018) who advocate for supportive environments to maximize midwives’ effectiveness, empha-

sizing the need for holistic approaches to regulatory improvements. Countries such as Indonesia and Nigeria,

which have primarily focused on increasing the number of midwives without making systemic investments

in midwifery regulation. These countries have not achieved the expected improvements in maternal health

outcomes, attributable to insufficient support structures such as intra- or interprofessional support, inadequate

integration into the broader health system, and poorly defined scopes of work (Okeke et al., 2016, Shankar

et al., 2008). On the other hand, the 2021 State of the World’s Midwifery report highlights several countries

where significant investments in midwifery across various regulatory domains have led to reductions in the

MMR, spanning both high-income and LMIC settings (UNFPA et al., 2021a). Examples include Cambodia,

where the MMR decreased from 488 deaths per 100,000 in 2000 to 160 per 100,000 in 2017, and the Nether-

lands which saw a decline from 13 per 100,000 live births in 2000 to 5 per 100,000 in 2017 (UNFPA et al.,

2021a).
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4.5 Strengths and Limitations

While we attempted to control for economic and socioeconomic factors that might affect the relationship

between midwifery regulation and maternal mortality, as with most health systems research, countries that

are investing in one aspect of improving maternal health outcomes are likely investing in others as well. This

complicates establishing causal relationships. Documentation of systemic interventions occurs rarely, limit-

ing the ability to draw conclusions about the contributions of specific health system initiatives and demanding

careful triangulation in attempts to do so (Van Lerberghe et al., 2014). Innovative use of quasi-experimental

techniques such as regression discontinuity and difference-in-differences can help begin to establish causal

relationships, even in complex health systems (Walkey et al., 2020). This is especially true when it can be

done in combination with system efforts in specific countries, such as the pending introduction of a cadre of

professional midwives in India and parallel establishment of a strong regulatory system for them.

Secondary data analysis is both a strength and a limitation of this study. On the positive side, it offers

cost-effectiveness, access to longitudinal studies, a broader geographical scope, and diverse participant de-

mographics, which enhance replicability (Wickham et al., 2019). However, the quality of secondary data

can also be a limiting factor. Nevertheless, secondary data analysis often provides access to higher-quality

datasets due to professional data cleaning, detailed collection methodologies, and potential benefits like read-

ily available survey weights, which individual researchers may not be able to afford (Cheng et al., 2014). All

data used in this study underwent transparent data quality assessments and validation processes, which are

openly accessible to the publicly available datasets. Data limitations also prevented us from using a multi-

level modeling approach in this study, so we are unable to detect differences in the correlates of MMR that

may differ by country; this is an important topic for future research.

Respondents in this survey were ICM member countries who were able and willing to participate in the

ICM Global Midwives’ Association Map Survey. This introduces the potential for bias, as countries with a

larger number of midwives and more advanced regulatory environments might have been more inclined to

participate. It is worth noting, however, that many non-ICM member countries lack midwifery cadres, which

mitigates this potential for bias to some extent.

4.6 Conclusions

Midwifery regulatory environments are significantly associated with maternal mortality ratios, a crucial met-

ric in maternal health; the stronger a country’s midwifery regulatory environment, the lower the MMR. This

relationship remains even after accounting for socioeconomic factors including a country’s per capita health

spending, income inequality, income level, and human development index. This finding holds significant

implications for policymakers and programmers aiming to reduce MMRs. While many countries have been
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advised to invest in midwives as a cost-effective strategy for improving maternal health, specific guidance

on which midwifery-related policies, programs, and interventions to prioritize has been limited. This study

provides preliminary evidence suggesting that investment and activities related to midwifery regulation could

be a viable and actionable focus for improving maternal health outcomes. Additional research is needed

to establish causality and determine the precise impact of specific regulatory domains on maternal health

outcomes.
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CHAPTER 5

Summary of Findings, Implications, and Directions for Future Research

The purpose of this dissertation study was to systematically evaluate the relationship between country-level

midwifery regulatory environments and key maternal health outcomes. This work required development of

a composite summary measure to characterize a country’s midwifery regulatory environment. This chapter

will summarize the development of this measure, then present key findings and limitations from subsequent

research assessing the relationship between this measure and two key maternal health-related outcomes to

better understand the effect midwifery regulatory environments have on maternal health. I will also discuss

implications and recommendations for future research.

5.1 Aim 1: Development of a Composite Midwifery Regulatory Environment Index

The first aim of this dissertation was to operationalize the ‘regulatory environment’ construct by using re-

sponses from the Global Midwives’ Associations Map Survey to develop a composite index, called the Mid-

wifery Regulatory Environment (MRE) Index, that represents the midwifery regulatory environment in the

countries that participated in the survey. The MRE Index was subsequently used as an independent variable

in dissertation aims 2 and 3. The initial step involved developing a conceptual framework depicting the five

essential regulatory domains: overarching regulatory policy and legislation, education and qualification, li-

censure, registration/re-licensure, and scope and conduct of practice. The domains were derived from the

International Confederation of Midwives’ (ICM) Global Standards for Midwives (International Confedera-

tion of Midwives [ICM], 2011) and further described by other research teams (Kennedy et al., 2018; Jefferson

et al., 2021; Kreutzberg et al., 2019).

This framework posits that MRE impacts key maternal health outcomes, such as maternal death (measured

by maternal mortality ratio [MMR], mediated by the extent to which midwives are integrated into the health

system. Integration of midwives was operationalized as (1) the density of midwives (a proximal indicator for

access to midwifery care), and (2) the quality of care provided by midwives (including high-level indicators

such as LBW prevalence and stillbirth rate) (27,28). This framework guided the selection of components

included in the MRE Index and the variables used for modeling MRE scoring characterization performance.

Next, country-level regulatory data from the 2019 Global Midwives’ Associations Map Survey (ICM,

2019). Five different approaches for scoring the 13 regulatory indicators were identified to characterize mid-

wifery regulatory environments at the country level through the MRE Index. Four methods used cumulative

scoring, which components are combined without considering what specific components they are. This ad-
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dresses how increasing the total number of regulatory activities in a country impacts outcomes, regardless of

their specific activities (LaNoue et al., 2020). Three of the cumulative scoring methods used a continuous

cumulative score (i.e., Any-or-None Scoring, Total Sum Scoring, and Aggregated Domain Scoring) and one

used a categorical cumulative score (i.e., Factor Aggregated Domain Scoring). We also evaluated a multiple

individual components model in which individual domains are examined independently in relation to out-

comes while controlling for the other domains, which allows each domain to have its own relationship with

an outcome (i.e., Domain Scored Results) (LaNoue et al., 2020).

For the MMR outcome, the Aggregated Domain Scoring characterization (continuous cumulative) emerged

as the best fit model with a very slightly lower AIC (-0.8599 lower AIC and slightly higher predictive power

(0.21 percent higher than Any-or-None). Similarly, for the stillbirth outcome, the Aggregated Domain Scor-

ing model was the best-fit model, outperforming other models in all comparisons using Clarke’s test. For the

LBW prevalence outcome, the Any-or-None model emerged as the best fit model, with a very small reduction

in AIC (-1.391 compared to the Aggregated Domain model) and a slight increase in predictive power (0.77

percent higher than the Aggregated Domain model). The Multiple Individual Components Model performed

significantly more poorly across all outcomes than all alternative models at a p <0.001 level according to

Clarke’s test. Additionally, it had higher AIC values and reduced predictive power compared to most models

across all outcomes.

5.2 Aim 2: Associations between midwifery regulatory environments and midwifery density

The second aim of this dissertation was to evaluate the relationship midwifery regulatory environments (using

the MRE Index) and midwifery workforce density (midwives per 10,000 population) in ICM member coun-

tries, controlling for several health system and sociodemographic characteristics: Human Development Index

(HDI) (UNDP, 2022), Gini Index, which represents income inequality in a country (World Bank, 2024), in-

come group (World Bank, 2024), and per capita health spending (World Health Organization [WHO], 2024).

Our sample was 103 countries from the Global Midwives’ Associations Map Survey (ICM, 2019). This sam-

ple represented a relatively balanced distribution among low, lower-middle, upper-middle, and high-income

countries, as well as low, middle, high, and very high HDI countries, with a slight overrepresentation of

high-income and HDI countries.

MRE Indices across countries ranged from 2 to 5, with an average score of 4.36 (SD = 0.88). The density

of midwives ranged from 0.11 midwives per 10,000 population in Burundi to 20.46 midwives per 10,000

population in Ireland. The median density was 2.46 midwives per 10,000 population [interquartile range

[IQR] 1.37, 4.91]. The multiple regression of all explanatory variables with midwifery workforce density

was significant (Multiple R = 0.405, p = 0.010), explaining approximately 12 percent of the variance. While
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all explanatory variables showed significant univariate correlations with midwifery workforce density, only

health spending and the MRE Index remained significant after adjusting for health spending, HDI, Gini index,

and income level.

Since transformed variables were used for midwifery workforce density and per capita health spending,

beta values were calculated from non-transformed variables to facilitate interpretation. These values demon-

strate that for every 1-point increase in the MRE Index (indicating activities in at least one additional regula-

tory domain), midwifery density increased by 0.66 midwives per 10,000 population (p=.011). This decreased

to 0.41 midwives per 10,000 population when accounting for health spending, income group, inequality, and

HDI, yet the MRE Index remained significantly associated with midwifery workforce density.

5.3 Aim 3: Associations between midwifery regulatory environments and maternal mortality

The third aim of this dissertation was to explore the relationship between midwifery regulation (using the

MRE Index) and maternal mortality. The sample included 103 member countries of the ICM who responded

to the Global Midwives’ Association Map Survey and had available data for MMR and all covariates. These

countries spanned all four World Bank income groups (low, low-middle, upper-middle, and high) and HDI

levels (low, middle, high, and very high). The median MMR was 78 (IQR 12.0, 263.0), ranging from 2

maternal deaths per 100,000 live births in Norway and Poland to 1,063 maternal deaths per 100,000 live

births in Chad.

The multivariable linear regression model, which included the MRE Index and covariates, yielded signif-

icant results (Multiple R = 0.866, p<0.001), explaining approximately 74 percent of the variability in MMR.

Although all variables initially had significant correlations with MMR in univariate analyses, after entering

covariates, two of the three contrasts in the income group variable were no longer significant (i.e., lower-

middle income v. low-income, p = 0.265; and upper-middle income v. low-income, p = 0.063). The MRE

Index was significantly associated with the MMR in the univariate analysis and remained so in the adjusted

model (β = -42.14, p = 0.011). The negative beta coefficient indicates that for each additional domain the

country had addressed, the MMR decreased 42 per 100,000 live births [CI = -70.07 to -14.22, p = 0.011].

5.4 Additional Dissertation Results

As part of the statistical analysis, multivariable linear regression was conducted to evaluate the relationship

between the MRE Index and five maternal health quality of care outcomes (magnesium sulfate [MgSO4]

administration for preeclampsia/eclampsia, uterotonic administration for postpartum hemorrhage [PPH], an-

tibiotic administration for sepsis, low birthweight [LBW] prevalence, and stillbirth rate). All of our findings

demonstrated an inverse relationship between midwifery regulation and quality, and MgSO4 administration,
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Table 5.1: Summary of univariate and multivariate associations with MgSo4 administration (n=67)

Characteristic r p-
value

beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE .244* .041 4.700 1.985 .811-8.590 .022
Health Spending (USD) -.668*** <.001 .028 .0217 -.014-.071 .247
Income Group* 21.964*** <.001
2-1 -9.177 6.506 -21.929-3.575 .158
3-1 6.766 10.376 -13.570-27.103 .323
4-1 1.902 24.142 -45.416-49.220 .201
HDI** 25.387*** <001
2-1 15.959 6.441 2.226-28.583 .044
3-1 28.762 8.761 11.591-45.933 .004
1-4 17.121 11.333 -5.091-39.332 .092
Gini Index .150 .190 -.075 .2730 -.610-.460 .916

Multiple R=.719, p<.001; R2=.517 (Adjusted R2=.477) *Income Group: 1=Low 2=Lower Middle 3=Upper Middle
4=High **Human Development Group: 1=Low 2=Middle 3=High 4=Very High ***Beta obtained from model with

untransformed variables for interpretation purposes

antibiotic administration, and stillbirth were statistically significantly associated with the MRE Index in the

univariate analysis. However, after controlling for health spending, income group, Human Development In-

dex, and Gini index, only the relationships between MRE Index and MgSO4 administration and stillbirth

remained statistically significant. Full results are presented below in Tables 5.11-5.5. After further assess-

ment of the issues, I determined that quality of care required additional consideration of measurement and

contextual issues before I undertook further exploration of the relationship.

5.5 Summary of Results

This dissertation research is the first work to quantitatively evaluate the relationship between midwifery reg-

ulatory environments and maternal health outcomes on a global scale. I established significant relationships

between midwifery regulation and two key maternal health outcomes: midwifery workforce density and

maternal mortality. These relationships hold across countries with varying income group, health spending,

human development, and inequality. While the findings demonstrate associations rather than causation, they

provide an essential foundation for quantifying regulation and generating testable hypotheses to explore its

impact on maternal health outcomes.

My findings align on a global level with research in the United States demonstrating that strong regulatory

environments are related to higher midwifery workforce densities (Vanderlaan, 2023; Vedam et al., 2018).

The findings also support research suggesting that regulatory domains (overarching policy and legislature,

education and qualification, licensure, registration/re-licensure, and scope and conduct of practice) interact to
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Table 5.2: Summary of univariate and multivariate associations with administration of antibiotics for sepsis
(n=67)

Characteristic r p-
value

beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE .908*** <.001 2.358 1.747 -1.065-5.781 .163
Health Spending (USD) -.650*** <.001 .013 .0191 -.024-.050 .180
Income Group* 16.372*** <.001
2-1 -3.607 5.726 -14.830-7.616 .419
3-1 5.338 9.132 -12.559-23.236 .647
4-1 1.957 21.247 -39.686-43.600 .669
HDI** 23.495*** <.001
2-1 10.893 5.668 -.217-22.003 .149
3-1 23.840 7.710 8.728-38.951 .010
1-4 22.395 9.974 2.847-41.943 .025
Gini Index .115 .315 -.015 .2402 -.486-.456 .964

Multiple R=.696, p<.001; R2=.484 (Adjusted R2=.442) *Income Group: 1=Low 2=Lower Middle 3=Upper Middle
4=High **Human Development Group: 1=Low 2=Middle 3=High 4=Very High ***Beta obtained from model with

untransformed variables for interpretation purposes

Table 5.3: Summary of univariate and multivariate associations with uterotonic administration (n=67)

Characteristic r p-
value

beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE .233 .051 2.746 1.758 -.699-6.191 .111
Health Spending (USD) -.641*** <.001 .012 .0192 -.025-.050 .254
Income Group* 16.272*** <.001
2-1 -8.241 5.763 -19.536-3.054 .117
3-1 .351 9.190 -17.661-18.364 .941
4-1 -3.966 21.383 -45.876-37.944 .977
HDI** 26.753*** <.001
2-1 14.737 5.705 3.556-25.918 .033
3-1 31.721 7.760 16.512-46.929 ¡.001
1-4 28.968 10.037 9.295-48.641 ¿003
Gini Index .160 .163 .094 .2418 -.380-.568 .668

Multiple R=.711, p<.001; R2=.505 (Adjusted R2=.465) *Income Group: 1=Low 2=Lower Middle 3=Upper Middle
4=High **Human Development Group: 1=Low 2=Middle 3=High 4=Very High ***Beta obtained from model with

untransformed variables for interpretation purposes
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Table 5.4: Table 4: Summary of univariate and multivariate associations with low birthweight prevalence
(n=92)

Characteristic r p-
value

beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE -.197 .053 -.724 .515 -1.732-.285 .082
Health Spending (USD) .655*** <.001 .000 .003 -.001-.000 .034
Income Group* 30.960*** <.001
2-1 -3.408 1.809 -6.952-.137 .327
3-1 -3.976 2.244 -8.374-.422 .726
4-1 -7.530 2.579 -12.585–2.475 .259
HDI** 23.971*** <.001
2-1 1.639 1.918 -2.120-5.399 .223
3-1 -2.569 2.425 -7.321-2.184 .631
1-4 -.889 1.486 -5.763-3.984 .885
Gini Index .395*** <.001 .101 .059 -.015-.218 .064

Multiple R=.716, p<.001; R2=.512 (Adjusted R2=.484)*Income Group: 1=Low 2=Lower Middle 3=Upper Middle
4=High **Human Development Group: 1=Low 2=Middle 3=High 4=Very High ***Beta obtained from model with

untransformed variables for interpretation purposes

Table 5.5: Table 5: Summary of univariate and multivariate associations with stillbirth (n=103)

Characteristic r p-
value

beta*** SE 95 percent
Wald

Confidence
Interval

p-
value

Lower-Upper
MRE -.288** .002 -.925 .396 -1.701–.149 .013
Health Spending (USD) .817*** <.001 .000 .0003 -.001-.000 .085
Income Group* 94.454*** <.001
2-1 -4.126 1.422 -6.913–1.338 .016
3-1 -5.828 1.847 -9.449–2.208 .043
4-1 -8.840 2.153 -13.059–4.620 .006
HDI** 126.931*** <.001
2-1 -3.547 1.452 -6.392–.702 .063
3-1 -7.286 1.910 -11.029–3.543 .003
1-4 -7.631 1.990 -11.532–3.730 .002
Gini Index .360*** <.001 .127 .0493 .031-.22 .005

Multiple R=.888, p<.001; R2=.789 (Adjusted R2=.778) *Income Group: 1=Low 2=Lower Middle 3=Upper Middle
4=High **Human Development Group: 1=Low 2=Middle 3=High 4=Very High ***Beta obtained from model with

untransformed variables for interpretation purposes
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affect factors related to the recruitment, training, deployment, and retention of midwives (Filby et al, 2016;

Nursing Now, 2021). These factors include professional credibility (Thiessen at al., 2016), interprofessional

collaboration (Soewondo et al., 2022; Belaid et al., 2017), workplace trust (Okello and Gilson, 2015), au-

tonomous practice, professional identity, occupational satisfaction, and burnout (West et al., 2020; Fenwick

et al., 2018; Homer et al., 2016).

While there is limited research on the role of regulatory interventions in relation to maternal health out-

comes, my findings align with existing evidence. My findings support perceptions by key stakeholders that

the need for regulation increases as the roles of midwifery expand for expectations for improved outcomes to

be realized (McCarthy et al., 2013). Though Gross et al. looked at HIV rather than midwifery care and did

not evaluate any kind of clinical outcome, our findings are consistent with theirs in that they found regulatory

improvements facilitated nurse- and midwifery-initiated care. My findings also support Cavagnero et al.’s

(2008) suggestion that midwifery regulatory efforts could reduce the gap between policy, implementation,

and outcomes and provide additional details on the mechanisms by which this potentially occurs.

The global findings of this dissertation align with prior research conducted in the United States which

demonstrated that states with well-integrated midwifery – as indicated by 50 detailed regulatory-related items

– had better perinatal outcomes (Vedam et al., 2018). This research also supports the documented experience

of countries such as Indonesia and Nigeria, which have primarily focused on increasing the number of mid-

wives without making systemic investments in midwifery regulation. These countries have not achieved

the expected improvements in maternal health outcomes, attributed to insufficient support structures such as

intra- or interprofessional support, inadequate integration into the broader health system, and poorly defined

scopes of work (Okeke et al., 2016; Shankar et al., 2008). On the other hand, the 2021 State of the World’s

Midwifery report highlights several countries where significant investments in midwifery across various do-

mains have led to reductions in the MMR, spanning both high-income and LMIC settings (UNFPA, 2021).

Examples include Cambodia, where the MMR decreased from 488 deaths per 100,000 in 2000 to 160 per

100,000 in 2017, and the Netherlands which saw a decline from 13 per 100,000 live births in 2000 to 5 per

100,000 in 2017) (UNFPA, 2021).

5.6 Implications

This dissertation research study has several significant implications. First, global initiatives and data sup-

porting expanded roles for midwives and nurses are beneficial for advancing regulatory efforts (McCarthy et

al., 2021). The present research takes an important step in this direction. Similarly, the Countdown Working

Group on Health Policy and Health Systems found that strong global and national commitment, sufficient

financial resources, and intensive technical support are essential to bridge the gap between maternal health
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policy and implementation (Cavagnero et al., 2008). An improved understanding of the effect of midwifery

regulatory measures, as highlighted in this study, can contribute to closing this gap. The MRE Index scores

generated by this research can also identify countries where intensive regulatory efforts are most needed and

highlight countries that may be able to provide insights to enhance regulation in other countries (see Ap-

pendix 2). The negative association between midwifery regulation and MMR likely stems from several key

aspects of regulation that collectively impact access and quality, carrying policy implications for countries

aiming to improve maternal health outcomes. The presence of a skilled birth attendant is a core intervention

for improving maternal health outcomes (WHO, International Confederation of Midwives, and International

Federation of Obstetricians and Gynecologists, 2018). Many countries, particularly LMICs, face challenges

in attracting enough midwives to ensure a skilled attendant at all births, as well as effectively deploying, re-

taining, and ensuring they provide high-quality services (Berman et al., 2021; Louazi et al., 2022). Investment

in regulatory policy is a powerful intervention because strong regulatory systems can improve recruitment,

retention, deployment, and quality of care provided by midwives.

Another implication of this dissertation is that developing composite measures increases the value of sec-

ondary data analysis—critical for maximizing government and donor investment in building and maintaining

high-quality data resources—by effectively operationalizing complex health system data. This approach is

versatile, cost-effective, and applicable across various outcomes. However, the methodology used to develop

final composite measures may significantly affect research findings in terms of reliability, validity, and useful-

ness (Kara et al., 2018; National Quality Forum, 2023). Therefore, transparent and replicable methodological

approaches are essential, along with justification of the methods used (Centers for Medicare and Medicaid

Services, 2023). Assessing model fit and predictive power in order to derive composite measures is an impor-

tant methodology to highlight, as it can be performed using open source statistical software with relatively

straightforward statistical techniques. This dissertation demonstrates how this methodology can be used to

create a composite variable for subsequent use in studies with significant global health implications and offers

a framework for other researchers to undertake similar processes. When regulatory data are not available for

a health profession, these findings demonstrate the value of routine regulatory data collection and how these

data can be used to strengthen regulatory efforts.

5.7 Directions for Future Research

5.7.1 Quality of Care and Midwifery Regulation

The relationship between midwifery regulatory environments and quality is a priority area of future research

as it, along with density/access, is a key driver of maternal health outcomes. Our results highlight some of

the complexity around measuring and understanding quality. At the current time, there is no internationally
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accepted standard for measuring the quality of care, leading to varying definitions and choices of indicators

(Dettrick et al., 2016). The WHO defines quality of care as “the degree to which health services for individuals

and populations increase the likelihood of desired health outcomes” (WHO, 2006). The WHO has established

a framework for improving the quality of maternal and newborn healthcare, comprising eight overarching

quality standards and 31 quality statements that prioritize measurable improvements in childbirth-related care

(Brizuela et al., 2019). Indicators such as maternal near-miss and severe maternal outcomes are commonly

used to assess quality of care, as many of these conditions can be effectively prevented and managed with

high-quality care, including postpartum hemorrhage, eclampsia, and sepsis – three major causes of maternal

mortality included in WHO’s quality statements. However, routine measurement of these quality standards

using existing global tools remains inconsistent, hindering the comprehensive assessment of quality of care

(Brizuela et al., 2019).

An original plan for this dissertation was to operationalize quality of care by adapting the WHO’s near-

miss approach (WHO, 2006) and examining the percentage of women in the Service Provision Assessment

(SPA)/Service Availability and Readiness Assessment (SARA) who received appropriate interventions for

PPH and sepsis, as defined by WHO guidelines (WHO, 2015). However, accessing these data proved chal-

lenging and they were not available for as many countries as expected. Therefore, data from Demographic

Health Surveys (DHS) and Multiple Indicator Cluster Surveys (MICS) were used instead, as they are highly

comparable sources containing a few quality-related questions (DHS, 2024). While these questions provide

valuable information, there are several limitations associated with their use. These include being limited to

LMICs where the DHS or MICS surveys are conducted, which also limits the sample size. Additionally, the

questions are asked at a household level with limited linkage to health facilities. Ongoing global efforts aim

to improve definitions, standardize tools, and establish routine collection of quality-related data. As these

efforts evolve, new opportunities will emerge to use more accurate, widely available, and comprehensive

quality indicators to explore their relationship with factors like midwifery regulation (Madaj et al., 2017;

Muzigaba et al, 2022; Saturno-Hernandez et al., 2019).

5.7.2 Country-Specific Regulatory Environment Research

Another area for future research is to identify and leverage in-country opportunities to assess midwifery regu-

lation. While this study attempted to control for economic and socioeconomic factors that might influence the

relationship between midwifery regulation and maternal mortality, it is important to recognize that countries

investing in one aspect of improving maternal health outcomes are likely investing in others as well. This

complicates the establishment of causal relationships. Systemic interventions are rarely documented compre-

hensively, limiting the ability to draw definitive conclusions about the contributions of specific health system
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initiatives and necessitating careful triangulation when doing so (van Lerberghe et al., 2014). Research that

follows health systems in the process of enhancing regulatory mechanisms for midwives, such as Lao Peo-

ple’s Democratic Republic (Kubota et al., 2023), could be particularly valuable. Evaluating these systems

using quasi-experimental techniques, such as regression discontinuity and difference-in-differences, can help

begin to establish causal relationships, even within complex health systems (Walkey et al., 2020).

India provides a particularly interesting research opportunity due its Midwifery Initiative, introduced in

2018 (Ministry of Health and Family Welfare, Government of India, 2018). The initiative includes introduc-

tion of a new cadre of Nurse Practitioners in Midwifery (NPMs) trained to ICM standards, the creation of

midwifery-led care units (MLCUs) at public healthcare facilities, and the development of an enabling policy

environment for the practice of midwifery (Ministry of Health and Family Welfare, Government of India.

(2018). As discussed in Chapter 1, previous studies (Okeke et al., 2016; Shankar et al., 2016) have evaluated

efforts to increase the number of midwives without concomitant investments in the enabling environment.

However, India’s Midwifery Initiative offers an unprecedented opportunity to gather critical real-world ev-

idence about the impact of midwifery on maternal health when global standards, such as the ICM’s Reg-

ulatory Framework (2011), are met. Informed by the framework, the initiative’s eight major components

include quality assurance, the creation of a training ecosystem, program management, a favorable policy en-

vironment, a regulatory framework, the establishment of MLCUs, research and evidence generation, and the

mainstreaming of midwives (India National Health Mission, 2019).

5.7.3 Additional Areas of Research

While the modeling done under Aim 1 did demonstrate through the poor performance of the Multiple Indi-

vidual Components model that no one domain is driving key maternal health outcomes, additional research

is needed to further understand how specific domains of regulation, such as education and qualification and

scope and conduct of practice, impact outcomes directly and through interaction with each other. Qualitative

research involving policymakers and regulators from various regulatory environments could provide insights

into additional domains or domain components not considered in this dissertation. It is also important to de-

termine if the relationship between regulation and midwifery workforce density holds at sub-national levels,

as remote and rural areas often have significantly lower densities of midwives compared to urban areas and

national averages, along with some of the poorest maternal health outcomes (Saralegui-Gainza et al., 2021).

While the WHO’s National Health Workforce Accounts database, which provided the density data for this

dissertation, has the capacity to report sub-national densities, only two countries in the study sample had re-

ported this information (WHO, 2017). As sub-national density data becomes more available, or in countries

where it is currently available, these data could influence overall and specific domain investment in midwifery
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regulation.

5.8 Conclusion

This dissertation study is a critical building block in advancing knowledge about the relationship between

midwifery regulatory environments and maternal health outcomes. Given the national and global interest

in improving maternal health, this research provides important and actionable information for policymak-

ers. This work also helps to inform future research, which is should continue to explore the relationship

between regulatory environments and quality of care, and to establish causality. Additional research should

also enhance the actionability of findings by determining the relative importance of individual domains, how

domains interact, and the sub-national effects of regulatory efforts. The MRE Index is a valuable tool for

researchers investigating relationships between regulatory environments, midwifery-related factors, and peri-

natal health outcomes, and it provides a foundation for future research, especially as global secondary data

sources continue to evolve.
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Appendix A: Global Midwives Associations’ Map Survey Regulation Sub-Section Questions

Please answer the following questions on the midwifery regulation in your country.

1. Name of the Midwives Association(s) * (text)

2. Country* (text)

3. Is there legislation in your country which recognizes midwifery as a profession that is distinct from

nursing? * (yes/no)

4. Is there legislation through which midwives are regulated? * (yes/no)

5. What is the name of the legislation or title of the Act? * (text)

6. Is there a regulation system for midwives in your country? * (yes/no)

7. What is the name of the Regulatory Authority? * (text)

8. What type of organization is the Regulatory Authority? * (Government department —

Government-approved board — Council / other)

9. What are the key functions of the Regulatory Authority? * (text)

10. Does the same regulatory authority regulate other health professionals as well as midwives? * (yes/no)

11. Which other health professions are regulated in the country? * (text)

12. If the Regulatory Authority regulates midwives and other professions, are there separate and distinct

policies and processes? * (yes/no)

13. What term do you use to describe the legal right to practice and to use the title of midwife? * (Licensing

— Registration — Both licensing and registration as separate and mandatory processes — Other)

14. Please enter a link to the governmental website(s) used to collect the above data (if not applicable put

NA) * (text)

15. Is there a system for licensing midwives? * (yes/no)

If Yes. . . 15.a What is the name of the organization that licenses midwives? * (text) 15.b Please enter a link

to the governmental website(s) used to collect the above data (if not applicable put NA) * (text)

16. Is licensing compulsory before midwives start to practice in the country? * (yes/no)

17. How often are midwives required to relicense in order to practice? (in years) * (numeric)

18. As a condition of re-licensing, are midwives required to provide evidence that they have participated in

continuing professional development activities? * (yes/no)

19. Please enter a link to the governmental website(s) used to collect the above data (if not applicable put

NA) (text)

20. Is registration required to practice midwifery in the country? * (yes/no)

If Yes. . . 20.a What is the name of the organization that registers midwives? * (text)
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20.b Please enter a link to the governmental website(s) used to collect the above data (if not applicable put

NA) (text)

21. How often does this organization update the register to add new midwives or remove those who have left

the profession? * (Daily — Monthly — Several times a year — Annually — Less often)

22. Number of midwifery graduates employed in the last year* (numeric)

23. Number of midwifery graduates registered in the last year* (numeric)

24. Total number of registered midwives in the country (i.e. total number of practicing and non-practicing

midwives) * (numeric)

25. How many of the registered midwives are practicing? * (numeric)

26. How many of the registered midwives are non-practicing? * (numeric)

27. Are midwives authorized to provide this BEmONC function: Parenteral administration of antibiotics? *

(yes/no)

28. Are midwives authorized to provide this BEmONC function: Administration of anticonvulsants: *

(yes/no)

29. Are midwives authorized to provide this BEmONC function: Administration of oxytocics? * (yes/no)

30. Are midwives authorized to provide this BEmONC function: Manual removal of placenta? * (yes/no)

31. Are midwives authorized to provide this BEmONC function: Manual vacuum aspiration for retained

products? * (yes/no)

32. Are midwives authorized to provide this BEmONC function: Assisted instrumental delivery by vacuum

extractor? * (yes/no)

33. Are midwives authorized to provide this BEmONC function: Newborn resuscitation with mask? *

(yes/no)

34. Are midwives in this country authorized to provide: Contraceptive injection? * (yes/no)

35. Are midwives in this country authorized to provide: Contraceptive pill? * (yes/no)

36. Are midwives in this country authorized to provide: Intra-uterine device (IUD)? * (yes/no)

37. Are midwives in this country authorized to provide: Emergency contraception (morning-after pill)? *

(yes/no)

38. Are midwives in this country authorized to provide: Contraceptive implant? * (yes/no)

39. Please enter a link to the governmental website(s) used to collect the above data (if not applicable put

NA) (text)
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Appendix B: Country MRE Domains and Overall MRE Index Scores by Income Group

Table 6: MRE Scores: Low-Income Countries (N=19)

Domain
Country Overarching

Regulatory
Policy and
Legislation

Licensure Registration/
Re-
Licensure

Scope
and
Conduct
of
Practice

Education
and Qual-
ification

MRE
Index
Score

Afghanistan X - X X X 4
Burkina Faso X X X X X 5
Burundi - X - X X 3
Central African
Republic

X X - X X 4

Chad - - - X X 2
Ethiopia X X X X X 5
Gambia X X X X X 5
Guinea-Bissau - - - X X 2
Liberia X X X X X 5
Madagascar X X X X X 5
Malawi X X X X X 5
Mali X X X X X 5
Mozambique X X - X X 4
Niger X X - X X 4
Rwanda X X X X X 5
Sierra Leone X X X - X 4
Sudan X X X - X 4
Togo - - - X X 2
Uganda X X X X X 5

Mean MRE: 4.11 (SD=1.10) Min=2, Max=5
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Table 7: MRE Scores: Lower-Middle Income Countries (N=36)

Domain
Country Overarching

Regulatory
Policy and
Legislation

Licensure Registration/
Re-
Licensure

Scope
and
Conduct
of
Practice

Education
and Qual-
ification

MRE
Index
Score

Algeria X - - X X 3
Bangladesh X X X X X 5
Benin X X X X X 5
Bhutan X X X X X 5
Bolivia X X X X X 5
Cambodia X X X X X 5
Cameroon X X - X X 4
Comoros - X - - X 2
Congo X X X X X 5
Côte d’Ivoire X - - X X 3
Eswatini X X X X X 5
Ghana X X X X X 5
Guinea X X X X X 5
India X X X X X 5
Iran X X X X X 5
Kenya X X X X X 5
Kiribati X X X X X 5
Kyrgyzstan X - X X X 4
Laos X - - X X 3
Lebanon X X X - X 4
Mauritania - - - X X 2
Mongolia X X X X X 5
Morocco X X - X X 4
Myanmar X X X X X 5
Nepal X X X - X 4
Papua New
Guinea

X X X X X 5

Philippines X X X X X 5
Senegal X X - X X 4
Solomon
Islands

X - X X X 4

Tajikistan X X X X X 5
Timor-Leste X - X - X 3
Tunisia X - - X X 3
Vanuatu X X X X X 5
Vietnam X X - X X 4
Zambia X X X X X 5
Zimbabwe X X X X X 5

Mean MRE: 4.33 (SD=.926) Min=2, Max=5
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Table 8: MRE Scores: Upper-Middle Income Countries (N=17)

Domain
Country Overarching

Regulatory
Policy and
Legislation

Licensure Registration/
Re-
Licensure

Scope
and
Conduct
of
Practice

Education
and Qual-
ification

MRE
Index
Score

Argentina X X X X X 5
Brazil X - X - X 3
Bulgaria - - - X X 2
China X X X X X 5
Ecuador X - X X X 4
Gabon X X X X X 5
Georgia X - X X X 4
Indonesia X X X X X 5
Iraq X X X X X 5
Jamaica X X X X X 5
Mexico X X - - X 3
Namibia X - X - X 3
Paraguay X X X X X 5
Peru X X X - X 4
Serbia X X X X - 4
Suriname X X X X X 5
Turkey X X X X X 5

Mean MRE: 4.24 (SD=.970) Min=2, Max=5
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Table 9: MRE Scores: High Income Countries (N=31)

Domain
Country Overarching

Regulatory
Policy and
Legislation

Licensure Registration/
Re-
Licensure

Scope
and
Conduct
of
Practice

Education
and Qual-
ification

MRE
Index
Score

Australia X X X - X 4
Austria X X X X X 5
Bahamas X X X - X 4
Belgium X X X - X 4
Canada X X X X X 5
Chile X X X X X 5
Cyprus X X X - X 4
Czech Republic X - - X X 3
Denmark X X X X X 5
Estonia X X X X X 5
Finland X X X X X 5
France X X X X X 5
Guyana X X X X X 5
Iceland X X X X X 5
Ireland X - X X X 4
Italy X X X X X 5
Japan X X X X X 5
Luxembourg X - X X X 4
Netherlands X - X X X 4
Norway X X X X X 5
Poland X X X X X 5
Portugal X X X - X 4
Romania X X X X X 5
Slovenia X X X X X 5
South Korea X X X X X 5
Spain X - X X X 4
Sweden X X X X X 5
Trinidad and
Tobago

X X X - X 4

United
Kingdom

X X X X X 5

United States X X - X X 4
Uruguay X X X X X 5

Mean MRE: 4.58 (SD=.564) Min=3, Max=5
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