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Abstract

In 2019, the World Health Organization announced that up to 5 billion people will be unable to access health

care in 2030 if governments fail to sufficiently increase investments in health care. The three papers that com-

prise this dissertation explore themes of access to health care and priority setting to improve access via out-

reach and financial risk protection for the most vulnerable populations. They employ methods of economic

evaluation and decision sciences to support decision-making towards these aims in resource-constrained set-

tings.

Immunization remains one of the most effective interventions to reduce child morbidity and mortality,

but is an essential health service that still fails to reach every child in low- and middle-income countries. Using

a structural equation model informed by the literature on ‘decision space’ in health systems, Paper 1 examines

whether the decentralized management structure of India’s intensified immunization program and its capac-

ity to reach previously unimmunized children were related. Study results highlighted that a greater capacity to

make decisions at local operational levels was associated with fewer planned vaccination sessions being imple-

mented under the program at the subdistrict level, but was not related to the number of children vaccinated

per session. Greater reductions in morbidity and mortality due to vaccine-preventable diseases may be derived

from greater attention to programmatic management and organization to improve immunization coverage

and access to other essential health services.

Achieving high levels of financial risk protection is another indication of adequate access to health care

and continues to be an objective of health systems. Despite comprehensive social health protection schemes,

some countries experience low claims of the entitlements provided through these schemes. Paper 2 investi-

gates this phenomenon, examining the relationships between patients’ awareness of their benefits and their

utilization of them in Cambodia. Study findings reveal that the majority of beneficiaries under the country’s

public health protection scheme were aware of their entitlements, but chose to seek care from private rather

than public providers, where services would be free of user fees. Microsimulations of interventions aimed at

increasing patients’ awareness suggest that initiatives intervening on the decision of where to seek care (i.e.,

public vs. private facilities) may prove more fruitful towards increasing financial risk protection compared to

interventions implemented within public facilities alone. Overall, interventions aimed at increasing aware-

ness of entitlements were only associated with very small increases in user claims and suggest that beneficiary
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awareness may not be a major barrier to access in this context as initially hypothesized.

With the increasing burden of costly non-communicable diseases, health policies will need to establish ef-

ficient and equitable policies that reduce financial barriers to accessing routine health services for the poor.

Paper 3 explores the potential economic costs, health gains, and financial risk protection benefits associated

with provision of diabetes-related care in the context of Cambodia’s social health protection scheme, the

Health Equity Funds. UsingMarkov modeling and cost-effectiveness analysis, the study points to how pro-

viding effective service and financial coverage for screening and treatment services for diabetes would lead to

the substantial health and financial risk protection benefits for the Cambodian population. Examining the

impact of health and financial benefits showed that such a policy would particularly benefit women and the

poorest.

These three papers tackle burgeoning challenges in access to health care for children, the poorest, and

women in lower-middle income settings, pointing to potentially effective and cost-effective solutions to im-

prove access to address communicable and non-communicable diseases. Paper 1 highlights how the design of

organizational structures for decision making may relate to improved outreach to increase access to immu-

nization for hard-to-reach children. Paper 2 evaluates hypotheses on how to improve access to health services

through appropriate use of health coverage, and Paper 3 determines the cost-effectiveness of reducing bar-

riers to accessing non-communicable disease services among the poor. Together, these studies contribute to

decision making regarding health systems strengthening interventions aimed at reducing access barriers and

addressing population health needs in the unique contexts of low- and middle-income country settings.
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1
Introduction

1.1 Motivation

1.1.1 Persistent barriers to accessing health services and disparities in health

In 2019, the World Health Organization announced that up to 5 billion people will be unable to access health

services in 2030 if governments fail to sufficiently increase investments in primary health care [1–3]. A def-

inition that has been widely adopted when examining this dimension of the health system, Peters et al. de-

fine access to health services as ‘the timely use of services according to need’, and characterized, not only by

the physical availability of appropriate services at geographically reachable facilities, but also by financial ac-

cessibility [4]. Ensuring access to health services for all is at the core of universal health coverage (UHC), an
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objective of all United Nations Member States as part of the Sustainable Development Goals for 2030. UHC

means that all people and communities can use the promotive, preventive, curative, rehabilitative, and pal-

liative health services they need, of sufficient quality to be effective, while also ensuring that the use of these

services does not expose the user to financial hardship [5]. It is explicitly defined to embody three related ob-

jectives: (1) equity in access to health services, (2) adequate quality of those services, and (3) protection against

financial risk, meaning that the cost of using health services does not place families at risk of financial harm

[5].

Between 2000 and 2015, service coverage for essential health services increased by about 20% around the

world based on the trends of nine tracer indicators (i.e., basic sanitation, hypertension control, tobacco con-

trol, use of insecticide-treated nets, family planning, antenatal care visits, child immunization, HIV treatment,

and tuberculosis treatment) used for the monitoring of progress towards UHC [6]. Despite improvements,

efforts to monitor UHC show that inequalities in certain essential services persist. For example, across low-

and lower-middle-income countries, only 17% of households in the poorest wealth quintile received at least

six basic maternal and child health interventions compared to 74% in the richest quintile [6]. Similarly, service

coverage for essential health services was greater for households in urban areas compared to those in rural areas

[6]. These patterns suggest that, improvements in service coverage have not been evenly distributed and that

to resolve such service gaps, focused efforts need to identify and address socioeconomic and physical barriers

to access to health services for specific contexts.

Alongside improvements in service coverage in recent decades, there have been increases in the incidence of

catastrophic health expenditure (CHE), defined as out-of-pocket (OOP) expenditures for health surpassing a

certain threshold of household consumption or income [1, 7, 8]. Globally, the proportion of OOP spending

for health exceeding 25% of income rose from 1.7% to 2.9% between 2000 and 2015, while health expenditure

beyond 60% of median daily per capita income increased from 1.8% to 2.5% over the same time period [1].

Trends showing improved service coverage alongside increasing costs to families illustrate the focus of recent

interventions on improving availability of health services and technologies to tackle communicable diseases.

These interventions have had significant impacts on population health across low- and middle-income coun-

tries (LMICs). However, they alone fail to bring adequate and effective access to health care for all. Experts

argue that most countries could achieve UHC by raising domestic resources to increase public spending on
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health and/or reallocating spending towards primary health care [1].

Key objectives of health systems include improving population health, achieving adequate patient satisfac-

tion, and ensuring financial risk protection [9]. As health systems realize improvements in service coverage,

it is likely that the poorest, those most vulnerable to health and economic burdens, such as women and chil-

dren, and those hardest to reach will continue to bear significant costs. These populations remain excluded

from basic health care in many settings [10]. The continued inability of these groups to access health care will

aggravate already existing health and economic disparities in LMICs. Policymakers must make decisions to

adopt health policies that improve physical and financial access to health services towards UHC and health

system objectives. Population and disease trends alongside resource constraints prompt a focus on strategies

to continue enhancing physical availability of services while promoting sufficient financial risk protection for

improved access to health care.

1.1.2 Priority setting for health system interventions

With ongoing epidemiological transitions from communicable to non-communicable diseases (NCDs) in

many LMICs, the most vulnerable groups are increasingly dealing with a dual burden of disease. According

to the 2017 Global Burden of Disease (GBD) Study, over 59% of deaths were attributable to NCDs and 31%

were due to communicable diseases around the world [11]. NCDs often require long-term care, meaning

regular access to health care services, or will otherwise result in severe outcomes, such as catastrophic health

spending, disability, or death [12–14]. Communicable diseases require periodic prevention and curative

services via primary health care, such as immunization services and treatments for childhood diseases. The

distribution of disease burden indicates that health policies will need to consider how to equitably address

the requirements of both acute and chronic disease care towards alleviating their health and economic im-

pacts. To this end, LMICs will need to increase investments in primary care systems for financially sustainable

improvements in access to health care.

Lower-middle-income countries are especially facing this increasing dual burden of disease; morbidity and

mortality is increasingly due to NCDs rather than communicable diseases as seen in low-income countries. In

India, about 33% of the disease burden measured in disability-adjusted life-years (DALYs) was attributable to

communicable diseases and 56% to NCDs in 2017 [11]. In Cambodia, over 29% of DALYs were attributable

3



to communicable diseases, while about 58% were due to NCDs in 2017 [11]. Both nations are examples of

countries with persistent challenges grappling with both preventable communicable diseases and NCDs as

they pass through epidemiological transition. Despite steady progress, in 2016, an estimated 38% of children

failed to receive all basic vaccinations during their first year of life in India [15]. Cardiovascular diseases made

the largest contribution to mortality in the same year (28%) alongside 3% due to diabetes, which was slightly

higher among women (3.4%) compared to men (2.9%) [16]. And trends in Cambodia parallel those observed

in India. A 2014 national survey reported that only 6 in 10 children in Cambodia’s poorest households are

vaccinated compared to 9 in 10 in the wealthiest homes [17]. In 2018, cardiovascular diseases contributed to

24% of mortality, while diabetes also caused 3% of mortality in the country [18, 19].

Reforms towards UHCmust consider policy options in light of health system objectives, strategically

choosing investments that provide the most value. Multiple indicators are used to monitor country progress

towards UHC, including the availability of essential health services based on tracer interventions that include

reproductive, maternal, newborn and child health, infectious diseases, NCDs, service capacity, and access

[20]. CHE is among accepted measures to monitor UHC goals for financial risk protection, defined as OOP

health spending exceeding 10%, 25%, or 40% of a household’s total consumption or income [7, 21]. Using

these measures, it will be possible to determine the most cost-effective and equitable interventions to support

priority setting towards achieving UHC.

Studies of interventions tackling the various barriers to accessing primary health care can inform decisions

and support priority setting towards achieving the goals of 2030 and beyond. Interventions to improve physi-

cal and financial access to health care can address supply- or demand-side barriers. Addressing supply-side bar-

riers may involve increased provision of essential care services, integrated outreach services, deconcentration

of authority to respond to local needs, and improved management (i.e., functional supervision and feedback

mechanisms) [22]. The design and implementation of IntensifiedMission Indradhanush (IMI), a program

of periodic intensification of routine immunization to reach unimmunized children in India, is an example

of an effort to reduce supply-side barriers to accessing essential health services. Implementation of the Health

Equity Funds (HEF) in Cambodia is one example of an attempt to reduce demand-side barriers to access-

ing health services, providing fee exemptions and other benefits to the poorest for a basic package of services

[23]. Interventions to tackle demand-side barriers can include dissemination of information on health services
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and/or financial protections for health, fee exemptions for health care, and subsidies for the poor [22]. Identi-

fying which health system interventions can best improve access to primary health care can support strategic

policy making.

1.2 Overview

The three papers that comprise this dissertation explore themes of access to health care and priority setting

to improve access via outreach and financial risk protection for the most vulnerable populations. Within

these programs, they specifically tackle interventions aimed at increasing access to health services, whether by

improving coverage for services or financial risk. These interventions include programs involving managers

of health programs targeting underserved populations, beneficiaries of social health protection schemes for

the poor, and patients with NCDs in lower-middle-income countries. An examination of service coverage for

mothers and children analyzes how health programs achieve increased levels of immunization by decreasing

physical barriers to accessing care; another set of analyses consider how social health protection schemes can

be most effective in reducing barriers to accessing health services. They employ methods within the realms of

economic evaluation and decision sciences, including statistical analysis, structural equation modeling, and

Markov modeling for cost-effectiveness analysis, to support priority setting and decision making for effective

policy towards UHC.

1.2.1 Paper 1

Immunization remains one of the most effective interventions to reduce maternal and child morbidity and

mortality and, though considered an essential health service by theWorld Health Organization, fails to reach

every mother and child in LMICs [24, 25]. Countries around the world have implemented various health

programs aimed at increasing child immunization coverage. While a number of studies focus on the optimal

approach to a program’s offered package of services, less attention is given to local operations and implemen-

tation. In particular, there is limited understanding on how decision making among local actors, who run

daily operations, ultimately affects overall performance of health systems in reaching their coverage goals.

Given the persistent challenges of achieving goals for child immunization worldwide, there may be oppor-

tunities for enhancing existing systems to realize improvements with existing resources. Paper 1 attempts to
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understand how a local manager’s ability to make decisions is related to achieving specific program aims and

what that might mean for programs and policy.

Using a structural equation model informed by the literature on ‘decision space’ in health systems, Paper

1 examines whether the decentralized management structure of India’s intensified immunization program

and its capacity to reached previously unimmunized children were related. Bossert’s decision space approach

provides a framework for systematically analyzing decentralization in terms of the range of effective choice, or

decision space, wielded by local officials [26]. The analysis extends current approaches to contribute to the lit-

erature on how decision space and its related dimensions affect health system performance. Using survey data

collected from interviews with managers across districts, sub-districts, and facilities tasked with implementa-

tion of IntensifiedMission Indradhanush (IMI), this study conducts an in-depth examination of the decision

space, institutional capacities, and accountability mechanisms functioning within IMI in India and assesses

how these features relate to measurable performance of the immunization program.

1.2.2 Paper 2

Achieving high levels of financial risk protection is another indication of adequate access to health care and

continues to be an objective of health systems [9]. Despite establishing comprehensive social health protec-

tion schemes, some countries experience low claims of the entitlements provided through these schemes. As

a result, in effect, the schemes are not reaching their ultimate potential to provide financial risk protection.

This is the case in Cambodia. Policymakers and others have suggested that unexpectedly low utilization of

HEF among beneficiaries may be due to a lack of awareness and understanding of the benefits of HEF. The

extent to which HEF beneficiaries are aware of their entitlements under HEF remains unclear as does any re-

lationships that exist between beneficiary awareness of entitlements, care seeking behavior, and user claims of

benefits in this setting.

Paper 2 addresses this research gap, examining the relationships between patients’ awareness of their ben-

efits and their utilization of them in Cambodia. It aims to understand the role of user knowledge in care

seeking and utilization in Cambodia by first comprehensively describing patient awareness of benefits and

characterizing the role of awareness at each step of utilization (e.g., care seeking, utilization, and claim of HEF

entitlement), and second, simulating hypothetical policy scenarios to identify effective interventions with
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respect to beneficiary awareness. Study findings can help to improve the effectiveness of policies aiming to

improve access to financial coverage for the poorest.

1.2.3 Paper 3

With the increasing burden of expensive non-communicable diseases, health policies will need to establish ef-

ficient and equitable policies that reduce financial barriers to accessing routine health services for the poor. In

Cambodia, diabetes caused nearly 3% of the country’s mortality in 2016 and became the fourth highest cause

of disability in 2017 [11, 19, 27]. Despite existing guidelines that public health facilities should offer dia-

betes screening and treatment, the majority of the population access diabetes-related care in the private sector,

known to have high costs and remain largely inaccessible to the poor [28, 29]. To date, little is known about

the extent to which the diabetes burden and subsequent care seeking for the disease contribute to catastrophic

health expenditures among the poor. Similarly, the possible health and financial benefits of investments in

effective service and financial coverage for diabetes-related services remain unclear in Cambodia.

With the aim of measuring the impacts on health and financial risk protection in a scenario in which such

services were available through the public sector, Paper 3 presents a Markov model of the diabetes disease

trajectory and cascade of care in the Cambodian health system. Using economic evaluation, the study then

explores the potential economic costs, health gains, and financial risk protection benefits associated with ef-

fective service and financial coverage of diabetes-related care in the context of Cambodia’s social health pro-

tection scheme, HEF [23]. Diabetes was selected as an NCD to focus on because of its clear definition, need

for routine management, cost implications, and rapidly increasing burden in lower-middle-income countries.

Study findings can point to the country’s next steps in identifying potentially cost-effective policies to tackle

the increasing health and economic burden of diabetes among the most vulnerable of Cambodia’s popula-

tion.
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2
Examining the Decision Space of Local Health

Managers to Reach the Unimmunized

2.1 Background

2.1.1 Decentralization, local governance, and health system performance

Driven by a convergence of political and economic factors in the late 1980s, major interna-

tional development agencies advocated for decentralization reforms in health sectors as a means to improve its

responsiveness, efficiency, and quality of services in low- and middle-income countries (LMICs) [30]. Popular
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theoretical and normative arguments of local governance highlight the purported benefits of decentralization

for public administration, local fiscal issues, and social capital [26]. Proponents argue that this mix of local

flexibility and citizen accountability creates conditions for better allocation of resources, more efficient use

of resources, and improved equity in public spending to result in greater access to health care and improved

population health [26, 31, 32]. The published literature further acknowledges that the effectiveness of de-

centralization to achieve health system objectives depends on an adequate endowment of financial resources,

institutional capacities to manage changing processes, and genuine accountability of local authorities to the

interests of their constituents [33–38]. The necessity of each of these elements in realizing the effectiveness

of decentralization reforms, and the degree to which the nature of relationships between elements may vary,

emphasizes the complexity of tracking and understanding decentralization processes and their cascading ef-

fects. This complexity also results in challenges to conducting rigorous quantitative research on the impact of

decentralization [39].

Despite widespread adoption of decentralization reforms, the impact of decentralization on health system

attributes, such as access to health services, responsiveness to population health needs, and effectiveness in

affecting health outcomes, remains unclear. A recent systematic review of studies on the effects of decentral-

ization on health system performance reported mixed findings [39]. These mixed findings were attributed to

the different ways in which researchers understood decentralization concepts and operationalized outcome

measures [39]. Decentralization was conceptualized as the degree of control over fiscal resources, the timing of

decentralization, the adoption of a decentralization framework, and the degree of mobilized health resources.

Measures of health system performance included the change in the population of low-income individuals

covered by public health insurance, delivery in health facilities, utilization of skilled birth attendants, cover-

age rates of immunization and complete immunization status among children, utilization of preventive and

outpatient services, and out-of-pocket health expenditures. Specific country contexts and decentralization de-

signs may also make measured effects relevant only to study settings. As a result of these varying approaches,

the evidence remains inconclusive about the impact decentralization has on the performance of health sys-

tems.

The complex nature of the relationships between decentralization and health system inputs, performance,

and outcomes makes it difficult to isolate and faithfully track the impact of decentralization reforms on health
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system performance. Dwicaksono and Fox proposed a pathway linking decentralization with health system

performance, and ultimately, health outcomes [39]. In their framework, decentralization policy dictates the

decision space of decision makers in the health system, which subsequently allows for actors’ decisions over

finance, service organization, human resources, access rules, and governance rules [26]. Bossert defines ‘de-

cision space’ as the degree of choice that local authorities exercise across the functional areas of the health

system [26]. These choices determine inputs into the health system that result in health system performance

and affect health outcomes at the individual or population level [39]. Addressing the issues presented above

resulting from unstructured approaches to research on decentralization, Bossert’s decision space approach

provides a framework for systematically analyzing decentralization in terms of the range of effective choice, or

decision space, wielded by local officials [26].

Evidence from previous studies of decision space in LMICs showed that different local-level health officials

experience varying degrees of decision space despite seemingly uniform decentralization mandates [40]. This

suggests that formal indications of decentralization may not be implemented in practice, emphasizing the

importance of context in order to appropriately understand the impacts of decentralization. Determining

the decision space of certain health functions (e.g., strategic and operational planning, service organization,

governance, etc.) may also point to similar decision space across related functions, such as budgeting, human

resource management, and service delivery, all of which have been shown to be significantly correlated with

each other [41? ]. If such is the case, understanding the decision space of a single or few health functions may

hint at similar decision space across functions for health services delivery.

Many studies emphasize the relevance of decision space, yet other organizational features have been shown

to be critical in affecting how decision space ultimately impacts health services delivery. Studies consistently

point to the necessity of adequate capacity and accountability to effectively exercise decision space towards

achieving desired outcomes [34, 42–44]. Bossert andMitchell first outlined how decision space and insti-

tutional capacities tend to coincide with one another across health functions [34]. In a case study of Pak-

istan, they showed how institutional capacities can enable effective decision-making while increasing officials’

ability to effectively respond to local priorities (Figure 2.1). They also showed that accountability motivated

capacity building and can encourage appropriate priority setting and decision making. They did not find

evidence of relationships between decision space and accountability, however, and suggested that such a find-
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ing may be expected in cases in which local decision makers for health remain independent - for example, as

government-employed administrators who do not share powers with elected officials.

Figure 2.1: Conceptual framework of synergies between decentralization and service delivery
Source: Bossert &Mitchell (2011) [34]

Other studies build on the evidence for synergies across the decision space, capacity, and accountability

dimensions. In Kenya, without relevant capacity building among priority-setting actors, reforms that aimed

to share power and resources across regions to remedy historical inequities failed to meet objectives for com-

munity health care and, instead, succumbed to political interests [45]. Liwanag andWyss argued that changes

in decision space should be accompanied by necessary adjustments in capacities and accountability for good

decision-making in order to optimize decentralization of the health system in the Philippines [46]. Despite

increasing evidence for the significance of the synergies across framework dimensions, few articles explicitly

address the interdependent relationships between decision space, institutional capacities, and accountability

or detail the nature of these relationships [47]. More investigation exploring the nature of decision space and

synergies between these dimensions for health system performance is needed. Innovations in approaches can

further this area of research and our understanding of how to improve the delivery of health services.
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2.1.2 Impacts of decentralization on childhood immunization

While studies have highlighted that assessment of health system performance through macro-level indicators

at the national level, useful information could come from restricting analyses to lower levels [44, 48]. A health

programmay be representative of the larger health system in many respects, to the extent that it engages finan-

cial and human resources from the same pools and operationalizes tasks using similar organizational struc-

tures. Studies examining the impact of decentralization on childhood immunization have been conducted

and may reveal the broader effects of decentralization on public service provision, providing a means for test-

ing its theoretical benefits [49].

In his study examining the impact of political decentralization on childhood immunization across 138

countries, Khaleghian found that decentralized countries have lower coverage rates than centralized countries,

explaining that local political control on services that have public goods characteristics and inter-jurisdictional

externalities may have negative impacts [49]. One explanation offered for these findings was that, without suf-

ficient central direction to make immunization a health priority, local authorities may face a greater diversity

of demands from the local community, driving negative impacts on immunization coverage. Another expla-

nation focuses on the changing accountability structure between centralized and more decentralized settings:

because health services, including immunization, are among the most visible manifestations of government

presence at the local level, these services may be a key focus of public demands in low-income countries where

fewer public services are offered. Indeed, each of these phenomena may be at play.

Studies of the decentralization of Indonesia’s health system again emphasize the importance of good capac-

ity and capability of local governments in achieving sufficient immunization coverage. Through their study

of immunization status following fiscal decentralization, Maharani and Tampubolon showed that such re-

forms failed to improve the efficiency, quality, and equity of health services delivery. When increasing local

discretion over funds also failed to improve outcomes, the wide variation in how budgets were used led au-

thors to conclude that local capacity to manage budgets according to local needs was paramount in achieving

reform objectives [42]. Taken together, these studies highlight key features of the decision space framework -

decision space, accountability, and capacity - and their critical roles in health system performance.
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2.1.3 Study objective

Extending current approaches to support research of how decision space and its related dimensions affect

health system performance, this study conducts an in-depth examination of the decision space, institutional

capacities, and accountability mechanisms functioning within the IntensifiedMission Indradhanush (IMI) in

India and assesses how these features relate to measurable performance of the immunization program. Based

on the collection of survey data from IMI officials across managerial levels of the program, we quantitatively

describe decision space, capacity, and accountability features of program implementation by considering

them to be latent constructs driving individuals’ perceptions and behaviors. Quantitative estimations of these

constructs are then analyzed with respect to the outcomes of the IMI program using a structural equation

modeling approach.

2.2 Methods

2.2.1 Child immunization in India

India has 29 states and seven union territories with a total population of 1.28 billion (66% rural and 34% ur-

ban) [50]. Life expectancy at birth is nearly 69 years, while maternal mortality is 174 deaths for every 100,000

live births and the infant mortality rate is 39 deaths for every 1,000 live births [50]. The overall literacy rate

of the population is 71% [50]. According to the Constitution of India, the provision of health services is the

responsibility of the states. At the national level, the Ministry of Health and Family Welfare (MoHFW) es-

tablishes policies and guidelines for the implementation of country-wide programs. The states oversee the

implementation and supervision of these various health programs and provide the relevant infrastructure and

curative services. The district links state structures and peripheral level structures, such as community health

centers, primary health centers, and subcenters within blocks, the administrative units below districts. The

districts are responsible for working and coordinating with their states for the implementation and supervi-

sion of various programs, including immunization. State and district task forces are responsible for moni-

toring the national immunization program, called the Universal Immunization Program (UIP) launched in

1985. Within this organizational structure, the extent to which decision space, institutional capacity, and ac-

countability varied across levels of the program was unclear, prompting examination of these features across
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district, block (i.e., sub-district), and subcenter (i.e., health facility) levels of implementation.

UIP is tasked with reaching a birth cohort of about 26 million infants and 30 million pregnant women ev-

ery year. TheMoHFW funds the national immunization program, providing technical assistance and policy

guidance to the states. UIP currently provides vaccines free of cost to protect against diphtheria, pertussis,

childhood tuberculosis, poliomyelitis, measles and neonatal tetanus, hepatitis B, Hib, rotavirus (in selected

states), and Japanese Encephalitis (in endemic areas). Despite being operational for over 30 years, UIP has

been able to fully immunize only 65% of children in the first year of life. To improve immunization coverage,

the MoHFW has implemented various intensification strategies and delivery system strengthening exercises.

Its flagship program, Mission Indradhanush (MI), launched in December 2014. MI aimed to fully immunize

more than 90% of newborns by 2020 through planned special drives during specified months alongside health

systems strengthening initiatives to address equity issues in access to immunization. The program identified

and focused efforts in underserved areas with inadequate health services and subsequently, increased full im-

munization coverage by 6.7% over its first two phases. However, this increase is not sufficient to achieve the

objective of full immunization coverage of more than 90% of newborns by 2020. This compelled the initia-

tion of need-based interventions through IMI drives based on comprehensive gap assessments.

IMI was a follow-up program of periodic intensification of the routine immunization (RI) implemented

by the Government of India focused on low-coverage districts across India (see Appendix A.2) [15]. The aim

of the program was to cover all children missed by the UIP andMI initiatives in select districts and urban

cities to achieve 90% coverage by December 2018. These locations were recorded to have low immunization

coverage at the time of IMI implementation under the following criteria: (i) estimated number of children

who missed DTP3/Pentavalent3> 13,000, or (ii) DTP3/Pentavalent3< 70%. Data identified 170 districts

and 17 urban cities to be included in IMI. Additional districts were included in the initiative based on states’

requests.

Management of the program was decentralized to district and block levels [15]. Within each selected dis-

trict or city, a process of microplanning was carried out to identify children with missing doses and outreach

to communities to deliver immunization in the community at temporary vaccination sites during one week

of each month for four consecutive months. Microplanning involved stakeholders at the district, block, and

subcenter levels. Auxiliary Nurse Midwives (ANMs) posted at subcenters prepare a list of areas within their
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subcenter catchment area requiring additional sessions under IMI and revise this list as needed in consultation

with the block medical officer in-charge (MOIC). This list was then reviewed and finalized at the district level

by the District Immunization Officer (DIO). Led by the national government, a monitoring framework repli-

cating the polio accountability system was established to oversee IMI activities at the state, district, and block

levels. Task forces for immunization at the state, district, and block levels were formed for regular planning

and review of the routine immunization program, also tasked with oversight of IMI. Monitoring data was

intended to be fed back to block, district, and state task forces for immediate corrective action and to guide

programmatic decision making.

IMI consisted of four rounds of immunization conducted between October 2017 and January 2018. Each

immunization drive was spread over seven working days with the exception of holidays, Sundays, and routine

immunization days already planned. After the completion of these rounds, states were expected to undertake

measures to sustain the gains achieved, thereby strengthening the RI system.

2.2.2 Data collection

To assess decision space and its related dimensions of capacities and accountability structures, key informant

interviews were conducted in a sample of IMI districts between July 2018 and January 2019. Five states with

high concentration of IMI activity (Assam, Bihar, Maharashtra, Rajasthan, and Uttar Pradesh) were selected

for inclusion in this study. Within these five states, 34 districts and six urban areas were selected. In Uttar

Pradesh andMaharashtra, urban areas were selected at random. In Bihar and Rajasthan, IMI was conducted

in only one urban district, both of which were included in this study. No urban districts in Assam were se-

lected for IMI. To select rural districts within states, districts were grouped into divisions and divisions were

selected at random using probability proportional-to-size (PPS) sampling. Within districts, a rule of selecting

30% of blocks at random was used. Within blocks, a rule of selecting 10% of subcenters at random was used.

This process resulted in a total of 90 selected blocks and 289 selected subcenters.

Questionnaires were developed specific to district, block, and subcenter levels (see Appendix A.3). As

this study was one component of a larger study assessing the cost and efficiency of the IMI program, these

questionnaires were an addition to data collection activities. Data collectors were trained in best practices

of qualitative interviewing, the study objectives, and objective of each question to ensure data quality and
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consistency. The DIO, MOIC, and ANM at the district, block, and subcenter levels, respectively, were iden-

tified as key informants for the questionnaire. Questionnaires were adapted from past survey tools aimed at

assessing decision space [51]. Similar to past studies, they were designed to assess variations in decision space,

institutional capacities, and accountability over four types of health functions: strategic and operational plan-

ning, financial management, human resource management, service organization and delivery, and governance

and/or local participation [34].

The theoretical foundations of decision space and these related dimensions described in Bossert (1998)

and Bossert andMitchell (2011) drove the design of survey questions. For example, questions on strategic

and operational planning included, “What specific actions did you take in the development of the final IMI

plan?” and questions on governance included, “Did you make changes to IMI planning or implementation

based on feedback from your supervisor?” Such questions contributed to characterizing the degree of effective

decision space of each respondent. Other questions, such as those inquiring on the training of respondents

and frequency of communication with supervisor(s) informed assessments of capacity and accountability,

respectively. Questionnaires were pilot tested in the first three districts visited for data collection and accord-

ingly revised for clarity and appropriateness to the Indian context. The instrument also attempted to measure

resources (e.g., availability of funds) as well as processes (e.g., programmatic training, supportive supervision,

responsiveness to feedback, monitoring and evaluation activities). Questions also inquired about challenges in

implementation of the program and engagement with communities being served.

Data collectors gathered information from key informants on the quantity of IMI activities (i.e., training

and microplanning meetings, number of IMI sessions, and number of supervision visits) and resources (i.e.,

staffing of IMI sessions). Output data collected from reproductive and child health (RCH) registers at sub-

centers included counts of doses by antigen delivered between October 2017 and January 2018, the period

of IMI implementation. Interviews were supplemented by IMI forms, microplans, and ANM records. Data

from the Demographic Health Survey (DHS) 2015-16 was used to collate indicators for basic vaccination

coverage, female literacy, urban and rural distribution, and wealth at the state level. Data was collected us-

ing paper forms, from which data was transferred into electronic format within 24 hours of interviews. Data

was stored using Kobo Toolbox, a secure cloud-based data storage tool, and extracted from this database into

Excel spreadsheets for analysis.
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2.2.3 Data analysis

Outcomes of interest

Three measures by which to assess performance were selected: (1) number of children vaccinated per session

held, (2) number of vaccine doses delivered per session held, and (3) number of IMI sessions conducted as a

proportion of planned sessions. Those children receiving vaccinations during the date range of IMI were as-

sumed to have been vaccinated under the program. The number of children vaccinated per session alongside

the number of vaccine doses delivered per session were selected as indicators of program efficiency. The num-

ber of IMI sessions conducted as a proportion of planned sessions acted as an indication of effectiveness in

health planning and implementation. While these were not ideal outcome measures, each of these allowed for

some characterization of IMI performance with respect to its objectives at the local level: to reach previously

unimmunized children. An ideal indicator of performance would have been some indicator of the degree to

which immunization delivery through IMI increased immunization coverage in program areas or the propor-

tion of targeted children reached through IMI activities. At the time of this study, it was not possible to di-

rectly obtain such an indicator as it would require full knowledge of specific children reached and unreached

by the program. Instead, these indicators provide absolute measures representing efficiency of service delivery

in a given context and whether planning activities indeed lead to their successful implementation.

At the subcenter level, the number of children vaccinated per session held was computed using data from

the RCH registers, in which ANMs recorded the dates of vaccination by child and antigen. The number

of vaccine doses delivered per session held was computed similarly, counting each specific antigen delivered

across all children recorded in the RCH register for each subcenter. The number of sessions held was re-

ported by each subcenter as well as aggregated at block and district levels. The number of IMI sessions con-

ducted was reported at each level and it was assumed that the total number of IMI sessions expected would

have been the full 28 sessions for each subcenter. In some cases, however, this assumption may not be accu-

rate. As part of the microplanning process, some areas may have initially planned to hold fewer IMI sessions

based on need. While this outcome measure indicates the degree to which program areas adhered to the pro-

gram protocol, it may also indicate the degree to which areas altered plans to fit local needs. Each of these

measures have been used in the analyses outlined below subject to data availability by district, block, or sub-
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center.

Because only respondents who were working during the implementation of IMI could speak to their roles,

responsibilities, and experiences during IMI activities, only data from respondents present during IMI imple-

mentation were eligible for analysis. All data analysis was conducted in R (version 3.6.1).

Descriptive quantification of decision space, institutional capacity, and account-

ability

Using quantitative and qualitative responses collected by the questionnaires, data was coded into dummy

variables representing key program indicators falling within the pre-defined domains of the decision space

framework (Table 2.1) [26, 34]. Indicators (e.g., development of microplan, partner engagement, supervision

of lower levels, etc. for strategic and operational planning) within each domain (e.g. strategic and operational

planning, human resources management, service delivery and organization, and governance for the dimension

of decision space) were summed for each observation. This mechanical process of scoring by simply counting

the report of actions or tasks done removed the potential subjectivity typically inherent in qualitative cod-

ing. Summing the indicators within each domain resulted in a ‘domain score’ for each of the domains within

each dimension (i.e., decision space, institutional capacity, and accountability). Domain scores were scaled

between 0 and 2 for ease of interpretation and comparison within the sample and on the scale of past pub-

lished literature [34]. A domain score of 0 in ‘strategic and operational planning’, for example, represents low

or narrow decision space for decisions within this domain compared to the sample mean. Similarly, a score of

2 in this domain represents high or wide decision space for such decisions compared to the sample mean. For

each observation, respective domain scores of each dimension were averaged to result in final composite scores

for (i) decision space, (ii) institutional capacity, and (iii) accountability.

Information on respondents’ sociodemographic characteristics was collected, including age, sex, and high-

est level of education. ‘Institutional capacity’ was defined according to the definition set forth by Bossert and

Mitchell as the ability of individuals or systems to perform appropriate functions effectively, efficiently, and

sustainably across administrative, technical, and organizational dimensions [34]. Questionnaires collected

information on capacity from respondents asking questions on their work experience, training, funding,

adoption of technology, and infrastructure of facilities. ‘Accountability’ referred to the structures in place to
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ensure that decisions made by non-elected officials (i.e., health managers) responded to local needs for immu-

nization activities [34]. Measures of accountability considered the presence of a supervisor, that supervisor’s

specific actions over lower levels, and how communities participated in how program decisions were made.

Together, these scores provide a quantitative heuristic indication of decentralization that can be compared

across and within states, districts, blocks, and subcenters.

To gain an initial understanding of the framework dimensions and program performance, descriptive

statistics and correlations between scores, state-level characteristics, and performance measures were analyzed.

Correlations between indicators of decision space, capacity, and accountability and reported challenges of

IMI implementation were also examined to explore any potential relationships between respondents’ decision

space, capacities, and accountability and their implementation experience of IMI. Correlations were consid-

ered statistically significant at α < 0.05.

Structural equation model: measurement model, specification, and estimation

Structural equation modeling (SEM) combines factor analysis and regression analysis to analyze structural

relationships between measured variables and latent constructs [52]. In the decision space framework, the

dimensions of decision space, institutional capacities, and accountability mechanisms can be considered latent

constructs, measured by a set of observed indicators. SEM is a theory-driven approach, requiring a theoretical

framework or body of empirical results that form the basis of specification of the model [53]. The framework

and literature applying the conceptualization of decision space provide a strong basis that prompts further

exploration in this direction. For these reasons, the SEM approach was selected as an appropriate quantitative

technique to explore how decentralization dimensions relate to observed metrics of performance. At this stage

and given the observational data analyzed, the findings of this analysis do not presume to act as evidence for

causation, but rather point towards additional tools to detect key relationships.

Confirmatory factor analysis (CFA), the first step of SEM in this case, uses a hypothesized model to esti-

mate a covariance matrix representing survey respondents, which is then compared to what has been observed

[54]. Each latent variable was defined by the corresponding set of discrete observed indicators collected in the

survey data to reflect each framework dimension [55]. Sets of the indicators (i.e., items) collected from the

survey data that were described to fall within the decision space, institutional capacity, and accountability
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dimensions in the literature were tested to identify measurement models that made theoretical sense, were

reasonably parsimonious, and acceptably corresponded to the data (Table 2.1) [53]. The variance-covariance

matrix of model parameters was used to estimate the model. When necessary, the nearest positive-definite co-

variance matrix was approximated using the Higham algorithm (2002) for computation of CFA results [56].

Based on the theory describing institutional capacity, educational qualifications are often included in the set

of questions characterizing an assessment of capacity. For this reason, this indicator was included in the pro-

cedure determining which questions comprised the latent construct of capacity. However, as described in the

study results, this indicator was ultimately not included as an item loading onto the variable of institutional

capacity.

A regression model accounting for the interrelationships between the three latent variables defined by

factor analysis - decision space, institutional capacity, and accountability - was specified to determine the

relationship between these variables and outcomes of interest. Specification of the model followed the rep-

resentation as shown in Figure 2.2, rooted in the theoretical foundations of decision space. In this simple

structural model, decision space, institutional capacity, and accountability act as three separate latent vari-

ables that directly influence program performance. As noted in the SEM literature, however, it is possible

that a number of equivalent or near-equivalent models exist for the same data. For this reason, equivalent

and/or near-equivalent models were evaluated and discussed as potential representations of the relationships

in question. Alternative models included one-factor models in which the decision space, institutional capac-

ity, and accountability constructs were combined into a single latent variable, consideration of block-level

and subcenter-level factors as separate latent variables, and the specification of indirect effects through latent

constructs or between block and subcenter levels.

SEM techniques are well-known to require large sample sizes to support the robustness of findings. Due

to concerns related to sample size and missing data, only block and subcenter levels were included for analy-

sis using SEM techniques. For simplicity, models were assumed to be recursive, meaning that error residuals

are uncorrelated and any effects are unidirectional without feedback loops [53]. Using the lavaanR pack-

age, maximum likelihood estimation was used to estimate the model [53]. Model fit was assessed using the

Tucker-Lewis index (TLI), comparative fit index (CFI), and root mean square error of approximation (RM-

SEA), reported as relevant criteria for categorical data [54]. TLI and CFI values greater than 0.90, and RM-
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SEA values below 0.08 were considered an acceptable fit [54].

Figure 2.2: General structure of structural equation model relating framework dimensions to performance
Latent factors are presented in circles. Measured observed variables are presented in rectangles. Connecting
lines indicate interconnected variables. Single-headed arrows indicate directed relationships. Double-headed
arrows indicate undirected relationships, representing variances (if the line curves back from a variable to

itself) or covariances (if the line curves from one variable to another). Dashed lines indicate the reference item
by which values associated with other items are scaled for a variable.

2.2.4 Ethical clearance

Ethical approval for this study was received from the Institutional Review Board at the Harvard T.H. Chan

School of Public Health.
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2.3 Results

2.3.1 Profile of respondents

A total of 24 districts, 61 blocks, and 279 subcenters were included for analysis. District-level managers

tended to be older than at block and subcenter levels. All respondents at the district and block levels com-

pleted at least graduate level education. There was an increasing trend in the duration of government service

from subcenter to district levels. At the district and block levels, men primarily held the DIO andMOIC

roles, respectively, while all of the ANMs interviewed were female. Most often, respondents’ roles in IMI in-

volved development of the microplan in some way. Higher levels were more often involved in supervisory and

coordination activities as well as partner (i.e., departmental stakeholders or international agencies) engage-

ment, while subcenter managers interacted with communities more often. Nearly all district-level managers

participated in IMI review meetings during its implementation. However, fewer block-level managers were

involved in these meetings. A majority of respondents described a joint or consensus-based process of deci-

sion making regarding IMI implementation as opposed to consulting others for a final decision. Nearly all,

respondents indicated having a direct supervisor and communicating with that supervisor nearly everyday.

Table 2.2: Summary of survey responses by level

Indicator District Block Subcenter
N = 24 (%) N = 61 (%) N = 279 (%)

State
Assam 4 (16.67%) 3 (4.92%) 28 (10.04%)
Bihar 3 (12.50%) 9 (14.75%) 44 (15.77%)
Maharashtra 4 (16.67%) 11 (18.03%) 60 (21.51%)
Rajasthan 3 (12.50%) 10 (16.39%) 30 (10.75%)
Uttar Pradesh 10 (41.67%) 28 (45.90%) 117 (41.94%)

Age (mean, years) 51.5 45.2 41.8
Sex
Male 21 (87.50%) 55 (90.16%) 0 (0.00%)
Female 3 (12.50%) 6 (9.84%) 279 (100.00%)

Education
Secondary school 0 (0.00%) 0 (0.00%) 123 (69.53%)
Graduate 15 (78.95%) 53 (86.89%) 68 (24.46%)
Post-Graduate 4 (21.05%) 8 (13.11%) 16 (5.76%)

Years in government service, mean 22.4 16.2 15.0
Continued on next page
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Table 2.2 – continued from previous page

Indicator District Block Subcenter
N = 24 (%) N = 61 (%) N = 279 (%)

Years in present location, mean 11.75 6.1 7.8
Training received to implement IMI
IMI microplanning and reporting workshop 17 (77.27%) 49 (84.48%) 7 (2.72%)
IMI communication session 9 (40.91%) 14 (24.14%) 0 (0.00%)
AEFI protocol training 5 (22.73%) 6 (10.34%) 0 (0.00%)
BRIDGE IPC skills training 3 (13.64%) 7 (12.07%) 16 (6.23%)
Media spokesperson training 3 (13.64%) 2 (3.45%) (0.00%)
CSO orientation 1 (4.55%) 2 (3.45%) (0.00%)
Health workers training 1 (4.55%) 3 (5.17%) 241 (93.77%)
Mobilizers training 1 (4.55%) 2 (3.45%) 16 (6.23%)

Sufficient funds allocated to district
Yes 14 (58.33%) 38 (63.33%) -
No 5 (20.83%) 15 (25.00%) -
Don’t know 5 (20.83%) 7 (11.67%) -

Role in IMI planning
Microplan development 16 (66.67%) 40 (65.57%) 213 (76.90%)
Training 7 (29.17%) 16 (26.23%) 0 (0.00%)
Supervision 4 (16.67%) 10 (16.39%) 0 (0.00%)
Coordination 11 (45.83%) 22 (36.07%) 0 (0.00%)
Partner engagement 13 (54.17%) 2 (3.28%) 0 (0.00%)
Community engagement 5 (20.83%) 13 (21.31%) 110 (39.71%)

Participated in IMI review meetings 23 (95.83%) 45 (76.27%) -
Decision making process
Joint decision 10 (43.48%) 19 (42.22%) -
Others made final decision 9 (39.13%) 12 (26.67%) -

Supervisor actions received
Reviews microplan 10 (41.67%) 29 (51.79%) 169 (62.13%)
Provides feedback 12 (50.00%) 18 (32.14%) 2 (0.74%)
Conducts site visit 12 (50.00%) 27 (48.21%) 51 (18.75%)
Checks supplies - 13 (23.21%) 133 (48.90%)
Conducts house verification - 6 (10.71%) 57 (20.96%)
Motivates families - 3 (5.36%) 95 (34.93%)
Motivates staff - 7 (12.50%) -
Checks logistics - - 47 (17.28%)
Observes service delivery - - 42 (15.44%)
Checks register - - 38 (13.97%)

Frequency of supervisor communication
Almost daily 14 (58.33%) 40 (71.43%) 257 (93.12%)
2-4 times per week 5 (20.83%) 14 (25.00%) 6 (2.17%)
About once a week 2 (8.33%) 0 (0.00%) 4 (1.45%)
Less than 1 time per month 3 (12.50%) 0 (0.00%) 3 (1.09%)

Reported community participation 7 (29.17%) 8 (13.11%) 51 (18.35%)
Continued on next page
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Table 2.2 – continued from previous page

Indicator District Block Subcenter
N = 24 (%) N = 61 (%) N = 279 (%)

Reported changes to RI
Sites added 13 (56.52%) 19 (43.18%) 13 (9.70%)
Sessions added 2 (8.70%) 9 (20.45%) 35 (26.12%)
Additional households included in RI 2 (8.70%) 13 (29.55%) 69 (51.49%)
Improved follow up 6 (26.09%) 2 (4.55%) 3 (2.24%)

Adoption of electronic RCH registers
Fully implemented 13 (54.17%) 45 (73.77%) -
Began implementation 9 (37.50%) 11 (18.03%) -
Have not started 1 (4.76%) 4 (7.55%) -

Of the total 40 districts, 91 blocks, and 281 subcenters where data was ultimately collected, 24 districts

(60%), 61 blocks (67%), and 279 subcenters (97%) were eligible for inclusion in this analysis. To be eligible

for this analysis, respondents needed to have been involved in IMI. Reasons for non-inclusion included (i)

being new in the DIO, MOIC, or ANM position, (ii) unavailability, absence, or refusal for interview, or

(iii) not being involved in IMI implementation. The reduced proportion of respondents at the district and

block levels reporting having been involved in IMI suggests that there is considerable turnover or migration

in roles and/or stations at these levels. Fewer changes in human resources seems to happen at lower levels

of implementation. At subcenters, most often, interviews could not be conducted because the ANMwas

too busy providing services during the time of the research team’s visit. As expected due to its size and over-

representation in the IMI program, sites in Uttar Pradesh comprised most of the sample.

Of those 24 districts eligible for analysis, 2% of data was missing with only 2 observations missing responses

to as many as 3 or 4 questions. Observations eligible for analysis at the block level were missing 7% of data for

the sample, while 9% of data was missing for the eligible subcenter observations. At the subcenter level, the

majority of missing data was for the performance indicators of number of children vaccinated and number

of vaccine doses delivered per session; 55% of subcenter observations were missing data for these performance

measures. This data was gathered from the RCH registries, suggesting that not all subcenters consistently and

routinely record this information as expected. For other data collected at the subcenter level, only 2% of the

data for analysis was missing.
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2.3.2 Summary of decision space and performance

Across district, block, and subcenter levels, the mean scores for institutional capacity and accountability hov-

ered fairly close to 1 (moderate), indicating similar patterns for these dimensions across units within levels

(Table 2.3). Because scores were scaled between 0 and 2, scores below 1, as was the case for decision space in

districts and blocks, means that the difference between those reporting the highest levels of decision space and

the average district or block was notable. Such results suggest that there were select districts and blocks with

significantly higher decision space than others, but that the majority indicated lower decision space. Within

the decision space dimension, human resources management was shown to have the lowest score. Institu-

tional capacity as measured by experience in government service and length of time stationed in the respon-

dents’ present location was lower within block and subcenter levels compared to other indicators of capacity.

The majority of subcenters reported high levels of supervision as measured by having a direct supervisor and

frequency of communication, while community participation to the extent that it influenced IMI operations

and implementation strategy remained relatively low across levels.

Table 2.3: Mean composite scores for dimensions and domains by level

Dimension / Domain District Block Subcenter
N = 24 N = 61 N = 279

Decision Space 0.70 0.67 0.97
Strategic and operational planning 0.89 0.85 1.16
Human resources management 0.37 0.37 -
Service delivery and organization 0.65 0.60 0.42
Governance and local participation 0.90 0.84 1.34

Institutional Capacity 1.06 1.08 0.99
Education 1.21 1.13 1.05
Experience in government service 0.96 0.59 0.58
Duration in present location 1.07 0.50 0.70
Additional training 0.92 1.63 1.46
Funding 1.48 1.45 -
Adoption of technology 1.52 1.68 -
Infrastructure* - - 1.28

Accountability 1.06 0.89 1.06
Supervision presence 1.56 1.73 1.91
Supervisory actions 1.42 0.74 0.93
Community participation 0.58 0.26 0.37

Note: Scores have been scaled for within-level comparisons only.
Continued on next page
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Table 2.3 – continued from previous page

Dimension / Domain District Block Subcenter
N = 24 N = 61 N = 279

*Rural subcenters only

Comparison of levels of decision space, capacity, and accountability measured across districts, blocks, and

subcenters revealed variation by states, with the largest detected variation at the district level (Figure 2.3). At

the district level, managers located in Rajasthan consistently reported lower scores on dimensions compared

to those of other states. Respondents in Maharashtra consistently reported higher levels of dimensions, along-

side managers in Assam. However, it is notable that the sample size at the district level was small. Analyses at

the block level showed that managers in Rajasthan again reported lower levels of accountability, but respon-

dents in Uttar Pradesh reported the lowest levels of decision space and institutional capacity. Results showed

that subcenters had the least variation in framework dimensions as the interquartile range of estimates for

each subcenter largely overlapped across states.

Regarding performance measures, the majority of districts and blocks reported vaccinating nearly all target

beneficiaries identified in their catchment area. When examining all states together, the distribution of pro-

portion of target children vaccinated appears similar; however, examination by state reveals differences (see

Appendix A.4, Figure A.4.1). It should be noted that the sample sizes within states are considerably lower for

those other than Uttar Pradesh. At the block level, a mean of nearly 91% of target children were reported to

have received vaccinations during the four months of IMI. Subcenters completed a median of 39.3% (IQR

14.3%-96.4%) of the 28 planned IMI sessions. Analyzing the proportion of planned IMI sessions completed

by state, however, reveals that the majority of respondents indicating having completed all sessions was in Ut-

tar Pradesh, the state that makes up the majority of the sample (Figure 2.4). Limited between-state variability

on this performance measure may highlight considerable contextual differences in Uttar Pradesh compared to

other states and is important to recognize when interpreting the results of this analysis.

Trends for the number of children vaccinated per IMI session held were fairly similar with somewhat

greater stability of estimates in Rajasthan and Uttar Pradesh (see Appendix A.4, Figure A.4.2). Blocks re-

ported vaccinating a mean of over 9 (σ = 5.4) children and delivering a mean of over 14 (σ = 11.0) different

vaccines per IMI session. The number of vaccine doses delivered per IMI session held were less consistent

across levels and states (see Appendix A.4, Figure A.4.3). Overall, there were notable differences in estimates
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Figure 2.3: Decentralization scores by dimension and state

of performance measures by state and level at which data was collected. In states providing a larger sample

size, the distributions of performance measures show greater overlap.

At the district level, dimensions of decision space, institutional capacity, and accountability were not cor-

related with measures of performance. However, individual indicators within dimensions were highlighted.

Education (ρ = 0.50, p = 0.03) and number of years in government service (ρ = 0.49, p = 0.02) were

correlated with the number of children vaccinated per session. Block-level analysis showed notably different
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results.

Figure 2.4: Density plot of the proportion of sessions conducted per IMI microplan by state based on data
collected at the subcenter level
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At the block level, decision space was significantly positively correlated with the number of children vacci-

nated (ρ = 0.36, p = 0.008) and number of vaccine doses delivered per session (ρ = 0.34, p = 0.01).

Having a supervision presence at the block level was also correlated with the number of children vaccinated

per session (ρ = 0.29, p = 0.03). Due to data availability, more correlations could be computed us-

ing proportion of IMI sessions held as a measure of performance (n = 275). At this level, decision space

(ρ = 0.16, p = 0.009), institutional capacity (ρ = 0.30, p < 0.001), and accountability structures

(ρ = 0.32, p < 0.001) were also highlighted as significantly positively correlated with the proportion of

planned IMI sessions held.

Given the diversity of the Indian states, examination of the correlation between framework dimensions

and state-level variables allowed for a general picture of potential relationships between broader contextual

factors and decision space, capacity, and accountability. DHS indicators in correlation analyses included state-

level existing immunization coverage, female literacy rate, percentage of urban areas, and wealth score [57].

District-level institutional capacity was positively correlated with female literacy rates (ρ = 0.52, p = 0.009)

at the state-level. At the block level, there was greater decision space in poorer areas (ρ = −0.28, p = 0.03),

while institutional capacity was greater in regions with higher female literacy, urban distribution, and wealth

(Figure 2.5). Subcenters with lower decision space (ρ = −0.14, p = 0.02), institutional capacity (ρ = −0.27,

p < 0.001), and accountability (ρ = −0.22, p < 0.001) had high existing immunization coverage across

the state. This may indeed point to the positive impact of stronger centralization for the delivery of health

services that have public goods characteristics, highlighted by Khaleghian [49]. Greater accountability at the

subcenter level was also correlated with lower female literacy rates across the state (ρ = −0.13, p = 0.04).

That statistically significant results arose from these analyses also illustrated that, indeed, detectable variation

in decision space, capacity, and accountability exists within states. Nevertheless, there may be underlying

factors driving detected correlations that have been hitherto impossible to consider when modeling these

dimensions.

2.3.3 Associations between framework dimensions and program performance

Specification of the model (model A) was guided by the theory set out in Bossert’s decision space framework,

that the dimensions of decision space, institutional capacity, and accountability each influence service delivery
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Figure 2.5: Correlation plot between state-level characteristics and block-level dimensions
Blue indicates positive correlation. Red indicates negative correlation. Color intensity indicates the strength

of correlation.
*p <0.05; **p <0.01; ***p <0.001

32



as well as have impacts on each other (Figure 2.1) [26, 34]. For model A, two questionnaire items significantly

loaded onto each latent construct (Table 2.4). Based on results of the factor analysis, decision space was de-

Figure 2.6: Path diagram for structural equation model with standardized estimates, Model A

Variances and covariances between variables are indicated by arrows and noted values. Red arrows indicate
negative variances. Green arrows indicate positive variances.
B=Block-level indicators; S=Subcenter-level indicators.

fined by having a joint decision making process in place and having been able to add IMI session sites to the

regular RI schedule as a result of the program. Institutional capacity was defined by the time an ANM and
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MOIC had spent working in a location, suggesting that experience in the area and familiarity with its context

was particularly relevant for this dimension. Because only these two indicators significantly loaded onto the

latent variable of institutional capacity, other variables such as age, educational qualifications, and position

title were considered sociodemographic characteristics of the respondent and were adjusted for in subsequent

models. Accountability was defined by having had a supervisory field visit at the subcenter level and having

conducted house visits to verify child immunization through IMI. These definitions differ from those used in

other studies, being comprised of fewer indicators (i.e., fewer survey questions).

Three performance measures available at the subcenter level were included in the model, allowing for si-

multaneous estimation of relationships between the latent constructs of interest and these indicators. As

expected, performance measures for the number of children vaccinated and number of vaccine doses deliv-

ered per session covary, meaning that the number of children vaccinated increased with increased vaccines

delivered. This was accounted for in this specification. Figure 2.6 represents the relationships between vari-

ables in the model according to the specification of Model A and highlights the association between these two

outcomes. Model results also illustrate the strong interrelationships between decision space and capacity and

capacity and accountability. Only a slight association between decision space and accountability was revealed

by the model.

The results of model A suggest that increased institutional capacity as measured by length of time staff has

been stationed in a particular location is associated with fewer children and fewer vaccines delivered per ses-

sion. At first glance, this appears to diverge from the theory that increased capacity drives increased outputs.

However, understanding the context of IMI may play a key role in interpreting such findings. In this case, it

is possible that areas with sufficient capacity to reach targeted children during RI have fewer children to reach

during IMI implementation. Still, given that many areas were chosen for IMI due to poor immunization cov-

erage, this may not explain such results in all cases. Institutional capacity was not associated with whether a

subcenter completed all 28 IMI sessions. On the other hand, greater decision space was associated with com-

pleting fewer sessions than planned.

Controlling for the age, sex, position title, and education of the ANM andMOIC respondents in model

A resulted in significant changes in the estimates, shown in Table 2.5. Due to the high correlation between

number of children vaccinated and number of vaccine doses delivered per session, only the number of chil-
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Table 2.4: Parameter estimates for model A (unadjusted for respondent characteristics)

Unstandardized Standardized
Estimate (SE) z p Estimate (SE)

Factor Loadings
Decision Space

Joint decision making process 1.00+ 0.45(0.80)
Added sites to RI 0.78(0.06) 14.11 0.000 0.35(0.80)

Institutional Capacity
Time in current location (ANM) 1.00+ 1.06(0.14)
Time in current location (MOIC) −0.76(0.11) −6.95 0.000 −0.81(-0.16)

Accountability
Supervisory field visit (SC) 1.00+ 0.12(0.31)
House verification (Block) −0.73(0.13) −5.56 0.000 −0.09(-0.28)

Regression Slopes
Children per session

Decision Space −2.66(5.58) −0.48 0.634 −1.19(-0.14)
Institutional Capacity −2.60(0.91) −2.85 0.004 −2.75(-0.32)

Accountability 11.94(19.36) 0.62 0.537 1.47(0.17)

Vaccines per session
Decision Space −0.65(2.62) −0.25 0.803 −0.29(-0.08)

Institutional Capacity −1.23(0.43) −2.85 0.004 −1.30(-0.37)
Accountability 1.15(8.34) 0.14 0.890 0.14(0.04)

Prop. sessions conducted
Decision Space −0.50(0.10) −5.08 0.000 −0.22(-0.61)

Institutional Capacity 0.00(0.01) −0.05 0.962 0.00(0.00)
Accountability −0.46(0.37) −1.25 0.212 −0.06(-0.15)

Fit Indices
CFI 0.98 0.98
TLI 0.95 0.95

RMSEA 0.09 0.09
+Fixed parameter

dren vaccinated per session and proportion of IMI sessions completed were included in this model. Control-

ling for age, sex, position title, and education of the ANM andMOIC respondents under the same model

structure reveals no detectable relationship between institutional capacity and the number of children vacci-

nated per session. Decision space, however, remains statistically significantly associated with the proportion
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of IMI sessions conducted in the same inverse direction though to a lesser degree compared to the unadjusted

model. It is important to recall that Uttar Pradesh, which made up most of the sample and where decision

space was detected to be lower than the average across states, was distinctly different from other states for

this performance measure; a notable majority of respondents in Uttar Pradesh reported having completed all

planned IMI sessions (Figure 2.4). It is possible that detection of the relationship between decision space and

proportion of planned sessions completed is simply representative of these relative extremes across states in

the sample.

Table 2.5: Parameter estimates for model A (adjusted for respondent characteristics)

Unstandardized Standardized
Estimate (SE) z p Estimate (SE)

Factor Loadings
Decision Space

Joint decision making process 1.00+ 0.45(0.81)
Added sites to RI 0.78(0.07) 11.79 0.000 0.35(0.69)

Institutional Capacity
Time in current location (ANM) 1.00+ 1.93(0.26)
Time in current location (MOIC) −0.23(0.06) −3.85 0.000 −0.44(-0.09)

Accountability
Field visit (SC) 1.00+ 0.11(0.27)

House verification (Block) −1.15(0.24) −4.68 0.000 −0.12(-0.38)

Regression Slopes
Children per session

Decision Space −7.92(16.93) −0.47 0.640 −3.55(-0.41)
Institutional Capacity −3.08(2.75) −1.12 0.262 −5.93(-0.68)

Accountability −17.24(57.52) −0.30 0.764 −1.84(-0.21)
Age (ANM) −0.06(0.04) −1.82 0.069 −0.07(-0.08)

Current position (ANM) 0.23(2.06) 0.11 0.911 0.23(0.00)
Education (ANM) 1.36(0.79) 1.72 0.085 1.36(0.07)

Age (MOIC) −0.20(0.04) −5.63 0.000 −0.20(-0.21)
Sex (MOIC) 1.10(1.30) 0.85 0.397 1.10(0.03)

Current position (MOIC) −4.49(0.74) −6.04 0.000 −4.49(-0.26)
Education (MOIC) 0.45(0.91) 0.50 0.618 0.45(0.02)

Prop. sessions conducted
Decision Space −0.41(0.10) −3.90 0.000 −0.18(-0.54)

Institutional Capacity −0.02(0.02) −0.96 0.336 −0.03(-0.09)
Continued on next page
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Table 2.5 – continued from previous page
Unstandardized Standardized

Estimate (SE) z p Estimate (SE)
Accountability −0.25(0.36) −0.69 0.492 −0.03(-0.08)
Age (ANM) −0.01(0.00) −11.74 0.000 −0.01(-0.30)

Current position (ANM) −0.42(0.05) −8.91 0.000 −0.42(-0.20)
Education (ANM) 0.07(0.02) 3.71 0.000 0.07(0.09)

Age (MOIC) 0.00(0.00) −4.71 0.000 0.00(-0.10)
Sex (MOIC) 0.00(0.03) 0.09 0.925 0.00(0.00)

Current position (MOIC) 0.60(0.02) 34.87 0.000 0.60(0.88)
Education (MOIC) 0.10(0.02) 4.80 0.000 0.10(0.11)

Fit Indices
CFI 0.72 0.72
TLI 0.56 0.56

RMSEA 0.17 0.17
+Fixed parameter

2.3.4 Model evaluation and comparison

To explore the possibility of equivalent or near-equivalent models that may also reasonably explain the rela-

tionships between decision space, institutional capacity, and accountability and performance measures, three

additional models were tested. Each model represents structural relationships that may potentially result in

observed outcomes that may be supported by existing theory. These models, B, C, and D, are illustrated in

Appendix A.4: Figures A.4.7, A.4.8, and A.4.9. Model B employs a one-factor measurement model, in which

‘decentralization’ is the latent construct represented by three items, one from each of the framework dimen-

sions of decision space, institutional capacity, and accountability. Making decisions on a joint or consensus

basis, professional experience of respondents at the subcenter level, and community participation loaded onto

the factor used in the subsequent regression analysis. Model C separated the dimension of decision space into

block-level and subcenter-level factors. Together, these latent constructs were regressed onto the performance

measures of interest. In model D, a hierarchical relationship between block-level and subcenter-level decision

space was tested. In this model, the latent variable of decision space at the block level was regressed onto its

counterpart at the subcenter level, which only then was regressed onto performance outcomes. The variance-

covariance matrix used for estimation of all models presented in this paper is outlined in Appendix A.6.

Assessment of the fit measures for all models presented in this paper demonstrate that models A and B
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performed well in terms of CFI and TLI (Table 2.6). Model A performs slightly better than model B with

the RMSEAmeasure suggesting that a fit may be close to meeting the threshold acceptance for this measure.

However, no model performed well in terms of RMSEA.Models C and D failed to reach the accepted thresh-

olds for model fit, with model D performing considerably worse than model C.

Table 2.6: Fit measures for all (unadjusted) models evaluated

Fit measure Model A Model B Model C Model D

df 15 6 20 63

CFI 0.977 0.974 0.852 0.501

TLI 0.946 0.935 0.734 0.382

RMSEA 0.092 0.131 0.206 0.189

p-value 0.007 0.001 0.000 0.000

2.4 Discussion

2.4.1 Summary of key findings

Similar to other studies of decision space, quantitative measures illustrated that, despite the formal proto-

col outlined for IMI, there was reasonable variability in decision space, capacity, and accountability across

states. Correlation analysis showed relationships between block-level decision space, specific features gener-

ally categorized into the dimension of institutional capacity, the number of children vaccinated, and vaccines

delivered per session. However, CFA for data collected at block and subcenter levels revealed that not all in-

dicators typically categorized into the umbrellas of decision space, capacity, and accountability loaded onto

factors as expected. Rather, parsimonious measurement models most often resulted in the best goodness-of-

fit measures; each latent factor in model A was generated based on two items and resulted in the SEM having

the best fit to the data among those evaluated.

It is important to keep in mind that the relationships shown by model A do not point to causality as we

are constrained by our limited knowledge of the exact mechanisms at play as well as temporality of the phe-

nomena in question. Rather, this structural model revealed decision space and institutional capacity to be
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statistically significantly associated with the proportion of total IMI sessions completed over the four-month

duration and the number of children vaccinated and vaccines delivered per session, respectively.

The inverse relationship detected between decision space and proportion of sessions conducted could be

reasonable in the event that those immunization managers having the ability to decide whether or not to con-

duct sessions actually conduct fewer sessions based on the information available to them. For example, in

some areas, the lack of a subcenter building or other infrastructure limited staff in their ability to implement

IMI. In other areas, safety from violence was a concern among staff when conducting IMI sessions. It is pos-

sible that certain areas initially planned to hold fewer than 28 IMI sessions in their area, which would indeed

be indicative of greater decision space over this aspect of strategic planning and implementation for IMI. It

is also possible that those with higher levels of decision space did not consider IMI activities a priority given

their other responsibilities, leading to fewer sessions implemented. Alternatively, because the latent variable

of decision space includes having the ability to add sites to RI in its definition, the addition of IMI sites to RI

may mean that these sessions were no longer considered as IMI session, but rather as regular RI activities.

Similarly, those with greater individual capacity at these levels may have more difficulty finding additional

children to vaccinate should their performance during RI sessions be high given the resources available to

them or a distinctly challenging environment. When controlling for other characteristics of respondents,

however, the association between institutional capacity and the number of children vaccinated per session

disappeared. Still, these potential explanatory scenarios are worth considering since the fit of the model when

controlling for respondent characteristics was poor. This also suggests that there may be other contextual or

respondent features that may be missing from the current model that would help improve the characteriza-

tion of the relationships between decision space, capacity, accountability and each of these outcomes. Thus,

these findings should be interpreted with caution and warrants further study.

Examination of the interdependent relationships between decision space, institutional capacities, and ac-

countability revealed that study findings parallel those of previous studies. Similar to the findings of Bossert

andMitchell, model results showed strong associations between decision space and capacity and capacity and

accountability, while accountability and decision space were not strongly associated with each other [34].

Findings differed in the direction of association, however. Decision space and institutional capacity covar-

ied significantly, but showed that as decision space increased, capacity decreased. Alongside this relationship,

39



the model showed that capacity and accountability also covaried inversely to a lesser degree. These different

findings may be explained by how the latent variable of capacity was defined in the model.

The factor analysis that drove the definition of the latent dimensions in this model resulted in a different

definition of institutional capacity than was posited in Bossert’s andMitchell’s study in Pakistan [34]. Con-

sidering that capacity was defined by the time a health worker had spent in a particular location, it may be

that new individuals were brought into challenging areas or to replace health officials failing to reach coverage

goals. As capacity is currently measured in the model, such an occurrence would result in low indications of

capacity despite wide decision space and high accountability processes in place. High levels of accountabil-

ity would further support such a narrative as detection of poor performance of previous human resources

allocated to the area would prompt reassignment of health officials. These results demonstrate the nuance

required in interpretation of findings from these types of models as well as highlight how these models can

capture organizational behaviors and relationships. Finally, it contributes to the evidence that these three fea-

tures of decentralization remain intimately related, further quantifying them to compare the degree of the

relationships to each other.

2.4.2 Implications of findings for immunization programs and health systems

Research to-date largely agrees that relationships or synergies exist between the dimensions, as first posited by

Bossert andMitchell (2011), across different contexts [34, 47]. Using a structural equation model, the find-

ings of this study support earlier findings of the strong interrelationships between decision space and capacity

as well as capacity and accountability, and that accountability and decision space are less related. The fact that

implementation of an alternative approach supports earlier findings adds robustness to these conclusions in

the literature. The analysis presented in this paper is a first example of how the decision space approach can

use structural equation modeling to detect linkages between features of decentralization and outcomes of in-

terest. Differences in which observed items were included in latent variable definitions compared to previous

studies may be attributable to the modeling approach or nature of the questions asked. Yet, such alternative

approaches provide perspectives that contribute to further understanding how these latent constructs operate

in the delivery of health services. Its findings contribute to both the decision space and immunization litera-

ture, expanding the tools for the analysis of decision space and its related features as well as providing insights
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into how organizational and management structures can influence the outcomes of immunization delivery.

Considering how decentralization of management influences processes to achieve immunization coverage

and the delivery of other critical health services can provide key insights into the functioning of the broader

health system. Studying the IMI program was a singular opportunity in that the initiative allocated responsi-

bilities to lower levels through the adoption of microplanning procedures and required the measurement of

specific outcomes as indicators of performance. Study findings, by highlighting the role of lower level man-

agement, emphasizes additional opportunities for improvement of immunization programs through enabling

effective decision making to reach more people with essential health services. In particular, delegation of ap-

propriate decision space and engaging in capacity building were highlighted at block levels and establishing ac-

countability mechanisms at the lowest levels as predictors of performance measures. More evidence is needed

to substantiate these findings, however. Future research could provide greater evidence for directionality of

direct and indirect effects, interaction effects, and/or mediators of relationships.

Institutional capacity, based on the models in this study, was defined by the experience an individual had

in a particular context and role. Considering how the health system and its programs continue to develop

and motivate their staff may be critical in promoting the effectiveness of health service delivery and improving

adequate access to essential services. Similarly, it may be important to purposefully and strategically allocate

decision space to ensure achievement of appropriate program goals. In scenarios of increased decision space,

it will be important to identify motivations and frameworks for health workers’ decision making in order

to predict its effects. In the IMI context, increases in decision space was associated with fewer IMI sessions

conducted. IMI sessions could have been absorbed into RI activities rather than being considered to be part

of IMI, successfully driving more sustained improvements in access to these essential health services. In this

case, the program exemplifies improved long-term outcomes towards increased access to health services among

populations formerly unreached. In cases in which managers made decisions based on local information, it

is additionally possible that initiatives to support health workers based on their specific contextual challenges

could further improve outcomes of the program.
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2.4.3 Limitations and future research

Limitations of this analysis may include the sample size of the data studied. SEMs require large sample sizes

to generate consistent results and motivated this study to use the subcenter-level performance outcomes of

interest. As a result, the models reveal less about the aggregate performance outcomes at the district and block

levels. Examination of the outcomes of interest at each level of the data reveal some of this inconsistency in

measurement. The distributions of measures of performance reasonably overlap across districts, blocks, and

subcenters within some states for some indicators, but not all. Uttar Pradesh also comprises a majority of the

sample analyzed, and as a result, phenomena in this region may be driving some of the findings presented here

disproportionately more than other states included. Future research would benefit from a larger sample size as

well as more states included in the sample. Ideally, all 187 areas included in IMI would have been included for

this study as well as all relevant managers of the program reached.

SEMs in this paper were assumed to be recursive and models were simplified to increase the likelihood

of model convergence. Nevertheless, it is possible that a non-recursive, more complex model would more

appropriately convey the relationships occurring in decentralized health systems. This was a first iteration

towards understanding how such a health system could be best represented using a structural model and may

continue to be built upon in future research.

Since data was collected using key informant interviews with open-ended questions and retrospective re-

view of records, this study is subject to the limitations imposed by these methods of data collection. For ex-

ample, responses gathered via interview may be influenced by the interviewer herself. In the case of this study,

tool development processes and researcher training aimed to minimize the potential effect of bias as a result

of interviewing or questionnaire design. Interviews were conducted among staff in lower level management

roles. It is possible that respondents’ answers may have been influenced by their superiors should it have been

impossible to conduct the interview in a private setting. Questions that were believed to be unduly biased by

such a presence have been removed from the analysis for this reason.

The fact that only data from respondents present during the implementation of IMI could reasonably be

used for analysis may contribute to selection bias. It is possible that there were random staffing changes that

would not have contributed to bias. However, it may also be that less successful managers vacated their posi-

tions or more successful managers moved into different positions in short periods of time. Indeed, in districts
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and blocks, 60% and 67% of data was eligible for inclusion, respectively. Such scenarios could prevent the de-

tection of certain relationships or otherwise bias study estimates. For example, in a hypothetical scenario in

which data for less successful managers who would have reported lower decision space and institutional ca-

pacity were missing, our study may have overestimated the negative association between these dimensions and

performance measures. Similarly, if most of the data missing were due to the movement of successful man-

agers who would have reported low levels of decision space and capacity to other positions, analyses would

have underestimated the magnitude of these relationships.

As is often a limitation in the evaluation of immunization programs, it remains challenging to measure

improvements in immunization coverage without a reliable denominator representing the total number of

children that need immunization services. This was particularly difficult to measure at lower levels, such as

block and subcenter levels, without sufficient granularity in the data available. For this reason, change in im-

munization coverage was not used as a measure of performance of IMI, though this would have been ideal.

Instead, proxy measures better representing program efficiency, planning, and implementation were used to

assess IMI performance.

Study findings are limited by the extent to which measured outcomes successfully represent program per-

formance. All else being equal, measures of the number of children vaccinated per session and the number of

vaccine doses delivered per session that are greater indicate more output per session, which would correspond

with more efficiently using resources. However, these outcomes depend on baseline coverage, population

size, and population density. Areas with low populations will reasonably report lower numbers of children

vaccinated and vaccine doses delivered. Likewise, in areas with higher baseline coverage, the maximum possi-

ble number of IMI doses delivered will also be smaller. Unfortunately, we were not able to account for these

factors, such as through estimated population size or number of target beneficiaries by area, in this analysis.

When considering the proportion of planned IMI sessions completed, a higher proportion would rea-

sonable indicate good performance according to program planning. In settings where managers have higher

decision space, managers may have the flexibility to only plan sessions that are needed. Having the data to con-

firm interpretations of this outcome of interest would further strengthen conclusions in regards to program

performance as measured by strategic planning and effective implementation. Furthermore, the outcome

detailing the number of vaccine doses delivered was collected based on matching the dates of IMI implemen-
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tation with those recorded in the RCH registers. There may be inaccuracies in which doses were delivered

for IMI versus RI as a result. It may also be possible that not all IMI doses were recorded in these registers.

Greater accuracy of such data would strengthen the findings of studies assessing such outcomes to character-

ize program performance.

Future research should aim to build on this work and address its limitations. Larger sample sizes or pooled

datasets may provide improved opportunities to examine features of decentralization and health system per-

formance using SEM approaches. Considering how approaches could be applied using data from routinely

administered or widely used surveys may be a way to address this challenge. Given the highly contextual na-

ture of decentralization, it may remain challenging to achieve high external validity in this area. Yet, systematic

approaches to analysis can yield a consistent framework by which to assess and understand research findings.

This study supports the evidence in the literature that relationships exist between decision space and insti-

tutional capacity as well as between institutional capacity and accountability structures, while there is less

connection between decision space and accountability. This consistent finding may be applicable to other set-

tings. Researchers planning to implement any of the approaches outlined in this paper should carefully con-

sider the theoretical structure of decision space, institutional capacity, and accountability mechanisms with

respect to outcomes of interest for their setting at the study conceptualization and design stage. Development

of the data collection tool, typically a questionnaire delivered to key informants, remains critically important

in the study of these dimensions since reasonable proxy measures for these constructs are often challenging to

obtain otherwise.

In line with recommendations for conducting CFA and SEM analyses, strong theory should drive model

decisions and testing. Also characteristic of SEM is a process of re-specification should models have poor fit,

fail to converge, or result in Heywood cases (i.e., a parameter estimate with an illogical value, such as negative

variances or correlations greater than 1) [53]. For this reason, using simulated data to explore whether the

types of data expected are suitable for these modeling procedures can support the development of appropriate

study tools and improve the probability of data usability and relevance to the research question.
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2.5 Conclusions

Study findings emphasize the potential role of institutional capacity and/or decision space to implement

health delivery systems efficiently and effectively for improved access to health services. Because of the de-

tected relationships between these features and program performance, health systems should consider the

impact that management structures for the delivery of health services have on access, efficiency, and effec-

tiveness. Indicators included in theory-driven composite scores for decision space, institutional capacity, and

accountability do not all load significantly onto these latent constructs. Rather, simplified models may pro-

vide more appropriate measures of these variables. Analyses confirm the associations, or what has been called

synergies in the literature, between these three dimensions and highlight the role of decision space and insti-

tutional capacity at higher levels and that of accountability at the lowest levels of management. Given the

possibility for greater insights and understanding into the relationships between decision space, capacity, and

accountability for service delivery, research should continue to explore the potential of innovative approaches

to inform strategic planning and implementation of health policies and programs.
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3
Role of User Benefit Awareness in Health

Coverage Utilization Among the Poor

3.1 Background

3.1.1 Achieving universal health coverage in Cambodia

As one of the targets set by the 2015 Sustainable Development Goals (SDGs), achieving uni-

versal health coverage (UHC) aims to promote good health, poverty reduction, and a foundation for long

term economic development [58]. UHC ensures that all people have effective access to necessary health ser-
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vices of adequate quality, meaning that such services are both physically available and do not expose indi-

viduals to financial hardship [58]. Cambodia has seen steady improvements in population health, largely

attributed to its strengthening economy, which grew at a rate of 7.7% per year between 2001 and 2010 and

attained lower-middle income status in 2015 [59, 60]. Towards advancing its pursuit of UHC, inMarch

2016, the Royal Government of Cambodia committed to achieving UHC through its Social Health Pro-

tection Framework [61]. The country’s UHC service coverage index, constructed using 14 tracer indicators

and intended for use for monitoring UHC status for the SDGs, was 52% in 2015 and highlights room for im-

provement in service delivery [20, 62]. The Royal Government of Cambodia recognizes the need to reduce

inequalities in care due to geography and income and continues to move towards service delivery reforms to

strengthen preventive and primary care as well as address social determinants of health [63].

Despite these efforts and the country’s continued economic growth, Cambodia faces persistent barriers to

realizing UHC, including challenges in realizing adequate financial risk protection for individuals accessing

them [59, 60]. Out-of-pocket (OOP) expenditures on health remain high in the country, having stagnated

around 60% of total health expenditures since 2002 [23]. In 2017, the share of OOP spending was estimated

to be between 62% and 74% and about 5% of households experienced catastrophic health expenditures, i.e.,

OOP expenditures exceeded 40% of household income, in 2014 [63–66]. Cambodia’s persistently high OOP

expenditures and catastrophic health expenditures alongside low levels of health services utilization among

the poor suggests that a significant proportion of the population faces a significant burden in accessing health

services. The country’s high OOP expenditures and poverty rate of 18% point to the poorest as being the

most at-risk by the lack of effective financial risk protection [23, 60]. Such challenges emphasize the role

of social protections in ensuring adequate financial access to health care services. Examination of Cambo-

dia’s health financing and financial risk protection strategies for the country’s most vulnerable populations is

among the next steps towards greater evidence-based policymaking for UHC.

3.1.2 State of health financing and financial risk protection

Total health expenditure was 6% of GDP in 2016, below the average 9% of the Southeast Asia region, with

government spending accounting for 22% of that expenditure (corresponding to 1.3% of GDP) [58, 67].

Total health expenditures were higher in Cambodia than other countries in Southeast Asia, including Viet-
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nam (5.7% of GDP), Lao People’s Democratic Republic (2.8%), and Thailand (3.8%) [67]. However, in these

neighboring countries, government spending accounted for a considerably greater proportion of health ex-

penditures, 47%, 32%, and 78%, respectively [67]. Health financing in Cambodia remains heavily reliant on

donor funding, which comprised 18% of total health expenditure in 2014 [63].

When structural and organizational reforms began in the mid-1990s, health financing reforms were a cen-

tral focus of efforts to move towards UHCwith the aim to eliminate financial barriers to access. User fees for

public health facilities were introduced in 1996 with the aim of generating additional facility revenues, 60% of

which are allocated to staff incentives. These user fees often provide facilities with a large proportion (30-50%)

of additional operating revenues going towards staff incentives and supplies [23, 68]. While successfully rais-

ing much needed revenues for public facilities, it was recognized that user fees imposed significant barriers to

accessing care among vulnerable populations, namely the rural poor.

Development and implementation of theHealth Equity Funds

Beginning in the early 2000s, health financing policies in Cambodia focused on reducing barriers to accessing

health services, including user fee exemptions for the most vulnerable populations. The aim was to develop a

comprehensive system of social protection based on social health insurance. The Health Equity Funds (HEF),

initially run by government and development partners, remain the major health financing effort aimed at pro-

viding financial risk protection and main social protection scheme for the poor in Cambodia [23, 68]. Rather

than pooling risk, HEF is a funding pool financed by the government and partners that subsidizes user fee

exemptions, hospitalization costs, transport costs, and other expenditures related to health and care seeking.

Implicit in the user fee reimbursement to health providers, HEF provides coverage for a standard package of

health care services that includes diagnosis, treatment, prevention, health promotion, and rehabilitation at

health centers and referral hospitals [23].

Beneficiaries are pre-identified at home (prior to seeking care) by the IDPoor survey, a household survey

implemented nationally on a regular basis, or by a post-identification process carried out at health facilities

[69]. To be considered eligible for HEF, the IDPoor survey would have had to identify a household as being

sufficiently poor. The exact criteria for identification as poor through the IDPoor program is not publicly

released, however. Upon identification, individuals should receive a card indicating their entitlement to HEF
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benefits. HEF covered 75-80% of its target population in 2013 and is operated at the district level with admin-

istrative support at the national level [23, 68, 70].

In 2012, the total cost of HEF implementation was US$9.5 million with an average cost of US$8.40 per

visit to health facilities [23]. Average medical costs were US$29.32 per inpatient case and US$1.94 per out-

patient case. As the country moves towards middle-income status, however, many donors and development

partners have started or will soon begin reducing their financial and operational support for HEF [23]. These

processes have already begun with the transfer of management for HEF to the government, making questions

about program sustainability and effectiveness ever more relevant.

Impact of theHealth Equity Funds

Impact evaluations to date have shown that HEF successfully improved access to health services for the poor,

reduced OOP health spending by 29% and household-related debt by 25%, and increased public health facil-

ity utilization [23, 68]. Despite expectations of considerable need based on disease burden, utilization of HEF

benefits hovered only between 16% and 25% across public health facilities [71]. Persistently lowHEF utiliza-

tion remains a challenge to achieving UHC under the social protection scheme. Studies have consistently

found that a substantial proportion of HEF beneficiaries still seek care from private providers, incurring con-

siderable OOP expenses as a result [72–74].

Despite slight increases in the utilization of public facilities overall, HEF did not have an effect on utiliza-

tion among poor households (i.e., the bottom two income quintiles) [68]. Notably, the richest 40% experi-

enced the largest positive impacts in public sector utilization as a result of HEF, especially when combined

with voucher schemes [68]. Assuming that the burden of disease in Cambodia is generally the same across

income groups, or even worse for the poor, these findings suggest that health care utilization among the poor

remains lower than should be expected. This also poses, and potentially aggravates, the persistent problem of

inequitable social and health outcomes in the country; the country’s Gini index remains relatively high and

worsening, estimated to be 36.0 in 2013 [60].

Nevertheless, the adoption and implementation of HEF in Cambodia has largely been hailed as a success.

The literature agrees that HEF contributed to decreased OOP expenditures for HEF beneficiaries and may

have led to equity improvements among poor mothers and their children [23, 69]. Past research also points to
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the potential effects of having extended HEF to health centers, quality improvement measures, and increasing

awareness of HEF entitlements via the implementation of IDPoor efforts that occurred over the same period

as HEF implementation. The same research, however, suggests the possibility that limited awareness of HEF

entitlements and benefits remains a non-financial factor affecting uptake of maternal and child health services

at public facilities [69]. While there have not been interventions aimed specifically at raising awareness of HEF

entitlements and related benefits, HEF continues to have close linkages to the IDPoor program, which is well-

known and widely accepted across the country [69].

Comparing donor- and government-implemented HEF programs across the country also highlights dif-

ferences in impact [68]. As the country transitions to less dependence on donor support, it is critical to un-

derstand the mechanisms by which HEF drives positive impacts on appropriate health care utilization and

financial risk protection.

3.1.3 Factors affecting health services utilization

Utilization of health services is often used as an operational proxy for access to health care, defined by Peters

et al. (2008) as “the timely use of services according to need” [75]. Understanding health care utilization re-

quires an understanding of why and how people seek health care. The Andersen health care utilization, or

care seeking behavior, model has been often used as a framework to understand demand-side care seeking

behavior as a mechanism of health care utilization [76]. This model has been extensively used in studies in-

vestigating health care utilization for different areas of the health system and diseases. The behavioral model

incorporates both individual and contextual determinants of health and service utilization; an individual’s

use of health services is a function of three dimensions of his or her characteristics: (1) predisposing char-

acteristics, (2) enabling resources, and (3) need. Individual-level predisposing factors include demographic

characteristics, such as age, sex, education, occupation, ethnicity, social relationships, and mental factors, such

as health beliefs, attitudes, values, and knowledge of health and health services. Contextual predisposing fac-

tors refer to the demographic and social composition of communities, collective and organizational values,

cultural norms, and political perspectives [77].

Individual enabling factors involve an individual’s income and/or wealth available to spend on health ser-

vices and whether he or she has a regular source of care and the type of source. These factors also encompass
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transportation, travel time, and waiting time in accessing health care. Need factors at the individual level re-

fer to perceived need for health services and professionally evaluated need for health care. These factors also

include environmental needs, such as population health indices (e.g., mortality, morbidity, disability, etc.)

[77, 78]. Contextually, enabling factors refer to community resources, such as per capita community income,

affluence, rate of health insurance coverage, the relative price of goods and services, and provider payment

mechanisms. It can involve the physician and hospital density, office hours, provider mix, quality manage-

ment oversight, outreach and education programs, and health policies [77]. Together, contextual and individ-

ual characteristics drive health behaviors, such as personal health practices and use of health services, accord-

ing to the Andersen model. These health behaviors then result in outcomes, such as perceived health status,

evaluated health status, and consumer satisfaction [76].

The Andersen behavioral model does not specify the role of financial risk protection. However, studies

in low- and middle-income countries (LMICs) have consistently shown that health care utilization increases

with the introduction of health insurance or other forms of social health protection for the poor [79–81].

This suggests that individuals’ awareness of financial coverage for health services may be an enabling factor

leading to greater use of health services. In a context that recognizes and values financial access to care as a key

feature of UHC, financial risk protection becomes an important outcome of health care seeking and in this

study will be added to our conceptual framework as an outcome of health care utilization. If user awareness

of coverage benefits can positively influence necessary health care utilization, it becomes critical to understand

how to increase awareness of entitlements among beneficiaries of social health protection schemes. Through

this mechanism, it may be possible to positively influence individuals to seek care when they need it, provid-

ing adequate financial access towards effective coverage and UHC.

Beneficiary knowledge of health insurance benefits

Health insurance coverage has consistently been classified as an enabling factor across studies. Several stud-

ies found that having health insurance significantly increases the likelihood of service use or decreased delay

of care seeking across different population groups in high-income settings [77]. These findings point to an

underlying assumption that, upon receiving health insurance coverage, individuals understand their bene-

fits, and therefore, seek care. In many private or competitive health insurance markets, users play an active
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role in their own enrollment, comparing policies to choose which may be best for their needs. This process

plays an educational role, by which users become aware of the benefits under their health coverage plan. In

schemes with automatic enrollment based on specific eligibility criteria, such as HEF in Cambodia, it is no

longer necessary for beneficiaries to become aware of their coverage benefits as a product of the enrollment

process. HEF beneficiaries, for example, are identified by designated government staff, enrolled based on

judgement and eligibility measures that may be sufficiently vague to those being enrolled. Nevertheless, for

health coverage to prompt greater care utilization as well as utilization of its coverage benefits, some level of

user knowledge or awareness of these benefits should be present.

Much of the literature surrounding patients’ knowledge or understanding of health benefits centers around

the uptake or enrollment in insurance. In the Cambodian case, as nearly 80% of the target population is en-

rolled in HEF, uptake is not the primary question of relevance. Rather, subsequent utilization of those ben-

efits upon being enrolled becomes important to ensuring effective access to care. A cross-sectional survey of

women seeking contraceptive care in the US determined that knowledge of relevant benefits under the Af-

fordable Care Act (ACA) was associated with a significant increase in interest in long-acting reversible contra-

ception [82]. A survey of beneficiaries in the US military health system determined that patients’ understand-

ing of their coverage was associated with a small, but statistically significant, contributor to their satisfaction

with the care received [83]. The role of user awareness of benefits for subsequent utilization of services is less

understood in LMICs and may be relevant for the Cambodian context.

Existing research points to a role of knowledge and awareness of health benefits in the way patients use and

understand their care [84]. In Cambodia, among the challenges in realizing UHC is achieving effective cover-

age for health care services among the poorest through HEF. To address the problem of lowHEF utilization,

which limits appropriate care utilization and thwarts the objective of financial risk protection for the poorest,

understanding beneficiaries’ awareness and its relationship to health care utilization can inform key policies

on the path to UHC.

3.1.4 Study objective and specific aims

This study aims to understand the role of user knowledge in care seeking and utilization in Cambodia by: (i)

comprehensively describing patient awareness of benefits, (ii) characterizing the role of awareness at each step
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in utilization (e.g., care seeking, utilization, and claim of HEF entitlement) using a series of regression mod-

els, and (iii) simulating hypothetical policy scenarios to identify the best options with respect to beneficiary

awareness. In achieving these specific aims, this work systematically presents how beneficiaries understand

their entitlements as well as explores how this awareness relates to health care utilization and financial risk

protection for health.

3.2 Methods

3.2.1 Data sources

This study used nationally representative data collected in 2016 as part of the impact evaluation of the Health

Equity and Quality Improvement Project (H-EQIP) in Cambodia [71]. The primary objective of H-EQIP

was to improve the quality of health care services and financial protection for vulnerable groups. Evaluation

activities included a household survey capturing information on household composition, sociodemographic

characteristics, health status, health care utilization and expenditures, social health protection status and uti-

lization, and health outcomes (i.e., mortality). The evaluation implemented a multistage stratified sampling

design based on randomization at the district level. Seventy of the country’s 100 operational districts (ODs),

which included 2,506 households (HEF and non-HEF) and 12,344 individuals across 140 villages, were sur-

veyed. Households were eligible for the survey if at least one household member was a woman between 15

and 49 years of age that had had at least one pregnancy event in the 24 months prior to the survey. A detailed

description of the sampling strategy has been previously published [71].

When comparing results to national surveys, the eligibility criteria for the inclusion of households in this

survey must be considered. Analyses that propose to use or compare this data to national surveys should also

restrict those data to include only households with pregnant women or mothers with children below two

years of age.

Survey questions on awareness of HEF benefits were asked to self-reported HEF beneficiaries included in

the household survey sample (Appendix B.1). Questions inquired into respondents’ awareness of financial

coverage for services at public health centers and hospitals, maternal delivery and medicines at public facilities,

transport costs for delivery and hospitalization, money for caregiver meals, and the possibility to use the HEF
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card outside of their district of residency.

3.2.2 Outcomes of interest

In understanding the role of awareness of HEF benefits on patient behaviors, four outcomes were of interest

in this study: (1) choice to seek care, (2) public sector health care utilization, (3) patients’ claims or utilization

of HEF benefits, and (4) whether OOP payments were made for health services. Care seeking behavior was

defined as respondents having reported going to any health facility, health personnel, or traditional healer for

an illness or injury. Formal health care utilization in the public sector was specified as respondents’ reporting

having sought treatment from a public health care provider (e.g., national hospital, provincial hospital, refer-

ral hospital, health center, or health post) for an illness or injury in the past 12 months. Utilization of benefits

was determined by respondents’ having reported using a card to receive free health care services.

Respondents were asked whether they had paid OOP expenditures for an illness or injury in the past two

weeks. OOP expenditures were considered as a dichotomous outcome, i.e., whether an individual had paid

any amount out-of-pocket. OOP expenditures could include official provider fees, laboratory and x-ray fees,

unofficial fees, transportation, medicine, and other reported expenditures. Descriptive statistics exploring

respondents’ awareness of HEF benefits, their care seeking behaviors, and utilization patterns were generated

as a first step to understanding the nature of these features.

3.2.3 Pathways to health care and coverage utilization

There are a number of points at which beneficiaries must make decisions along the pathway to using health

care and claiming HEF benefits (Figure 3.1). While the choice to enroll is not relevant to the Cambodian case,

access to covered services and the choice of provider have been identified as points at which users drop off

along the sequence from illness to receiving appropriate care and claiming their benefits [85]. Awareness of

HEF benefits may influence the initial decision to seek care, choice of provider (i.e., public or private), and

whether to claimHEF benefits at the health facility. Whether use of the HEF card translates to sufficient

financial risk protection by eliminating OOP expenditures remains another step towards effective coverage.

It is possible to hypothesize mechanisms by which awareness of benefits influences user decision making

based on when a user becomes aware of his or her entitlements under HEF. Because of the various processes
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Figure 3.1: Decision points between onset of illness to using HEF card potentially influenced by awareness
of benefits

by which HEF operates, there are multiple possibilities for at which point a patient becomes aware of HEF

and, consequently, how awareness of coverage benefits plays a role in health care utilization. The process

of identification in HEF implementation (IDPoor) refers to the identification of HEF eligible households,

which may happen in communities (i.e., pre-identification) or upon seeking care at a public health facility

(i.e., post-identification). This ambiguity in timing makes it impossible to identify any causal relationship us-

ing this data source for this context. As part of the identification process, protocol outlines that implementers

should adequately explain the benefits to which covered households are entitled.

3.2.4 Understanding user awareness of HEF benefits

Correlation analysis of awareness indicators was conducted to detect the degree to which awareness of spe-

cific features of HEF benefits were related to each other. Subsequently, an overall index for awareness of HEF

benefits was constructed based on principal components analysis (PCA) of responses to awareness-related

questions. The awareness index was constructed using an optimally-weighted linear combination of the in-

puts (i.e., the seven survey questions concerning awareness of HEF benefits) based on PCA results and scaled
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to a range between values 0 and 1 for ease of interpretability. This index allowed for a descriptive compari-

son of awareness levels across the sample population, but was not used in regression analyses in an effort to

understand beneficiaries’ awareness of each specific HEF entitlement individually.

For each outcome of interest, regression models were specified to characterize their relationship with ben-

eficiaries’ awareness of HEF benefits. Multiple logistic regression models were specified in which variables

included were selected based on the categories outlined by the Andersen behavioral model of health care uti-

lization. Population characteristics included in the models were age, sex, education, ethnicity, income quin-

tile, and variables related to the awareness of HEF benefits. Outcomes of interest were reported in the survey

as the number of illnesses / injuries for which a respondent sought outpatient or inpatient care. Outcomes

of interest were assigned to be dichotomous variables. Detailed definitions of outcomes of interest based on

survey questions are outlined in Appendix B.2. Each survey question asking about awareness of specific HEF

benefits were included as separate indicators in regression analyses.

The sample used for regression analyses was restricted to those reporting illness or injury in the 12 months

prior to the survey. This restriction was necessary due to questionnaire design. Nevertheless, this was con-

sidered appropriate as illness or injury was assumed to initialize steps towards HEF utilization. Furthermore,

with each model, the population was limited to individuals representing each subsequent stage of the path-

way to HEF utilization (Figure 3.1). For example, care seeking behavior was analyzed among those reporting

onset of illness or injury in the past 12 months. Choice in provider was analyzed among those reporting hav-

ing sought care for their reported illness or injury and HEF utilization at point-of-service was modeled for

those who sought care at public facilities.

Fixed effects at the district level were specified to account for environmental factors that may contribute

to health care utilization, such as community-based influences, objective quality of care at facilities, and other

unmeasured variables at the district level. Because of the distinct nature of care seeking for outpatient versus

inpatient care, separate sets of regression models were specified for each type of care sought. Repeated 10-fold

cross validation was implemented with three repeats to determine how accurately regression models predicted

outcomes of interest. Clustered robust standard errors were computed to account for the clustered house-

hold survey design. Results were considered statistically significant at the α < 0.05 level. All analyses were

conducted in R (version 3.6.1).
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3.2.5 Simulation of interventions and uncertainty analysis

Simulations of hypothetical interventions were carried out using the previously described models to reveal

how changes in levels of awareness due to policy interventions may affect outcomes of interest along the path-

way to health care seeking and HEF utilization for outpatient care in Cambodia (i.e., number of individuals

seeking outpatient care in the public sector and number of individuals subsequently claiming benefits under

HEF for that care). OOP was not considered as an outcome of simulations as survey questions asked about

this information over a more recent time period, resulting in a considerably smaller sample size for model fit-

ting. To generate full populations for simulation, missing predictors in the survey sample were imputed by

multivariate imputation by chained equations (MICE) [86]. MICE is a method for dealing with missing data

that uses regression models of observed variables in the data to predict missing values. Imputation of missing

data allowed for a full simulated population based on the existing information in the dataset. Ten iterations of

MICE were conducted on the survey data to account for potential uncertainty of the imputed indicators.

Two hypothesized interventions were simulated: (1) a campaign whereby HEF benefits were widely publi-

cized to the general population, and (2) dissemination of similar information via public facilities. Simulations

reproduced how such interventions would impact awareness of HEF entitlements among beneficiaries. Upon

implementation of a mass media campaign to the general population, for example, or other passive infor-

mational intervention, it remains likely that only a proportion of the target audience would be reached. For

instance, a general informational campaign may randomly reach 70% of HEF beneficiaries prior to illness or

injury that would prompt the decision to seek care. Some subset of those 70% reached may have already been

aware of HEF entitlements, while the other subset would become aware as a result of the intervention. This

simulation attempted to replicate how the aforementioned interventions would be implemented in practice.

Thus, rather than increasing awareness directly to be a constant, changes in awareness were applied via this

mechanism of those reached.

It is challenging to determine the proportion of a targeted population reached by mass media or other such

informational campaigns and data is not available to directly inform estimates on the proportion of HEF

beneficiaries that would receive information on their entitlements through mass media or other dissemination

strategies targeting the general public. However, nearly 70% of Cambodia’s population reported having access

to a television in 2014, though poorer households are significantly less likely to own a television compared to
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wealthier households [87]. Still, this indicator could be considered a proxy of access to information through

common campaign media. Thus, in this simulation, each intervention was optimistically assumed to reach

70% of the population. In other words, a randomly selected 70% of the population would have experienced

the intervention and, thereafter, became aware of specific benefits publicized by the campaign.

Sets of HEF benefits were identified based on the results of the previously described correlation analysis.

Simulations predicted outcomes of interest under scenarios of the previously described interventions that

focused messages on the following sets of HEF benefits: (a) free services at public health centers and hospitals,

(b) free services at public health centers and hospitals and coverage for maternal delivery and medicines, (c)

reimbursement for transportation for delivery and hospitalization and funds for caregiver meals, and (d) all

HEF benefits. Thus, a total of eight different intervention scenarios were simulated. Changes in outcomes of

interest based on adjustments in awareness levels were compared to identify opportunities for improved access

to public sector care and greater financial risk protection through HEF utilization.

To account for model uncertainty, bootstrapping of the original, non-imputed survey dataset was con-

ducted to generate 100 different samples of observations selected from the original dataset stratified by dis-

trict. Logistic regression models were trained on each bootstrapped sample using only complete observations;

districts with fewer than five complete observations were removed for model fitting. These models were then

used to predict outcomes of interest. This uncertainty analysis resulted in 1,000 simulations of each interven-

tion scenario and provided 95% confidence intervals for simulation predictions.

3.2.6 Ethical clearance

Ethical approval for this study was received from the Institutional Review Board at the Harvard T.H. Chan

School of Public Health.

3.3 Results

3.3.1 Profile of HEF beneficiaries

A total of 11,978 respondents (97%) in the household survey indicated their HEF status. Among these in-

dividuals, 5,473 respondents (44%) were identified as those under HEF coverage. Among those identified as
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HEF beneficiaries, 3,617 respondents (66%) reported having an illness or injury in the past 12 months, 3,533

individuals (65%) reported seeking formal care for that illness or injury, and 1,230 people (22%) reported ever

seeking care in the public sector. Most of the sample was made up of children and younger respondents under

20 years of age and, as would be expected to be eligible for coverage, HEF beneficiaries tended to be poorer

than the overall household sample. As a proportion of total HEF beneficiaries that were ill or injured in the

past 12 months, only 25% ultimately claimed their HEF entitlements, while 43% would pay some amount

of health expenditure out-of-pocket. Of those who sought care from a public provider, however, a majority

claimed HEF entitlements at the point of service for either inpatient or outpatient care. Among those who

reported paying some amount of OOP health expenditure in the past two weeks, there was considerable varia-

tion in howmuch was paid, from just over US$2 to approximately US$13.60.

Table 3.1: Summary of sample population

Indicator
HEF Illness/Injury Sought Sought care at

beneficiaries past 12 months care public provider
(N = 5,473) (n = 3,617) (n = 3,533) (n = 1,230)

Sex
Male 2,562 (47%) 1,608 (44%) 1,558 (44%) 514 (42%)
Female 2,911 (53%) 2,009 (56%) 1,975 (56%) 716 (58%)

Age
<10 years 1,597 (31%) 1,111 (32%) 1,126 (33%) 459 (40%)
11-20 years 904 (18%) 554 (16%) 510 (15%) 132 (11%)
21-30 years 890 (17%) 509 (15%) 498 (15%) 141 (12%)
31-40 years 753 (15%) 545 (16%) 519 (15%) 189 (16%)
41-50 years 399 (8%) 294 (8%) 288 (9%) 96 (8%)
51-60 years 284 (6%) 212 (6%) 212 (6%) 78 (7%)
>60 years 316 (6%) 235 (7%) 222 (7%) 67 (6%)

Education
Never attended 1,044 (25%) 727 (20%) 672 (19%) 245 (20%)
Primary school 2,481 (60%) 1,683 (47%) 1,656 (47%) 544 (44%)
Secondary school 630 (15%) 390 (11%) 372 (11%) 94 (8%)

Ethnicity
Khmer 5,065 (93%) 3,395 (94%) 3,316 (94%) 1,165 (95%)
Other 408 (7%) 222 (6%) 217 (6%) 65 (5%)

Income quintile (KHR)
<348,000 1,365 (25%) 948 (27%) 898 (26%) 302 (25%)
348,000 - 1,030,000 1,364 (25%) 942 (27%) 899 (26%) 350 (29%)
1,030,000 - 2,310,000 1,071 (20%) 670 (19%) 660 (19%) 233 (19%)
2,310,000 - 4,990,000 917 (17%) 586 (17%) 576 (17%) 216 (18%)
4,990,000 - 199,000,000 656 (12%) 397 (11%) 412 (12%) 101 (8%)

Continued on next page
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Table 3.1 – continued from previous page

Indicator
HEF Illness/Injury Sought Sought care at

beneficiaries past 12 months care public provider
(N = 5,473) (n = 3,617) (n = 3,533) (n = 1,230)

Utilization, past 12 months
Outpatient care - - 3,035 (86%) 1,029 (84%)
Always used HEF card - - - 819 (67%)
Ever used HEF card - - - 903 (73%)
Inpatient care - - 478 (14%) 285 (23%)
Always used HEF card - - - 215 (17%)
Ever used HEF card - - - 232 (19%)

Out-of-pocket expenditure
Paid OOP in past 2 weeks 1,941 (35%) 1,568 (43%) 1,561 (44%) 609 (50%)
Amount paid, KHR (mean± SD) 8,194± 47,394 9,043± 37,969 9,474± 38,999 9,125± 36,617

Awareness of HEF benefits 1,191 (22%) 828 (23%) 782 (22%) 312 (25%)
Health center services 4,516 (83%) 3,012 (83%) 2,754 (83%) 1,032 (89%)
Hospital services 4,257 (78%) 2,842 (79%) 2,606 (79%) 974 (84%)
Delivery 4,215 (77%) 2,792 (77%) 2,563 (78%) 954 (82%)
Medicines 4,485 (82%) 2,969 (82%) 2,724 (82%) 1,027 (89%)
Transport for delivery 3,284 (60%) 2,245 (62%) 2,086 (63%) 760 (66%)
Transport for hospitalization 3,133 (57%) 2,111 (58%) 1,950 (59%) 725 (62%)
Caregiver meals 3,067 (56%) 2,040 (56%) 1,882 (57%) 736 (63%)
Use outside of district 2,542 (46%) 1,757 (49%) 1,642 (50%) 630 (54%)

3.3.2 Awareness of HEF benefits

Across population subgroups, levels of awareness of HEF benefits were similar (Table 3.1). About 22% of

HEF beneficiaries reported awareness of all entitlements under HEF and nearly 38% reported awareness of

seven out of eight of the entitlements. Over 75% of beneficiaries reported being aware of free services at public

health centers and hospitals, while 67% reported awareness of such free services in addition to coverage for

maternal delivery and medicines. Nearly 52% of respondents covered by HEF were aware of reimbursement

for transportation for both delivery and hospitalization. Beneficiaries were most often aware of free services

available at public health centers and hospitals as well as for delivery and medicines. Less often, HEF benefi-

ciaries were aware of reimbursement for transportation when seeking care for delivery or hospitalization or

for caregiver meals during a hospitalization stay. Respondents were least aware of the fact that their HEF card

could be used at public facilities outside of their district of residence.

Further examination of awareness of HEF benefits revealed that respondents were often aware of sets of

benefits (Figure 3.2). Those who were aware of free services at public health centers were often also aware
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Figure 3.2: Correlation of awareness of HEF benefits
Darker colors represent higher degrees of significant correlation with blue representing positive correlation
and red representing negative correlation between two features of awareness among HEF beneficiaries

(p < 0.05).

of free services at public hospitals (ρ = 0.73) and coverage of maternal delivery (ρ = 0.53) and medica-

tions (ρ = 0.52). Similarly, those who were aware of reimbursement for transportation to public facilities

for delivery were also aware of such reimbursements for hospitalization (ρ = 0.78) and often knew about

funds available for meals for caregivers staying with patients at the hospital (ρ = 0.53). Considerably fewer

respondents were aware of being able to use their card for services outside of their district of residence and, as

a result, this did not positively correlate with any other points of HEF benefits knowledge. On the contrary,

those who were aware of having free services at their local public health center were slightly less likely to re-

spond affirmatively to the ability to use their HEF card outside of their district (ρ = −0.07). However, about

36% of responses for the question on whether respondents were aware that the HEF card could be used out-

61



side of a respondent’s district were unanswered and should be interpreted with caution. PCA excluded this

question and was conducted using only seven of the eight questions on awareness of HEF benefits included in

the questionnaire.

Figure 3.3: Frequency of respondents by awareness index for HEF benefits
0 = No awareness of benefit
1 = Full awareness of benefit

PCA revealed that about 91% of the variation across these seven questions can be captured in a single prin-

cipal component. The mean awareness index among HEF beneficiaries was 0.83± 0.26, indicating generally

high awareness of HEF entitlements. Figure 3.3 also illustrates that most respondents reported being aware of

nearly all HEF benefits.

3.3.3 Patterns of care seeking and utilization behavior

Almost all (98%) respondents sought care upon onset of illness or injury with most seeking outpatient care.

For those having at least some primary schooling, the odds of seeking care were over 1.5 times greater than

among those who had never attended school. Most care seeking was for outpatient care rather than inpatient

care. Among those seeking outpatient care, the majority of respondents (66%) sought care from a private
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provider. About 36% of those who sought outpatient care sought outpatient care from a public provider at

least once, while almost 20% always sought care in the public sector when they sought care for an illness or

injury in the past 12 months. Nearly 26% of respondents indicated that they sought care more often from

public providers compared to private providers. In general, women were more likely to have sought outpa-

tient care from public providers (Appendix B.3, Table B.3.2). Individuals in the second income quintile had

greater odds of having sought outpatient care from a public provider compared to the poorest in the sample.

Figure 3.4: Proportions of the sample population observed at each point of decision making
OOP expenditure not shown as survey question referred to past two weeks only.

Table 3.2: Odds ratios for awareness predictors of care seeking among those ill or injured in the past year

Dependent variable:
Sought health care

(outpatient or inpatient)

Health center services 0.287
(0.027,3.107)

Hospital services 1.452
(0.150,14.089)

Delivery 1.219
(0.359,4.135)

Continued on next page
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Table 3.2 – continued from previous page
Dependent variable:
Sought health care

(outpatient or inpatient)
Medicines 0.327

(0.087,1.235)

Transport for delivery 1.687
(0.669,4.254)

Transport for hospitalization 0.923
(0.333,2.560)

Caregiver meals 1.476
(0.711,3.067)

Observations 1,877
Log Likelihood -496.308
Akaike Inf. Crit. 1,164.615
Prediction Accuracy 0.9032

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Certain awareness predictors omitted due to missingness.
District-level fixed effects and additional covariates (see Ap-
pendix B.3 for full model).

Awareness of free services at public health centers was associated with increased odds of ever having visited

a public provider (OR = 2.088, Table 3.3). However, awareness of free services at public hospitals was associ-

ated with reduced odds of seeking outpatient care at a public facility for illness or injury in the past 12 months

(OR = 0.341). Awareness of financial coverage for medicines increased the odds of always seeking outpatient

care at public facilities by more than 3.4-fold.

The sample sizes available to analyze inpatient care were smaller than those available for outpatient care,

which may contribute to less reliable model coefficient estimates. No sociodemographic characteristics were

statistically significantly associated with outcomes of interest. Awareness of free hospital services was associ-

ated with significantly greater odds of always seeking inpatient care at a public facility (Table 3.4).
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Table 3.3: Odds ratios for awareness predictors of public provision and HEF claims for outpatient care

Dependent variable: Outpatient care
Ever visited Always visited Ever used Always used

public provider public provider HEF card HEF card
(1) (2) (3) (4)

Health center services 2.088∗ 1.814 0.173 1.022
(1.086,4.014) (0.769,4.283) (0.00001,3,073.535) (0.040,25.975)

Hospital services 0.341∗ 0.319∗ 0.219 0.098
(0.148,0.788) (0.130,0.783) (0.00002,2,508.104) (0.002,4.433)

Delivery 0.540 0.705 0.717 1.343
(0.212,1.376) (0.274,1.812) (0.027,18.753) (0.119,15.184)

Medicines 2.780 3.458∗ 2.550
(0.852,9.077) (1.095,10.917) (0.190,34.270)

Transport for delivery 1.460 1.262 0.592 1.354
(0.670,3.182) (0.624,2.550) (0.114,3.070) (0.423,4.337)

Transport for hospitalization 0.689 0.814 4.052 1.695
(0.287,1.658) (0.383,1.730) (0.646,25.393) (0.413,6.950)

Caregiver meals 1.305 1.031 0.375 0.332∗
(0.744,2.291) (0.566,1.877) (0.123,1.146) (0.137,0.805)

Observations 1,555 1,555 588 609
Log Likelihood -863.512 -649.248 -106.496 -205.815
Akaike Inf. Crit. 1,897.023 1,468.497 370.992 571.630
Prediction Accuracy 0.6711 0.7938 0.8793 0.7882

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Certain awareness predictors omitted due to missingness.
District-level fixed effects and additional covariates (see Appendix B.3 for full model).

3.3.4 ExaminingHEF utilization and health expenditure

About 30% of those seeking outpatient care ultimately claimed their entitlements under HEF coverage, while

approximately 49% of those seeking inpatient care claimed their HEF benefits. Figure 3.4 illustrates the de-

cision points at which beneficiaries drop off along the pathway to HEF utilization. Among those who claim

their HEF benefits for inpatient or outpatient care, a large proportion always use their HEF card at point of

service. Nearly 80% of those seeking outpatient care at a public facility always used their HEF card to claim
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benefits and almost 88% had ever used their HEF card. Among those seeking inpatient care, over 75% always

claimed HEF benefits for their care, while more than 81% claimed inpatient entitlements at least once for

their illness or injury.

Table 3.4: Odds ratios for awareness predictors of public provision and HEF claims for inpatient care

Dependent variable: Inpatient care
Ever visited Always visited Ever used Always used

public provider public provider HEF card HEF card
(1) (2) (3) (4)

Health center services 1.424 0.323 0.932 0.543
(0.114,17.715) (0.056,1.859) (0.133,6.510) (0.037,8.049)

Hospital services 8.023 38.071∗∗
(0.343,187.813) (3.571,405.913)

Delivery 2.243 6.834 35.312 6.935
(0.119,42.322) (0.091,514.574) (0.074,16,959.370) (0.102,472.070)

Medicines 0.165 0.056 0.038 0.029∗
(0.012,2.289) (0.001,3.214) (0.001,2.805) (0.001,0.912)

Transport for delivery 1.779 0.726 1.021 0.058
(0.170,18.587) (0.065,8.129) (0.259,4.034) (0.003,1.194)

Transport for hospitalization 0.598 1.110 66.333
(0.071,5.045) (0.106,11.675) (0.760,5,792.215)

Caregiver meals 4.858 5.494 0.670 0.244
(0.907,26.012) (0.752,40.140) (0.192,2.333) (0.054,1.105)

Observations 248 248 256 186
Log Likelihood -80.875 -70.656 -77.277 -59.454
Akaike Inf. Crit. 323.750 303.312 290.554 258.909
Prediction Accuracy 0.6412 0.7118 0.6829 0.6129

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
Certain awareness predictors omitted due to missingness.
District-level fixed effects and additional covariates (see Appendix B.3 for full model).

Regression results showed that no variables included in the model was statistically significantly predictive

of having ever used the HEF card to claim benefits. Awareness of funds for caregiver meals reduced the odds

of always claiming benefits (OR = 0.332, Table 3.3). This may suggest that, by the time an individual chooses

to seek care at a public facility, these remaining variables do not considerably alter their decision to claim their

HEF entitlements. Rather, much of the decision to claimHEF benefits may have already been made prior to
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this point in time. Similarly, at the stage in the pathway to utilization, having decided to seek care at a public

facility, none of the variables included in the model significantly influenced the whether or not an individual

paid any health expenditures OOP (Appendix B.3, Table B.3.4). Data on OOP expenditures was collected

for the past two weeks rather than the past 12 months, as for other outcomes of interest. For this reason, the

sample size of respondents remains small.

3.3.5 Simulations of awareness interventions

A total of 62 districts were included in simulations; eight districts were excluded from the fitting of the simu-

lation models (Kampong Tralach, Baray/Santuk, Ponhea Leu, Chaktomouk, Preaek Phnov, Kampong Speu,

Ang Rokar, and Svay Rieng) due to too few complete observations within a district on which to stably fit

models. Mean differences in outcomes of interest were statistically significantly different compared to no in-

tervention, though in many cases, the change was small. Without intervention, simulation models predicted

that 25.8% of the population would seek outpatient care at public facilities, of which 96.7% would subse-

quently claim benefits using their HEF card.

Under intervention 1 (i.e., a general informational campaign), the population would become aware of

HEF benefits prior to seeking care. As a result, the proportions of the population seeking outpatient care in

the public sector would change slightly, ranging between means of 24.5% (1a) and 28.0% (1c) (Figure 3.5).

Consistently across interventions, the majority of those seeking outpatient care in the public sector subse-

quently used their HEF card to claim benefits. Scenarios in which messages delivered focused on free pub-

lic health center and hospital services as well as coverage for maternal delivery and medicines (b) resulted in

greater benefits claimed as a proportion of individuals seeking public outpatient care compared to messages

about free services alone. However, the scenario representing a general informational campaign that dissemi-

nated messages on reimbursement for transportation and funds for caregiver meals (1c) resulted in the highest

public care seeking and HEF utilization overall at 28.0% and 27.1% of the population, respectively, a∼2%

increase from the no intervention scenario. Scenarios in which intervention messages included free hospital

services considerably reduced the the proportion of the population seeking care in the public sector, mir-

roring the model results noted in Table 3.3 in which awareness of free hospital services reduced the odds of

having ever visited a public provider.
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Figure 3.5: Predicted proportions of outcomes of interest for outpatient services by intervention
Note: The range of the outcome of interest illustrated on this plot is 23% to 28% to sufficiently illustrate

differences across intervention strategies.

Interventions:

1 General informational campaign

2 Dissemination via public facilities

Messages on HEF benefits:

a Free public health center and hospital services

b Free public health center and hospital services, coverage for maternal delivery and medicines

c Reimbursement for transportation for maternal delivery and hospitalization and funds for caregiver
meals

d All benefits
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In the case in which information on HEF benefits were disseminated through public facilities, as expected,

the proportion of patients seeking care in the public sector would remain the same as in a scenario of no inter-

vention. The proportion of individuals claiming HEF benefits at point-of-service would change only slightly,

within 1%. An estimated 96.2% of patients seeking public health care services were predicted to claimHEF

benefits when receiving messages on free public health center and hospital services (a) to 96.9% when receiv-

ing messages on all benefits (d). The results of this simulation suggest that the decision to seek care from a

public provider closely corresponds to the decision to claiming HEF benefits at point-of-service, and indeed,

may be intertwined. Overall, the scenario corresponding to a general informational campaign reaching 70% of

the population and disseminating messaging on transportation reimbursements and funds for caregiver meals

was most effective in increasing care seeking in the public sector and HEF utilization.

Analyzing uncertainty in outcome predictions revealed that there was greater uncertainty surrounding

predictions on who claims HEF benefits. The widest 95% confidence intervals for predictions of the propor-

tion of individuals seeking care at public facilities were from about 20% to 30% for the scenario representing a

general informational campaign disseminating messages on free public health center and hospital services and

coverage for maternal delivery and hospitalization (1b) and from about 18% to 28% when disseminating mes-

sages on transportation reimbursement and funds for caregiver meals (1c). Figure 3.6 demonstrates clustering

of model predictions suggesting potential clustering of models depending on features of imputed samples.

Simulations across scenarios suggest consistency within 10 percentage points of outcome predictions. The

mean predictions of outcomes of interest across models fit on bootstrapped samples were lower than those

predicted using the model fit on the raw survey dataset. In the case of no intervention, the mean proportion

of patients seeking care in the public sector was 22.7% with 92.9% of those people predicted to claimHEF

benefits. Despite the lower predicted values, the trends across interventions remained the same. The scenario

of a general informational campaign focused on messaging about transportation reimbursement and funds

for caregiver meals (1c) resulted in the most public sector care seeking (25%) and overall HEF utilization at

point-of-service (23%).

Notably, predictions based on the models reported in Table 3.3 lay at the edge of 95% confidence intervals

computed based on models of bootstrapped samples, shown in Figure 3.6. This suggests reasonable uncer-

tainty surrounding model predictions as a result of missing data and/or inconsistency in model estimates.
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Comparing model coefficients across the models fit on bootstrapped samples and those fit on the raw data

revealed a range of odds ratios for each predictor of interest (Figure 3.7). There was a wide range of coeffi-

cient estimates for the models predicting whether a patient claimed HEF benefits at point-of-service, while

estimates to predict care seeking in the public sector were relatively more consistent.

3.4 Discussion

3.4.1 Summary of key findings

Study findings revealed that a high proportion of HEF beneficiary households with pregnant mothers or

children under two years of age were indeed aware of their entitlements under the national social protection

scheme, especially entitlements related to free services at public health centers and hospitals as well as cov-

erage for maternal delivery and medicines. Individuals’ knowledge of certain entitlements corresponded to

their awareness of other benefits. For example, those who are aware of free services available at public health

centers, are also most often aware of corresponding free services at public hospitals. Similarly, those aware of

reimbursement for transportation for maternal delivery are likely also aware of reimbursement for transporta-

tion for hospitalization. Awareness of HEF entitlements did not vary across the population by sociodemo-

graphic characteristics.

Nearly all respondents reporting illness or injury in the past 12 months sought care for their condition.

Most respondents sought care from a private provider. However, being aware of free services at public health

centers was associated with twice the odds of ever having visited a public provider for outpatient care com-

pared to those who were not aware of this entitlement under HEF. Awareness of hospital services was signif-

icantly associated with a decreased odds of having visited a provider for outpatient care. This may indicate

individuals going straight to hospitals, bypassing outpatient care, when they are aware that hospital services

would be free. Those aware of receiving financial coverage for medicines were also more likely to have always

sought outpatient care from public facilities.

Analyses of inpatient outcomes of interest revealed a strong relationship between awareness of free services

at public hospitals and having always visited a public provider. Despite generally high awareness of HEF en-

titlements, less than half of respondents reported ultimately using their HEF card to claim benefits at point-
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of-service. If the decision had already been made to go to a public provider, however, it was likely that HEF

benefits were claimed. Findings suggest that those who did use their HEF card, did so consistently. This may

point to knowledge or experience of using their card to claim benefits in addition to awareness of specific

entitlements under coverage as key features of the pathway to HEF utilization.

It is generally accepted that women of reproductive age typically have greater knowledge and contact with

the health care system. This study was also not able to establish causal relationships based on the data avail-

able. Therefore, it is possible that, rather than awareness of HEF entitlements driving care seeking behaviors,

awareness levels may be otherwise explained by respondents’ past contacts with the public providers of the

health system. Interpretations of study findings should consider their applications with respect to this popu-

lation and to the extent that this population can be representative of the general population.

3.4.2 User awareness of coverage and improving access to health care

Existing literature generally agrees that health insurance improves access, utilization, and financial risk pro-

tection for health care in LMICs [88]. Our findings suggest that it may be possible to improve access to care

through increased user awareness of coverage benefits, though increases in utilization at public facilities and fi-

nancial risk protection via more benefit claims may be small. Studies in other LMIC settings, such as Colom-

bia, have described an “awareness effect” of insurance coverage, in which having explicitly defined benefits

and a physical membership card encourages greater utilization of formal health services [84, 89]. Indeed, an

assessment conducted in 2015 found that, though only 46% of the poor held a HEF card, having the card

increased the likelihood of a household seeking care at a public facility by 34% [23]. Focusing efforts on en-

suring that beneficiaries have physical cards and are informed of entitlements upon enrollment in the scheme

may be a beneficial alternative to informational campaigns aimed at improved utilization and access to care.

It is debatable whether such an effect can be considered an environmental factor or enabling resource in the

context of the Andersen behavioral model of health care utilization. This effect has features of the external

community and health care system that promote awareness and acceptance of health coverage as well as the

physical card allowing ownership of entitlements. Further exploration of an awareness effect of this nature

would require understanding how beneficiaries receive and use their HEF card within a household or com-

munity.
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While it is possible that the process of using one’s HEF card at facilities may be influencing adequate uti-

lization, the point at which patients tend to drop off along the pathway towards HEF utilization suggests that

efforts focused on encouraging care seeking in the public sector may prove most fruitful. In LMICs where

user awareness and utilization has been studied, beneficiaries or potential beneficiaries tend to have low levels

of awareness of their benefits under insurance schemes [90, 91]. This study showed that this is not the case

in Cambodia. In fact, the majority of beneficiaries consistently reported knowing about entitlements un-

der HEF coverage with the highest levels of awareness surrounding free services at public health centers and

hospitals. The concentrated awareness on these two main provisions of HEF makes sense when considering

existing literature about how individuals understand health insurance coverage; a study of consumers’ knowl-

edge of health insurance in the United States reported that the majority of families understand only one or

two simple benefits of their coverage [92].

Despite generally high levels of awareness, however, the majority of patients covered by HEF continue

to seek care from private providers. This finding was consistent with past studies, which have reported high

utilization of private providers as high as 85% in rural areas and 77% of OOP spending [23]. Regardless of

the promise of greater financial risk protection through HEF coverage, it seemed that households were either

more willing to pay OOP for health services from private providers or possibly faced other barriers to access-

ing care, such as distance to public facilities. Care seeking in the private sector resulting in financial hardship

can be considered as issues related to access to care due to poor perceptions of public health services or stigma

associated with utilization of health coverage. Efforts to identify or address these issues in Cambodia may

advance initiatives to improve financial risk protection and appropriate utilization of health services.

3.4.3 Limitations of this study

Potential limitations of this study include missing data across variables of interest. For example, nearly 23% of

HEF beneficiaries who reported illness or injury in the past 12 months were missing information on highest

education completed. About 3% of this sample was missing information on the seven awareness indicators

included in regression analyses. Relatedly, missing data contributed to reductions in the sample sizes available

for model fitting for various outcomes of interest, particularly those related to HEF utilization. Multivariate

imputation was used to build a complete sample for simulations of policy scenarios, however, there may still
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be undetectable bias in the estimates of relationships shown in regression models.

Another limitation of the study related to the nature of survey questions. Questions on OOP health ex-

penditures only asked respondents about illness or injury in the two weeks prior to the survey, rather than the

past 12 months as was the case for other survey questions of interest in this study. For this reason, the analysis

on OOP health expenditures and what can ultimately be said about effective financial risk protection remains

limited. Additionally, survey questions asked about respondents’ knowledge of HEF benefits in a uniform

way and only about true HEF entitlements (Appendix B.1). Thus, it is possible that the levels of awareness of

HEF entitlements was not accurately representative of true knowledge or may have been artificially inflated

due to this survey strategy. The combination of relatively small sample sizes and limited variation in awareness

levels for particular outcomes of interest resulted, in some cases, in nearly perfectly predictive relationships.

In such cases, it was impossible to estimate any existing relationships between awareness and outcomes of

interest.

Uncertainty analyses revealed that model estimates for the outcome of claiming HEF benefits were fairly

unstable, with a wide range of results when examined with bootstrapped samples. This may be due to the

fact that the number of HEF beneficiaries who sought care at public providers was fairly small and reported

limited variation in awareness. These issues may indeed be closely related; those who claimHEF entitlements

may have more consistent awareness of their benefits. A limitation of this study remains that the data does

not allow for causal inference. That is, only associations between awareness and care seeking behavior and

HEF utilization can be detected. We hope that future surveys will consider causally assessing the influence

of user knowledge and understanding of coverage benefits on their care seeking behaviors and improving

financial risk protection among this population.

This study did not consider the mechanisms or processes by which HEF benefits are claimed. For example,

the data provided little insight into how beneficiaries obtain or regularly use their HEF card. It is possible that

beneficiary cards are managed by a head of household or community, which would add further complications

to convenient use of the card at point-of-service. It is also possible that difficulties arise upon using the card

at certain facilities and other studies have alluded to stigma associated with IDPoor designation and use of

HEF benefits. The implications of potential stigma and difficulties of claiming coverage benefits alongside

existing challenges of appropriate allocation of human and financial resources may drive patients’ perceptions
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of lower quality of care at public facilities, leading to lower care seeking at public facilities. However, these

other factors were not a focus of this study.

Finally, it is important to recall that the sample considered in this study selected households with pregnant

women and/or mothers with children below two years of age. Thus, study findings and implications of this

research remain relevant to this subset of the population and the extent to which this subgroup can represent

the Cambodian population.

3.4.4 Implications for policy and research

Beneficiary entitlements under HEF coverage are fairly simple, covering the standard package of outpatient

and inpatient services available in the public sector of Cambodia’s health system as well as selected costs in-

curred as a result of individuals’ actions to seek care. The generally high levels of awareness of HEF enti-

tlements among beneficiaries may hint at the benefits of simplicity in benefit design for health insurance or

other social health protection schemes. In other words, it seems unlikely that the complexity of benefits pro-

vided under HEF hindered beneficiaries from understanding their entitlements or using HEF at health facili-

ties. More likely, other barriers to claiming HEF benefits contribute to lowHEF utilization in Cambodia.

This study expanded on the often used Andersen health care utilization model, including financial risk

protection as an outcome of interest when examining patient awareness of coverage benefits and utilization in

a health system. On the path to UHC, access and equity have become key features of health policies and the

addition of this outcome to our framework of analysis aimed to represent that evolution. With this addition,

the framework illustrates the linkage between user knowledge or awareness of health benefits and improved

access to health services, the ultimate aim of HEF and other social protection schemes for health. Implement-

ing the framework using a microsimulation allows us the grasp the impact beneficiary awareness could have

on relevant outcomes. In many settings, microsimulation may be a favorable approach where data detailing

the effects of all possible policies or interventions is not available and experimental testing is not possible.

Such is the case for HEF in Cambodia and these simulations point to potential policy actions and further

research to improve access and utilization of health services and entitlements.

Simulation of informational interventions highlighted the differential impacts of strategies distinct in key

features as well as peculiarities in the data. A simulated general informational campaign focused on informing
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the population about reimbursements for transportation and funds for caregiver meals resulted in the great-

est increases in outpatient care seeking in the public sector and HEF utilization compared to no intervention.

Notably, the baseline awareness of these particular entitlements was considerably lower compared to aware-

ness levels for other benefits, such as free services at public health centers and hospitals. It is possible that the

most effective interventions to increase awareness should focus on the less well-known benefits to encourage

greater increases in care seeking at public facilities and subsequent HEF utilization. On the other hand, it is

possible that these features of transportation reimbursement and funds for caregiver meals best respond to

key barriers to accessing care among the poorest and, therefore, lead to the greatest increases in appropriate

care seeking and HEF utilization in that population group.

Regression models and trends in simulation results point to the decision of where to seek care as the crit-

ical point in the pathway to HEF utilization. Results suggest that, when aware that hospital services are cov-

ered, users bypass lower level outpatient services for higher levels, seeking care at hospitals. Interventions that

prompt appropriate care seeking in the public sector may do the most to improve HEF utilization and sub-

sequently improve access to care through sufficient financial risk protection. This emphasizes the relevance

of policies and interventions that go beyond public facilities to reach individuals as they make the decision to

seek health care.

Even in the scenario with the greatest impact, however, outpatient care seeking in the public sector along-

side HEF utilization remained low overall, reaching just 28% from just under 26%. The small increase in HEF

utilization resulted under optimistic simulated conditions, in which 70% of the population was reached by

the informational campaign. Yet, it would arguably be challenging to reach this proportion of the population,

and particularly challenging to reach the poorest who would be covered under HEF, via mass media alone.

Efforts for an effective informational campaign targeting HEF beneficiaries could involve informational dis-

semination through community meetings and peer groups. Still, the simulated return appears to be minimal.

This suggests that interventions to increase awareness of HEF benefits in terms of user knowledge should not

be implemented for this population. Other focuses of interventions may include improving the distribution

of physical HEF cards, quality of care, and appropriate allocation of human resources to public health facili-

ties.
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3.5 Conclusions

Efforts to improve financial risk protection for appropriate health care utilization can improve access to care

and move Cambodia closer to achieving UHC. In examining the pathway to health coverage utilization, this

study revealed that most beneficiaries are aware of their entitlements, but continue to seek care from private

rather than public providers, which contributes to increased financial risk. While promoting awareness of cer-

tain features of HEF coverage, such as reimbursements for transportation to facilities, may induce significant

but small improvements, simulation of potential policy interventions further supported that encouraging

care seeking in the public sector may be the first step towards improved HEF utilization, greater financial risk

protection, and improved access to care. Interventions targeting HEF beneficiaries before individuals have de-

cided where to seek care would be most effective in increasing utilization in the public sector and subsequent

utilization of the national social protection scheme. Future research should focus on the causal and process

factors influencing coverage utilization beyond affordability concerns.
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4
Alleviating the Health and Financial Burden of

Diabetes with the Health Equity Funds

4.1 Background

4.1.1 Health and economic burden of diabetes

Globally, the prevalence of diabetes among adults rose from 5% in 1980 to 9% in 2014 and has

been rapidly rising in low- and middle-income countries (LMICs) [93, 94]. In Cambodia, diabetes caused

nearly 3% of the country’s mortality in 2016 and became the fourth highest cause of disability in 2017 [11,
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19, 27]. The epidemiological distribution of the disease across population groups, however, is varied, and

the burden of diabetes in Cambodia remains unexpectedly high given the generally traditional lifestyle in

rural areas, where 80% of the population resides. While overall diabetes prevalence has been estimated at 6%,

a survey of rural and semi-urban communities in 2005 revealed diabetes prevalences of 5% and as high as 11%,

respectively [19, 95]. The 2010 STEPS Survey reported a prevalence of 3% among adult Cambodians (25-64

years), with lower prevalence (1%) among younger adults (23-34 years) and higher prevalence (6%) among

older adults (55-64 years) [96]. Prevalence of diabetes among women (3.3%) has also been reported to be

higher than men (2.5%), and projections have estimated an 82% increase in the country’s diabetes burden

from 2008 to 2028 [97].

Despite high diabetes prevalence, most diabetics in the country are not aware of their condition. Most dia-

betics remain undiagnosed until the onset of severe complications and medications and treatments to manage

the disease are frequently only available from private providers for those who can afford it [95, 97]. Prior to a

survey conducted by King et al., in which researchers tested patients for diabetes, about two-thirds of diabetes

cases were undiagnosed [95]. Late diagnosis of diabetes can limit effective management and delay care seek-

ing until severe complications arise, leading to poor health outcomes as well as high costs to patients and the

Cambodian health system.

Management of diabetes and its related complications is generally associated with high costs [98]. Eco-

nomic costs to the Cambodian government to cover all patients in Cambodia were projected to increase from

USD 6million in 2008 to USD 11 million in 2028 [97]. These costs include financial costs associated with

screening, diagnosis, treatment, and management as well as costs attributable to lost productivity among the

working-age population [99]. Studies focused on LMICs report that annual inpatient and medication costs

are the most expensive aspects of diabetes care [100]. Thus, strategies to tackle the health and economic bur-

den due to diabetes must consider the long-term cost implications of developing health services for prevention

and control.

The economic burden of diabetes has distinctly different implications for different population subgroups.

Non-communicable diseases (NCDs) like diabetes can disproportionately affect the poor with the potential

to worsen financial stability and undermine poverty reduction efforts [27]. For example, a case study of di-

abetes in Sudan demonstrated that annual mean expenditures were 85% higher among adults with diabetes
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and that this population was also significantly more likely to experience adverse social effects, such as inability

to carry out paid work or continue educational activities [101]. Evidence fromMexico further showed that

the economic burden of diabetes drives significant health disparities due to high out-of-pocket (OOP) ex-

penditures that have far-reaching implications for health systems, families, and patients [102]. A chronic and

expensive disease, diabetes closely links health status, poverty, and economic development. Identifying cost-

effective strategies that provide sufficient access to health care and account for the unique resource constraints

of LMIC settings will be critical into the future.

4.1.2 Diabetes-related services and care delivery in Cambodia

Despite the adoption of the National Strategic Plan for the Prevention and Control of Noncommunicable

Diseases 2013-2020 in Cambodia, evidence-based national diabetes guidelines are not available in the coun-

try and diabetes-related medicines, procedures, and basic technologies for diabetes care and management are

often not available in health facilities. Primary care facilities rarely maintain stocks of diagnostic tests related

to screening or diabetic drug therapies and are generally unable to provide treatments for diabetes-related

complications [19]. The failure to address the increasing diabetes burden can intensify existing challenges.

A recent study showed that diabetes increases susceptibility to infection and worsens outcomes of infectious

diseases, provoking a double burden in countries continuing to fight major communicable diseases, as is the

case in Cambodia [103]. In fact, over 29% of disability-adjusted life-years (DALYs) in the country were at-

tributable to communicable diseases in 2017 [11]. Strategic investments in the strengthening of health sys-

tems could mean far-reaching positive impacts on the quality and effectiveness of primary health care services,

largely tasked with the prevention and regular management of chronic diseases, including diabetes, as well as

indirectly strengthen capacity to tackle communicable diseases.

TheMinistry of Health (MOH) and various non-governmental organizations (NGOs) have undertaken

programs aimed at testing the feasibility of patient-centered, integrated diabetes care and management in the

country [104, 105]. Programs for diabetes care and management have focused on similar general features,

including increasing access to screening and laboratory testing, appropriate outpatient services (i.e., individ-

ualized patient consultations and/or counseling), and prescribed routine medication. Former or current care

programs have varied primarily in the degree of intensity of management as well as implementation. For ex-
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ample, between 2002 and 2009, a subsidized outpatient diabetes treatment program initiated byMédecins

Sans Frontières in collaboration with the MOH routinely saw and tracked patients for various glucose and

complications testing until patients were lost to follow-up [104]. Another program initiated byMoPoTsyo,

a Cambodian NGO, provided diabetes support through community-based peer educators and access to local

medical outpatient consultation, laboratory testing, and a revolving drug fund [105–107]. In this case, peer

educators facilitated patient self-management, meeting with patients individually for screening, ongoing ed-

ucation, and other support. Despite successes of the programs, such interventions have not been adopted as

long-term, ongoing interventions or programs.

4.1.3 Role for public social protection schemes in diabetes care and management

Diabetes requires routine patient-centered care and management, which would typically occur in primary

care facilities. However, such regular care can be difficult to maintain in LMICs as a result of high economic

costs and other barriers to access, especially among the poorest. Furthermore, over 80% of the total health

expenditure in Cambodia is spent on secondary and tertiary care, while only about 20% is spent on public and

private primary health care services [108]. This may suggest that, instead of regularly accessing care for their

condition, individuals access care upon the onset of moderate to severe complications. Providing sufficient

financial risk protection from routine health care expenditures may be part of the solution towards effectively

tackling the diabetes burden and motivating individuals to appropriately seek care to effectively manage their

condition. There may be a role for social protection schemes to encourage diabetes-related care seeking and

service provision in LMICs through primary care facilities. Providing adequate financial risk protection for

chronic diseases, however, can be challenging due to high costs that are typically expected to span over long

periods of time.

In Cambodia, the Health Equity Funds (HEF) act as the main social health protection scheme, operating

at the district level and providing additional coverage for non-medical costs, including transportation and

caregiver meals, for care seeking for selected health services [23, 109]. Established in 2000 to reduce barriers

to accessing care among the poor, HEF was used to fund user fee exemptions at public health facilities for

this population [23]. Beneficiaries are identified at home prior to seeking care by a national survey (IDPoor)

or, when necessary, at health facilities upon seeking care [69, 110]. A standard set of services included in the
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Minimum Package of Activities (MPA) and Complementary Package of Activities (CPA) are provided free

to beneficiaries at point of service with HEF directly reimbursing the facility for any related costs [23]. In the-

ory, diabetes screening and drug therapies are included as essential services and medicines in the Guidelines

onMPA for Health Center Development distributed by the MOH [28, 111]. Yet, recent studies have demon-

strated that HEF in Cambodia offers very limited financial access to medicines for patients with diabetes, par-

ticularly in rural areas [29]. These studies showed that diabetes patients rely heavily on private health services,

known to drive high OOP expenditures and contribute to negative consequences on access and adherence to

treatment [29]. Thus, limited availability of diabetes screening, testing, and therapies alongside high fees make

such services inaccessible to much of Cambodia’s population.

Diabetes is characterized by stages of disease that require differential care and management, such as di-

agnostics and laboratory testing, glycemic control using drug therapies, and treatment of diabetes-related

complications. The steps of this disease progression are inextricably linked, with earlier stages influencing later

stages. Early detection and diagnosis is often associated with improved management and prognosis [112].

Many health programs promote the value of intensive diabetes screening initiatives. However, while free

screening or other improvements in access to screening and laboratory testing can increase diagnosis of ex-

isting diabetes cases, if patients cannot then access appropriate treatment and/or management programs, there

may be limited, or even negative, impacts on health status. For example, according to the Global Burden of

Disease (GBD) Study 2017, uncomplicated diabetes is associated with a disability weight of 0.049 due to the

impacts of psychological worry and daily medication taken for the condition that minimally affects everyday

life [11]. Thus, diagnosis alone can drive negative impacts on health and well-being. These linkages require

that social policies strategically consider the details of intervention coverage across the different stages of dis-

ease. Such details may include which essential services to cover, the extent to which those services are covered,

the duration of time over which they are covered, and for which populations.

Benefit design of health insurance and other social protection schemes has been shown to influence patient

and provider behaviors, affecting health services utilization and provision [89, 113–116]. Design of benefit

packages targeting chronic diseases should consider the pathway by which policies affect and/or incentivize

patient behavior and care seeking in order to optimize population health, economic costs, adequate access,

and financial risk protection. In the case of diabetes, for example, if cost remains a barrier to accessing particu-
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lar services, such as fasting plasma glucose (FPG) tests and medications, reducing these barriers may encourage

their utilization. If providers expect to receive sufficient reimbursement for the provision of diabetes-related

services, they may be incentivized to offer such services [117–119]. In this way, benefit design of essential

health services packages and social protection schemes can have an impact on diabetes diagnosis, appropriate

treatment, and glucose control to prevent the burdensome complications associated with the disease.

As Cambodia’s major health protection scheme for the poor, HEF provides coverage to about 75% of

its target population; about 17% of the total population were covered through a social or voluntary health

scheme in 2015 [23]. Studies have shown that HEF are effective in increasing access to health services and

financial risk protection for the poor [68, 72, 120, 121]. Allocating sufficient resources for the care and man-

agement of diabetes under HEF may be one way to tackle the increasing burden of diabetes in Cambodia,

especially among the poor. However, understanding the costs, benefits, and feasibility of strategies for HEF

coverage to contribute to alleviating the growing diabetes burden will be critical to long-term financial sus-

tainability and effectiveness. Such an approach has yet to be explored and little is known about whether pro-

moting changes in behavior under HEF coverage will translate to relevant impacts on population health and

financial risk protection for the poorest.

4.1.4 Study objective

In this study, we aim to estimate the health and financial impacts of strategies to provide financial coverage

for diabetes care and management services through HEF in Cambodia under a scenario in which supplies for

diabetes-related services are widely available. As a first step, we focus on how increased availability of such ser-

vices would impact the poorest in the population, since these households may be most at risk for catastrophic

health expenditures. We also highlight the differential impacts of strategies on men and women that may be

important for appropriate policy design for access to diabetes care. Based on these estimates, we intend to de-

termine optimal strategies to tackle the burgeoning diabetes burden, while ensuring financial security for the

country’s poorest.
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4.2 Methods

4.2.1 Cambodian health system context

Cambodia is a lower middle-income country (GDP per capita: 2017 USD 1,384) in Southeast Asia with a

population of approximately 16 million, 80% of which live in rural areas [23, 67]. Life expectancy was 67

and 71 years for men and women, respectively, and under-five mortality was 28 per 1,000 live births in 2018

[122, 123]. Despite considerable economic growth in the past two decades, Cambodia’s poverty rate remains

high: about 18% of the Cambodian population was living under the international poverty line ($1.90 per

day, 2011 purchasing power parity) in 2014 [60]. Total health expenditure was estimated to be about US$78

per capita in 2016, financed by individuals’ OOP payments (60%), the government (20%), and donors (20%)

[124, 125]. Total health expenditure was 6% of GDP in 2016, below the average 9% of the Southeast Asia

region, with government spending accounting for 22% of that expenditure (corresponding to 1.3% of GDP)

[58, 67]. For comparison, the mean proportion of government expenditure on health as a percentage of total

health expenditure was about 34% in Southeast Asia and about 43% in other lower-middle-income countries

[58].

TheMOH leads health system planning and development, being solely responsible for the organization

and delivery of government health services [23]. A centralized authority, the Directorate General for Health,

oversees 24 provincial health departments, which includes 81 operational districts (ODs) across the country.

Each OD is comprised of a referral hospital delivering a designated CPA and multiple health centers provid-

ing the MPA [23]. Hospitals are designated based on the CPA services available: CPA1 facilities are referral

hospitals, generally district hospitals, that offer an obstetric service, but no surgery; CPA2 hospitals comprise

a higher level of care, providing emergency care services and surgery with general anesthesia; and CPA3 hospi-

tals are those with the most services available, including surgery and multiple specialized services [126].

Health centers provide maternal, neonatal, and child health services, treatment and prevention of commu-

nicable diseases, treatment and prevention of NCDs and injuries, and outreach activities that serve popula-

tions of 100,000 to 200,000 people and are intended to act as gatekeepers to higher levels of care (i.e., district

referral, provincial, and national hospitals) [59, 111, 126]. However, patients often bypass the referral sys-

tem, directly seeking care from hospitals or other sources of health care [23]. As of 2015, services for NCDs
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were developing with prevention and control activities managed by the Department of Preventive Medicine

of the MOH. In response to the increasing NCD burden and related risk factors, the MOH established the

National Strategic Plan for the Prevention and Control of Noncommunicable Diseases 2013-2020 [27].

4.2.2 Integrating diabetes trajectory and care delivery in aMarkov model

We conducted a microsimulation study of diabetes in Cambodia using a Markov model to compute costs

related to diabetes care and management from a societal perspective (Figure 4.1) [127, 128]. The model of

care outlined in this paper follows a general structure of patients undergoing diabetes screening and testing,

receiving and regularly taking appropriate drug therapies, and receiving treatment for related complications.

The model simulated 45 years of individuals’ lives, iterating over the probabilities of disease states until the

end of the time horizon or until the individual’s death due to diabetes or other causes (i.e., all-cause mortal-

ity). For each cycle of the model, each representing one year’s time, a Markov chain was constructed based

on an individual’s characteristics and transition probabilities between disease states. A random sample was

obtained from this distribution to determine the annual disease state of an individual. Because diabetes more

commonly develops at older ages, ages included in the model were restricted to those between 25 and 69 years.

New individuals were not introduced (i.e., upon death, individuals in the population were not replenished)

over the course of the model’s time horizon.

Initial states characterizing the population entering the microsimulation were derived based on current

population distributions for sex, age, income, and diabetes burden derived from information reported by

the 2014 Demographic and Health Survey, 2017 Cambodian Socio-Economic Survey, and the 2017 Global

Burden of Disease (GBD) Study [11, 129, 130]. TheWHOGlobal Health Observatory reports age- and sex-

specific all-cause mortality for Cambodia in five-year age groups; mortality was assumed to be constant across

each five-year interval by which data were available and did not evolve for age or epidemiological changes over

the course of the model’s time horizon [65]. Age- and sex-specific diabetes incidence and mortality data for

Cambodia were obtained from the 2017 GBD [11]. A gamma distribution was used to simulate individuals’

annual income in the country, informed by the national average monthly income for 2017 alongside the Gini

coefficient of 36.0 for 2013 [130, 131]. General disability weights for diabetes-related disease states were also

obtained from the GBD Study 2017 [11].
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Figure 4.1: Simplified representation of the Markov model integrating disease and care delivery states

‘Drug therapy’ state includes oral anti-diabetic drug therapy and insulin therapy options. ‘Complications’
state entails incidence of major complications and subsequent treatment.

The model considers care seeking behavior based on data available for household care seeking for the most

recent illness as well as the type of facility visited [72, 132]. For an individual to be diagnosed with diabetes, an

individual is required to have visited a health facility, been screened with a FPG test, and received laboratory

testing results. Probability of treatment with oral anti-diabetic drug (OAD) or insulin therapies was informed

by the proportion of diabetes patients on medication prior to enrollment in a diabetes management pro-

gram in Cambodia [105]. In the model, it was possible to be diagnosed with diabetes and remain untreated;

this represents cases in which diabetes has been diagnosed and the provider gives a diet consultation rather

than drug prescription. The impact of changes in behavior and diet are challenging to capture and the exist-

ing literature remains inconclusive regarding how likely diabetic patients successfully improve their diets or

other lifestyle habits. This model conservatively assumes only a small reduction in relative risks of subsequent

complications (RR = 0.90), which is also tested in the uncertainty analysis. The effects of glucose control on

mortality and/or incidence of complications were understood as representative of the impact of either OAD

or insulin regimens. Because medication adherence is a significant factor in successful control of glucose lev-

els, degree of OAD or insulin adherence is also considered in the model. Parameters representing OADwere
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derived from information on metformin, the likely candidate for OAD therapies in this setting.

Just as an individual can remain untreated or receive medications for their diabetes, they could alternatively

develop related complications. The nature of diabetes is such that an individual may die due to complications

induced by the symptoms or effects of diabetes. Eight complications related to diabetes were considered: (i)

nephropathy, (ii) retinopathy, (iii) neuropathy, (iv) angina pectoris, (v) peripheral vascular disease (PVD),

(vi) myocardial infarction (MI), (vii) stroke, and (viii) heart failure. These complications were selected as the

main diabetes-related complications based on the published literature and past costing studies for diabetes fo-

cused on Cambodia [97, 133]. If not well-controlled, diabetes can cause blindness, kidney failure, lower limb

amputation, and cardiovascular events [134–137]. Studies suggest that the prevalence of retinopathy among

diabetics is 35% and may be higher among people of lower socioeconomic status [134, 138]. An estimated

80% of end-state renal disease cases are caused by diabetes and diabetes also increases the risk of lower extrem-

ity amputation due to neuropathy by 10 or 20 times compared to non-diabetic populations [134, 139, 140].

Lastly, adults with diabetes have a two to three times higher rate of cardiovascular disease (CVD) and an in-

creased rate of CVDmortality by two- to four-fold, making it the leading cause of death among people with

diabetes [134, 135, 141, 142]. We conservatively assume that complication-related states represent the most

severe stages of a complication. Complication-specific costs were included based on the most common and/or

feasible treatment in Cambodia.

HEF eligibility was assumed for individuals with an annual income of below approximately US$377,

which corresponds to the 20th percentile of Cambodia’s estimated national income distribution [143]. Be-

cause the specific requirements for HEF eligibility are not released publicly, the exact eligibility threshold is

not known. For this reason, the model was also run for an eligibility threshold at the 30th percentile of the

estimated income distribution across the population for comparison. Upon seeking care at public facilities,

about 88% of HEF beneficiaries claim their benefits under the scheme (see Chapter 3). The model assumed

that changes in care seeking behavior would be driven by the knowledge of HEF coverage and of availabil-

ity of diabetes-related services in public facilities. If individuals are compelled to be screened or treated for

diabetes because of their coverage under HEF, it was assumed that they will claimHEF benefits upon re-

ceiving those services. Thus, it was assumed that all patients seeking care for diabetes-related services would

claim their benefits under HEF. HEF entitlements are expected to provide full financial coverage for all of the
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services listed in its benefit package. However, given the high costs generally associated with diabetes manage-

ment, we considered two different scenarios of HEF coverage of direct medical costs associated with diabetes-

related care to illustrate the range of potential impact of HEF strategies. In the first case, HEF is assumed to

provide financial coverage for 80% of direct medical costs that would otherwise be paid out-of-pocket. In the

second case, HEF coverage is assumed to cover 100% of those direct medical costs.

Six strategies involving changes to HEF coverage for diabetes care were compared to the current standard

in which HEF beneficiaries do not receive any financial coverage for available diabetes-related services, which

is primarily the case when seeking care for such services in the private sector (Table 4.1). These strategies were

selected based on the cascade of care for diabetes and how service packages are defined in HEF (see Appendix

C.1). Strategies varied in terms of which segments of the diabetes cascade of care would be covered: diagnos-

tics, medications, and treatment of diabetes-related complications (Table 4.1). Evidence suggests that HEF

reduces the probability of seeking care in the private sector and shows that public health services utilization

increases among HEF beneficiaries compared to “near-poor” non-beneficiaries (i.e., individuals just above the

threshold of HEF eligibility) [29, 68, 71, 72, 108, 121, 144, 145]. For scenarios in which the respective ser-

vices for each particular strategy would be available in the public sector, we assumed that HEF coverage for

services specified in each of the strategies will increase utilization of those services among HEF beneficiaries.

Strategies that included the coverage of diagnostic services were assumed to impact the probabilities of care

seeking behavior for diabetes-related symptoms and subsequent diagnosis in the presence of disease. Strategies

involving medications were assumed to impact the probabilities of drug adherence for diabetes and strategies

related to complications of the disease were assumed to affect the probability of care seeking for complica-

tions. While coverage for diabetes-related complications may compel patients to seek care, there may be lit-

tle capacity of facilities to provide curative care for severe acute conditions, such as myocardial infarction or

stroke, and services may minimally reduce mortality. Additionally, there is little data available to inform how

formal treatment of complications affect health outcomes in Cambodia. As a result, the potential effects of

health care seeking and treatment for complication-related mortality was not accounted for in the model.
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Table 4.1: Description of the strategies analyzed and their hypothetical impacts

Strategy HEF coverage description Description of impact

Current standard No financial coverage for any Represents current situationdiabetes-related services

Diagnostics only Diagnostic services for diabetes
Reduces barriers to care seeking,

including screening and laboratory testing
increasing probability of diagnosis
(RR = 1.5) and care utilization
(RR = 2.0)

Drug therapy only Prescribed medication (i.e., oral-anti diabetic Reduces barriers to access to

(OAD) medication and/or insulin) medicines, increasing drug adherence
(p = 0.40)

Complications only Treatment for diabetes-related complications
Reduces barriers to care seeking,
increasing probability of care
utilization (RR = 2.0)

Diagnostics Diagnostic services and prescribed Combined effect of strategies
+ Drug therapy medication for diagnostics and drug therapy

Drug therapy Prescribed medication and treatment Combined effect of strategies
+ Complications for diabetes-related complications for diagnostics and complications

Diagnostics Diagnostic services, prescribed, Combined effect of strategies
+ Drug therapy medication and treatment for diabetes- for diagnostics, drug therapy, and
+ Complications related complications complications

RR: relative risk; p indicates a probability value
Impacts described above were simulated in the model as relative risks or changes in probability to represent
assumed behavior changes among HEF beneficiaries.

4.2.3 Computing health gains, public costs, and financial risk protection

Disability-adjusted life-years (DALYs) were used to capture health impacts. DALYs were calculated as the

sum of years of life lost (YLL) due to premature mortality and years of life lived with disability (YLD) among

people living with diabetes and its consequences [146, 147]. YLLs were calculated using the life expectancy

for Cambodia at the age at which death occurred. YLDs were estimated for each yearly iteration of the model

as the number of individuals in each state multiplied by the corresponding disability weight for that state.

The disability weight of 0.049 associated with uncomplicated diabetes was incurred upon being diagnosed

with diabetes in the model. Also in line with GBD 2017, DALYs were not discounted over time [11, 148].

Costs in the model included those for screening, laboratory testing, OAD and insulin therapies, facility-

based treatments for each complication, outpatient visits, and hospitalization with an average length of stay of

5 days for diabetes [132]. Whether an individual sought outpatient or inpatient care for a particular condition

was randomly attributed based on probability of care seeking by HEF status. Costs related to diabetes man-
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agement and health services for complications were included only if individuals sought health services, thus

incurring facility-related costs and OOP expenditures in the form of direct medical and non-medical expen-

ditures. Non-medical costs included transportation costs for travel to outpatient visits or for hospitalizations

[29, 72]. Direct medical and non-medical costs that were not covered by HEF were considered to be paid

out of pocket by the patient. All costs data used in the model were converted into 2019 USD and discounted

using a 3% annual discount rate [149]. Non-discounted total costs were also computed (see Appendix C.4,

Table C.4.1).

The extent of financial risk protection across the various HEF coverage scenarios was measured by individ-

uals’ incurred direct medical and non-medical costs, the incidence of catastrophic health expenditures (CHE),

and the number of households pushed below the international poverty line as a result of OOP expenditures

related to diabetes. A case of CHE would be incurred when OOP expenditures exceeded 40% of household

income; thresholds of 10% and 25% were also examined [18, 150]. A household was considered to have been

impoverished by health expenditures when OOP expenditures caused the household to fall below the inter-

national poverty line [151]. Thus, impoverishment outcomes were relevant only for households above the

poverty line prior to any OOP expenditures. As much of the poorest 20% of the Cambodian population is

already below the international poverty line, this means that this measure of financial risk protection was pri-

marily relevant in the scenario in which the poorest 30% of the population was eligible to be enrolled in HEF

coverage.

A population of 800,000 was simulated to represent the estimated 16 million people of Cambodia’s popu-

lation. Analyses were limited to only those individuals who would be considered eligible for HEF and thereby

potentially receive the intervention. Thus, the model was implemented on the subsample of 160,000 individ-

uals who were the poorest 20% and who were assumed to be eligible for HEF (240,000 individuals for poorest

30% eligible) per comparator strategy. The resulting costs, OOP expenditures, and financial risk protection

estimates were then inflated to represent this subpopulation, about 3.2 million people likely eligible for HEF

in Cambodia. Results are reported as incremental cost-effectiveness ratios (ICERs) in terms of cost per DALY

averted and cost per CHE case averted. Results were also disaggregated by sex. Outcomes of interest were

computed based only on utilization of services among diabetics. In other words, increases in utilization of ser-

vices, such as diagnostics, for those without diabetes were not accounted for in the computation of outcomes
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of interest.

A literature review was conducted to gather information for each input parameter included in the model.

Whenever possible, parameters were specific to the Cambodian population and health system. When data

for Cambodia were not available, any information available for countries in the region or LMIC settings was

used. If these data were also not available, other global estimates were used or necessary assumptions were

made (Table 4.2). To assess the robustness of our findings, probabilistic uncertainty analyses were conducted.

Parameters for costs and effectiveness of strategies were varied to generate 50 distinct sets of parameters drawn

from defined probability distributions. Lognormal distributions were applied to represent potential variabil-

ity in costs and beta distributions to represent potential variability in probabilities used in the model. Effects

of HEF strategies were expressed as relative risks in the model and varied according to a normal distribution

(Table 4.1, σ2 = 0.1).

The specifications of probability distributions for each input parameter were informed by the 95% con-

fidence intervals of parameter estimates taken from the literature. The model was then implemented on the

same population using each set of parameters. The model used a sample of 800,000 to represent 16 million,

resulting in 160,000 individuals representing the poorest 20% of the population that may be eligible for HEF.

To test the uncertainty of results based on sample characteristics, 40,000 individuals were sampled with re-

placement from the simulated population to generate 100 different populations. Outcomes of interest were

computed for each of these 100 populations to gauge the range of possible results given the potential vari-

ability in parameters and population characteristics in Cambodia. All analyses were conducted in R (version

3.6.1).

4.3 Results

4.3.1 State duration

Based on the input parameters, strategies affected the duration of time individuals spent in various model

states that resulted in detected changes in health and financial risk protection impacts. Those strategies pro-

viding coverage for diagnostic services resulted in a greater number of diagnosed cases and, subsequently,

more individuals receiving drug therapy options. Strategies with coverage of medications resulted in less time
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spent in states of diabetes-related complications. This time instead was spent in states of diagnosed diabetes,

either being prescribed diet and/or lifestyle advice or drug therapy (i.e., OAD or insulin regimens). Providing

coverage for both diagnostic services and medications amplified these impacts, decreasing the level of undi-

agnosed diabetes and increasing the number individuals receiving drug therapies. Due to lack of data, we did

not account for the potential impact of treatment of severe complications to prevent subsequent mortality.

Thus, HEF coverage for complications did not result in any changes to the duration of time spent in disease

states, mirroring the number of life-years spent in each state under the current standard of care in which no

diabetes-related services were covered. Across strategies, women had more diabetes-related cardiovascular

conditions than their male counterparts. In combination with higher diabetes mortality for women, this con-

sistently drove a greater health impact among women compared to men.

4.3.2 Costs associatedwithHEF coverage of diabetes services

HEF coverage for the full continuum of care for diabetes resulted in the highest costs, while providing cov-

erage for solely drug therapy resulted in the lowest costs per HEF beneficiary. Examination of incremental

costs between HEF strategies and the current provision of care showed that coverage of drug therapies was

cost-saving due to its prevention of high-cost severe complications. Treatment for diabetes-related compli-

cations consistently comprised the greatest proportion of costs. Reductions in the number of individuals

and/or the duration of time spent in states representing diabetes-related complications drove reductions in

costs. Since covering medication costs resulted in reduced complications, costs were reduced for this strategy,

mitigating any initial cost increases due to increased coverage of other services. Nevertheless, the costs of treat-

ing diabetes-related complications as a result of increased care seeking for diabetes care persistently drove the

incremental costs of HEF strategies by a significant proportion (Figure 4.2).

Without any intervention, direct medical costs for the simulated cohort would increase annually over the

first seven years of the time horizon, followed by a decrease in annual costs that result in a leveling of cumula-

tive total costs over the entire simulation period (see Appendix C.3, Figure C.3.2). The initial increase can be

explained by increases in diabetes incidence and complications as more of the population cohort reaches ages

for which the incidence of diabetes increases. The subsequent decreases in costs can be attributed to fewer

individuals with complications remaining in the population, either as a result of diabetes-related or all-cause
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Figure 4.2: Incremental total costs per person eligible for HEF (poorest 20%) by type of cost

mortality during earlier years of the simulation. The mean annual direct medical cost without intervention

was estimated to be about $62 per diabetic patient. Comparing the cumulative direct medical costs over the

45 years of the model, results showed that any strategy would significantly reduce the direct medical costs
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incurred by diabetic patients. This difference can be interpreted as the amount to be covered by HEF and

paid for by the government, which would amount to between $28 and $58 per diabetic patient depending

on the extent of coverage and services covered. The magnitude of total direct medical costs over time changes

as a function of the number of individuals covered by HEF, as illustrated in Figure C.3.2 between different

income thresholds for HEF eligibility.

4.3.3 Health impact

Compared to the current situation in Cambodia, in which HEF does not provide explicit coverage for diabetes-

related services, strategies showed varied impacts on health. Namely, coverage for only diagnostic services

resulted in increased DALYs in the population because diagnosed, uncomplicated diabetes (types 1 and 2)

would incur disability (0.049) due to worry and minimal interference with daily activity [11]. Covering only

diagnostic services was the only strategy that would result in high expenditures for DALYs incurred (see Ap-

pendix C.3, Table C.3.1). Without corresponding increases in appropriate care and management of the dis-

ease, there would be no means by which to prevent the development of later complications that would result

in significant DALYs. On the other hand, treatment of diabetes through regular drug therapy would result in

DALYs averted that can compensate for the DALYs incurred upon diagnosis of uncomplicated diabetes. Cov-

ering drug therapies under HEF would cost $27 per DALY averted if the poorest 20% of the population were

eligible for HEF, while adding HEF coverage for diagnostic services as well would cost an estimated $2,468

per DALY averted. Providing coverage for drug therapies and treatment for diabetes-related complications

together would cost about $3,727 per DALY averted.

Examination of the states that drove DALYs averted upon coverage of diabetes medications revealed that

about 36% of the DALYs averted would be due to prevention of diabetes-related death, while 9% would be

due to prevention of neuropathy. The remaining DALYs averted upon appropriate care and management

via drug therapies would be due to prevention of retinopathy (∼3%), nephropathy (<1%), myocardial infarc-

tion (<1%), angina pectoris (<1%), and stroke (<1%). HEF coverage for both diagnostic services and drug

therapies contributed to the greatest DALYs averted because more diabetes-related deaths were prevented

as a result. Disaggregation of results by sex revealed distinct patterns in the way that strategies affected men

and women in terms of health impact. With HEF coverage for medications, about 35% of DALYs averted
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would be due to prevention of diabetes-related mortality. Approximately 9% of DALYs averted would be due

to neuropathy prevention among women. Examination of impacts on men revealed similar trends: 38% of

DALYs averted would be due to prevention of diabetes-related mortality and 8% would be due to prevention

of neuropathy. Similarly, the costs of HEF strategies differed significantly by sex (Figure 4.3). Those strategies

that had positive health impacts consistently drove more favorable ICER estimates among women compared

to men.

Figure 4.3: Incremental total costs per person eligible for HEF (poorest 20%) vs. diabetes-related DALYs
averted by population group and strategy

Covering diagnostic services and drug therapies in the scenario in which 30% of the poorest would be eli-
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gible for HEF demonstrated more favorable population-level benefits for men and women compared to the

scenario in which only 20% of the population would be eligible. If the poorest 30% of the population were

eligible for HEF, covering drug therapies could save $32 per DALY averted and providing additional coverage

for diagnostic services would cost $3,696 per DALY averted. Analyzing the costs per diabetes-related DALY

averted over time in the model revealed that cost savings associated with providing financial coverage for drug

therapies could begin as early as the second year of coverage under this scenario (Figure C.3.1). For strategies

that provide coverage for complications, model results showed that there would initially be decreases in costs

per DALY averted, followed by increases in incremental costs in later years as individuals age, accruing disabil-

ity from diabetes-related complications and mortality.

4.3.4 Financial risk protection

Total estimated OOP health expenditures for diabetes were highest for HEF strategies that included cover-

age for diagnostic services and drug therapies. Thus, coverage for both diagnostic services and medications

for drug therapies resulted in the most OOP expenditures averted. Given the significant burden of diabetes

among women, women tended to benefit most from coverage of any diabetes-related services across the cas-

cade of care in comparison to men. When considering the incremental cost per HEF beneficiary, covering

OAD and insulin therapies was the most favorable option, contributing to the greatest number of cases of

CHE averted and reducing costs (Figure 4.4). With financial coverage at 80% of direct medical costs, this

strategy was estimated to cost $2 per case of CHE averted with CHEmeasured as spending over 40% of a

household’s total income on health expenditures (see Appendix C.3, Table ??). Coverage for diagnostic ser-

vices and drug therapies would cost an estimated $1,220 per case of CHE averted under the same policy. Pro-

viding coverage for all diabetes-related services was the most expensive strategy for a similar number of cases

of CHE averted. When HEF coverage was possible for the poorest 20% of the population, the overwhelming

majority of those eligible for such coverage were below the international poverty line prior to the interven-

tion. Yet, in a scenario in which HEF coverage may be offered to the poorest 30% in the population, cases of

poverty may indeed be prevented.

The benefits of providing financial coverage for 100% rather than only 80% of direct medical costs were

pronounced across the strategies. In the most extreme case in which all diabetes-related services across the
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Figure 4.4: Incremental government costs per person eligible for HEF (poorest 20%) vs. financial risk
protection measures by population group and strategy

continuum of care were covered for the poorest 20% of the population, $790 in OOP spending could be

averted per diabetic eligible for HEF over the 45-year time horizon under 100% coverage compared to $572

OOP spending averted per diabetic eligible for HEF. Providing HEF coverage for 80% of the direct medical

costs to patients for drug therapies would still cost only $6 per case of CHE averted, while 100% coverage for

diagnostics as well as drug therapies would cost $315 per case of CHE averted. In a scenario in which 30% of

the population would be eligible for HEF, the model showed that there would be savings between $2 and $7

per CHE case averted under strategies covering solely drug therapies and reduced costs for other strategies.
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Figure 4.5: Incremental costs and impacts over time, HEF eligibility: 20%, OOP coverage: 100%

These savings could accrue as early as the first year of coverage (Appendix C.3, Figure C.3.4).
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4.3.5 Uncertainty analysis

For four of the six strategies examined, the 95% uncertainty ranges of estimates of health impacts included

zero diabetes-related DALYs averted (Figure 4.6). This suggests that, despite the modeled mean outcomes

reported above, there may be populations and/or scenarios under which the health impacts of these strategies

are minimal. Examining uncertainty for a population in which the poorest 30% of the population would be

eligible for HEF demonstrated parallel results in terms of uncertainty.

Examination of CHE cases averted showed that all of the strategies would reduce the number of CHE

cases due to diabetes-related care. Providing coverage for diabetes-related complications consistently reduced

the greatest number of CHE cases followed by coverage for diagnostic services and medications (Figure 4.6).

Such results suggest that the value of coverage strategies under HEF may be seen in the prevention and/or

reduction of CHE and, in some cases, impoverishment. These findings were consistent when analyzing un-

certainty under both scenarios of HEF eligibility (20% and 30% of Cambodia’s poorest) in the population.

4.4 Discussion

4.4.1 Summary of key findings

Wemodeled the benefits of providing financial coverage for the costs of drug therapies for diabetes under

HEF for a scenario in which they are indeed available in the public sector. This strategy would cost $27 per

diabetes-related DALY averted and $2 per case of CHE averted over the 45-year time horizon. Coverage that

included treatment for diabetes-related complications consistently drove up costs, but prevented considerable

CHE cases, particularly among women. Including diagnostic services in HEF coverage increased negative

health impacts as well as costs. Negative health impacts were attributable to the small, but notable, disability

weight associated with the psychological worry of having the disease and being on daily medications. Thus, as

more individuals are diagnosed with diabetes, more would incur this negative impact on health. However, a

benefit package that provided financial coverage for both diagnostic services and diabetes medications would

increase the number of individuals receiving appropriate care, thereby increasing positive health impacts,

albeit for a cost of $3,727 per DALY averted and $315 per CHE case averted.

Disaggregated results by sex highlighted critical differences in experiences of the disease across men and
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Figure 4.6: Results of probabilistic uncertainty analysis (HEF eligibility: 20%)

Ellipses indicate 95% uncertainty range of estimates.
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women. Based on the existing literature, women have a slightly higher incidence of diabetes in Cambodia and

higher mortality as a result of the condition and its related complications, particularly from cardiovascular

events [168, 169]. These key differences drove the differences in findings by sex, as women were more likely

to have diabetes complications compared to men and subsequently die of those complications. Women ex-

perienced particular benefits in terms of health gains and financial risk protection, suggesting that targeted

interventions such as those described in this paper could considerably alleviate the disproportionate burden of

diabetes among women. The increased probability for complications among women also points to the reason

for why women appear to benefit so significantly from strategies that include financial support for treatment

of complications. Notably, the model assumes similar behaviors among men and women with respect to care

seeking and willingness to pay for formal health care. Studies on care seeking behavior for diabetes in other

LMIC settings demonstrated that women more often appropriately sought care for their condition, however,

suggesting that the impact estimates of this model may be conservative for women and overestimated among

men [29, 170–172].

This study adopted a societal perspective and, thus, diverged from previous costing analyses conducted

for type 2 diabetes in Cambodia in 2014, which estimated costs and health impacts from a government per-

spective for the country’s entire population [97]. Flessa and Zembok estimated $11 million (2013 USD) in

costs to the government if diabetes treatment were to be provided to all diabetics in the country [97]. In our

model, estimated annual costs reached a peak of approximately $4.1 million and a mean of $2.4 million (2019

USD) over the 45-year time horizon for only 20% of the population with consideration of care seeking behav-

iors of this population. The higher cost estimates can largely be explained by differences in the epidemiolog-

ical and cost input parameters used. Focusing only on type 2 diabetes, Flessa and Zembok (2014) calibrated

the demographic and epidemiological development of diabetes from European studies to fit the statistics of

the Cambodian population. In contrast, our study used diabetes prevalence, incidence, and mortality esti-

mates from GBD 2017, which were generally higher estimates of diabetes epidemiological measures in the

country.

Flessa and Zembok (2014) applied a flat annual average cost for inpatient and outpatient treatment, while

our model considered the differential costs of care seeking at different levels of care as well as the average

length of stay for hospitalization due to diabetes-related issues. Similar to our findings, Flessa and Zembok
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(2014) highlighted that chronic complications associated with diabetes were the main cost driver in their

model, estimating additional treatment for these complications would double estimated total costs by 2028.

Our model distinguishes costs associated with each particular complication included in the model - account-

ing for, for example, the different annual costs of treatment for nephropathy versus retinopathy. This mod-

eling decision was made because of the considerable differences between costs of certain complications, par-

ticularly the high costs associated with nephropathy. As a result, these critical differences in inputs and model

design may have led to different estimates between these analyses.

Study findings also align with other costing and cost-effectiveness analyses of diabetes management con-

ducted in LMICs, though there remains wide variation in results across country studies depending on ap-

proaches and perspectives [100]. Multiple studies similarly highlight that the most expensive complications

were cardiovascular conditions and events, contributing to high annual inpatient costs [100, 173]. In Cam-

bodia, the price for metformin, the type of OAD considered in our model, was reported to be approximately

$25 per patient per year [97, 100]. A study conducted in 2008 estimated that the average cost of illness of dia-

betic patients was $881 in Thailand, notably higher than the estimates presented here. However, this study

also accounted for economic losses in productivity among patients and associated with informal caregiv-

ing, which comprised about 28% of those costs [173]. Another study identified retinopathy screening and

glycemic control as priority interventions as among the most cost-effective options, aligning with our find-

ings that prevention of severe complications through appropriate drug therapies can favorably contribute to

health and financial benefits [174]. Intensive glycemic control was reported to be highly cost-effective for the

sub-Saharan Africa and Southeast Asia regions in this study. Authors also noted varying impacts within pa-

tient subgroups, such as among men versus women, as in our study [174]. These parallel findings emphasize

that policy design and adoption should carefully weigh the nuanced differential health and financial impacts

of interventions over the course of the diabetes trajectory with respect to such population subgroups.

4.4.2 Financial risk protection and health systems strengthening for diabetes

The complexity of diabetes with its high costs, many complications, and complicated treatment regimens

make the diabetes burden difficult to tackle for both individual patients and governments. Bigdeli et al. high-

lighted the tendency of NCD patients in Cambodia to seek some form of social protection to cover their
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medical needs through enrollment in voluntary community-based health insurance schemes [29]. However,

access to such coverage, for which beneficiaries make regular payments for membership in the risk pool, likely

remains out of reach for the poorest. Providing appropriate financial and service coverage through HEF could

alternatively alleviate the health and cost burden of diabetes in this population. Simulation of disease states

alongside care delivery pathways provided a means to measure the outcomes driven by complex relationships

as a patient navigates their disease and the health care system in Cambodia. The findings of this study point

to opportunities to incur cost savings and health gains in the effort to control the growing diabetes problem.

Simulations also highlight the burden of diabetes faced by women that extends throughout their lifetimes

with the compounding effects of the disease on health and financial security through HEF coverage. The dif-

ferential impacts by sex illustrated by the model correspond to existing literature highlighting sex differences

in the trajectory of diabetes and the development of cardiovascular conditions [29, 168, 169]. Significant

impacts for women point to the relevance of targeted interventions for the disease.

Interventions to provide financial coverage for services across the cascade of care for diabetes prompt a

parallel focus on improved availability and infrastructure for such services. As is the case in many LMIC set-

tings, Cambodia has not yet established practice guidelines for diabetes and it remains unclear how the disease

should be managed in the public health care system [175]. Interventions at the level of primary care, the level

at which diabetes would ideally be diagnosed and regularly managed, have the potential for far-reaching im-

provements in regular care and management of diabetes as well as for overall health system strengthening.

Because of the complexity of diabetes, a multi-pronged approach that integrates prevention strategies with

health system strengthening focused on primary care may be most effective in terms of health gains and costs

saved. Indeed, while the focus of this study was on the treatment and management of diabetes, various efforts

to prevent diabetes have consistently been shown to be cost-effective. Evidence from this study does not pre-

clude policies for the prevention of diabetes, but rather emphasizes the importance of tackling all steps of the

disease trajectory. Prevention may contribute to greater benefits when combined with interventions at pri-

mary facilities for diabetes management and support. Providing sufficient service coverage and financial risk

protection for diabetes-related services delivered through primary care remains only one major objective of

health systems that has been examined in this study.
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4.4.3 Limitations and proposed improvements to the model

Upon systematic review of type 1 diabetes cost-effectiveness models, Henriksson et al. reported that ‘best in

class’ diabetes models employ microsimulation methods to simulate both microvascular and macrovascular

complications, adverse events, costs, quality-adjusted life-years (QALYs) over a lifetime time horizon, account-

ing for parameter uncertainty [176]. The model presented here was a microsimulation that implemented each

of these features, with the exception of measuring health impacts using QALYs. Instead, DALYs were com-

puted, as is often the case when assessing cost-effectiveness of interventions in LMIC settings and computed

as outcomes for other cost-effectiveness studies in Cambodia [177–179]. Similar to the majority of existing

models for diabetes, the microsimulation used a Markov approach and was implemented at the patient level

[176]. Also like several other models, many parameter estimates used in our model were based on the United

Kingdom Prospective Diabetes Study (UKPDS), which began tracking a cohort of diabetic individuals in

1977 [155, 156]. However, this cohort may not be representative of the course of diabetes in Cambodia and

any limitations of the UKPDS data may be relevant here as well.

Opportunities to improve the model would require enhanced data sources, particularly sources relevant

to Cambodia or similar settings. Many have called for efforts to standardize or harmonize the collection and

reporting of cost data for diabetes [100]. Currently, multiple parameters are informed by literature rooted

in studies based in high-income settings or assumed when sufficient data do not exist. The model could be

strengthened by including more specific data on the characteristics of HEF as well as patterns of health care

utilization in Cambodia. The current range of information available over time makes these parameters more

difficult to specify and provides a wide range of possible values that can only be tested in sensitivity analyses.

The model does not take into account the potential evolution of the diabetes burden in terms of incidence

or mortality over the course of the 45-year time horizon. However, it is possible that advances in health care

and technology for diabetes management may induce changes in the trajectory of the disease over individu-

als’ lifetimes. Similarly, changes in drug adherence could also impact disease trajectory. The model also does

not replenish the population over the course of the model, failing to account for demographic transitions and

population aging over time. Yet, aging of the population may have considerable impacts on the epidemiologi-

cal outcomes for diabetes into the future.

Data currently available provide little insight into the impact of outpatient visits and/or hospitalization
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for diabetes-related complications, such as neuropathy, nephropathy, and cardiovascular conditions. The im-

pacts of formal health care treatment on such complications may be attributable to a complex combination

of availability of technology, human resources, health literacy, and quality of care that remains difficult to

reliably predict in the Cambodian setting. For this reason, the model did not take into account the potential

effects of formal treatment for diabetes-related complications on disability or mortality. However, it may be

the case that increasing access to formal treatment for severe complications contributes to benefits beyond

financial risk protection towards population health gains. Additionally, the model does not distinguish be-

tween type 1 and type 2 diabetes in the population due to lack of data; many of the resources reporting on

diabetes in Cambodia describe general diabetes information. However, studies on diabetes in other settings

suggest differences in health effects between the two types. Future iterations of this model could be improved

by incorporating data to inform such impacts of the health system.

The model in this paper does not consider any startup costs related to the rollout of sufficient service avail-

ability for diabetes. Such a model could consider the costs of additional training of human resources, distri-

bution of screening, testing supplies, and drug therapies to primary care facilities, and any additional infras-

tructure or equipment necessary for the screening and treatment of diabetes and its complications. Similarly,

increasing the capacity for relevant and feasible diabetes care and management services in the country may

have spillover effects beyond the populations targeted by interventions. In the case of HEF strategies and so-

cial health protection schemes more generally, the poorest in Cambodia are targeted. However, the increased

awareness of diabetes and greater availability of diabetes-related services in public facilities may have broader

impacts on the population. The model does not account for increased utilization of services among those

who do not have diabetes. As a result, it is possible that the model underestimates the costs associated with

diagnostic services for diabetes. To date, however, there is little information available regarding how often

diabetes screening and other diagnostic services are conducted when individuals seek care in Cambodia.

Researchers currently have a limited understanding of the potential impacts of benefit design on health-

related behaviors, particularly with respect to care seeking patterns and drug adherence. This results in uncer-

tainty surrounding the magnitude of effects of changes in HEF coverage on patient behaviors, such as care

seeking and utilization for diagnostic services and/or treatment for severe complications and drug adherence

to OAD and insulin therapies. It is also possible that household dynamics influence the probability of care
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seeking and is worth noting that, while diabetes costs and health impacts were computed by individual pa-

tients, income and CHE was measured at the household level in the model. Further research in these areas

would contribute to a more nuanced and precise estimate of costs, health gains, and impacts on financial risk

protection. Applying economic evaluation methods to assess the impact of interventions on different pop-

ulation groups was inspired by extended cost-effectiveness analysis (ECEA) methods [180]. A full ECEA in

which parameters input into the model are disaggregated by population subgroups of interest, such as income

quintile or sex, was not possible based on existing data. Future modeling to estimate the impact of diabetes

coverage policies would benefit from disaggregated data by population subgroups to understand differential

impacts across the population and improve equity in access to diabetes-related services.

4.4.4 Implications for policy

Study findings highlight the multifaceted benefits of providing financial coverage for diabetes care and man-

agement, especially for medications for glycemic control. The true benefit of such policies would lie in in-

creased financial risk protection and reduced CHE due to diabetes. Encouraging appropriate adherence to

medication for diabetic patients could lead to reductions in complications to ultimately reduce the economic

burden of disease. Alongside its positive impacts on household financial security, this study supports making

at least diabetes medications available through HEF in Cambodia. Additional benefits for health and financial

risk protection could be gained by providing financial support for care seeking for complications, particularly

among women, who generally have greater risk of developing CVD as a result of their condition.

The increase in health and financial risk protection benefits derived from increases in the proportion of di-

rect medical OOP expenditures covered by HEF suggest that policies to provide coverage for diabetes-related

services should cover all of individuals’ OOP costs to achieve the greatest gains (e.g., 100% rather than 80%).

Similarly, examination of scenarios in which either 20% or 30% of the poorest in the population are eligible

for such financial support demonstrated that increasing the population eligible for HEF benefits increased the

return on investments when providing coverage for diabetes medications. The direct medical costs that would

hypothetically be covered under HEF would amount to a cost of $28 to $58 per diabetic patient eligible for

the scheme depending on the benefit package and level of coverage for diabetes care and management in Cam-

bodia. This study largely analyzed costs and impacts from a societal perspective. Providing 100% coverage of
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direct medical costs across diagnostic services, drug therapies, and treatment for complications would cost $58

per diabetic patient.

Equity considerations are important when making decisions on how to design benefit packages for social

health protection schemes. In this paper, covering drug therapies and treatments for complications was ana-

lyzed to understand the relationship between these stages of care with respect to costs and health and financial

risk protection impacts. Nevertheless, such a strategy could drive further inequities since receiving appro-

priate diagnostic services could remain a barrier to accessing financial coverage for appropriate treatment.

Considering health, financial risk protection, and equity impact together points to outlining a benefit package

that, at the very least, provides financial coverage for and availability of diagnostics and medications in a dia-

betes coverage policy. Adding diagnostic services to the benefit package would cost $50 at the 100% coverage

level. These costs per diabetic HEF enrollee correspond to $0.20 to $1.41 per capita, which may be reasonable

increases in public health spending given that most recent estimates put government health expenditures at

only 6% of GDP [67].

Efforts focused on the availability of diabetes-related services under HEF coverage should be informed by

detailed information on the costs of medications that the Cambodian public sector would procure for services

under the scheme. Similarly, cost estimates would be improved for diagnostic services and treatment for com-

plications if specific unit cost estimates for Cambodia were to become available. This would provide more

accurate cost estimations and support informed decision-making with consideration of the burden of dia-

betes in the long term. Future research should focus on the collection of context-specific data to inform the

parameter inputs of simulation models such as the model of this study and, in so doing, inform appropriate

strategic planning and management of diabetes for the Cambodian health system.

4.5 Conclusions

Though HEF coverage purports to include screening, testing, and treatment for diabetes, the scheme was

ultimately not designed to address the needs of patients with NCDs and assessments have shown that these

services remain inaccessible, especially for the poor [29]. Based on the findings of this analysis, efforts to im-

prove service coverage, and subsequently, financial coverage for diabetes diagnostic and treatment therapies

for the poor in Cambodia would be highly cost-effective in terms of health and financial risk protection ben-
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efits. Women would particularly benefit from availability of and financial risk protection for diabetes-related

services under HEF. To improve estimates of costs, health impacts, and financial implications, future models

will need more data on care seeking behavior for diabetes as well as the costs of that care seeking, diagnostic

and treatment services, and diabetes-related complications. Further research could also explore the impact of

improved service and financial coverage for diabetes to the entire Cambodian population.
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5
Conclusion

5.1 Key findings & policy implications

This dissertation examined different avenues by which national health systems could be improved to equi-

tably increase access to health services: through enhanced organization and management of service deliv-

ery, strategic engagement of users towards appropriate utilization, and cost-effective coverage of services to

tackle burdens of disease. Together, they may support strategic design and implementation of interventions

to strengthen health systems and achieve UHC.
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5.1.1 Strategizing health system organization and communication outreach

Health programs could work towards optimizing their impact by considering how to design organizational

structures in decentralized settings with respect to decision space, capacity, and accountability. Paper 1, like

previous studies, supported the conclusion that changes in decision space alone fail to achieve the objectives

of the health system to improve population health or achieve other health system objectives. Rather, corre-

sponding adjustments in institutional capacity and accountability structures are likely to be necessary to bring

about positive changes [34]. This means that deconcentration of powers across levels of the health system or

a health program should ensure that each level or role have the training and experience necessary to carry out

expected functions. It also means that accountability should be balanced to ensure appropriate priorities and

focuses across levels as well as continued motivation to achieve health system goals. Improved planning was

particularly important in improving access as measured by the number of immunized children. Impacts of

interventions likely depend significantly on context. The relationships detected for IMI in India highlighted

important phenomena influencing the program’s effectiveness in particular areas, such as infrastructural chal-

lenges and movement of human resources. However, such relationships may not be relevant for other set-

tings where community conflict and resistance to health services may not be contributing factors. This makes

strategic design and implementation of health programs and the consideration of decision space, capacity, and

accountability ever more relevant to address context-specific needs and challenges.

The modeling approach and findings of Paper 1 could reasonably be extended to system-wide interven-

tions, where complex interrelationships between organizational structures make tracking their impacts chal-

lenging. Strategic planning for broader health system strengthening efforts should, therefore, carefully con-

sider how health officials make decisions for service delivery and provide them with the tools and structure

to successfully carry out their roles and responsibilities. For example, Paper 2 suggests that investments in ef-

forts to inform beneficiaries of social health protection schemes of their entitlements can contribute to only

very slight increases in appropriate utilization of care and promote greater financial risk protection. How-

ever, the findings of Paper 1 emphasize that, in the face of increased utilization, public facilities will need to

have parallel improvements in institutional capacity and accountability to adequately serve more patients.

Similarly, interventions to tackle NCDs through health services will call for increased institutional capac-

ity through provider education and knowledge as well as availability of supplies and infrastructure for such
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services. Indeed, it is likely that improvements in institutional capacity and accountability will further sup-

port appropriate utilization of health services by promoting positive changes in care seeking behavior from

high-cost, private providers to the public sector. Thus, without the appropriate changes in decision space,

capacity, and accountability to effectively respond to local needs, achieving sufficient health services utiliza-

tion in the public sector will remain challenging. With careful consideration of how decision space, capacity,

and accountability operate together within organizational structures, strategically designed interventions can

optimize health system performance for greater access to appropriate services.

5.1.2 Optimizing financial risk protection to promote access to health services

Achieving financial risk protection requires engagement of both beneficiaries and payers to act and respond

appropriately to health care seeking and provision. To realize financial risk protection in the face of the need

for health services, beneficiaries must understand their entitlements, perceive that such services will address

their health needs, and know how to access them. The evidence of Paper 2 suggests that the majority of ben-

eficiaries know about their entitlements and that they are accessed at public providers. However, persistently

low utilization of them suggests that other factors may be at play. That microsimulation of interventions to

further increase awareness of HEF would increase health services utilization by only 2% bolster such conclu-

sions. In this setting, building trust of public providers and improved perceptions of quality of care may be

alternative approaches to improve financial risk protection.

Paper 3 examines an additional approach to improving financial risk protection: to improve service and

financial coverage for NCDs, such as diabetes, whose increasing burden nearly guarantees that such services

will be in demand as countries continue to develop. Lower-middle income countries are already facing the

burden of such NCDs, but many do not have access to treat and manage their conditions. Not precluding

the importance of interventions for prevention of these diseases, governments can alleviate their health and

economic impacts on the most vulnerable groups with strategic policy outlining sufficient social protections.

Nevertheless, the success of such policies again depend on the capacity of public health services to serve the

care and management needs of NCDs.

In 2016, total health expenditure per capita was US$63 and US$78 in India and Cambodia, respectively,

remaining below the US$ 79 average among lower-middle income countries and far below the US$ 255
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among middle-income countries [181, 182]. Study findings suggest that coverage of diagnostic services and

medications would increase spending per capita by only US$1 to US$2 and considerably improve financial

risk protection among the poorest NCD patients. Such strategic increases in spending through cost-effective

investments could further optimize the design of health systems to tackle population health challenges [183].

Such interventions would require considerable political will and commitment to significant investments in

primary health care and health systems more broadly. Yet, in anticipating current and future health needs,

such health system investments would support countries in their endeavor to achieve and maintain UHC in

the years to come.

5.2 Future research

Research to support policies improving access to health care focus on data and information about how hu-

mans interact within a complex social and economic system. This system is characterized by diverse, and at

times, competing needs among both patients and providers, intricate human behaviors and perspectives, and

complex organizational structures. This dissertation attempted to reveal the benefits of new approaches and

perspectives in studying access to health care in LMICs. With study results suggesting different factors to con-

sider in the measurement of decision space and institutional capacity, Paper 1 pointed to questions on how

to appropriately measure decision space, and decentralization more broadly, in diverse contexts as well as fu-

ture questions on how best to integrate decision space and institutional capacity in program planning and

implementation. Paper 2 suggested that focuses on interventions to increase care seeking in the public sector

in general may do more to improve desired objectives. Paper 3 emphasized the need for a clear plan on what

chronic care and management of NCDs, such as diabetes, should look like in resource-constrained settings as

well as highlighted the need for country-specific data to provide more exact cost and outcome estimates.

For each of these specific areas aiming to improve access to health services, future research would benefit

from improved data sources. Improvements to the data could include improvements in routine record keep-

ing, strategic design of data collection activities to address questions relevant to access, and access to more var-

ied datasets that provide multiple perspectives of the problem. Continuing to ensure high-quality data collec-

tion will also be important to gathering evidence for appropriate priority setting and effective policymaking.

Promoting greater use and contribution to open data and data sharing platforms may enhance possibilities of
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additional findings in this area.

For the studies included in this dissertation, it was not possible to make conclusions about causal relation-

ships due to the nature of the study design and contexts driving available data. Nevertheless, the conclusions

drawn concerning existing synergies associated with performance as well as effectiveness of interventions make

significant contributions to the literature and address the needs of health systems in lower-middle income

countries. Future research should include efforts to design studies that allow for causal inference. The chal-

lenges associated with collecting such data encourage greater openness to innovative approaches to this area of

research. Innovations could include new approaches to data collection as well as methods not yet applied to

these types of research questions.
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A
Paper 1: Supplementary materials

A.1 Conceptualization of decentralization

Decentralization can be broadly defined as the process of transferring responsibilities and resources from the

central government to subnational government entities and is typically classified into four types: (1) decon-

centration, (2) delegation, (3) devolution, and (4) privatization (see Box A.1) [26, 184]. Each of these forms of

decentralization can result in different effects on the functionalities, responsibilities, and authority of actors

across levels of the health system. By the mid-1990s, at least 80% of the world’s countries had implemented

some form of decentralization with donors’ active support [185–187].

Box A.1: Typology of different forms of decentralization.
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Deconcentration

Shifting power
from the central
offices to
peripheral offices
of the same
administrative
structure

Delegation

Shifting
responsibility and
authority to
semi-autonomous
agencies

Devolution

Shifting
responsibility and
authority from the
central offices to
separate
administrative
structures within
the public
administration

Privatization

Transferring
operational
responsibilities or
ownership to
private providers

Source: Bossert, 1998 [26]

The public administration approach emphasizes public participation and accountability, contending that

decentralized health systems can ensure the responsiveness and flexibility of management to meet local needs

and better align with key principles of health service provision [30, 184, 187–189]. Local fiscal theory sug-

gests that, with decentralization, subnational governments will be empowered to provide optimal levels of

public goods and services, achieving efficiency and quality objectives [26, 190]. The social capital perspec-

tive asserts that decentralized health systems encourage citizen participation in the planning and provision

of health services [191]. Each of these perspectives promotes underlying themes of strengthened governance

through increased civil participation and accountability that can be achieved through some combination of

political, administrative, and/or fiscal decentralization (Figure A.1).

Figure A.1: Decentralization from a governance perspective

Source: Mitchell & Bossert, 2010; adapted from Yilmaz et al., 2008 [33, 192]
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A.1.1 Decision space approach

Rooted in the principal-agent approach, the decision space framework positions a central authority as a prin-

cipal with specific objectives and lower level authorities as agents who are given resources towards achieving

those objectives. These characteristics can also be found in the implementation of a vertical health program,

whereby a principal defines the program objective and agents implement features of the program toward this

narrow objective.

Decision space can be formally defined by laws and regulations (de jure) or informally, that resulting from

lack of enforcement of formal definitions or gray areas in authority (de facto). An advantage of using this ap-

proach is the specificity and nuance with which decentralization can be defined for the health sector. Decision

space may be defined for various health functions and activities of local authorities (Table A.1).

Table A.1: Selection of health sector functions and decision space

Function Key determinants of local-level decision space
Financial management
Expenditures Ability to determine budgetary allocations (e.g.,

planning, budgeting, and execution)
Sources of revenue Availability of/authority to use funds raised from all

levels of the system (e.g., intergovernmental transfers,
own-source revenues, income from user fees and
contracts, borrowing)

Human resources management
Civil service Ability to decide compensation package, terms of

employment
Contracting (with individuals)
and provider payment mechanisms Range of permissible contracting options of health

workers, provider payment mechanisms
Service organization
Required programs Ability to modify implementation of national programs
Hospital autonomy Ability of hospitals to be independently managed (incl.

discretion over all health sector functions within
hospitals)

Insurance plans Ability to create, manage, and/or regulate local
insurance mechanisms (e.g., determine service coverage
or minimum packages, introduce community-based
health insurance)

Contracting (with organizations) Ability to enter into contracts with organizations to
deliver specified services

Continued on next page
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Table A.1 – continued from previous page
Function Key determinants of local-level decision space
Procurement of goods Ability to procure locally goods and services

Source: Mitchell & Bossert, 2010; adapted from Bossert, 1998 [26, 33]

Rather than conceptualizing decentralization as a single transfer of a block of authority and responsibil-

ity, the various health functions of actors can be disaggregated and degree of choice within each function

detailed. These health functions may include (i) strategic and operational planning, (ii) financial management

or budgeting, (iii) human resources management, (iv) service organization and delivery, (v) access rules, and

(vi) governance rules. Decision space can, therefore, be mapped across a spectrum of narrow to wide for each

health function (see example Table A.2).

Table A.2: Map of decision space

Functions Range of choice
narrow moderate wide

Finance
Sources of revenue → → →
Allocation of expenditures → → →
Income from fees and contracts → → →

Service organization
Hospital autonomy → → →
Insurance plans → → →
Payment mechanisms → → →
Contracts with private providers → → →
Required programs/norms → → →

Human resources
Salaries → → →
Contracts → → →
Civil service → → →

Access rules
Targeting → → →

Governance rules
Facility boards → → →
Health offices → → →
Community participation → → →

Source: Bossert, 1998 [26]

Bossert andMitchell (2011) expand upon the decision space approach to argue that it is the interaction of

decision space, institutional capacities, and accountability that produces improved system outcomes (Figure
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2.1) [34]. Assessment of institutional capacities focuses on individual level attributes of local health systems.

In the context of a health program, capacities may be measured by the level of education and/or training of

health workers, the availability of funds, the adequacy of infrastructure, or the ability to conduct monitor-

ing and evaluation activities. Measures of accountability consider the initiative of actors in decision-making

processes and actors’ involvement in supervision.

Figure A.2: Districts and urban areas selected for IMI implementation
Source: IMI ProgramDocuments, Government of India
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A.2 Implementation of IntensifiedMission Indradhanush (IMI)

IMI is a program of periodic intensification of routine immunization (RI) implemented by the Government

of India in low-coverage districts across India [15]. The aim of the program is to cover all children missed

by the UIP andMI initiatives in select districts and urban cities to achieve 90% coverage by December 2018.

These locations are recorded to have low immunization coverage at the time of IMI implementation under

the following criteria: (i) estimated number of children who missed DTP3/Pentavalent3> 13,000, or (ii)

DTP3/Pentavalent3< 70%. Districts and urban cities were selected through the triangulation of available

datasets, such as national surveys, HMIS data, andWHOmonitoring data. Analyses of these data identified

170 districts and 17 urban cities. Additional districts were included in the initiative based on states’ requests.

Management of the program was decentralized to district and sub-district (i.e., block) levels [15]. Within

each selected district or city, a process of microplanning was carried out to identify children with missing

doses and outreach to communities to deliver immunization in the community at temporary vaccination sites

during one week of each month for four consecutive months. IMI planning was steered based on information

provided by gap assessments, supervision by the government, concurrent monitoring by partners (i.e., WHO,

UNICEF, UNDP, etc.), and endline surveys. IMI consisted of four rounds of immunization conducted be-

tween October 2017 and January 2018. Each immunization drive was spread over seven working days with

the exception of holidays, Sundays, and routine immunization days already planned. After the completion of

these rounds, states were expected to undertake measures to sustain the gains achieved, thereby strengthening

the routine immunization system.

Microplanning involved stakeholders at the district, block, and subcenter levels. Auxiliary Nurse Midwives

(ANMs) posted at subcenters prepare a list of areas within their subcenter catchment area requiring addi-

tional sessions under IMI and revise this list as needed in consultation with the block medical officer in-charge

(MOIC). This list was then reviewed and finalized at the district level by the District Immunization Officer

(DIO). Led by the national government, a monitoring framework replicating the polio accountability system

was established to oversee IMI activities at the state, district, and block levels. Task forces for immunization at

the state, district, and block levels were formed for regular planning and review of the routine immunization

program, also tasked with oversight of IMI. Monitoring data was intended to be fed back to block, district,
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and state task forces for immediate corrective action and to guide programmatic decision making.

Figure A.3: Sequence of the IMI microplanning process

Source: IMI ProgramDocuments, Government of India
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Figure A.4: Steps for rollout of training and implementation of IMI

Source: IMI ProgramDocuments, Government of India

A.3 Study instruments

Study instruments were developed based on past questionnaires used in studies examining decision space in

India [51]. They were further adapted to context and the IMI program based on discussions throughout the

training of the locally-based research team and pilot testing of the tools. These instruments made up the final

section of a larger questionnaire collecting data on IMI from retrospective review of facility records and key

informant interviews.
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code 

Section 5 of 5: Decision capacity  
  

Respondent profile 

D5.01 Age (years) : 

D5.02 Sex :  ▢ Male  ▢ Female 
D5.03 Years in government service : 

D5.04 Length of time (years) in present district : 

D5.05 Current position : 
    ▢ DIO           ▢ Other, specify: _____________ 

D5.06 Were you involved in IMI in any role? 
    ▢ YES          ▢ NO, END INTERVIEW 

D5.07 Position during IMI :  
    ▢ DIO           ▢ Other, specify: ____________________ 

D5.08 Were you based in this district during IMI? 
   ▢ YES          ▢ NO, specify location: __________________ 

D5.09 Educational qualifications (list highest degree)  
 
 

D5.10 Have you received any additional formal management training 
related to your work in the past 2 years  
 
No Title of training 

Duration (specify # 
days/weeks/months) 

1   

2   

3   
 

  

 

General Overview 

 I am going to ask you some questions about the Routine 
Immunization program (RI) in your district.  

D5.11 In your district, has there been progress toward immunization 
coverage goals in the past 2 years?  
 
 
 
 

D5.12 What are the main challenges of implementing RI in your district? 
 

Encourage free response; note free responses here or use tick 
boxes if applicable: 
 
 
 
 
▢ Staffing / Vacancies                     ▢ Funding   
▢ Inefficiencient operations             ▢ Vaccine Supply Issues   
▢ Patients lack awareness              ▢ Patients hesitancy 
▢ Target population hard to reach  ▢ Social media rumors                 
▢ Staff motivation                            ▢ Record-keeping issues   

D5.13 How effective has IMI been as a supplement to RI?  
 ▢ NOT AT ALL EFFECTIVE         
 ▢ SOMEWHAT EFFECTIVE 
 ▢ EFFECTIVE         
 ▢ VERY EFFECTIVE 

State: ____________________  Data collector: _____________  
District: ___________________  Date:_____________________  
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Strategic and operational planning 

D5.14 What are the top three challenges that you have experienced 
implementing IMI? (List in order of importance) 

1.   

 

2.  

 

3.   

 

D5.15 What is your role / what specific actions do you take in the 
development of the final plan of IMI? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D5.16 Did you participate in IMI review meetings during IMI rounds? 
            ▢ YES          ▢ NO, skip to D5.19 

D5.17 What is the process for making decisions during IMI review 
meetings? 
 
 
 
 
 
 
 
 
 
 
 
 
 

D5.18 What changes were made to IMI implementation following the 
IMI review meetings, if any? 
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Financial Management 

D5.19 Were funds allocated to your district specifically for IMI?  
                         ▢ YES          ▢ NO 

D5.20 Did your district have sufficient funds to implement IMI as 
planned? 
                        ▢ YES          ▢ NO 

 

Human resources 

D5.21 Describe the training that you received to implement IMI.  
(check all that apply) 
  ▢  IMI communication session 
  ▢  BRIDGE IPC Skills training 
  ▢  AEFI protocol training 
  ▢  CSO orientation on communication plan and use of  

monitoring tools 

  ▢  Media spokespersons training  
  ▢  IMI microplanning & reporting workshop (district-level) 
  ▢  Health workers training (ANMs, LHVs, health supervisors) 
  ▢  Mobilizers training (ASHAs, AWWs) 
  ▢  Other, specify: ________________________ 

D5.22 Did you use this training to solve any problems with IMI planning 
or implementation in the last year?  
            ▢ YES            ▢ NO 

D5.23 Do you feel that this training was sufficient given your 
responsibilities under the program?  
            ▢ YES, skip to D5.25               ▢ NO 

D5.24 In what way was the training not sufficient? What additional 
training would have helped you? 
 
 
 

D5.25 Has your experience with the implementation of IMI led you to 
make any changes to the RI plan or the way RI is implemented? 
            ▢ YES            ▢ NO, skip to D5.27 

D5.26 If yes, how? 
 
 
 
 
 
 
 
 
 
 
 
 

D5.27 Do you think there will be a need for additional rounds of IMI in 
your district in the future? Why or why not? 
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Governance and local participation 

D5.28 Do you have a direct supervisor for your IMI activities? 
            ▢ YES            ▢ NO, skip to D5.31 

D5.29 How frequently did your supervisor communicate with you about 
IMI on a regular basis during IMI rounds?  
            ▢ Almost Daily                ▢ 2-4 times per week  
            ▢ About once a week      ▢ 1-2 times per month 
            ▢ Less than 1 time per month 

D5.30 What actions does your direct supervisor take to supervise your 
IMI activities? 
 
 
 
 
 
 
 
 
 
 
 

D5.31 What actions do you take to supervise the IMI activities of those 
under your supervision? (block) 
 
 
 
 
 
 
 
 
 
 

D5.32 Did you make changes to IMI planning or implementation based 
on the feedback from your supervisor or someone you supervise? 
            ▢ YES            ▢ NO 

D5.33 Why or why not? 
 
 
 
 
 
 
 
 
 
 

D5.34 Has community participation (feedback/ concerns/ rumors/ 
resistance) from the community, affected how IMI was 
implemented in this district? 
            ▢ YES            ▢ NO, skip to D5.36 

D5.35 If yes, how so? 
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Service organization and delivery 

D5.36 If IMI were to be implemented again, what would you do 
differently? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D5.37 If you had the freedom to do anything, what would you do to 
improve the efficiency of IMI? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Adoption of technology 

D5.38 To what extent has your district implemented electronic recording 
of RCH registers? 

  ▢  Have not started 
  ▢  Began implementation (date/time period: _______________) 
  ▢   Fully implemented (date/time period: _______________) 

 
 

Future priorities  

(PRESENT TO INTERVIEWEE) 

D5.57 To improve your own/district performance, which of 
the following functions is most important, in your view, 
to have more freedom about:  
Rank  in order of importance; 1 being the most 
important and 7 being the least important. 

[___] Increase the amount of the budget you are 

allowed without higher approval 

[___] Ability to plan and budget with more flexibility 

[___] Ability to spend with more flexibility 

[___] Ability to select senior staff  

[___] Ability to hire and fire staff 

[___] Ability to set local priorities that override central 

priorities 

[___] Ability to generate additional local funds 

[___] Other, specify:_________ 
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code 

Section 5 of 5: Decision capacity 
  

Respondent profile 

B5.01 Age (years) : 

B5.02 Sex :  ▢ Male  ▢ Female 
B5.03 Years in government service : 

B5.04 Length of time (years) in present block: 

B5.05 Current position :  
            ▢ MO            ▢ Other, specify: _____________ 

B5.06 Were you involved in IMI in any role? 
            ▢ YES          ▢ NO, END INTERVIEW 

B5.07 Position during IMI : 
            ▢ MO           ▢ Other, specify: _____________________ 

B5.08 Were you based in the present block during IMI? 
          ▢ YES          ▢ NO, specify location: ________________ 

B5.09 Educational qualifications (list highest degree)  
 
 

B5.10 Additional management training related to your work received in 
the past 2 years (please specify) 
 
No Title of training 

Duration (specify 
days/weeks/months) 

1   

2   

3   
 

 

General Overview 

 I am going to ask you some questions about the Routine 
Immunization program (RI) in this Block. 

B5.11 In this block, has there been progress toward immunization 
coverage goals in the past 2 years? 
 
 
 
 
 

B5.12 What are the main challenges of implementing RI in this block? 
 

Encourage free response; note free responses here or use tick 
boxes if applicable: 
 
 
 
 
 
 
▢ Staffing / Vacancies                     ▢ Funding   
▢ Inefficiencient operations             ▢ Vaccine Supply Issues   
▢ Patients lack awareness              ▢ Patients hesitancy 
▢ Target population hard to reach  ▢ Social media rumors                 
▢ Staff motivation                            ▢ Record-keeping issues   

B5.13 How effective has IMI been as a supplement to RI?  
 ▢ NOT AT ALL EFFECTIVE         
 ▢ SOMEWHAT EFFECTIVE 
 ▢ EFFECTIVE         
 ▢ VERY EFFECTIVE 

State: ____________________  Data collector: _____________  
District: ___________________  Date:_____________________  
Block: ____________________  
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Strategic and operational planning 

B5.14 What are the top three challenges that you have experienced 
implementing IMI? (List in order of importance) 

1.  

  

2.  

 

3.  

 

B5.15 What is your role / what specific actions do you take in the 
development of the final plan of IMI? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B5.16 Did you participate in IMI review meetings during IMI rounds? 
            ▢ YES          ▢ NO, skip to D5.19 

B5.17 What is the process for making decisions during IMI review 
meetings? 
 
 
 
 
 
 
 
 
 
 
 

B5.18 What changes were made to IMI implementation following the 
IMI review meetings, if any? 
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Financial Management 

B5.19 Were any funds allocated to your block specifically for IMI?  
            ▢ YES          ▢ NO 

B5.20 Did your block have sufficient funds to implement IMI as 
planned?   ▢ YES          ▢ NO 

Human resources 

B5.21 Describe the training that you received to implement IMI. (check 
all that apply) 

  ▢  IMI communication session 
  ▢  BRIDGE IPC Skills training 
  ▢  AEFI protocol training 
  ▢  CSO orientation on communication plan and use of  

monitoring tools 

  ▢  Media spokespersons training  
  ▢  IMI microplanning & reporting workshop (district-level) 
  ▢  Health workers training (ANMs, LHVs, health supervisors) 
  ▢  Mobilizers training (ASHAs, AWWs) 
  ▢  Other, specify: ________________________ 

B5.22 Did you use this training to solve any problems with IMI planning 
or implementation in the last year?  
            ▢ YES            ▢ NO 

B5.23 Do you feel that this training was sufficient given your 
responsibilities under the program?  
            ▢ YES, skip to B5.25            ▢ NO 
 

B5.24 In what ways was the training not sufficient? What additional 
training would have helped you? 
 
 
 
 
 
 
 
 
 

B5.25 Has your experience with the implementation of IMI led you to 
make any changes to the RI plan or the way RI is implemented? 
            ▢ YES            ▢ NO, skip to B5.27 

B5.26 If yes, how? 
 
 
 
 
 
 
 
 
 

D5.27 Do you think there will be a need for additional rounds of IMI in 
this block in the future? Why or why not? 
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Governance and local participation 

B5.28 Do you have a direct supervisor for your IMI activities? 
            ▢ YES            ▢ NO, skip to B5.31 

B5.29 How frequently did your supervisor communicate with you about 
IMI on a regular basis during IMI rounds?  
            ▢ Almost Daily                ▢ 2-4 times per week  
            ▢ About once a week      ▢ 1-2 times per month 
            ▢ Less than 1 time per month 

B5.30 What actions does your direct supervisor take to supervise your 
IMI activities? 
 
 
 
 
 
 
 
 
 
 
 

B5.31 What actions do you take to supervise the IMI activities of those 
under your supervision? (subcentre) 
 
 
 
 
 
 
 
 
 
 

B5.32 Did you make changes to IMI planning or implementation based 
on feedback from your supervisor or someone you supervise? 
            ▢ YES            ▢ NO  

B5.33 Why or why not? 
 
 
 
 
 
 
 
 
 

B5.34 Has community participation (feedback/ concerns/ rumors/ 
resistance) from the community, affected how IMI was 
implemented in this block? 
            ▢ YES            ▢ NO, skip to B5.36 

B5.35 If yes, how so? 
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Service organization and delivery 

B5.36 If IMI were to be implemented again, what would you do 
differently? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B5.37 If you had the freedom to do anything, what would you do to 
improve the efficiency of IMI? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Adoption of technology  

B5.38 To what extent has this block implemented electronic recording of 
RCH registers? 

  ▢  Have not started 
  ▢  Began implementation (date/time period: _______________) 
  ▢  Fully implemented (date/time period: _______________) 

Future priorities  
(PRESENT TO INTERVIEWEE) 

B5.57 To improve your own/block performance, which of the 
following functions is most important, in your view, to 
have more freedom about:  
Rank  in order of importance; 1 being the most 
important and 7 being the least important. 

[___] Increase the amount of the budget you are 

allowed without higher approval 

[___] Ability to plan and budget with more flexibility 

[___] Ability to spend with more flexibility 

[___] Ability to select senior staff  

[___] Ability to hire and fire staff 

[___] Ability to set local priorities that override central 

priorities 

[___] Ability to generate additional local funds 

 [___] Other, specify:_________ 
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Section 5 of 5: Decision capacity 
    

Respondent profile 

S5.01 Age : 

S5.02 Sex :  ▢ Male  ▢ Female 
S5.03 Years in government service : 

S5.04 Length of time (years) in present sub-centre: 

S5.05 Current position : 
            ▢ ANM          ▢ Other, specify: ____________ 

S5.06 Were you involved in IMI in any role? 
            ▢ YES          ▢ NO, END INTERVIEW 

S5.07 Position during IMI :  
            ▢ ANM           ▢ Other, specify: __________________ 

S5.08 Were you based in the present district during IMI? 
          ▢ YES          ▢ NO, specify location: ________________ 

S5.09 Educational qualifications (list highest degree)  
 
 

S5.10 Additional management training related to your work received in 
the past 2 years (please specify) 
 
No Title of training 

Duration (specify 
days/weeks/months) 

1   

2   

3   
 

 

General Overview 

S5.11 For interviewer: Is other staff present during the interview? 
            ▢ YES            ▢ NO 

S5.12 What are the challenges of implementing routine immunization 
program (RI) in this sub-centre? 
 
Encourage free response; write down responses here and/or 
use tick boxes if applicable: 
 
 
 
 
 
 
 
 
 
 
 
 
▢ Staffing / Vacancies                     ▢ Funding   
▢ Inefficiencient operations             ▢ Vaccine Supply Issues   
▢ Patients lack awareness              ▢ Patients hesitancy 
▢ Target population hard to reach  ▢ Social media rumors                 
▢ Staff motivation                            ▢ Record-keeping issues   

S5.13 How effective has IMI been as a supplement to RI?  
 ▢ NOT AT ALL EFFECTIVE         
 ▢ SOMEWHAT EFFECTIVE 
 ▢ EFFECTIVE         
 ▢ VERY EFFECTIVE 

District: ___________________  Data Collector:____________ 
Block: ___________________      Date: ___________________ 
Sub-centre: _______________  
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code 

Strategic and operational planning 

S5.14 What are the top three challenges that you have experienced 
implementing IMI? (List in order of importance) 

1.   

 

2.  

 

3.   

 

S5.15 What is your role / what specific actions do you take in the 
development of the final plan of IMI? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Human resources 

S5.16 Describe the training that you received to implement IMI. (check 
all that apply) 

  ▢  IMI communication session 
  ▢  BRIDGE IPC Skills training 
  ▢  AEFI protocol training 
  ▢  CSO orientation on communication plan and use of  

monitoring tools 

  ▢  Media spokespersons training  
  ▢  IMI microplanning & reporting workshop (district-level) 
  ▢  Health workers training (ANMs, LHVs, health supervisors) 
  ▢  Mobilizers training (ASHAs, AWWs) 
  ▢  Other, specify: ________________________ 

S5.17 Do you remember what was talked about in the training?  
            ▢ YES            ▢ NO, skip to S5.20 

S5.18 Do you feel that this training was sufficient given your 
responsibilities under the program? 
            ▢ YES            ▢ NO 

S5.19 Why or why not? 
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S5.20 Has your experience with IMI led you to make any changes to 
the RI plan or the way RI is implemented? 
            ▢ YES            ▢ NO, skip to B5.22 

S5.21 If yes, how? 
 
 
 
 
 
 
 
 
 
 

 
Governance and local participation 

S5.22 Do you have a direct supervisor for your IMI activities? 
            ▢ YES            ▢ NO, skip to S5.25 

S5.23 How frequently did your supervisor communicate with you about 
IMI on a regular basis during IMI rounds?  
            ▢ Almost Daily                ▢ 2-4 times per week  
            ▢ About once a week      ▢ 1-2 times per month 
            ▢ Less than 1 time per month 

S5.24 What actions does your direct supervisor take to supervise your 
IMI activities? 
 
 
 
 
 
 
 
 

S5.25 Has community participation (feedback/ concerns/ rumors/ 
resistance) from the community, affected how you implement IMI 
activities? 
            ▢ YES            ▢ NO, skip to S5.27 

S5.26 If yes, how so? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Service organization and delivery 

S5.27 If IMI were to be implemented again, what would you do 
differently? 
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S5.28 If you had the freedom to do anything, what would you do to 
improve the efficiency of IMI? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 
 

Availability of infrastructure 
(OBSERVE, IF POSSIBLE) 

S5.29 Subcentre has the following infrastructure (check all that apply) :  
  ▢  Electricity 
  ▢  Running water 
  ▢  Flush or pour toilet 
  ▢  Pit latrine 
  ▢  Separate room for ANC check up 
  ▢  Stand-alone building (i.e. building consists of subcentre only) 

S5.30 Type of building : 

  ▢  Government building 
  ▢  Private building (i.e. house, barn, etc.) 

S5.31 Building ownership : 

  ▢  Owned 
  ▢  Rented 

S5.32 Are toilet facilities usable? 

 ▢  YES            ▢  NO, specify reason: ________________  
 ▢  No toilet facilities available              

 
 
 
 
 
 
 
 
 



A.4 Supplementary figures

Figure A.4.1: Density plot of the proportion of target children vaccinated during IMI by state and level
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Figure A.4.2: Density plot of the number of children vaccinated per IMI session by state and level
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Figure A.4.3: Density plot of the number of vaccine doses delivered per IMI session by state and level
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Figure A.4.4: Correlation plot between state-level characteristics and district-level dimensions
*p <0.05; **p <0.01; ***p <0.001
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Figure A.4.5: Correlation plot between state-level characteristics and subcenter-level dimensions
*p <0.05; **p <0.01; ***p <0.001

Figure A.4.6: Path diagram for structural equation model, model A
B=Block-level indicators; S=Subcenter-level indicators.
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Figure A.4.7: Path diagram for structural equation model, model B
Specification: Latent construct decentralization generated by a measurement model with one item from each
framework dimension (Decision Space, Institutional Capacity, Accountability) to result in a one-factor model

to predict performance outcomes.
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Figure A.4.8: Path diagram for structural equation model, model C
Specification: Decision space measured at block and subcenter levels both directly predict performance

outcomes. B=Block-level indicators; S=Subcenter-level indicators.
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Figure A.4.9: Path diagram for structural equation model, model D
Specification: Block-level decision space predicts subcenter-level decision space, which subsequently predicts

performance outcomes. Only two performance measures presented here. B=Block-level indicators;
S=Subcenter-level indicators.
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B
Paper 2: Supplementary materials

B.1 Survey questions on awareness of HEF benefits

1. Does the closest public health center in your area provide free services for you with your HEF card?

2. Does the closest public hospital provide free services for you with your HEF card?

3. Can you get free delivery at government health facilities with your HEF card?

4. Can you get free medicines at government health facilities with your HEF card?

5. Can you get transportation costs reimbursed for delivery at government health facilities with your

HEF card?
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6. Can you get transportation costs reimbursed for hospitalization at government health facilities with

your HEF card?

7. Can you get money for meals for a caregiver with a hospitalized patient at government health facilities

with your HEF card?

8. Can you use your ID poor card or post ID card at public health facilities outside of your district?

B.2 Definitions of outcomes of interest

A series of questions were asked to obtain detailed information that was triangulated for each outcome of

interest. Analyses of these questions to define each outcome are outlined below.

• Sought health care: Respondents were identified to have sought care in cases in which question 1

below was greater than zero and non-equivalent to question 2.

1. Howmany times have you been ill / injured in the last 12 months?

2. Howmany of these illnesses / injuries did you NOT seek treatment for?

• Ever visited public provider: Respondents were identified to have visited a public provider at least

once if they reported having sought treatment for greater than zero illnesses or injuries and reported

seeking treatment from a private provider fewer times than that value.

1. Howmany of these illnesses / injuries did you seek outpatient / inpatient treatment for?

2. Howmany of these outpatient / inpatient treatments were from a private provider?

• Always visited public provider: Respondents were identified to have visited a public provider for all

illness /injuries if they reported having sought treatment for greater than zero illnesses or injuries and

reported never seeking treatment from a private provider.

1. Howmany of these illnesses / injuries did you seek outpatient / inpatient treatment for?

2. Howmany of these outpatient / inpatient treatments were from a private provider?
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• Ever used HEF card: Respondents were identified to have used their HEF card at least once if they

reported having sought treatment for greater than zero illnesses or injuries and reported using a card

for free health care at least once.

1. Howmany of these illnesses / injuries did you seek outpatient / inpatient treatment for?

2. Howmany of these outpatient / inpatient treatments did they use a card for free health care?

• Always used HEF card: Respondents were identified to have used their HEF card for all care seek-

ing episodes if they reported having sought treatment for greater than zero illnesses or injuries and

reported using a card for free health care for all the times they sought treatment.

1. Howmany of these illnesses / injuries did you seek outpatient / inpatient treatment for?

2. Howmany of these outpatient / inpatient treatments did they use a card for free health care?

B.3 Multiple logistic regression model summary tables

Table B.3.1: Odds ratios for predictors of care seeking

Dependent variable:
Sought health care

Age 1.000
(0.992,1.008)

Sex
Male Reference

Female 0.978
(0.714,1.340)

Education
Never attended Reference

Primary school 1.559∗
(1.108,2.194)

Secondary school 0.974
(0.582,1.631)

Ethnicity
Continued on next page
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Table B.3.1 – continued from previous page
Dependent variable:
Sought health care

Khmer Reference

Non-Khmer 0.652
(0.237,1.795)

Income quintile
Poorest Reference

Poorer 1.292
(0.676,2.469)

Middle 1.424
(0.761,2.665)

Wealthier 1.355
(0.568,3.232)

Wealthiest 1.938
(0.788,4.765)

Awareness
Health center services 0.287

(0.027,3.107)

Hospital services 1.452
(0.150,14.089)

Delivery 1.219
(0.359,4.135)

Medicines 0.327
(0.087,1.235)

Transport for delivery 1.687
(0.669,4.254)

Transport for hospitalization 0.923
(0.333,2.560)

Caregiver meals 1.476
(0.711,3.067)

Constant 60.577∗∗∗
(17.854,205.533)

Observations 1,877
Log Likelihood -496.308

Continued on next page
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Table B.3.1 – continued from previous page
Dependent variable:
Sought health care

Akaike Inf. Crit. 1,164.615
Prediction Accuracy 0.9032

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001
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Table B.3.4: Odds ratios predictors of out-of-pocket expenditure in the past two weeks

Dependent variable:
Paid out-of-pocket

Age 1.008
(0.987,1.030)

Sex
Male Reference

Female 1.649
(0.918,2.962)

Education
Never attended Reference

Primary school 1.416
(0.551,3.639)

Secondary school 0.626
(0.223,1.758)

Income quintile
Poorest Reference

Poorer 0.834
(0.285,2.442)

Middle 0.701
(0.228,2.155)

Wealthier 0.797
(0.229,2.775)

Wealthiest 1.058
(0.225,4.974)

Awareness
Health center services 0.784

(0.071,8.629)

Hospital services 17.755
(0.202,1,557.488)

Delivery 0.265
(0.008,8.720)

Medicines 0.467
(0.058,3.777)

Continued on next page
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Table B.3.4 – continued from previous page
Dependent variable:
Paid out-of-pocket

Transport for delivery 1.112
(0.314,3.932)

Transport for hospitalization 0.834
(0.171,4.063)

Caregiver meals 0.700
(0.261,1.880)

Constant 0.199
(0.011,3.749)

Observations 293
Log Likelihood -145.854
Akaike Inf. Crit. 443.707
Prediction Accuracy 0.5404

Note: ∗p<0.05; ∗∗p<0.01; ∗∗∗p<0.001

B.4 Detailed figures of uncertainty analysis
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C
Paper 3: Supplementary materials

C.1 Diabetes-related service packages under theHealth Equity Funds

C.1.1 Service Package 11: Diabetes screening at health centers

Clinical Indications: This specific service package covers all services involved with screening and counseling
persons for and about diabetes of persons with one or more risk factors (frequent urinating during the night,
polydipsia, aged≥40 years, overweight, tuberculosis, sudden weight loss, melioidosis, hypertension, history of
stroke or ischemic heart disease).

Services covered:

1. Consultation

• History taking
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• Vital information like blood pressure, height, weight, waist circumference

• Fasting blood glucose

2. Medication

• Referral to higher-level hospital if necessary

3. Counseling

• If present in the operational district: local Peer Educator Group

• Blood sugar and blood pressure targets bodyweight

• Behavioral changes regarding diet, exercise, smoking, alcohol

• Risk factors for diabetic complications and means to prevent these

4. Non-Medical Benefits

• Self-management booklet with health education for record keeping

• A3-Diabetes Pyramid Poster

Source: Guidelines for the Benefit Package and Provider Payment of the Health Equity Fund for the Poor
[28]

C.1.2 Service Package 12: Diabetes treatment and follow-up at health centers

Clinical Indications: This service package covers the treatment and follow-up of people diagnosed with di-
abetes mellitus. It is intended to be used for quarterly follow-up consultations to monitor clinical progress
once stable. If more or less frequent consultations are needed, use Service Package 11.

Services Covered:

1. Consultation

• History since last consultation, including self-management, symptoms, treatment adherence
and side effects, diet, exercise, smoking, alcohol

• Any glucose of HbA1c results since last consultation

• Examination for blood pressure, height, weight, waist circumference

2. Investigations

• Fasting blood glucose

3. Medication

• Medication as indicated by the Clinical Practice Guidelines

• Insulin syringes
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4. Counseling

• Encourage diabetes patient to have contact with other diabetes patients in the village and peers

• Behavioral changes regarding diet, exercise, smoking, alcohol

• Risk factors for diabetic complications and means to prevent these

• Adherence with and understanding of requirements for treatment

• Check ability of self-monitoring, ask to see the patient self-management book and discuss the
records and progress towards targets

Required Documentation: Letter from referral hospital to continue for treatment and follow up

Source: Guidelines for the Benefit Package and Provider Payment of the Health Equity Fund for the Poor
[28]

C.1.3 Service Package 30: Diabetes screening at referral hospitals

Clinical Indications: This specific service package covers all services involved with screening and counseling
persons for and about diabetes of persons with one or more risk factors (frequent urinating during the night,
polydipsia, aged≥40 years, overweight, tuberculosis, sudden weight loss, melioidosis, hypertension, history of
stroke or ischemic heart disease).

Services covered:

1. Consultation

• History taking

• Vital information like blood pressure, height, weight, waist circumference

• Fasting blood glucose

• HbA1c, creatin + urine albumin/protein + lipid profile + at least K+ electrolyte

2. Medication

• Medication as indicated by the Clinical Practice Guidelines

• Insulin syringes

3. Counseling

• If present in the operational district: local Peer Educator Group

• Blood sugar and blood pressure targets bodyweight

• Behavioral changes regarding diet, exercise, smoking, alcohol

• Risk factors for diabetic complications and means to prevent these

4. Non-Medical Benefits
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• Self-management booklet with health education for record keeping

• A3-Diabetes Pyramid Poster

Required Documentation:

• Standard Patient Dossier Medical Records

• Hospital HEF Summary of Treatment Form

• Referral letter to higher-level hospital if necessary

Source: Guidelines for the Benefit Package and Provider Payment of the Health Equity Fund for the Poor
[28]

C.1.4 Service Package 31: Diabetes treatment and follow-up at referral hospitals

Clinical Indications: This service package covers the treatment and follow-up of people diagnosed with di-
abetes mellitus. It is intended to be used for quarterly follow-up consultations to monitor clinical progress
once stable. If more or less frequent consultations are needed, use Service Package 32.

Services Covered:

1. Consultation

• History since last consultation, including self-management, symptoms, treatment adherence
and side effects, diet, exercise, smoking, alcohol

• Any glucose of HbA1c results since last consultation

• Examination for blood pressure, height, weight, waist circumference

2. Investigations

• Fasting blood glucose or RBG (+/- HbA1c one time per year), urine protein, creatin, lipids,
hepatitis C

3. Medication

• Medication as indicated by the Clinical Practice Guidelines

• Insulin syringes

4. Counseling

• Encourage diabetes patient to have contact with other diabetes patients in the village and peers

• Behavioral changes regarding diet, exercise, smoking, alcohol

• Risk factors for diabetic complications and means to prevent these

• Adherence with and understanding of requirements for treatment
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• Check ability of self-monitoring, ask to see the patient self-management book and discuss the
records and progress towards targets

Required Documentation:

• Standard Patient Dossier Medical Records

• Hospital HEF Summary of Treatment Form

• Referral letter to higher-level hospital if necessary

Source: Guidelines for the Benefit Package and Provider Payment of the Health Equity Fund for the Poor
[28]

C.1.5 Service Package 32: Uncontrolled diabetes consultation at referral hospi-

tals

Clinical Indications: This service package is to be used for diabetes-related consultations that are not covered
by Service Package 31.

Services Covered:

1. Consultation

• History since last consultation, including self-management, symptoms, treatment adherence
and side effects, diet, exercise, smoking, alcohol

• Any glucose of HbA1c results since last consultation

• Examination for blood pressure, height, weight, waist circumference

2. Investigations

• Fasting blood glucose or RBG (+/- HbA1c one time per year), urine protein, creatin, lipids,
hepatitis C

3. Medication

• Medication as indicated by the Clinical Practice Guidelines

• Insulin syringes

4. Counseling

• Encourage diabetes patient to have contact with other diabetes patients in the village and peers

• Behavioral changes regarding diet, exercise, smoking, alcohol

• Risk factors for diabetic complications and means to prevent these

• Adherence with and understanding of requirements for treatment
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• Check ability of self-monitoring, ask to see the patient self-management book and discuss the
records and progress towards targets

Required Documentation:

• Standard Patient Dossier Medical Records

• Hospital HEF Summary of Treatment Form

• Referral letter to higher-level hospital if necessary

Source: Guidelines for the Benefit Package and Provider Payment of the Health Equity Fund for the Poor
[28]

C.2 Simulated population characteristics

Table C.2.1: Profile of simulated population by HEF eligibility (N = 800,000)

Characteristic
HEF Eligibility HEF Eligibility
Poorest 20% Poorest 30%
(n = 160,000) (n = 240,000)

Age (at year 0)
26-30 years 34,503 (22%) 51,823 (22%)
31-35 years 28,334 (18%) 42,479 (18%)
36-40 years 15,900 (10%) 23,819 (10%)
41-45 years 20,009 (13%) 29,896 (12%)
46-50 years 16,807 (11%) 25,166 (10%)
51-55 years 17,406 (11%) 26,377 (11%)
61-65 years 9,674 (6%) 14,428 (6%)
66-70 years 5,247 (3%) 7,806 (3%)

Sex
Male 76,809 (48%) 115,204 (48%)
Female 83,191 (52%) 124,796 (52%)

Initial state
Healthy 146,595 (92%) 219,936 (92%)
Undiagnosed diabetes 8,317 (5%) 12,509 (5%)
Diet/lifestyle consultation 3,749 (2%) 5,576 (2%)(no prescribed treatment)
Oral anti-diabetic therapy 1,083 (1%) 1,600 (1%)
Insulin therapy 86 (0.1%) 123 (0.1%)
Neuropathy 117 (0.1%) 173 (0.1%)
Retinopathy 29 (0.02%) 42 (0.02%)
Nephropathy 24 (0.01%) 41 (0.02%)

Enrolled in HEF 120,431 (75%) 180,312 (75%)
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Figure C.3.5: Incremental costs per person eligible for HEF (poorest 30%) vs. cases of poverty averted by
population group and strategy

C.4 Results under alternative definitions of measures

Table C.4.1: Total and incremental (non-discounted) costs by strategy and HEF eligibility threshold

Strategy HEF Total Incremental
Eligibility Costs Costs

Current standard 20% 322,549,110 -
30% 450,225,333 -

Diagnostics only 20% 536,610,639 214,061,528
30% 665,908,790 215,683,457

Drug therapy only 20% 319,321,923 -3,227,187
30% 446,552,844 -3,672,489

Complications only 20% 537,607,523 215,058,412
30% 662,172,080 211,946,747

Diagnostics + drug therapy 20% 531,099,985 208,550,875
30% 655,079,325 204,853,992

Drug therapy + complications 20% 528,887,847 206,338,737
30% 653,067,179 202,841,846

Diagnostics + drug therapy + complications 20% 949,872,127 627,323,016
30% 1,077,192,285 626,966,952

182



Ta
bl
eC

.4
.2
:C

as
es
of

ca
ta
str
op
hi
ch

ea
lth

ex
pe
nd

itu
re
av
er
te
d
by

th
re
sh
ol
d
an
d
str
at
eg
y

St
ra
te
gy

H
EF

O
O
P

In
cr
em

en
ta
l

In
cr
em

en
ta
l

In
cr
em

en
ta
l

El
ig
ib
ili
ty

C
ov
er
ag
e

C
H
E 1

0
C
H
E 2

5
C
H
E 4

0

C
ur
re
nt

sta
nd

ar
d

20
%

10
0%

-
-

-
80
%

-
-

-

30
%

10
0%

-
-

-
80
%

-
-

-

D
iag

no
sti
cs
on

ly
20
%

10
0%

66
4,
70
0

54
5,
38
0

48
0,
48
0

80
%

20
2,
72
0

19
7,
76
0

19
3,
62
0

30
%

10
0%

79
9,
86
0

61
0,
58
0

53
2,
82
0

80
%

20
2,
68
0

19
7,
36
0

19
3,
74
0

D
ru
gt
he
ra
py

on
ly

20
%

10
0%

58
9,
04
0

50
1,
68
0

44
4,
80
0

80
%

13
9,
12
0

15
1,
52
0

16
2,
40
0

30
%

10
0%

77
5,
36
0

60
1,
44
0

52
8,
00
0

80
%

23
0,
08
0

24
4,
64
0

24
5,
60
0

C
om

pl
ica

tio
ns

on
ly

20
%

10
0%

68
4,
90
0

55
9,
06
0

49
1,
44
0

80
%

24
2,
72
0

22
6,
60
0

21
6,
88
0

30
%

10
0%

81
9,
96
0

62
4,
18
0

54
3,
40
0

80
%

24
2,
64
0

22
6,
16
0

21
6,
96
0

D
iag

no
sti
cs
+
dr
ug

th
er
ap
y

20
%

10
0%

61
8,
10
0

51
2,
34
0

45
4,
32
0

80
%

66
,5
40

10
1,
12
0

11
7,
14
0

30
%

10
0%

75
3,
04
0

57
7,
50
0

50
6,
54
0

80
%

68
,0
40

10
2,
28
0

11
8,
46
0

D
ru
gt
he
ra
py

+
co
m
pl
ica

tio
ns

20
%

10
0%

64
2,
92
0

53
0,
16
0

46
7,
64
0

80
%

12
4,
34
0

14
4,
62
0

15
1,
78
0

30
%

10
0%

77
8,
38
0

59
5,
66
0

52
0,
64
0

80
%

12
4,
80
0

14
4,
48
0

15
2,
32
0

D
iag

no
sti
cs
+
dr
ug

th
er
ap
y+

co
m
pl
ica

tio
ns

20
%

10
0%

66
5,
20
0

54
4,
38
0

47
9,
26
0

80
%

14
4,
80
0

15
6,
94
0

16
1,
58
0

30
%

10
0%

80
0,
96
0

61
0,
54
0

53
2,
86
0

80
%

14
5,
12
0

15
7,
04
0

16
3,
12
0

183



References

[1] World Health Organization, “Primary Health Care on the Road to Universal Health Coverage 2019,”
tech. rep., 2019.

[2] D. T. Jamison, A. Alwan, C. N. Mock, R. Nugent, D. Watkins, O. Adeyi, S. Anand, R. Atun,
S. Bertozzi, Z. Bhutta, A. Binagwaho, R. Black, M. Blecher, B. R. Bloom, E. Brouwer, D. A. Bundy,
D. Chisholm, A. Cieza, M. Cullen, K. Danforth, N. de Silva, H. T. Debas, P. Donkor, T. Dua, K. A.
Fleming, M. Gallivan, P. J. Garcia, A. Gawande, T. Gaziano, H. Gelband, R. Glass, A. Glassman,
G. Gray, D. Habte, K. K. Holmes, S. Horton, G. Hutton, P. Jha, F. M. Knaul, O. Kobusingye, E. L.
Krakauer, M. E. Kruk, P. Lachmann, R. Laxminarayan, C. Levin, L. M. Looi, N. Madhav, A. Mah-
moud, J. C. Mbanya, A. Measham, M. E. Medina-Mora, C. Medlin, A. Mills, J. A. Mills, J. Montoya,
O. Norheim, Z. Olson, F. Omokhodion, B. Oppenheim, T. Ord, V. Patel, G. C. Patton, J. Peabody,
D. Prabhakaran, J. Qi, T. Reynolds, S. Ruacan, R. Sankaranarayanan, J. Sepúlveda, R. Skolnik, K. R.
Smith, M. Temmerman, S. Tollman, S. Verguet, D. G. Walker, N. Walker, Y. Wu, and K. Zhao, “Uni-
versal health coverage and intersectoral action for health: key messages fromDisease Control Priorities,
3rd edition,” mar 2018.

[3] D. Watkins, Jamison Dean, A. Mills, R. Atun, K. Danforth, A. Glassman, S. Horton, P. Jha, M. Kruk,
O. Norheim, J. Qi, A. Soucat, S. Verguet, D. Wilson, and A. Alwan, “Universal Health Coverage and
Essential Packages of Care,” inDisease Control Priorities: Improving Health and Reducing Poverty,
no. Dc, ch. 3, pp. 1–21, 3rd ed. ed., 2018.

[4] D. H. Peters, A. Garg, G. Bloom, D. G. Walker, W. R. Brieger, andM. Hafizur Rahman, “Poverty
and Access to Health Care in Developing Countries,” Annals of the New York Academy of Sciences,
vol. 1136, pp. 161–171, jul 2008.

[5] World Health Organization, “What is universal coverage?,” 2019.

[6] World Health Organization and TheWorld Bank, “Tracking Universal Health Coverage: 2017 Global
Monitoring Report,” tech. rep., Geneva, 2017.

[7] A. Wagstaff, G. Flores, J. Hsu, M. F. Smitz, K. Chepynoga, L. R. Buisman, K. vanWilgenburg, and
P. Eozenou, “Progress on catastrophic health spending in 133 countries: a retrospective observational
study,” The Lancet Global Health, vol. 6, pp. e169–e179, feb 2018.

[8] A. Wagstaff, P. Eozenou, S. Neelsen, andM. F. Smitz, “Introducing theWorld Bank’s 2018 Health
Equity and Financial Protection Indicators database,” jan 2019.

[9] M. Roberts, W. Hsiao, P. Berman, andM. Reich,Getting Health Reform Right. Oxford University
Press, apr 2008.

184



[10] M. Lagarde and N. Palmer, “The impact of health financing strategies on access to health services in
low and middle income countries,” Cochrane Database of Systematic Reviews, vol. 2018, apr 2018.

[11] Institute for Health Metrics and Evaluation, “Global Burden of Disease Study 2017 (GBD 2017) Data
Resources | GHDx,” 2017.

[12] A. Haakenstad, M. Coates, A. Marx, G. Bukhman, and S. Verguet, “Disaggregating catastrophic
health expenditure by disease area: cross-country estimates based on theWorld Health Surveys,” BMC
Medicine, vol. 17, p. 36, dec 2019.

[13] S. Verguet, S. T. Memirie, and O. F. Norheim, “Assessing the burden of medical impoverishment by
cause: a systematic breakdown by disease in Ethiopia,” BMCMedicine, vol. 14, p. 164, dec 2016.

[14] S. Jan, T. L. Laba, B. M. Essue, A. Gheorghe, J. Muhunthan, M. Engelgau, A. Mahal, U. Griffiths,
D. McIntyre, Q. Meng, R. Nugent, and R. Atun, “Action to address the household economic burden
of non-communicable diseases,” Lancet, vol. 391, pp. 2047–2058, may 2018.

[15] V. Gurnani, P. Haldar, M. K. Aggarwal, M. K. Das, A. Chauhan, J. Murray, N. K. Arora, M. Jhalani,
and P. Sudan, “Improving vaccination coverage in India: lessons from IntensifiedMission Indrad-
hanush, a cross-sectoral systems strengthening strategy,” BMJ, vol. 363, p. k4782, dec 2018.

[16] P. Arokiasamy, “India’s escalating burden of non-communicable diseases,” dec 2018.

[17] M. Bunly, “Immunization on the move: Improving the health and well-being of disadvantaged chil-
dren in Cambodia,” 2017.

[18] World Health Organization, “Financial protection,”WHO, 2018.

[19] World Health Organization, “Cambodia: Diabetes country profiles, 2016,” tech. rep., 2016.

[20] D. R. Hogan, G. A. Stevens, A. R. Hosseinpoor, and T. Boerma, “Monitoring universal health cover-
age within the Sustainable Development Goals: development and baseline data for an index of essential
health services.,” The Lancet Global Health, vol. 6, pp. e152–e168, feb 2018.

[21] O. O’Donnell, “Financial Protection Against Medical Expense.” 2019.

[22] B. Jacobs, P. Ir, M. Bigdeli, P. Leslie Annear, W. Van Damme, and L. Pdr, “Addressing access barriers
to health services: an analytical framework for selecting appropriate interventions in low-income Asian
countries,”Health Policy and Planning, 2011.

[23] P. L. Annear, J. Grundy, P. Ir, B. Jacobs, C. Men, M. Nachtnebel, S. Oum, A. Robins, and C. E. Ros,
“The Kingdom of Cambodia Health System Review,” tech. rep., World Health Organization, 2015.

[24] F. Andre, R. Booy, H. Bock, J. Clemens, S. Datta, T. John, B. Lee, S. Lolekha, H. Peltola, T. Ruff,
M. Santosham, and H. Schmitt, “Vaccination greatly reduces disease, disability, death and inequity
worldwide,” Bulletin of theWorld Health Organization, 2011.

[25] M. E. McGovern and D. Canning, “Vaccination and All-Cause Child Mortality From 1985 to 2011:
Global Evidence From the Demographic and Health Surveys,” American Journal of Epidemiology,
vol. 182, pp. 791–798, nov 2015.

[26] T. Bossert, “Analyzing the decentralization of health systems in developing countries: decision space,
innovation and performance,” Social Science &Medicine (1982), vol. 47, pp. 1513–1527, nov 1998.

185



[27] Ministry of Health, Kingdom of Cambodia, “National Strategic Plan for the Prevention and Control
of Noncommunicable Diseases 2013-2020,” tech. rep., Ministry of Health, Kingdom of Cambodia,
2013.

[28] Department of Planning and Health Information, Ministry of Health, Kingdom of Cambodia,
“Guidelines For The Benefit Package and Provider Payment of the Health Equity Fund for the Poor,”
tech. rep., Ministry of Health, Phnom Penh, 2018.

[29] M. Bigdeli, B. Jacobs, C. R. Men, K. Nilsen, W. Van Damme, and B. Dujardin, “Access to Treatment
for Diabetes and Hypertension in Rural Cambodia: Performance of Existing Social Health Protection
Schemes.,” PLOS ONE, vol. 11, no. 1, p. e0146147, 2016.

[30] C. Collins and A. Green, “Decentralization and Primary Health Care: Some Negative Implications in
Developing Countries,” International Journal of Health Services, vol. 24, pp. 459–475, jul 1994.

[31] S. Peckham, M. Exworthy, M. Powell, and I. Greener, “Decentralisation, centralisation and devolu-
tion in publicly funded health services: decentralisation as an organisational model for health-care in
England.,” tech. rep., 2005.

[32] A. Shah, ed., Local Governance in Developing Countries. TheWorld Bank, jul 2006.

[33] A. Mitchell and T. J. Bossert, “Decentralisation, Governance and Health-System Performance: ‘Where
You Stand Depends onWhere You Sit’,”Development Policy Review, vol. 28, pp. 669–691, nov 2010.

[34] T. J. Bossert and A. D. Mitchell, “Health sector decentralization and local decision-making: Deci-
sion space, institutional capacities and accountability in Pakistan,” Social Science &Medicine, vol. 72,
pp. 39–48, jan 2011.

[35] E. Ahmad and G. Brosio,Does decentralization enhance service delivery and poverty reduction? Edward
Elgar, 2009.

[36] F. Saito,Decentralization and Local Governance: Decentralization in Comparative Perspective. Heidel-
berg: Physica-Verlag HD.

[37] P. K. Bardhan and D.Mookherjee,Decentralization and local governance in developing countries : a
comparative perspective. MIT Press, 2006.

[38] D. Cobos Muñoz, P. Merino Amador, L. Monzon Llamas, D. Martinez Hernandez, and J. M. Santos
Sancho, “Decentralization of health systems in low and middle income countries: a systematic review,”
International Journal of Public Health, vol. 62, pp. 219–229, mar 2017.

[39] A. Dwicaksono and A. M. Fox, “Does Decentralization Improve Health System Performance and Out-
comes in Low- andMiddle-Income Countries? A Systematic Review of Evidence FromQuantitative
Studies,” TheMilbank Quarterly, vol. 96, pp. 323–368, jun 2018.

[40] T. J. Bossert, “Decentralization of health systems in Ghana, Zambia, Uganda and the Philippines: a
comparative analysis of decision space,”Health Policy and Planning, vol. 17, pp. 14–31, mar 2002.

[41] S. R. Seshadri, S. Parab, S. Kotte, N. Latha, and K. Subbiah, “Decentralization and decision space in
the health sector: a case study from Karnataka, India,”Health Policy and Planning, vol. 31, pp. 171–
181, mar 2016.

186



[42] A. Maharani and G. Tampubolon, “Has decentralisation affected child immunisation status in In-
donesia?,”Global Health Action, vol. 7, p. 24913, dec 2014.

[43] A. Alonso-Garbayo, J. Raven, S. Theobald, F. Ssengooba, M. Nattimba, and T. Martineau, “Decision
space for health workforce management in decentralized settings: a case study in Uganda,”Health
Policy and Planning, vol. 32, pp. iii59–iii66, nov 2017.

[44] P. Heywood and Y. Choi, “Health system performance at the district level in Indonesia after decentral-
ization,” BMC International Health and Human Rights, vol. 10, p. 3, dec 2010.

[45] R. McCollum, S. Theobald, L. Otiso, T. Martineau, R. Karuga, E. Barasa, S. Molyneux, andM. Taegt-
meyer, “Priority setting for health in the context of devolution in Kenya: Implications for health eq-
uity and community-based primary care,”Health Policy and Planning, vol. 33, pp. 729–742, jul 2018.

[46] H. J. Liwanag and K. Wyss, “Optimising decentralisation for the health sector by exploring the synergy
of decision space, capacity and accountability: insights from the Philippines,”Health Research Policy
and Systems, vol. 17, p. 4, dec 2019.

[47] T. E. Roman, S. Cleary, and D. McIntyre, “Exploring the Functioning of Decision Space: A Review
of the Available Health Systems Literature.,” International Journal of Health Policy andManagement,
vol. 6, pp. 365–376, feb 2017.

[48] B. Panda and H. P. Thakur, “Decentralization and health system performance - a focused review of
dimensions, difficulties, and derivatives in India.,” BMCHealth Services Research, vol. 16, no. Suppl 6,
p. 561, 2016.

[49] P. Khaleghian, “Decentralization and public services: the case of immunization,” Social Science &
Medicine, vol. 59, pp. 163–183, jul 2004.

[50] Central Intelligence Agency, “TheWorld Factbook: India.”

[51] World Bank Group, “Decentralization of health in the Indian state of West Bengal : analysis of deci-
sion space, institutional capacities and accountability,” tech. rep., jan 2010.

[52] K. A. Bollen andM. D. Noble, “Structural equation models and the quantification of behavior,”
Proceedings of the National Academy of Sciences of the United States of America, vol. 108, pp. 15639–
15646, oct 2011.

[53] R. B. Kline, Principles and Practice of Structural EquationModeling. Guilford Press, 2005.

[54] J. B. Schreiber, F. K. Stage, J. King, A. Nora, and E. A. Barlow, “Reporting Structural EquationMod-
eling and Confirmatory Factor Analysis Results: A Review,” The Journal of Educational Research,
2006.

[55] L. Cai, “Latent variable modeling,” Shanghai Archives of Psychiatry, vol. 24, no. 2, pp. 118–120, 2012.

[56] N. J. Higham, “Computing the nearest correlation matrix–a problem from finance,” IMA Journal of
Numerical Analysis, vol. 22, pp. 329–343, jul 2002.

[57] IIPS/India, International Institute for Population Sciences - and ICF, “India National Family Health
Survey NFHS-4 2015-16,” dec 2017.

187



[58] World Health Organization, “Global Health Expenditure Database,” 2019.

[59] World Health Organization andMinistry of Health, Cambodia, “Health Service Delivery Profile Cam-
bodia 2012,” tech. rep., 2012.

[60] World Bank Group, “Cambodia: Overview,” 2019.

[61] United Nations Economic and Social Commission for Asia and the Pacific (UNESCAP), “Promoting
Sustainable Strategies to Improve Access to Health Care in the Asian and Pacific Region,” tech. rep.,
2009.

[62] World Bank Group, “Moving toward UHC: Cambodia - National Initiatives, Key Challenges, and the
Role of Collaborative Activities,” tech. rep., 2017.

[63] WPRO, “Cambodia WHOCountry Cooperation Strategy 2016-2020,” tech. rep., World Health
Organization, 2016.

[64] Ministry of Health, Kingdom of Cambodia, “Estimating Health Expenditure in Cambodia: National
Health Accounts Report (2012-2014 Data),” tech. rep., Ministry of Health, Kingdom of Cambodia,
2016.

[65] World Health Organization, “Global Health Expenditure Database,” 2019.

[66] World Health Organization, “Out-of-pocket payments, user fees and catastrophic expenditure,”
WHO, 2018.

[67] World Bank Group, “GDP per capita (current US$) - Cambodia,” 2019.

[68] T. Ensor, C. Chhun, T. Kimsun, B. McPake, and I. Edoka, “Impact of health financing policies in
Cambodia: A 20 year experience,” Social Science &Medicine, vol. 177, pp. 118–126, 2017.

[69] M.W. Kaba, K. Baesel, B. Poch, S. Bun, S. Cerceau, L. Bury, B. Schwarz, O. Keo, R. Tung, K. Cheang,
and K. Rasanathan, “IDPoor: A poverty identification programme that enables collaboration across
sectors for maternal and child health in Cambodia,” BMJ (Online), vol. 363, 2018.

[70] P. L. Annear, K. Khim, P. Ir, E. Moscoe, T. Jordanwood, T. Bossert, M. Nachtnebel, T. Barnighausen,
and V. Lo, “National coverage and health service utilization by Health Equity Fund members, 2004-
2015,” tech. rep., 2016.

[71] S. Nagpal, S. Bauhoff, K. S. Y. Song, T. Jithitikulchai, S. Vong, andM. K. Kohli, “Impact Evaluation
of Service Delivery Grants to Improve Quality of Health Care Delivery in Cambodia : Baseline Study
Report,” tech. rep., 2019.

[72] B. Jacobs, A. Bajracharya, J. Saha, C. Chhea, B. Bellows, S. Flessa, and A. Fernandes Antunes, “Making
free public healthcare attractive: optimizing health equity funds in Cambodia.,” International journal
for equity in health, vol. 17, no. 1, p. 88, 2018.

[73] B. Jacobs, N. L. Price, and S. Oeun, “Do exemptions from user fees mean free access to health services?
A case study from a rural Cambodian hospital,” TropicalMedicine & International Health, vol. 12,
pp. 1391–1401, oct 2007.

188



[74] C. Sobrado, S. Neak, S. Ly, E. Aldaz-Carroll, E. Gamberoni, F. Arias-Vazquez, T. Fukao, S. Beng,
T. Johnston, M. S. Joaquin, L. Bruni, and R. de Groot, “Where have all the poor gone? : Cambodia
poverty assessment 2013,” may 2014.

[75] D. H. Peters, A. Garg, G. Bloom, D. G. Walker, W. R. Brieger, andM. Hafizur Rahman, “Poverty
and Access to Health Care in Developing Countries,” Annals of the New York Academy of Sciences,
vol. 1136, pp. 161–171, jul 2008.

[76] R. M. Andersen, “Revisiting the behavioral model and access to medical care: does it matter?,” Journal
of Health and Social Behavior, vol. 36, pp. 1–10, mar 1995.

[77] B. Babitsch, D. Gohl, and T. von Lengerke, “Re-revisiting Andersen’s Behavioral Model of Health
Services Use: a systematic review of studies from 1998-2011.,” Psycho-social medicine, vol. 9, p. Doc11,
2012.

[78] A. A. Afifi, T. H. Rice, R. M. Andersen, L. Rosenstock, and G. F. Kominski, Changing the U.S. health
care system : key issues in health services policy and management. Jossey-Bass, 2013.

[79] S. Prinja, A. S. Chauhan, A. Karan, G. Kaur, and R. Kumar, “Impact of publicly financed health in-
surance schemes on healthcare utilization and financial risk protection in India: A systematic review,”
PLOS ONE, vol. 12, feb 2017.

[80] S. V. Doubova, R. Pérez-Cuevas, D. Canning, andM. R. Reich, “Access to healthcare and financial risk
protection for older adults in Mexico: Secondary data analysis of a national survey,” 2015.

[81] K. Liu, S. V. Subramanian, and C. Lu, “Assessing national and subnational inequalities in medical
care utilization and financial risk protection in Rwanda,” International Journal for Equity in Health,
vol. 18, p. 51, dec 2019.

[82] J. C. Durante and E. J. Woodhams, “Patient Education About the Affordable Care Act Contraceptive
Coverage Requirement Increases Interest in Using Long-Acting Reversible Contraception,”Women’s
Health Issues, vol. 27, pp. 152–157, mar 2017.

[83] J. L. Tucker, “Patients’ knowledge of health plan coverage and satisfaction with care.,” The American
Journal ofManaged Care, vol. 7, pp. 453–9, may 2001.

[84] U. Giedion, E. A. Alfonso, and Y. Díaz, “Universal Health Coverage Studies Series (UNICO) UNICO
Studies Series No. 25 The Impact of Universal Coverage Schemes in the DevelopingWorld: A Review
of the Existing Evidence,” tech. rep., 2013.

[85] J. M. Eisenberg and E. J. Power, “Transforming insurance coverage into quality health care: Voltage
drops from potential to delivered quality,” Journal of the AmericanMedical Association, vol. 284,
pp. 2100–2107, oct 2000.

[86] M. J. Azur, E. A. Stuart, C. Frangakis, and P. J. Leaf, “Multiple imputation by chained equations:
What is it and how does it work?,” International Journal ofMethods in Psychiatric Research, vol. 20,
pp. 40–49, mar 2011.

[87] National Institute of Statistics, Directorate General for Health and ICF International, “Cambodia
Demographic and Health Survey 2014,” tech. rep., National Institute of Statistics, Directorate General
for Health, and ICF International, Phnom Penh, Cambodia, and Rockville, Maryland, USA, 2015.

189



[88] M.-L. Escobar, C. C. Griffin, and R. P. Shaw, “The Impact of Health Insurance in Low-andMiddle-
Income Countries,” tech. rep., 2010.

[89] U. Giedion, B. Y. Díaz, and E. A. Alfonso, “The Impact of Subsidized Health Insurance on Access,
Utilization and Health Status: The Case of Colombia,” tech. rep., World Bank Group, Washington,
DC, 2007.

[90] Y. S. Kusuma, M. Pal, and B. V. Babu, “Health Insurance: Awareness, Utilization, and its Determi-
nants among the Urban Poor in Delhi, India,” Journal of Epidemiology and Global Health, vol. 8,
p. 69, dec 2018.

[91] D. A. Adewole, “Understanding the concept of health insurance: An innovative social marketing
tool,” Journal of Public Health in Africa, vol. 9, pp. 74–75, may 2018.

[92] M. S. Marquis, “Consumers’ knowledge about their health insurance coverage,”Health Care Financ-
ing Review, vol. 5, no. 1, pp. 65–80, 1983.

[93] World Health Organization, “Diabetes,” 2018.

[94] S. van Dieren, J. W. J. Beulens, Y. T. van der Schouw, D. E. Grobbee, and B. Neal, “The global bur-
den of diabetes and its complications: an emerging pandemic,” European Journal of Cardiovascular
Prevention and Rehabilitation : official journal of the European Society of Cardiology,Working Groups
on Epidemiology & Prevention and Cardiac Rehabilitation and Exercise Physiology, vol. 17 Suppl 1,
pp. S3–S8, 2010.

[95] H. King, L. Keuky, S. Seng, T. Khun, G. Roglic, andM. Pinget, “Diabetes and associated disorders in
Cambodia: Two epidemiological surveys,” Lancet, vol. 366, pp. 1633–1639, nov 2005.

[96] S. Oum, P. R. Prak, E. M. Khuon, V. Mey, S. Aim, Y. Bounchan, S. Cin, L. Pen, and S. Loun, “Preva-
lence of non-communicable disease risk factors in Cambodia, STEPS Survey, Country Report,” tech.
rep., University of Health Sciences; Preventive Medicine Department, Ministry of Health, 2010.

[97] S. Flessa and A. Zembok, “Costing of diabetes mellitus type II in Cambodia.,”Health Economics Re-
view, vol. 4, p. 24, dec 2014.

[98] C. Bommer, V. Sagalova, E. Heesemann, J. Manne-Goehler, R. Atun, T. Bärnighausen, J. Davies, and
S. Vollmer, “Global economic burden of diabetes in adults: Projections from 2015 to 2030,”Diabetes
Care, vol. 41, pp. 963–970, may 2018.

[99] M. E. Png, J. Yoong, T. P. Phan, and H. L. Wee, “Current and future economic burden of diabetes
among working-age adults in Asia: Conservative estimates for Singapore from 2010-2050 Chronic
Disease epidemiology,” BMC Public Health, vol. 16, feb 2016.

[100] C. Moucheraud, C. Lenz, M. Latkovic, and V. J. Wirtz, “The costs of diabetes treatment in low- A nd
middle-income countries: A systematic review,” feb 2019.

[101] H. A. Elrayah-Eliadarous, C. G. Östenson, M. Eltom, P. Johansson, V. Sparring, and R. Wahlström,
“Economic and social impact of diabetes mellitus in a low-income country: A case-control study in
Sudan,” Journal of Diabetes, vol. 9, pp. 1082–1090, dec 2017.

[102] A. Arredondo and G. Reyes, “Health Disparities from Economic Burden of Diabetes in Middle-
income Countries: Evidence fromMéxico,” PLOS ONE, vol. 8, jul 2013.

190



[103] S. Dunachie and P. Chamnan, “The double burden of diabetes and global infection in low and
middle-income countries,” feb 2019.

[104] M.-E. Raguenaud, P. Isaakidis, T. Reid, S. Chy, L. Keuky, G. Arellano, andW. Van Damme, “Treating
4,000 diabetic patients in Cambodia, a high-prevalence but resource-limited setting: a 5-year study,”
BMCMedicine, vol. 7, p. 33, dec 2009.

[105] D. Taniguchi, J. LoGerfo, M. van Pelt, B. Mielcarek, K. Huster, M. Haider, and B. Thomas, “Evalu-
ation of a multi-faceted diabetes care program including community-based peer educators in Takeo
province, Cambodia, 2007-2013,” PLOS ONE, vol. 12, p. e0181582, sep 2017.

[106] J. Van Olmen, K. G. Marie, D. Christian, K. J. Clovis, B. Emery, V. P. Maurits, H. Heang, V. A.
Kristien, E. Natalie, S. François, and K. Guy, “Content, participants and outcomes of three diabetes
care programmes in three low and middle income countries,” Primary Care Diabetes, vol. 9, pp. 196–
202, jun 2015.

[107] J. van Olmen, N. Eggermont, M. van Pelt, H. Hen, J. de Man, F. Schellevis, D. H. Peters, and
M. Bigdeli, “Patient-centred innovation to ensure access to diabetes care in Cambodia: the case of
MoPoTsyo,” Journal of Pharmaceutical Policy and Practice, vol. 9, p. 1, dec 2016.

[108] A. D. Asante, P. Ir, B. Jacobs, L. Supon, M. Liverani, A. Hayen, S. Jan, and V. Wiseman, “Who ben-
efits from healthcare spending in Cambodia? Evidence for a universal health coverage policy,”Health
Policy and Planning, vol. 34, pp. i4–i13, oct 2019.

[109] B. Jacobs and N. Price, “The impact of the introduction of user fees at a district hospital in Cambo-
dia.,”Health Policy and Planning, vol. 19, pp. 310–21, sep 2004.

[110] BMZ, “Leave no one behind: Insights from Cambodia’s national poverty identification systemWork-
ing together to generate and share learning,” tech. rep., German Health Practice Collection, BMZ,
2017.

[111] Ministry of Health, Kingdom of Cambodia, “Guidelines onMinimum Package of Activities for
Health Center Development,” tech. rep., 2008.

[112] W. H. Herman, W. Ye, S. J. Griffin, R. K. Simmons, M. J. Davies, K. Khunti, G. E. Rutten, A. Sand-
baek, T. Lauritzen, K. Borch-Johnsen, M. B. Brown, and N. J. Wareham, “Early detection and treat-
ment of type 2 diabetes reduce cardiovascular morbidity and mortality: A simulation of the results
of the Anglo-Danish-Dutch study of intensive treatment in people with screen-detected diabetes in
primary care (ADDITION-Europe),”Diabetes Care, vol. 38, pp. 1449–1455, aug 2015.

[113] H.Wang, Y. Liu, Y. Zhu, L. Xue, M. Dale, H. Sipsma, and E. Bradley, “Health Insurance Benefit De-
sign and Healthcare Utilization in Northern Rural China,” PLOS ONE, vol. 7, nov 2012.

[114] J. D. Freeman, S. Kadiyala, J. F. Bell, and D. P. Martin, “The Causal Effect of Health Insurance on
Utilization and Outcomes in Adults: A Systematic Review of US Studies.”

[115] A. Glassman, U. Giedion, Y. Sakuma, and P. C. Smith, “Defining a Health Benefits Package: What Are
the Necessary Processes?,” vol. 2, no. 1, pp. 39–50, 2016.

[116] World Health Organization, “Final report of the WHOConsultative Group on Equity and Universal
Health Coverage Making fair choices on the path to universal health coverage,” tech. rep., 2014.

191



[117] M. Lagarde, T. Powell-Jackson, and D. Blaauw, “Managing incentives for health providers and patients
in the move towards universal coverage,” tech. rep., 2010.

[118] F. X. Andoh-Adjei, E. Spaan, F. A. Asante, S. A. Mensah, and K. van der Velden, “A narrative synthesis
of illustrative evidence on effects of capitation payment for primary care: lessons for Ghana and other
low/middle-income countries,” dec 2016.

[119] C. S. Wiysonge, E. Paulsen, S. Lewin, A. Ciapponi, C. A. Herrera, N. Opiyo, T. Pantoja, G. Rada, and
A. D. Oxman, “Financial arrangements for health systems in low-income countries: An overview of
systematic reviews,” Cochrane Database of Systematic Reviews, vol. 2017, sep 2017.

[120] P. Annear, “A comprehensive review of the literature on health equity funds in Cambodia 2001-2010
and annotated bibliography,” tech. rep., Health Policy and Health Finance Knowledge Hub, Nossal
Institute for Global Health, 2010.

[121] G. Flores, P. Ir, C. R. Men, O. O’Donnell, and E. van Doorslaer, “Financial protection of patients
through compensation of providers: the impact of Health Equity Funds in Cambodia.,” Journal of
health economics, vol. 32, pp. 1180–93, dec 2013.

[122] Central Intelligence Agency, “East Asia/Southeast Asia :: Cambodia—TheWorld Factbook,” 2019.

[123] World Health Organization, “Cambodia,” 2020.

[124] OECD andWorld Health Organization, “Health at a Glance : Asia/Pacific 2016: Measuring Progress
towards Universal Health Coverage.,” tech. rep., 2016.

[125] “Effect of intensive blood-glucose control with metformin on complications in overweight patients
with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group.,” Lancet,
vol. 352, pp. 854–65, sep 1998.

[126] Ministry of Health, Kingdom of Cambodia, “National Guidelines on Complementary Package of
Activities for Referral Hospital Development from 2006 to 2010,” tech. rep., 2006.

[127] M. Komorowski and J. Raffa, “Markov models and cost effectiveness analysis: Applications in medical
research,” in Secondary Analysis of Electronic Health Records, pp. 351–367, Springer International
Publishing, jan 2016.

[128] F. A. Sonnenberg and J. R. Beck, “MarkovModels in Medical DecisionMaking: A Practical Guide,”
Medical DecisionMaking, vol. 13, no. 4, pp. 322–338, 1993.

[129] N. I. of Statistics/Cambodia, D. G. for Health/Cambodia, and I. International, “Cambodia Demo-
graphic and Health Survey 2014,” sep 2015.

[130] National Institute of Statistics, “Cambodia Socio-Economic Survey 2017,” tech. rep., Ministry of
Planning, Royal Government of Cambodia, Phnom Penh, 2018.

[131] World Bank Group, “World Development Indicators (WDI) | Data Catalog,” 2019.

[132] S. Flessa, B. Jacobs, K. Hui, M. Thiede, and B. Appelt, “Costing of Health Care Services in Three
Provinces of Cambodia: Final Report,” tech. rep., Deutsche Gesellschaft für Internationale Zusamme-
narbeit (GIZ) GmbH, 2018.

192



[133] World Health Organization, “About diabetes,” 2014.

[134] World Health Organization, “Global Report on Diabetes,” tech. rep., 2016.

[135] J. L. Harding, M. E. Pavkov, D. J. Magliano, J. E. Shaw, and E. W. Gregg, “Global trends in diabetes
complications: a review of current evidence,”Diabetologia, vol. 62, pp. 3–16, jan 2019.

[136] H. D. Nickerson and S. Dutta, “Diabetic complications: Current challenges and opportunities,” Jour-
nal of Cardiovascular Translational Research, vol. 5, pp. 375–379, aug 2012.

[137] K. Papatheodorou, M. Banach, E. Bekiari, M. Rizzo, andM. Edmonds, “Complications of Diabetes
2017,” Journal of Diabetes Research, vol. 2018, 2018.

[138] J. W. Yau, S. L. Rogers, R. Kawasaki, E. L. Lamoureux, J. W. Kowalski, T. Bek, S. J. Chen, J. M.
Dekker, A. Fletcher, J. Grauslund, S. Haffner, R. F. Hamman, M. K. Ikram, T. Kayama, B. E. Klein,
R. Klein, S. Krishnaiah, K. Mayurasakorn, J. P. O’Hare, T. J. Orchard, M. Porta, M. Rema, M. S. Roy,
T. Sharma, J. Shaw, H. Taylor, J. M. Tielsch, R. Varma, J. J. Wang, N. Wang, S. West, L. Zu, M. Ya-
suda, X. Zhang, P. Mitchell, and T. Y. Wong, “Global prevalence and major risk factors of diabetic
retinopathy,”Diabetes Care, vol. 35, pp. 556–564, mar 2012.

[139] National Institutes of Health, National Institute of Diabetes and Digestive and Kidney Diseases,
“United States Renal Data System. 2014 USRDS annual data report: Epidemiology of kidney disease
in the United States,” 2014.

[140] P. W.Moxey, P. Gogalniceanu, R. J. Hinchliffe, I. M. Loftus, K. J. Jones, M. M. Thompson, and P. J.
Holt, “Lower extremity amputations - a review of global variability in incidence,”Diabetic Medicine,
vol. 28, pp. 1144–1153, oct 2011.

[141] K. S. Taylor, C. J. Heneghan, A. J. Farmer, A. M. Fuller, A. I. Adler, J. K. Aronson, and R. J. Stevens,
“All-cause and cardiovascular mortality in middle-aged people with type 2 diabetes compared with
people without diabetes in a large U.K. primary care database,”Diabetes Care, vol. 36, no. 8, pp. 2366–
2371, 2013.

[142] C. A. Khalil, R. Roussel, K. Mohammedi, N. Danchin, andM.Marre, “Cause-specific mortality in
diabetes: Recent changes in trend mortality,” European Journal of Preventive Cardiology, vol. 19,
pp. 374–381, jun 2012.

[143] Ministry of Planning, Kingdom of Cambodia, “National Institute of Statistics,” 2019.

[144] P. L. Annear, J. Tayu Lee, K. Khim, P. Ir, E. Moscoe, T. Jordanwood, T. Bossert, M. Nachtnebel, and
V. Lo, “Protecting the poor? Impact of the national health equity fund on utilization of government
health services in Cambodia, 2006-2013,” BMJ Global Health, vol. 4, nov 2019.

[145] M. Noirhomme, B. Meessen, F. Griffiths, P. Ir, B. Jacobs, R. Thor, B. Criel, andW. Van Damme,
“Improving access to hospital care for the poor: Comparative analysis of four health equity funds in
Cambodia,”Health Policy and Planning, vol. 22, pp. 246–262, jun 2007.

[146] J. A. Salomon, “Disability-Adjusted Life Years,” in Encyclopedia of Health Economics, pp. 200–203,
Elsevier, jan 2014.

[147] World Health Organization, “Metrics: Disability-Adjusted Life Year (DALY),” 2019.

193



[148] A. Chen, K. H. Jacobsen, A. A. Deshmukh, and S. B. Cantor, “The evolution of the disability-
adjusted life year (DALY),” Socio-Economic Planning Sciences, vol. 49, pp. 10–15, 2015.

[149] M. F. Drummond, M. J. Sculpher, G. W. Torrance, B. J. O’Brien, and G. L. Stoddart,Methods for the
Economic Evaluation of Health Care Programmes. New York: Oxford University Press, 4th ed., 2015.

[150] K. Xu, D. B. Evans, K. Kawabata, R. Zeramdini, J. Klavus, and C. J. Murray, “Household catastrophic
health expenditure: A multicountry analysis,” Lancet, vol. 362, pp. 111–117, jul 2003.

[151] K. Xu, “Distribution of health payments and catastrophic expenditures: methodology,” tech. rep.,
World Health Organization, 2015.

[152] U. Bureau of Labor Statistics, “Inflation & Prices,” 2019.

[153] O. Gheith, N. Farouk, N. Nampoory, M. A. Halim, and T. Al-Otaibi, “Diabetic kidney disease: world
wide difference of prevalence and risk factors,” Journal of Nephropharmacology, vol. 5, no. 1, p. 49,
2016.

[154] A. Chaudhury, C. Duvoor, V. S. Reddy Dendi, S. Kraleti, A. Chada, R. Ravilla, A. Marco, N. S.
Shekhawat, M. T. Montales, K. Kuriakose, A. Sasapu, A. Beebe, N. Patil, C. K. Musham, G. P. Lo-
hani, andW.Mirza, “Clinical Review of Antidiabetic Drugs: Implications for Type 2 Diabetes Melli-
tus Management.,” Frontiers in Endocrinology, vol. 8, p. 6, 2017.

[155] UKPDS 34, “Effect of intensive blood-glucose control with metformin on complications in over-
weight patients with type 2 diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group.,”
Lancet, vol. 352, pp. 854–65, sep 1998.

[156] UKPDS 33, “Intensive blood-glucose control with sulphonylureas or insulin compared with conven-
tional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospec-
tive Diabetes Study (UKPDS) Group.,” Lancet, vol. 352, pp. 837–53, sep 1998.

[157] M. Afkarian, M. C. Sachs, B. Kestenbaum, I. B. Hirsch, K. R. Tuttle, J. Himmelfarb, and I. H.
de Boer, “Kidney Disease and IncreasedMortality Risk in Type 2 Diabetes,” Journal of the American
Society of Nephrology, vol. 24, pp. 302–308, feb 2013.

[158] L. Mushi, P. Marschall, and S. Fleßa, “The cost of dialysis in low and middle-income countries: a sys-
tematic review.,” BMCHealth Services Research, vol. 15, p. 506, nov 2015.

[159] K. R. Ahmed, M. N. Karim, B. Bhowmik, S. H. Habib, M. S. Bukht, L. Ali, and A. Hussain, “Inci-
dence of diabetic retinopathy in Bangladesh: A 15-year follow-up study*,” Journal of Diabetes, vol. 4,
pp. 386–391, dec 2012.

[160] M. B. Sasongko, F. S. Wardhana, G. A. Febryanto, A. N. Agni, S. Supanji, S. R. Indrayanti, T. W.
Widayanti, F. Widyaputri, I. A. Widhasari, Y. D. Lestari, G. A. Adriono, I. Sovani, and A. S. Kartasas-
mita, “The estimated healthcare cost of diabetic retinopathy in Indonesia and its projection for 2025.,”
The British Journal of Ophthalmology, pp. bjophthalmol–2019–313997, jul 2019.

[161] M. L. Sands, S. M. Shetterly, G. M. Franklin, and R. F. Hamman, “Incidence of distal symmetric (sen-
sory) neuropathy in NIDDM. The San Luis Valley Diabetes Study.,”Diabetes Care, vol. 20, pp. 322–
9, mar 1997.

194



[162] K. Juster-Switlyk and A. G. Smith, “Updates in diabetic peripheral neuropathy.,” F1000Research,
vol. 5, 2016.

[163] World Health Organization and Health Action International, “Measuring medicine prices, availability,
affordability and price components,” tech. rep., 2015.

[164] M.Mata-Cases, C. De Prado-Lacueva, V. Salido-Valencia, E. Fernández-Bertolín, J. Casermeiro-
Cortés, M. García-Durán, S. Jabalera-López, andM. I. Fernández-Sanmartín, “Incidence of compli-
cations and mortality in a type 2 diabetes patient cohort study followed up from diagnosis in a primary
healthcare centre,” International Journal of Clinical Practice, vol. 65, pp. 299–307, mar 2011.

[165] O. Hoffstad, N. Mitra, J. Walsh, and D. J. Margolis, “Diabetes, lower-extremity amputation, and
death.,”Diabetes Care, vol. 38, pp. 1852–7, oct 2015.

[166] J. M. Baena-Díez, J. Peñafiel, I. Subirana, R. Ramos, R. Elosua, A. Marín-Ibañez, M. J. Guembe,
F. Rigo, M. J. Tormo-Díaz, C. Moreno-Iribas, J. J. Cabré, A. Segura, M. García-Lareo, A. Gómez de
la Cámara, J. Lapetra, M. Quesada, J. Marrugat, M. J. Medrano, J. Berjón, G. Frontera, D. Gavrila,
A. Barricarte, J. Basora, J. M. García, N. C. Pavone, D. Lora-Pablos, E. Mayoral, J. Franch, M. Mata,
C. Castell, A. Frances, M. Grau, and FRESCO Investigators, “Risk of Cause-Specific Death in In-
dividuals With Diabetes: A Competing Risks Analysis.,”Diabetes care, vol. 39, pp. 1987–1995, nov
2016.

[167] A. Ringborg, P. Lindgren, D. Yin, M. Martinell, and J. Stålhammar, “Time to insulin treatment and
factors associated with insulin prescription in Swedish patients with type 2 diabetes,”Diabetes &
Metabolism, vol. 36, pp. 198–203, jun 2010.

[168] A. Kautzky-Willer, J. Harreiter, and G. Pacini, “Sex and gender differences in risk, pathophysiology and
complications of type 2 diabetes mellitus,” jun 2016.

[169] S. A. Peters andM.Woodward, “Sex Differences in the Burden and Complications of Diabetes,” Cur-
rent Diabetes Reports, vol. 18, jun 2018.

[170] M. Karinja, G. Pillai, R. Schlienger, M. Tanner, and B. Ogutu, “Care-seeking dynamics among patients
with diabetes mellitus and hypertension in selected rural settings in kenya,” International Journal of
Environmental Research and Public Health, vol. 16, jun 2019.

[171] K. Hjelm and F. Atwine, “Health-care seeking behaviour among persons with diabetes in Uganda: An
interview study,” BMC International Health and Human Rights, vol. 11, no. 1, 2011.

[172] C. E. Vialle-Valentin, B. Serumaga, A. K. Wagner, and D. Ross-Degnan, “Evidence on access to
medicines for chronic diseases from household surveys in five low- and middle-income countries,”
Health Policy and Planning, vol. 30, pp. 1044–1052, oct 2015.

[173] A. Priyadi, A. Muhtadi, A. A. Suwantika, and A. Sumiwi, “An economic evaluation of diabetes melli-
tus management in South East Asia,” tech. rep., 2019.

[174] M. Ortegón, S. Lim, D. Chisholm, and S. Mendis, “Cost effectiveness of strategies to combat cardio-
vascular disease, diabetes, and tobacco use in sub-Saharan Africa and South East Asia: mathematical
modelling study.,” BMJ (Clinical research ed.), vol. 344, 2012.

195



[175] M. O. Owolabi, J. O. Yaria, M. Daivadanam, A. I. Makanjuola, G. Parker, B. Oldenburg, R. Vedan-
than, S. Norris, A. R. Oguntoye, M. A. Osundina, O. Herasme, S. Lakoh, L. O. Ogunjimi, S. E. Abra-
ham, P. Olowoyo, C. Jenkins, W. Feng, H. Bayona, S. Mohan, R. Joshi, R. Webster, A. P. Kengne,
A. Trofor, L. M. Lotrean, D. Praveen, J. H. Zafra-Tanaka, M. Lazo-Porras, K. Bobrow, M. A. Riddell,
K. Makrilakis, Y. Manios, and B. Ovbiagele, “Gaps in guidelines for the management of diabetes in
low- and middle-income versus high-income countriesda systematic review,”Diabetes Care, vol. 41,
pp. 1097–1105, may 2018.

[176] M. Henriksson, R. Jindal, C. Sternhufvud, K. Bergenheim, E. Sörstadius, M. Willis, and C. Stern-
hufvud CatarinaSternhufvud, “A Systematic Review of Cost-Effectiveness Models in Type 1 Diabetes
Mellitus,” PharmacoEconomics, vol. 34, 2016.

[177] T. E. Chao, K. Sharma, M. Mandigo, L. Hagander, S. C. Resch, T. G. Weiser, and J. G. Meara, “Cost-
effectiveness of surgery and its policy implications for global health: A systematic review and analysis,”
The Lancet Global Health, vol. 2, no. 6, 2014.

[178] S. J. Goldie, M. Diaz, S. Y. Kim, C. E. Levin, H. VanMinh, and J. J. Kim, “Mathematical Models of
Cervical Cancer Prevention in the Asia Pacific Region,”Vaccine, vol. 26, aug 2008.

[179] S. Touch, C. Suraratdecha, C. Samnang, S. Heng, L. Gazley, C. Huch, L. Sovann, C. S. Chhay, and
S. C. Soeung, “A cost-effectiveness analysis of Japanese encephalitis vaccine in Cambodia.,”Vaccine,
vol. 28, pp. 4593–9, jun 2010.

[180] S. Verguet, J. J. Kim, and D. T. Jamison, “Extended Cost-Effectiveness Analysis for Health Policy As-
sessment: A Tutorial,” PharmacoEconomics, vol. 34, pp. 913–923, sep 2016.

[181] World Bank Group, “Current health expenditure per capita (current US$) - India,” 2016.

[182] World Bank Group, “Current health expenditure per capita (current US$) - Cambodia,” 2016.

[183] P. C. Smith andW. Yip, “The economics of health system design,”Oxford Review of Economic Policy,
vol. 32, pp. 21–40, feb 2016.

[184] A. Mills,Health system decentralization: concepts, issues, and country experience. World Health Organi-
zation, 1990.

[185] J. Manor, The Political Economy of Democratic Decentralization. TheWorld Bank, mar 1999.

[186] J.-P. Faguet, “Decentralization and Governance,”World Development, vol. 53, no. C, pp. 2–13, 2014.

[187] H. Blair, “Participation and Accountability at the Periphery: Democratic Local Governance in Six
Countries,”World Development, vol. 28, pp. 21–39, jan 2000.

[188] S. Atkinson, “Restructuring health care: tracking the decentralization debate,” Progress in Human
Geography, vol. 19, pp. 486–503, dec 1995.

[189] G. S. Cheema, D. A. Rondinelli, and United Nations Centre for Regional Development.,Decentral-
ization and development : policy implementation in developing countries. Sage, 1983.

[190] R. A. R. A. Musgrave and P. B. Musgrave, Public finance in theory and practice. McGraw-Hill, 1976.

[191] R. D. Putnam, R. Leonardi, and R. Nanetti,Making democracy work : civic traditions in modern Italy.
Princeton University Press, 1993.

196



[192] S. Yilmaz, Y. Beris, and R. Serrano-Berthet, “Local government discretion and accountability : a diag-
nostic framework for local governance,” tech. rep., jul 2008.

197


