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Abstract
This dissertation explores questions related to financing and delivery of health services under
the Sustainable Development Goals (SDGs) and is comprised of three standalone papers. In Paper
1, using the case of Armenia, I explore the health and financial impact of higher cigarette prices
(achieved through higher excise taxes) using extended cost-effectiveness analysis (ECEA) methods.
Specifically, I model the potential impact of tobacco tax hikes on measures of health, individual and
government expenditures, and financial risk protection. In addition, I use qualitative methods to
examine the agenda setting of tobacco taxation. The ECEA results suggest large health and healthrelated financial benefits of tobacco tax increases, with the health benefits concentrated among the
poor. The findings from qualitative interviews with key stakeholders indicate that fiscal constraints
faced by the government and influence of external pressure created a window of opportunity for
tobacco taxes to be placed on the policy agenda.
In Paper 2, I investigate the impact of measles supplementary immunization activities (SIAs)
on utilization of selected maternal and child health (MCH) services in low- and middle-income
countries (LMICs). This is the first quantitative multi-country study to examine this relationship.
Based on the findings, measles SIAs do not appear to significantly influence the utilization of MCH
services at health facilities, except for care seeking related to a child’s cough for which I do find a
substantial reduction in utilization during the period of SIA implementation.
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In Paper 3, I examine the efficiency of primary health care facilities in four sub-Saharan
African countries and the degree to which the incorporation of technical quality changes facility
estimates of technical efficiency. This is one of the first studies to incorporate measures of technical
quality in efficiency analysis in LMICs. While the country average efficiency scores using qualityadjusted output are similar to the unadjusted efficiency scores, I observe significant changes in
individual facility efficiency scores. This suggests that quality is particularly important if the goal of
efficiency analysis is to identify best and worst performers rather than to simply measure average
efficiency among a set of facilities.
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1 Introduction

1

Building on the success of the Millennium Development Goals (MDGs),(1) in September 2015 the
United Nations General Assembly adopted the new development agenda encompassed by the 17
Sustainable Development Goals (SDGs). Health is a central component of the 2030 Agenda, with
Goal 3 of the SDGs dedicated to ensuring healthy lives and promoting well-being for all at all ages.
Under Goal 3, countries are expected to achieve thirteen targets, including four targets on the
unfinished and expanded MDG agenda, four targets to address non-communicable diseases
(NCDs), mental health, injuries and environmental issues, and four ‘means of implementation
targets’.(2,3) Table A 1.1 presents the full list of targets.

To situate the SDGs within health systems and to guide the reader through my dissertation, I apply
the control knobs framework developed by Roberts et al.(4) Similar to other frameworks, most
notably the World Health Organization’s (WHO) building blocks,(5) the approach posits that health
systems have three ultimate objectives: health outcomes, financial risk protection, and citizen
satisfaction. The framework focuses on the importance of identifying goals in terms of these
ultimate objectives, diagnosing causes of poor performance, and designing reforms to address the
problems. The authors identify three intermediate objectives: access, quality, and efficiency, which
serve as critical links to the ultimate performance goals. Once the underlying causes of poor
performance are identified, policymakers can intervene by introducing changes using five control
knobs, or policy levers: financing, payment, organization, regulation, and persuasion.(4)

The majority of the SDG targets are oriented towards improving health outcomes – the main
objective of health systems. Underpinning SDG 3, however, is the target for universal health
coverage (UHC) (target 3.8) – to ensure that everyone has access to high quality care without
enduring financial hardship. The inclusion of UHC marks a significant shift in the global health
2

agenda. Not only does it underline the importance of another ultimate objective – financial risk
protection, but it also necessitates improvements in the intermediate objectives of access and
quality.(4,6)

To achieve SDG 3, countries will inevitably need to transform their health systems and introduce
changes to each of the five control knobs.(4) Central to all targets are increases in health financing
and the recruitment, development, training and retention of health workers (target 3.c). To improve
quality and ensure financial risk protection under UHC, governments will need to find additional
budgetary resources and increase the fiscal space for health.(7,8) While the economic growth of
many LMICs will enable them to increase the amount of resources available for health despite
declining growth in development assistance for health,(9,10) there is growing recognition that
achieving SDGs and UHC in particular will not only require more money but also more value for
money.(11)

While the ‘means of implementation’ targets offer some policy guidance for how countries can attain
the targets, they are quite broad and in some ways raise more questions than they provide answers.
For example, estimates show that strengthening the implementation of the WHO Framework
Convention on Tobacco Control (FCTC) (target 3.a.), particularly by raising excise taxes on tobacco
products, could avert a significant number of premature deaths from NCDs (target 3.4) in countries
with high rates of smoking.(12) Despite the established impact of price measures, however, few lowand middle-income (LMICs) have raised tobacco excise tax rates to the WHO recommended rate of
75%.(13) Given concerns regarding the regressivity of tobacco taxes and limited research on the
political economy of tobacco control, it is unclear the extent to which countries will pursue this
means of implementation target.
3

In addition to the SDG means of implementation targets, countries will also likely continue to
pursue strategies which have shown to be effective in making progress towards the MDGs.(14)
Many countries pursued a combination of targeted vertical and campaign strategies to improve
maternal and child health outcomes under the MDGs. Evidence remains limited, however, on the
unintended consequences of such strategies, raising questions about the potential adverse effects of
vertical programs on health systems.(15–19) Some have argued that vertical programs strengthen
health systems in the long run, as they provide additional training to health workers and improve
management practices, additional financial resources, and surveillance systems.(16,20,21) Others,
however, have posited that, particularly in the short-run, vertical programs might exacerbate the
shortage of health workers at facilities and reduce access to other health services.(22–25)

1.1 Overview of dissertation
In this dissertation, I explore questions related to financing and delivery of health services under the
SDGs. Each paper focuses on selected SDG targets. I use primarily quantitative methods to answer
the following research questions:
1. What are the potential health and financial consequences of increasing tobacco excise taxes,
and which factors enable tobacco taxes to be placed on the policy agenda?
2. What is the impact of a vertical program, specifically measles supplementary immunization
activities (SIAs), on utilization of routine health services?
3. How does the incorporation of technical quality measures change efficiency estimates of
primary care facilities in sub-Saharan Africa?
Figure 1.1 provides a schematic of this dissertation and how each paper aims to address the selected
SDGs using the control knobs frameworks developed by Roberts et al.(4)
4

Figure 1.1. Schematic of the dissertation
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Paper 1: Estimating the distributional impact of increasing taxes on tobacco products in Armenia: results from an
extended cost-effectiveness analysis
In Paper 1, I investigate how changes to the financing control knob through the introduction of
higher excise taxes for tobacco products can help countries attain SDG 3.4 (to reduce premature
mortality from NCDs) and 3.a (strengthening of the WHO FCTC) using the case of Armenia. We
conduct an extended cost-effectiveness analysis (ECEA) to assess the potential distributional
consequences of increases in the excise tax on cigarettes on health outcomes and financial risk
protection. Specifically, we estimate (i) the number of premature tobacco-related deaths averted, (ii)
out-of-pocket (OOP) expenditures related to treatment of tobacco-related disease averted, (iii)
number of averted poverty cases (number of individuals falling below the national poverty line as a
result of incurred OOP medical expenditures for tobacco-related disease treatment), (iv) number of
averted catastrophic health expenditures (individuals spending more than 10% of their income on
tobacco-related treatment), and (v) government savings resulting from averted treatment costs for
those eligible for the government-funded basic benefits package. We simulate a hypothetical price
hike leading to an excise tax rate of 75% of the retail price of cigarettes, as recommended by the
World Health Organization, which would be fully passed onto the consumer. In addition, we
conduct a series of stakeholder interviews to gain a better understanding of how tobacco tax
increases were placed on the policy agenda in Armenia.

Our results indicate that increased excise taxes on tobacco would bring large health and financial
benefits to Armenian households, averting about 88,000 premature deaths, US$63 million of OOP
medical expenditures, 22,000 poverty cases, and 33,000 cases of catastrophic health expenditures.

6

Half of the premature deaths and 27% of poverty cases averted would be concentrated among the
bottom 40% of the population. In addition, the policy would result in government savings on
tobacco-related treatment costs of approximately US$ 26 million. The findings from qualitative
interviews with key stakeholders indicate that two key factors enabled the inclusion of tobacco tax
increases in the policy agenda: fiscal constraints faced by the government and the accession to the
Eurasian Economic Union in 2015. Findings from this paper could aid other countries in finding
ways to strengthen the implementation of the WHO FCTC (target 3.a) and, as a result, averting a
significant number of premature deaths from NCDs (target 3.4).

Paper 2: The impact of measles supplementary immunization activities on utilization of maternal and child health
services in low- and middle-income countries
In Paper 2, I examine the impact of measles supplementary immunization activities, a vertical
organizational intervention, on the utilization of routine health services. Supplementary
immunization activities are promoted as an integral component of measles elimination in low- and
middle-income countries (LMICs) and could therefore contribute to SDG 3.2 (by ending
preventable deaths of newborns and children under 5 years of age). In this study, we analyze the
impact of measles SIAs on the utilization of select maternal care and child services using data from
the Demographic and Health Surveys (DHS) and Multiple Indicator Cluster Surveys (MICS) in 39
low- and middle-income countries with at least one measles SIA conducted between 2000 and 2014.
The paper contributes to the ongoing debate on the organization of health services, focusing on the
extent to which vertical programs impact access to routine health services.

7

Following the general approach of interrupted time series, our results suggest that measles SIAs do
not appear to significantly influence the utilization of MCH services at health facilities, except for
care seeking related to a child’s cough for which we do find a substantial reduction in utilization
during the period of SIA implementation (OR 0.67; 95% CI 0.48 – 0.95). In addition, we find some
significant effects at the country-level, suggesting the need for further investigation of the individual
effects in each country. Based on our findings, countries could potentially continue to implement
SIAs in order to attain SDG 3.2 (ending preventable deaths of newborns and children under 5)
without undermining access to routine health services. More research needs to be conducted,
however, before stronger conclusions can be drawn.

Paper 3: Incorporating quality measures in efficiency analysis: performance of primary health care facilities in subSaharan Africa
In Paper 3, I examine two intermediate objectives of health systems: efficiency and quality. Given
the focus on accountability and sustainability in the SDG era, countries are increasingly shifting their
focus towards improving the efficiency of the health sector.(11,26) In this paper, we use data from
the World Bank’s Service Delivery Indicators (SDIs)(27) from Kenya, Tanzania, Togo, and Uganda
to estimate efficiency using basic and quality-adjusted data envelopment analysis (DEA) models.
Specifically, we examine changes in facility performance on efficiency after outputs are scaled by two
different measures of technical quality. This study serves as an illustrative example of the importance
of incorporating quality in efficiency analyses, particularly if the goal of efficiency analyses is to
identify the best and worst performing facilities rather than to estimate average levels of efficiency.

We find low average levels of efficiency, with average efficiency scores below 53% in all four
countries. While the average efficiency scores using quality-adjusted output are similar to the
8

unadjusted efficiency scores, we observe significant changes in individual facility efficiency scores.
Several facilities shift from being the most efficient to being among the least efficient after outputs
are scaled by quality. In addition, we find that the nominal and quality-adjusted efficiency scores are
only modestly correlated for facilities providing both outpatient and delivery services. Our findings
indicate that there is substantial room to improve efficiency of primary health services in subSaharan Africa, which would enable countries to increase financing for health (target 3.c). However,
as our results show, the incorporation of quality measures is critical in estimating efficiency in order
to identify best-performing facilities.

1.2 Authorship
I am the lead author on all three papers. I led the development of the conceptual and analytical
approaches and conducted all related analyses. I wrote initial drafts of each paper and received
valuable edits and feedback from co-authors.

9

1.3 References
1.

United Nations. The Millennium Development Goals Report 2015. New York: United
Nations; 2015.

2.

United Nations. Sustainable Development Goals [Internet]. 2015 [cited 2016 Nov 21].
Available from: http://www.un.org/sustainabledevelopment/health/

3.

World Health Organization. World Health Statistics 2016: Monitoring Health for the
Sustainable Development Goals (SDGs). Geneva: World Health Organization; 2016.

4.

Roberts M, Hsiao W, Berman P, Reich M. Getting Health Reform Right: A Guide to
Improving Performance and Equity. 1st ed. Oxford University Press, Inc.; 2008.

5.

World Health Organization. Everybody’s business–strengthening health systems to improve
health outcomes: WHO’s framework for action. 2007;

6.

Kruk ME. Universal health coverage: a policy whose time has come. British Medical Journal
Publishing Group; 2013.

7.

Tandon A, Cashin C. Assessing Public Expenditure on Health from a Fiscal Space Perspective,
Health, Nutrition, and Population (HNP). Discussion Paper, World Bank, Washington, DC;
2010.

8.

World Health Organization. Assessing fiscal space for health expansion in low-and-middle
income countries: a review of the evidence. Geneva: World Health Organization; 2016.

9.

Dieleman JL, Templin T, Sadat N, Reidy P, Chapin A, Foreman K, et al. National spending on
health by source for 184 countries between 2013 and 2040. The Lancet.
2016;387(10037):2521–2535.

10. Jamison DT, Summers LH, Alleyne G, Arrow KJ, Berkley S, Binagwaho A, et al. Global health
2035: a world converging within a generation. The Lancet. 2013;382(9908):1898–1955.
11. World Health Organization. The World Health Report 2010: Health systems financing: the
path to universal coverage. Geneva; 2010.
12. Goodchild M, Perucic A-M, Nargis N. Modelling the impact of raising tobacco taxes on public
health and finance. Bull World Health Organ. 2016;94(4):250–7.
13. World Health Organization. WHO Report on the Global Tobacco Epidemic, 2015. Geneva:
World Health Organization; 2015.
14. Ahmed SM, Rawal LB, Chowdhury SA, Murray J, Arscott-Mills S, Jack S, et al. Cross-country
analysis of strategies for achieving progress towards global goals for women’s and children’s
health. Bull World Health Organ. 2016;94(5):351–361.

10

15. Mills A. Mass campaigns versus general health services: what have we learnt in 40 years about
vertical versus horizontal approaches? Bull World Health Organ. 2005;83(4):315–316.
16. Atun RA, Bennett S, Duran A. When do vertical (stand-alone) programmes have a place in
health systems? World Health Organization Geneva; 2008.
17. Atun R, de Jongh T, Secci F, Ohiri K, Adeyi O. A systematic review of the evidence on
integration of targeted health interventions into health systems. Health Policy Plan.
2010;25(1):1–14.
18. Doherty T, Chopra M, Tomlinson M, Oliphant N, Nsibande D, Mason J. Moving from vertical
to integrated child health programmes: experiences from a multi-country assessment of the
Child Health Days approach in Africa. Trop Med Int Health. 2010;15(3):296–305.
19. Group WHOMPSC, others. An assessment of interactions between global health initiatives
and country health systems. The Lancet. 2009;373(9681):2137–2169.
20. Melgaard B, Creese A, Aylward B, Olive J, Maher C, Okwo-Bele J, et al. Disease eradication
and health systems development. Bull World Health Organ. 1998;76(Suppl 2):26.
21. Taylor C, Waldman R. Designing eradication programs to strengthen primary health care. In:
The eradication of infectious disease: report of the Dahlem Workshop on the Eradication of
Infectious Diseases Chichester: John Wiley & Sons. 1998. p. 145–55.
22. Chen L, Evans T, Anand S, Boufford JI, Brown H, Chowdhury M, et al. Human resources for
health: overcoming the crisis. The Lancet. 2004;364(9449):1984–1990.
23. Griffiths UK, Hanvoravongchai P, Oliveira-Cruz V, Mounier-Jack S, Balabanova D. A toolkit
for assessing the impacts of measles eradication activities on immunization services and health
systems at country level. Lond LSHTM [Internet]. 2010 [cited 2016 Nov 7]; Available from:
http://wwwlive.who.int/entity/immunization/sage/2_Measles_and_health_systems_toolkit_F
INAL.PDF
24. Griffiths UK, Mounier-Jack S, Oliveira-Cruz V, Balabanova D, Hanvoravongchai P, Ongolo P.
How can measles eradication strengthen health care systems? J Infect Dis. 2011;204(suppl
1):S78–S81.
25. Hanvoravongchai P, Mounier-Jack S, Oliveira Cruz V, Balabanova D, Biellik R, Kitaw Y, et al.
Impact of Measles Elimination Activities on Immunization Services and Health Systems:
Findings From Six Countries. J Infect Dis. 2011 Jul 1;204(Supplement 1):S82–9.
26. Yip W, Hafez R. Improving health system efficiency. Reforms for improving the efficiency of
health systems: lessons from 10 country cases. Geneva: World Health Organization; 2015.
27. Service Delivery Indicators | Worldbank [Internet]. [cited 2017 Feb 22]. Available from:
http://www.sdindicators.org/

11

Table A 1.1. Sustainable Development Goal 3 Targets
3.1 By 2030, reduce the global maternal mortality ratio to less than 70 per 100,000 live births
3.2 By 2030, end preventable deaths of newborns and children under 5 years of age, with all
countries aiming to reduce neonatal mortality to at least as low as 12 per 1,000 live births
and under-5 mortality to at least as low as 25 per 1,000 live births
3.3 By 2030, end the epidemics of AIDS, tuberculosis, malaria and neglected tropical diseases
and combat hepatitis, water-borne diseases and other communicable diseases
3.4 By 2030, reduce by one third premature mortality from non-communicable diseases through
prevention and treatment and promote mental health and well-being
3.5 Strengthen the prevention and treatment of substance abuse, including narcotic drug abuse
and harmful use of alcohol
3.6 By 2020, halve the number of global deaths and injuries from road traffic accidents
3.7 By 2030, ensure universal access to sexual and reproductive health-care services, including
for family planning, information and education, and the integration of reproductive health
into national strategies and programs
3.8 Achieve universal health coverage, including financial risk protection, access to quality
essential health-care services and access to safe, effective, quality and affordable essential
medicines and vaccines for all
3.9 By 2030, substantially reduce the number of deaths and illnesses from hazardous chemicals
and air, water and soil pollution and contamination
3.a Strengthen the implementation of the World Health Organization Framework Convention
on Tobacco Control in all countries, as appropriate
3.b Support the research and development of vaccines and medicines for the communicable and
non-communicable diseases that primarily affect developing countries, provide access to
affordable essential medicines and vaccines, in accordance with the Doha Declaration on the
TRIPS Agreement and Public Health, which affirms the right of developing countries to use
to the full the provisions in the Agreement on Trade-Related Aspects of Intellectual
Property Rights regarding flexibilities to protect public health, and, in particular, provide
access to medicines for all
3.c Substantially increase health financing and the recruitment, development, training and
retention of the health workforce in developing countries, especially in least developed
countries and small island developing States
3.d Strengthen the capacity of all countries, in particular developing countries, for early warning,
risk reduction and management of national and global health risks
Source: (2)
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2.1 Abstract
Background

At present, tobacco taxes in Armenia are among the lowest in Europe and Central

Asia. Global experience has shown that increasing taxes on tobacco is one of the most cost-effective
public health interventions. This is particularly relevant for Armenia, where smoking is among the
leading risk factors of mortality among its population.

Methods

We conducted an extended cost-effectiveness analysis (ECEA) to assess the health,

financial and distributional consequences of increases in the excise tax on cigarettes in Armenia.
Specifically, we estimated (i) the number of premature tobacco-related deaths averted, (ii) out-ofpocket (OOP) expenditures related to treatment of tobacco-related disease averted, (iii) the number
of averted poverty cases (number of individuals falling below the national poverty line as a result of
incurred OOP medical expenditures for tobacco-related disease treatment), (iv) the number of
averted catastrophic health expenditures (individuals spending more than 10% of their consumption
expenditure on tobacco-related treatment), and (v) government savings resulting from averted
treatment costs for those eligible for the government-funded basic benefits package. We simulated a
hypothetical price hike leading to an excise tax rate of 75% of the retail price of cigarettes, as
recommended by the World Health Organization, which would be fully passed onto the consumers
(current Armenian male smoking population). In addition, we conducted a series of stakeholder
interviews to gain a better understanding of how tobacco tax increases were placed on the political
agenda in Armenia.

Results

Increased excise taxes on tobacco would bring large health and financial benefits to

Armenian households and be pro-poor: about 88,000 premature deaths, US$ 63 million of OOP
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medical expenditures, 22,000 poverty cases, and 33,000 cases of catastrophic health expenditures
would be averted. Government savings on tobacco-related treatment costs would amount to US$ 26
million. Half of the premature deaths and 27% of poverty cases averted would be concentrated
among the bottom 40% of the population. The findings from the qualitative analysis suggest that the
accession to the Eurasian Economic Union in 2015 and the fiscal constraints faced by the
government created a window of opportunity for tobacco taxation to be placed on the policy
agenda.

Conclusions

ECEA can be an important tool and input for policy decisions. In the case of

Armenia, the ECEA findings point to the potentially largely pro-poor aspect of increased tobacco
taxation.
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2.2 Introduction
Tobacco use is a leading risk factor for premature mortality. Today, almost 7 million premature
deaths per year are attributed to tobacco use globally, with almost 20% of those deaths occurring in
Europe and Central Asia.(1) This can result in substantial societal costs, as half of those who die of
tobacco-related non-communicable diseases (NCDs) are in the prime of their productive years.(2)
Recent estimates indicate that the total economic cost of smoking, including health expenditures and
productivity losses, amounted to US$ 1436 billion in 2012 (approximately 1.8% of the world’s
annual GDP).(3)

Acknowledging the dire consequences of the tobacco epidemic, in 2003 the World Health Assembly
adopted the World Health Organization’s (WHO) Framework Convention on Tobacco Control
(FCTC),(4) which has since been ratified by 180 countries. The FCTC recommends a
multidimensional approach to reducing smoking, including demand side interventions, such as tax
measures on tobacco products.(4) In 2015, countries renewed their commitment for the fight against
tobacco by pledging to strengthen the implementation of the FCTC under the Sustainable
Development Goals (SDGs).(5)

Price measures have been at the forefront of the fight against tobacco.(6–10) Evidence has shown
that price is the key determinant of smoking uptake and cessation, with numerous studies having
found that price increases on cigarettes are highly effective in reducing demand by inducing smokers
to quit and deterring non-smokers from initiating.(8) In addition, higher prices also result in current
smokers reducing the number of cigarettes smoked daily and preventing ex-smokers from returning
to smoking.(8,9) While tax hikes can generate additional revenue for financing for development, as
16

stated in the 2015 Addis Ababa Action Agenda and endorsed by the United Nations as part of the
SDGs,(11) the main objective of tobacco taxes is to discourage product use and, as a result, avert the
adverse health consequences of smoking.

The WHO recommends that countries increase the excise tax rate on tobacco products to
75%.(7,12) There are two types of excise taxes: specific and ad valorem. A specific excise tax is a
fixed monetary value per quantity (e.g. per pack or kilogram of tobacco), while an ad valorem excise
tax is levied as a percentage of the value of tobacco products (e.g. per retail price).(8) Unlike other
types of taxes, such as value-added tax (VAT), high specific excise taxes can narrow the price gap
between the types of cigarette brands and encourage cessation rather than substitution to lowerpriced cigarettes as a result of tax increases.(9,13) However, only 33 countries so far have raised
tobacco excise tax rates to the WHO-recommended rate of 75%.(7) Opponents, particularly the
tobacco industry, have used the potential “regressivity” of excise taxes as an argument against
further tax increases to build coalitions in opposition to cigarette price increases.(14–16) According
to the argument, since the poor spend a larger proportion of their disposable income on smoking
than the rich, increases in cigarette taxes and prices could disproportionately hurt the poor.(17)
Other commonly cited arguments against increasing tobacco taxes include lost government revenue,
job losses, smuggling, and political unpopularity with the voters.(6,9)

With the SDGs, many international agencies such as the World Bank, are encouraging governments
to adopt policies, which would reduce poverty and boost shared prosperity by improving the living
standards of the bottom 40% of the population.(18) Achieving these goals implies that policy
recommendations pay special attention to the distributional impact of any reform to ensure that the
poorer populations are benefiting the most.
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Armenia represents a fitting country to examine the distributional impact of increased tobacco taxes.
It is a lower middle-income country with almost 30% of its population living today below the
national poverty line of around 41,700 AMD per month (approximately US$ 100).(19) In recent
years, Armenia’s economy has been hard hit due to regional and global economic conditions. With a
public debt approaching almost 55% of its gross domestic product (GDP) and fiscal revenues
representing only 22% of its GDP, Armenia is currently facing significant fiscal pressures.(20)
Furthermore, smoking prevalence is high and tobacco use is one of the leading risk factors for
premature mortality.(1) Almost 26% of Armenian adults smoke, largely the men (53% smoking
prevalence among males as opposed to 2% among females).(21) Prevalence of smoking is
particularly high among men in the second and third wealth quintiles of whom almost 60% smoke
compared to 49% in the poorest quintile and 42% in the highest quintile.(22) In spite of an explicit
publicly funded health benefits package, out-of-pocket (OOP) healthcare expenditures represent
almost 54% of the country’s total health spending,(23) and 9% of households incur catastrophic
health expenditures (spending more than 25% of their nonfood expenditures on health).(24)

Armenia was the first among the former Soviet Union countries to adopt and ratify the FCTC,
which was shortly followed by the adoption of a national law in March 2005 on “Restrictions on the
sale, consumption, and use of tobacco” and a state program to control tobacco use.(25) Despite
these initial moves, the government subsequently failed to act,(26) and Armenia now ranks behind
many other countries in the region, such as Ukraine, Russia, and Georgia, on tobacco control
efforts.(7) In particular, tax measures have remained inadequate to reduce demand for tobacco: tax
as a share of the price of the most sold cigarette brand constituted 33% in 2014 (17% excise tax and
17% VAT), with a mean price per cigarette pack of around US$ 1.25.(27) In 2015, the Armenian
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government approved a package of draft laws to revise its tax code, including a proposal to increase
tobacco taxes, in order to raise revenues.(28)

In this paper, we explored the potential distributional impact of increasing tobacco taxes in Armenia.
We applied extended cost-effectiveness analysis (ECEA) methods (29–31) to assess the health,
financial and distributional consequences among smokers (males only, and by individual
consumption quintile) of increases in cigarette taxes. We also conducted a series of qualitative
interviews with key stakeholders to examine the agenda setting discourse surrounding the recently
proposed tobacco tax increases in Armenia.

2.3 Methods
2.3.1

Modeling approach

ECEA has been developed for health policy assessment (29,30) and applied to a wide array of
policies including tobacco taxation.(31,32) ECEA intends to explicitly examine the outcomes of
policy in multiple domains: the health benefits (e.g. premature deaths averted), the financial
consequences for individuals and households (e.g. OOP expenditures averted due to disease
treatment averted) and the corresponding financial risk protection (e.g. cases of medical
impoverishment or catastrophic health expenditures averted), and the distributional consequences
among the population (e.g. per socioeconomic group, geographical setting). In doing so, it goes
beyond traditional cost-effectiveness analysis in enabling quantification of the financial risk
protection and equity (distributional) benefits of policy.(30)

19

Previous studies modeling the impact of tobacco tax increases have investigated their aggregate
impact, but few have explored their distributional consequences. In addition, such studies focused
their analysis primarily on health gains and often did not explore the smokers’ financial
consequences related to treatment of tobacco-related diseases. Here we built on a previously
developed ECEA model for examining increases in tobacco taxes (31,41) to examine the premature
deaths averted, the OOP expenditures averted and financial risk protection provided, and their
distributions across socioeconomic groups among male smokers, by an increase in the excise taxes
on tobacco products in Armenia.

Using the baseline excise tax rate of 17% and an average price per pack of 525 AMD (approximately
US$ 1.25),(27) we applied ECEA to simulate a price increase leading to the WHO-recommended
excise tax rate of 75%.(7) We estimated that correspondingly the average price per cigarette pack
would increase by 45% (to 756 AMD or 1.80 US$). We assessed distributional impact in terms of: (i)
averted premature tobacco-related deaths; (ii) averted OOP expenditures on tobacco-related disease
treatment; (iiI) government savings resulting from averted tobacco-related disease treatment costs
for those eligible for the government-funded basic benefits package; (iv) averted cases of medical
impoverishment (number of individuals falling below the national poverty line as a result of OOP
tobacco-related treatment costs); and (iv) averted cases of catastrophic health expenditures (number
of individuals spending more than 10% of their individual consumption on tobacco-related
treatment costs) (Figure 2.1).

20

Averted premature
mortality

Reduced
consumption of
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Additional financing
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Figure 2.1. Conceptual framework for modeling the health and financial impact of higher excise taxes on tobacco products
among male smokers in Armenia
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In Armenia, smoking is largely concentrated among men: 53% of males smoke compared to 2% of
females.(22) Hence, we restricted our analysis to the current male population only, which we divided
into five-year age groups (age 0 to 84 and a single group for all men above 84) using population
estimates from the World Bank’s Health, Nutrition, and Population Statistics database.(33) The
population was subsequently divided into individual consumption quintiles, and the maximum
consumption for each quintile was estimated using the 2014 Integrated Living Conditions Survey
(ILCS).(24) We applied these consumption quintile cutoffs and the Gini index (estimated from the
2014 ILCS) to simulate an individual consumption distribution using a Gamma distribution.(34,35)
Age- and quintile-specific smoking prevalence rates were used to calculate the total number of
smokers per each age group and consumption quintile.

Due to data restrictions, we were not able to calculate the price elasticity of demand for tobacco
products for Armenia. Rather, we assumed a price elasticity of demand for tobacco of -0.54, which
was estimated from the 2015 Kyrgyz Integrated Household Survey (KIHS)(36) following the
approach of Hu et al.(37) and Adioetomo et al.(38) This elasticity falls within the -0.40 to -0.80
estimated range of price elasticity of demand for tobacco in developing countries.(8,10) In line with
findings from other studies,(8,9,32) the 2015 KIHS estimates also indicate that the poor are more
responsive to price changes, with the elasticity ranging from -0.74 in the poorest quintile to -0.28 in
the richest quintile (see Supplementary appendix). Although the Kyrgyz Republic exhibits a lower
smoking prevalence among men (26%) and a lower average price of cigarette pack (0.60 US$)
compared to Armenia, excise tax rates are similarly low (16% specific and 8% ad valorem excise tax
rates).(7) While we were able to estimate quintile-specific elasticities from the KIHS, we did not have
the data necessary to estimate price elasticity by age-group. Based on evidence from reviews (8,39)
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we assumed that those under the age of 25 were twice as responsive to price changes as those above
the age of 24.

We updated a simple static model (41) following a single cohort of all men alive in 2015. We
assumed that the excise tax increase would be fully passed onto the consumers through a 45%
increase in the retail price of tobacco and that half of price elasticity was due to participation
elasticity.(8) We calculated the number of individuals by age group and individual consumption
quintile who would quit (from the current adult male smoking population) or not initiate smoking
(among those < 15 years) as a result of higher tobacco prices. For each age group ! and
consumption quintile !, the number of individuals who would quit or not initiate smoking (∆!!,! )
!

was calculated depending on the initial number of smokers (!!,! ), the participation elasticity (!),
∆!

price elasticity !!,! , and relative change in price ( ! ):
∆!!,! =

!

∆!
!
! !,! !

!!,! .

(1)

To calculate the premature deaths averted (∆!!,! ), we used estimates from Doll et al.(40,41) to
model the changes in expected mortality based on the age at smoking cessation (!! ), assuming that
half of smokers would die from their addiction.(40,42,43) Hence, the number of premature deaths
averted would be:
∆!!,! =

!

∆!
!
! !,! !

!! !!,! .

(2)

While higher prices are also likely to lower the intensity of smoking among continuing smokers, we
only calculated the health benefits associated with quitting and did not model any substitution
effects of individuals switching to lower price cigarettes.
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For OOP and government medical expenditures averted, we allocated the averted premature deaths
above (2) to four main causes of deaths: heart disease, neoplasms (lung cancer), stroke, and chronic
obstructive pulmonary disease (COPD).(1) Healthcare utilization rates for each cause were estimated
using the total annual number of hospitalizations by the International Statistical Classification of
Diseases and Related Health Problems (ICD-10) group in the Ministry of Health 2015 Statistical
Yearbook for Armenia (44) and the prevalence rates of the four diseases as estimated by the
Institute for Health Metrics and Evaluation.(1) To estimate hospitalizations by quintile, we used data
on quintile-specific utilization rates for inpatient services from the 2014 ILCS.(24) The utilization
rates were normalized using the middle consumption quintile as a reference and applied to the
disease-specific hospitalization rates. The average cost of treatment per disease was obtained from
Armenia’s basic benefits package (BBP) price list.(45) The BBP fully funds services for socially
vulnerable groups, including the poor and those with disabilities.(46) According to the 2014 ILCS
data,(24) almost 28% of the population is eligible for the BBP. We assumed that the government
would pay the full cost of tobacco-related disease treatment for those covered by the BBP and that
these individuals would not incur any additional expenses. Individuals who are not eligible for the
BBP would pay the full BBP price out of pocket. The change in OOP spending per quintile as a
result of tax hike would be:
∆!!"! = (1 − !! )

! ∆!!,!

! !! !!,! !!

,

(3)

where !! represents the share of population covered by the BBP in quintile !, !! is the contribution
(in %) of disease ! to tobacco-related premature deaths, !! is the cost of treatment for disease !,
and !!,! is the utilization of health services for disease ! per quintile !. Likewise, government
savings as a result of averted deaths among those covered by BBP would be:
!"#$!"#$%&!,! = !!
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! ∆!!,!

! !! !!,! !!

.

(4)

Note that we did not estimate potential health care costs that would be incurred as a result of years
of life gained among quitters. Previous studies, however, have suggested that quitting is associated
with a reduction in overall health expenditures.(47–49)

For the cases of medical impoverishment (poverty cases) averted, we calculated the number of
individuals that would have fallen below the poverty line as a result of OOP tobacco-related disease
treatment expenditures. Given that the national poverty line was estimated in per adult equivalent
terms,(50) we identified an annual individual consumption cutoff in the simulated consumption
distribution corresponding to the 30th percentile (30% of the population lived below the poverty line
in 2015),(50) which corresponded to approximately 1220 US$ per year. Hence, we calculated the
number of individuals for whom the simulated annual consumption was above this poverty line, but
whose annual net consumption would have decreased to < 1220 US$ after paying for tobaccorelated disease treatment. Likewise, for averted cases of catastrophic health expenditures, we
calculated the number of individuals for whom OOP expenditures on tobacco-related disease
treatment would be greater than 10% of annual individual consumption.

In addition to the scenario of moving up to a 75% excise tax rate, we studied two additional
scenarios i.e. shifts to a 50% excise tax rate (i.e. a 25% price increase) and to a 100% excise tax rate
(i.e. 65% price increase). We also conducted a few sensitivity analyses. First, we tested the price
elasticity of demand for tobacco, by applying a flat price elasticity of -0.54 to all quintiles. Second,
we used two alternative poverty thresholds: a lower poverty line of 79 US$ per month (or 948 US$
per annum), and a food poverty line of 56 US$ per month (or 672 US$ per annum).(50)
Approximately 10% of the population was classified as poor using the lower poverty line and about
2% of the population lived below the food poverty line.(50) Third, we used two alternative
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thresholds in the estimation of cases of catastrophic health expenditures: 20% and 40% of individual
consumption. Table 2.1 gathers all the input parameters used in the model. All analyses were
conducted using R software (R 3.3.2).

2.3.2

Stakeholder interviews

Following Bump and Reich (51), to gain a better understanding of the circumstances in which the
current tax hike was proposed, we also conducted a series of interviews with Armenian stakeholders.
We focused on the two stages of the policy cycle: the initial placement on the policy agenda or
“agenda setting” and the technical design of the reform proposal.(52,53)

Qualitative data for this analysis were collected through semi-structured interviews, as well as
published and grey literature on Armenia’s tobacco control efforts. We used a purposeful sampling
approach to identify interviewees by constructing a preliminary list of stakeholders prior to arriving
in Armenia based on a literature review of tobacco control efforts in Armenia. The interviews were
conducted in Yerevan in June 2016. Interviewees included representatives from the Ministry of
Health (n=3), international organizations (n=3), health professionals (n=2), local non-governmental
organizations (NGOs) (n=2), and universities (n=1). In total, we interviewed eleven individuals
(Table 2.2), using a semi-structured interview guide, although stakeholders were encouraged to talk
generally about tobacco control efforts in Armenia. Contemporaneous notes were taken during the
interviews, and content analysis was performed once all interviews were completed to identify
relevant themes to the research question. This work was supplemented by information and data
extracted from national surveys, news releases, and published research relating to tobacco control in
Armenia. The Harvard Human Research Protection Program granted an exemption for this study.
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Table 2.1. Data inputs for the modeling of the increase in the tobacco excise tax in Armenia
Input
Male population
Male population distribution, age group
(years)

< 15
15-24
25-44
45-64
≥ 65
Q1 (poorest)
Q2
Q3
Q4
Q5 (richest)
15-24
25-44
45-64
≥ 65
Q1 (poorest)
Q2
Q3
Q4
Q5 (richest)

Individual annual consumption
(2014 US$)

Male smoking prevalence, per age group
(years)
Male smoking prevalence, by wealth quintile

Daily cigarette consumption
Price per pack of cigarettes (2014 US$)
Tobacco-related disease treatment costs
(2014 US$)
Share of population eligible for the publically
financed basic benefits package (%), by
consumption quintile
Utilization rates of healthcare services per
tobacco-related disease

COPD
Stroke
Heart disease
Neoplasm (lung cancer)
, Q1 (poorest)
Q2
Q3
Q4
Q5 (richest)
Neoplasms
Circulatory systems
diseases
Respiratory systems disease
Q1 (poorest)
Q2
Q3
Q4
Q5 (richest)
15-24
25-44
45-64
≥ 65
Q1 (poorest)
Q2
Q3
Q4
Q5 (richest)

Value
1,419,370
21%
16%
30%
25%
9%
< 1091
1092-1458
1459-1744
1745-2191
> 2191
38%
67%
58%
31%
49%
61%
59%
49%
42%
24 cigarettes
$1.25
$424
350
1724
4781
40%
30%
27%
23%
19%
40%
75%

27%
0.72
0.73
1
1.06
1.17
Reduction in mortality risk by age (age group
97%
in years) at quitting smoking
85%
75%
25%
Price elasticity of demand for tobacco
-0.74
products, by consumption quintile
-0.65
-0.65
-0.46
-0.28
National monthly poverty line
41,698 AMD ($100)
National poverty rate (percent of population)
30%
Notes: COPD: chronic obstructive pulmonary disorder; AMD: Armenian Dram.
Relative use of healthcare services by
consumption quintile (standardized to use
Q3 as a reference)

27

Source
(33)
(33)

(24)
(22)

(22)

(22)
(7)
(45)

(24,64)

Authors’
calculations
based on (44)
Authors’
calculations
based on (24)

(40)
Authors’
assumption
based on
estimates from
Kyrgyzstan (36)
(50)
(50)

Table 2.2. Number of interviews conducted with key stakeholders
Stakeholder group
Number of interviews
Ministry of Health
3
Health professionals
2
International organizations
3
Local non-governmental organizations
2
Universities
1
Total
11

2.4 Results
2.4.1

Distributional impact

Increasing the price of cigarettes by 45% would avert approximately 88,000 premature deaths among
current estimated quitters and non-initiators (Table 2.3). Half of the premature deaths averted would
be concentrated among the bottom two quintiles, with only 10% of deaths averted from the richest
quintile. This is largely driven by the higher price elasticity among the poor (almost 2.6 times higher
among the poorest than the richest quintile). In the sensitivity analyses, when assuming a flat price
elasticity of -0.54 across all quintiles, unsurprisingly, while the total number of premature deaths
averted would remain similar at about 86,000, its distribution would be more uniform across
quintiles and in line with the quintile-specific smoking rates. Almost 20% of deaths would be averted
in the richest quintile compared to 17% in the poorest quintile (Table A 2.1).
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Table 2.3. Extended cost-effectiveness analysis results by individual consumption quintile
for a shift to a 75% tobacco excise tax rate (equivalent to a 45% price increase)
Total
Premature deaths averted (in 1000s)
Out-of-pocket expenditures related to
tobacco-related disease treatment
averted (million US$)
Government savings related to
tobacco-related disease treatment
averted (million US$)
Poverty cases averted (in 1000s)
Cases of catastrophic health
expenditures (>10% of
consumption) averted (in 1000s)

Q2

Q3

Q4

88
(71, 106)
63

Q1
(poorest)
21
(17, 25)
10

23
(18, 28)
13

22
(18, 27)
19

13
(11, 16)
12

Q5
(richest)
9
(7, 10)
9

(51, 77)

(8, 12)

(11, 16)

(15, 22)

(10, 15)

(7, 11)
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7

6

7

4

2

(20, 30)

(6, 8)

(5, 7)

(5, 8)

(3, 4)

(2, 3)

22
(18, 27)
33

0
0
5

6
(5, 7)
7

8
(7, 10)
10

5
(4, 6)
6

3
(2, 3)
5

(28, 40)

(4, 6)

(6, 8)

(8, 12)

(5, 8)

(4, 6)

Note: no poverty cases are averted in the poorest consumption quintile given that 30% of the population is already
below the poverty line. Lower and upper bounds are indicated in parentheses.

There would also be substantial savings in OOP and government medical spending. As a result of
averted tobacco-related disease treatment costs among those eligible for the BBP, the government
would save a total of approximately 26 million US$. In addition, almost 63 million US$ of OOP
expenditures related to tobacco-related disease treatment would be averted among those not covered
by the BBP. Almost 37% of these OOP savings would accrue to the bottom two quintiles, with an
additional 30% accruing to the middle quintile in which fewer individuals were eligible for the BBP.
When we assumed a flat price elasticity by quintile, OOP savings were slightly larger in magnitude
(67 million US$) and almost 27% of those would accrue to the richest quintile compared to 28% in
the bottom two quintiles (Table A 2.1).

With a 45% tobacco price increase, almost 22,000 poverty cases would be averted. Given that 30%
of the population already lived below the poverty line, no poverty cases would be averted among
this bottom 30% of the population. Almost 27% of the averted poverty cases would accrue to the
second poorest quintile and 14% to the richest quintile. Testing the sensitivity to the poverty
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threshold retained in the estimation, our results indicate that under a lower poverty line of about 948
US$ per year, the number of poverty cases averted would slightly rise to 23,000; under the food
poverty line of 672 US$ per year, 24,000 poverty cases would be averted (Table A 2.2). Similarly,
almost 33,000 cases of catastrophic health expenditures (defined as health spending representing
more than 10% of individual consumption) would be averted.

2.4.2

Stakeholder interviews

Tobacco control efforts in Armenia have diminished after FCTC ratification. (26) Despite the
existence of FCTC-recommended policies, the government has not been able to strengthen tobacco
control measures, particularly in relation to raising excise taxes on tobacco products. In our
interviews, all stakeholders emphasized that Armenia was the first among the former Soviet Union
countries to ratify the FCTC. The early push for tobacco control measures in Armenia was largely
attributed to former President Robert Kocharyan, himself a non-smoker, who strongly advocated
for the FCTC implementation and encouraged other government members to quit smoking. In the
absence of a strong public supporter, the importance of tobacco control measures subsided after
Kocharyan left office in 2008. While the Ministry of Health was a proponent of stronger tobacco
control measures, particularly increased taxation, most interviewees suggested that it was not a
powerful player in discussions on fiscal policy. In addition, the tobacco industry previously held a
strong lobby in the Parliament, with several former tobacco industry executives having served on the
Parliamentary Standing Committee on Financial Credit and Budgetary Affairs and Standing
Committee on Economic Affairs. This resulted in several draft laws on tobacco control measures
being recalled from the Parliament.

30

Economic pressures, however, presented a window of opportunity for an overhaul of the existing
tax system. In 2015, Armenia was facing continuing fiscal constraints, and the World Bank and the
International Monetary Fund (IMF) supported measures to raise additional revenues.(20) In
addition, Armenia’s accession to the Eurasian Economic Union in 2015 resulted in its own set of tax
measures and regulations, including the mandated harmonization of rates of excise duties on alcohol
and tobacco products over the next five years.(54,55) As a result, in October 2015, the government
approved a package of draft laws on the tax code, which placed tobacco excise taxes on the
government agenda. More specifically, the recently amended and approved tax code mandates that
excise rates for alcohol and tobacco are to increase by 15% per year over 2017-2021, resulting in a
tobacco excise tax of 44% by 2021.(20)

Based on the discussions with key stakeholders and a literature review, it became evident that unlike
previous unsuccessful attempts, two important contextual factors helped to garner support for the
inclusion of higher excise tobacco taxes in the new tax code: tobacco tax increases were included
alongside tax increases on other goods and services, including labor income tax; and it was seen as
an inevitable step for the harmonization of taxes in the Eurasian Economic Union.

The design of the tax reforms in Armenia was based on two key principles: the new tax system
should enhance growth and equity; and it should generate revenue to support fiscal consolidation
and allow higher social and capital expenditures.(20,56) In relation to tobacco excise taxes, the focus
on equity was particularly important. Based on the discussions with stakeholders, regressivity
appeared to be an important factor in delaying increased tobacco taxes since FCTC ratification. To
address the equity concerns, the World Bank and the IMF provided technical assistance to simulate
various scenarios of proposed tax increases on various products, including tobacco.(20,56)
31

Experience from other countries, such as the Philippines, played an important role in assuaging the
regressivity concerns and allowing the Ministry of Finance to move forward with the proposed
changes.

Regressivity more so than any other commonly used argument against tobacco taxation – such as
loss of revenues or smuggling – was at the center of the tobacco tax discussion. In several
interviews, stakeholders stated that Armenia had strong tax and customs administration systems.
Tobacco products, as other goods and imports, have holographic labels and unique identification
codes; and tax officers commonly make sample purchases to scan and test the information provided
on the products. This was argued to be a strong deterrent to smuggling. In addition, two individuals
interviewed cited the ease of tobacco tax increases. Unlike other proposed tax changes, the
interviewees noted that tobacco and alcohol taxes were easier to enforce and did not require any
additional regulation. As a result, the higher tobacco and alcohol taxes entered into force on January
1, 2017, while the remaining changes to the budget code will be implemented in the following
year.(20)

While several interviewees cited examples from the Philippines and Thailand, where tobacco and
alcohol taxes are earmarked for health, the possibility of earmarking was not discussed at length, and
few interviewees supported this idea. Stakeholders cited the danger of setting a precedent, which
would result in other ministries and government agencies requesting their own earmarked sources.
In addition, one stakeholder cited the unsuccessful attempt to earmark proceeds from a VAT on
medicines for health in 2001 as a reason why earmarking tobacco taxes would not be a viable policy
in Armenia. Therefore, the discussion of earmarking was not pursued extensively for tobacco taxes.
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Tobacco tax was seen as an important measure to reduce consumption, but all stakeholders
emphasized that other FCTC measures should be enforced. They stressed in particular the
importance of raising public awareness and enforcing smoke-free zones. Moreover, they indicated
that while they supported further tobacco tax increases, they believed that national cessation support
services (currently not available in Armenia) should follow in order to realize the full benefits of
higher prices for cigarettes.

2.5 Discussion
The ECEA results indicate that higher excise taxes on tobacco in Armenia would avert large
numbers of premature deaths and poverty cases. With a hike to a 75% excise tax rate, 88,000
premature deaths, US$ 63 million of OOP medical expenditures, 22,000 poverty cases (or 33,000
cases of catastrophic health expenditures) would be averted. Because the poor are more sensitive to
price changes, the health benefits would be concentrated among the bottom two consumption
quintiles of the population. Given that a larger share of the poor are eligible for the BBP and thus
exempt from OOP payments, the benefits of averted tobacco-related disease treatment costs would
accrue to the middle quintiles 3 and 4, less than 30% of whom are BBP-eligible. Government
savings on tobacco-related treatment costs for those BBP-eligible would amount to US$ 26 million,
which represents almost 12% of the annual health budget (estimated at 220 million US$ in
2014).(23)

The fiscal constraints faced by the government and the accession to the Eurasian Economic Union
in 2015 mandated a comprehensive overhaul of the existing tax policy and created a window of
opportunity for tobacco tax increases. While previous attempts to increase tobacco taxes were
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unsuccessful in part due to veto power in the Parliament, the comprehensive nature of the tax
reform allowed tobacco measures to be included in the proposal. Despite initial concerns about the
regressivity of tobacco taxes, the findings from stakeholder interviews suggested that experience
from other countries and simulations of the potential impact of such taxes on the poor were strong
arguments for raising tobacco taxes as part of the overall fiscal reform. Our case study of Armenia
presents evidence of what would be a successful attempt to increase tobacco excise taxes as part of a
broader reform of a governmental tax system, yet the proposed excise tax of 44% (to be achieved by
2021) remains well below WHO’s recommendations.

Nevertheless our analysis presents a number of limitations. First, we were not able to calculate the
price elasticity of demand for tobacco products in Armenia, and our model was based on price
elasticity estimates from the Kyrgyz Republic. Yet, the Kyrgyz price elasticities fell within the range
of elasticities estimated in developing countries.(8) In addition, to test the sensitivity of our findings
to price elasticity assumptions, we also simulated impact using a flat price elasticity across all
quintiles. Second, we did not model substitution effects of individuals switching to lower-priced
cigarettes as a result of price increases. However, unlike other types of taxes, high specific excise
taxes would narrow the price gap between the most and least expensive cigarettes and encourage
cessation rather than substitution to lower-priced cigarettes as a result of tax increases.(9,13). Third,
we assumed that a decline in the intensity of smoking would not yield any health benefits:
individuals who would reduce their tobacco consumption and smoke fewer cigarettes per day as a
result of tax hike would not improve their health outcomes in our model; nor did we model secondhand smoking. As a result, we are likely to underestimate the full impact of higher tobacco taxes in
our premature deaths and financial risk protection findings. Fourth, in the absence of data on OOP
expenditures per disease, we used the BBP price list as a proxy for the incurred OOP expenditures.
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Although this is the official government price for services in all government facilities, there is some
evidence of informal payments.(57) In addition, data on pharmaceutical expenditures on medicines
not covered by the BBP were not available and hence could not be included. Our results thus are
likely to underestimate the expenditures related to tobacco-related disease treatment and the number
of poverty cases averted, since OOP medical expenditures are likely to be higher than the
established government fees for the BBP. Fifth, we only included the cost of inpatient care, as we
were not able to obtain detailed data on utilization for each disease and associated costs at the
primary health care level. Primary care, however, is free for all citizens in Armenia. Therefore
individuals should not incur any OOP at the primary care level. Sixth, the health and health-related
financial benefits are modeled into the future (for the current Armenian male population), when
individuals are expected to face tobacco-related diseases. Hence, there is wide uncertainty in our
assumptions, as we assume that key inputs (e.g. consumption, cost of medical services, utilization,
BBP coverage) remain the same. Seventh, we assumed that the excise tax would be passed fully onto
the consumer. Although this is a standard assumption in tobacco tax modeling studies,(6,8) the
empirical evidence is mixed,(8,58–61) hence we may overestimate here the effect of increased excise
taxes.

Our study contributes to the literature on tobacco taxation and the distributional impact of higher
cigarette prices and taxes. While the regressivity argument has been commonly used against price
increases and was perceived to be a constraint to increase tobacco taxes in Armenia, similarly to
other recent studies we do not find evidence of higher tobacco prices necessarily disproportionately
burdening the poor. As recent studies have found, the higher responsiveness to prices among the
poor may shift the burden of incremental taxes to the rich, thus making tobacco taxes more
progressive.(31,32,62) Not only can higher excise taxes reduce the number of deaths through
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smoking cessation,(63) but they can also decrease potential OOP expenditures on treatment for
tobacco-related disease. Given the large costs associated with such treatment, by encouraging
smokers to quit or averting initiation, tobacco taxes can bring substantial financial risk protection to
individuals by preventing such OOP medical expenditures altogether.(31)

While the health benefits associated with smoking cessation have been well established, this has not
been necessarily enough to encourage countries to raise tobacco taxes. Identifying the potential
windows of opportunities (e.g. fiscal constraints) has important policy implications and could enable
a push for higher tobacco taxes. As the global health community encourages the use of fiscal policies
to change behavior (e.g. tobacco taxes, sugar-sweetened beverage taxes) in order to achieve public
health gains, the sole public health argument might be insufficient. The case of Armenia suggests
that governments could successfully increase tobacco taxes by including them as part of broader
fiscal reforms. While the proposal to raise excise taxes in Armenia marks an important step, the
proposed rate of 44% remains well below the WHO recommendation. Concerted efforts need to be
taken in order to ensure that further tax increases are implemented and other tobacco control
measures are enacted according to the FCTC and best practices.
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2.8 Supplementary appendix
Table A 2.1. Extended cost effectiveness analysis results by individual consumption quintile
for a shift to a 75% excise tobacco tax rate (equivalent to a 45% price increase) assuming a
flat price elasticity (same price elasticity across all quintiles)
Total
Premature deaths averted (in 1000s)
Out-of-pocket expenditures related
to tobacco-related disease
treatment averted (million US$)
Government savings related to
tobacco-related disease treatment
averted (million US$)
Poverty cases averted (in 1000s)
Cases of catastrophic health
expenditures (>10% of
consumption) averted (in 1000s)

Q2

Q3

Q4

86
(68, 102)
67

Q1
(poorest)
15
(12, 18)
8

19
(15, 23)
11

19
(15, 22)
15

16
(12, 19)
15

Q5
(richest)
17
(13, 20)
18

(53, 80)

(6, 9)

(9, 13)

(12, 18)

(12, 17)

(14, 22)

24

5

5

6

4

4

(19, 28)

(4, 6)

(4, 6)

(4, 7)

(3, 5)

(3, 5)

23
(18, 28)
35

0
0
4

5
(4, 6)
6

7
(6, 8)
8

6
(5, 7)
8

5
(4, 6)
9

(28, 42)

(3, 5)

(5, 7)

(6, 10)

(6, 9)

(7, 11)

Note: no poverty cases are averted in the poorest consumption quintile given that 30% of the population is already
below the poverty line. Lower and upper bounds are indicated in parentheses.
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Table A 2.2. Extended cost effectiveness analysis results by individual consumption quintile
for a shift to a 75% excise tobacco tax rate (equivalent to a 45% price increase) using lower
and food poverty lines; 20% and 40% thresholds for catastrophic health expenditures
Poverty cases averted
Using lower poverty line of 79 US$
per month (in 1000s)
Using food poverty line of 56 US$
per month (in 1000s)

Total

Q1
(poorest)

Q2

Q3

Q4

Q5
(richest)

23
(19, 28)
24
(19, 28)

1
(1, 2)
4
(3, 5)

7
(5, 8)
6
(5, 7)

8
(6, 9)
8
(6, 9)

5
(4, 6)
5
(4, 6)

2
(2, 3)
1
(1, 2)

5

7

10

6

4

(4, 6)

(6, 8)

(8, 12)

(5,7)

(3, 5)

5

6

8

5

4

(4, 6)

(5, 7)

(6, 9)

(4, 6)

(3, 5)

Cases of catastrophic health expenditures averted
Using a threshold of >20% of
32
individual consumption (in
(25, 38)
1000s)
Using a threshold of >40% of
27
individual consumption (in
(22, 33)
1000s)

Note: The lower and food poverty lines are two alternative measures used for poverty calculations in Armenia. In 2014,
approximately 10% and 2% of the population fell below the lower and food poverty lines, respectively.(50) Lower and
upper bounds are indicated in parentheses.
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Table A 2.3. Extended cost effectiveness analysis results by individual consumption quintile
for shifts to 50% and 100% excise tobacco tax rates (equivalent to 25% and 65% price
increases, respectively)
Total
50% excise tax rate or 25% price increase
Premature deaths averted (in 1000s)
75
(61, 91)
Out-of-pocket expenditures related to
56
tobacco-related disease treatment
(44, 66)
averted (million US$)
Government savings related to
22
tobacco-related disease treatment
(17, 26)
averted (million US$)
Poverty cases averted (in 1000s)
18
(15, 23)
Cases of catastrophic health
29
expenditures (>10% of
(23, 35)
consumption) averted (in 1000s)
100% excise tax rate or 65% price increase
Premature deaths averted (in 1000s)
100
(80, 121)
Out-of-pocket expenditures related to
73
tobacco-related disease treatment
(58, 87)
averted (million US$)
Government savings related to
28
tobacco-related disease treatment
(23, 34)
averted (million US$)
Poverty cases averted (in 1000s)
26
(20, 30)
Cases of catastrophic health
37
expenditures (>10% of
consumption) cases averted (in
(30, 46)
1000s)

Q1
(poorest)

Q2

Q3

Q4

Q5
(richest)

18
(15, 22)
9

20
(16, 24)
12

19
(15, 23)
16

11
(9, 14)
11

7
(6, 9)
8

(7, 11)

(9, 14)

(13, 19)

(9, 13)

(7, 10)

6

5

6

3

2

(5, 7)

(4, 6)

(5, 7)

(3, 4)

(2, 2)

0
0

5
(4, 6)

7
(6, 9)

4
(4, 5)

2
(2, 3)

5

6

8

6

4

(4, 6)

(5, 7)

(7, 10)

(5, 7)

(3, 5)

24
(19, 29)
12

26
(21, 31)
15

25
(20, 30)
21

15
(12, 18)
14

10
(8, 12)
11

(9, 14)

(12, 18)

(17, 25)

(11, 17)

(9, 13)

8

6

8

4

2

(6, 9)

(5, 8)

(6, 9)

(3, 5)

(2, 3)

0
0

7
(5, 8)

10
(8, 11)

6
(5, 7)

3
(3, 4)

6

8

11

7

5

(5, 7)

(6, 10)

(9, 13)

(6, 9)

(4, 7)

Note: no poverty cases are averted in the poorest consumption quintile given that 30% of the population is already
below the poverty line. Lower and upper bounds are indicated in parentheses.
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2.8.1

Estimating price elasticity of demand for tobacco in the Kyrgyz Republic

Data from the 2015 Kyrgyz Integrated Household Survey (KIHS) were used to estimate price
elasticities for tobacco. First, in order to estimate the price of cigarettes faced by nonsmokers, using
an OLS regression we predicted the price of cigarettes for nonsmokers based on the individual’s
consumption quintile, oblast, and whether the individual resided in an urban or rural area. We
assumed that non-smokers faced the predicted price. Following Hu et al.(37) and Adioetomo et
al.(65), we used a two-part model to estimate the elasticities. In the first part, we estimated the
probability of an individual being a smoker !"#$ !! = 1 using the following logit equation:
!"#$ !! = 1 =

!
!!! !(!! !"!! !!!! !!! )

,

(1)

where !"!! is the log price of cigarettes faced by the individual, Xi is the vector of sociodemographic characteristics, including age, sex, consumption quintile, and oblast, and U1 is the
random error term.

In the second part, we used ordinary least squares regression to estimate the amount of cigarettes
smoked per day by current smokers (ln !"#! !! = 1 ):
ln !"#! !! = 1 = !! !"!! + !!! + !!

(2)

The total price elasticity ε was calculated as:
! = 1 − !"#$ !! = 1 !! + !!

(3)

where δ1 is the coefficient for log(price) in eq. 1 and δ2 is the coefficient for log(price) in eq. 2. The
elasticity was calculated for the whole sample, as well as independently for each consumption
quintile.
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Table A 2.4 presents the estimated elasticities. The overall price elasticity is -0.54. This price elasticity
is consistent with findings from other studies, which have found elasticities ranging from -0.4 to
-0.8.(8) Similarly to findings from other studies,(8,32) we also found that price elasticities varied
across quintiles, with the poor more responsive to prices than the rich (elasticities of -0.74 and -0.28
in quintiles 1 and 5, respectively).
Table A 2.4. Estimated price elasticities of demand in the Kyrgyz Republic, 2015
Consumption Quintile
Elasticity
Quintile 1 (poorest)
-0.74
Quintile 2
-0.65
Quintile 3
-0.65
Quintile 4
-0.46
Quintile 5 (richest)
-0.28
Total
-0.54
Source: Authors’ calculations using Kyrgyz Integrated Household Survey 2015
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3.1 Abstract
Background Measles continues to be a key contributor to child mortality, particularly in South
Asia and Sub-Saharan Africa. Supplementary immunization activities (SIAs) are promoted as an
integral component of measles elimination in low- and middle-income countries (LMICs). Despite
their success in increasing vaccination coverage, there are concerns about the negative consequences
of SIAs on routine services. To date, however, few studies have conducted quantitative assessments
of the impact of SIAs on the utilization of general health services in LMICs.

Methods

We analyzed the impact of measles SIAs on the utilization of selected maternal care

and child health services using data from the Demographic and Health Surveys (DHS) and Multiple
Indicator Cluster Surveys (MICS) in 28 low- and middle-income countries, where at least one
measles SIA had been conducted between 2000 and 2014. Multivariable logistic regressions were
conducted to investigate the association between SIAs and utilization of the following services:
facility delivery, postnatal care, and outpatient sick child care (for fever, diarrhea, and cough).

Results

Overall, our results suggest that measles SIAs do not appear to significantly impact

the utilization of MCH services at health facilities. One service for which we do find a substantial
reduction in utilization is treatment for child cough (OR 0.67; 95% CI 0.48 – 0.95). While the
average effects do not seem to be significant, we do find a few significant effects at the countrylevel, suggesting the need for further investigation of the idiosyncratic effects of SIAs in each
country.
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Conclusion

The paper contributes to the ongoing debate on the use of vertical versus horizontal

health programs to ensure universal access to vaccination. Our results suggest that measles SIAs do
not appear to affect care seeking behaviors for critical conditions.

Keywords: health care utilization; measles; supplementary immunization activities; vertical
programs; maternal and child health services
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3.2 Introduction
Measles continues to be a key contributor to child mortality, particularly in South Asia and SubSaharan Africa. Despite recent declines in mortality, an estimated 115,000 deaths globally were
attributed to measles in 2014, with most of the deaths occurring among children under five.(1) In
order to reduce global measles mortality, the World Health Organization (WHO) recommends
reaching all children with two doses of measles vaccine.(2)

In most low- and middle-income countries (LMIC), vaccines, including the 1st dose of measles
vaccine (MCV1), are primarily delivered through routine immunization services at health facilities,
but the majority of LMICs also conduct supplementary immunization activities (SIAs), in particular
for the second dose of measles vaccine, to ensure high coverage.(1,2) Measles SIAs are mass
campaigns during which health workers offer immunizations to children at fixed (permanent or
temporary) or mobile vaccination posts. They occur every 2-4 years and often include the delivery of
other child interventions, such as oral polio vaccine (OPV), vitamin A supplements, deworming
medicines, and insecticide-treated bed nets.(3–5) The immunization posts typically employ at least
two health workers trained in injection techniques to administer the vaccine and 3-4 volunteers with
no health training (responsible for recording, screening children, and crowd control). The duration
of SIAs depends on the number of children and the number of health workers available to deliver
vaccines.(6) On average, measles SIAs last approximately 16 days, but this varies substantially,
ranging from less than 4 days in Malawi and Uganda to more than 40 days in Tunisia and
Vietnam.(7)

First introduced in the 1990s, SIAs have contributed to measles elimination in the Americas (8) and
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to recent reductions in measles incidence and mortality in sub-Saharan Africa.(9–11) Several studies
have documented the success of SIAs in improving coverage and equity of vaccination compared to
routine immunization,(12,13) but the evidence remains mixed and limited in terms of the broader
impact of SIAs on health systems.(14–16) In areas with limited access to health services, SIAs might
be able to reach individuals who would otherwise have limited contact with the health system. For
example, in some areas of Angola and Rwanda, Closser et al. (24) found that polio campaigns
provided individuals an opportunity for face-to-face communication with health providers about
routine immunization and other health services.

As with any vertical program, however, there are concerns that SIAs might exacerbate the shortage
of health workers at facilities before and during the campaign and may thus adversely affect routine
health services.(17–21) Findings from qualitative studies have indeed shown that mass campaigns
can result in health worker absence, interruption of services at health facilities, and providers
skipping important non-immunization tasks, particularly in countries with weaker health
systems.(14,15,22,23)

To date, few studies have conducted quantitative assessments of the impact of SIAs on the
utilization of health services in LMICs. Using interrupted time series, Verguet et al. (24) examined
the impact of the 2010 measles SIA in South Africa and found significant reductions in selected
routine health services during the month the SIA was implemented. A recent study evaluating the
impact of mass campaigns in Cameroon reported similar findings for outpatient visits and antenatal
care consultations, with the effect more pronounced for ‘intensive’ campaigns – those lasting 7 days
or less.(25)
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In this study, we analyzed the potential impact of measles SIAs on the utilization of selected
maternal and child health services using data from the Demographic and Health Surveys (DHS) and
Multiple Indicator Cluster Surveys (MICS) in 28 LMICs.

3.3 Methods
3.3.1

Data sources

3.3.1.1 SIAs
Information on all measles SIAs implemented between 2000 and 2014 was obtained from the WHO
Immunization, Vaccines, and Biologicals (IVB) database.(7) This included the dates of campaign
implementation and whether the campaign was regional or national. According to the WHO
Measles SIA Planning and Implementation Field Guide, national campaigns are conducted
simultaneously in all regions.(6) If a national campaign is not feasible, it is recommended that
countries adopt a “rolling” approach by conducting the SIA in phases or target high-risk regions
(subnational campaigns). Since information on the exact regions in which the subnational or rollover
national campaigns were implemented was sparse, they were excluded from our analysis.

Between 2000 and 2014, 417 national measles SIAs were conducted in 132 countries, of which 45
countries were in the WHO African Region, 27 in the Americas Region, 17 in the Eastern
Mediterranean Region, 16 in the European region, 7 in the South-East Asia Region, and 20 in the
Western Pacific Region (Table 3.1). The full list of countries and dates of national measles SIA
campaigns is available from the WHO/IVB database.(7)
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Table 3.1. Number of nationwide measles supplementary immunization activities (SIAs)
implemented by World Health Organization (WHO) region over 2000-2014
Number of measles SIAs
National
Rollover national
Subnational
WHO Region
campaigns
campaigns
campaigns
African Region
153
44
116
Region of the Americas
121
5
27
Easter Mediterranean Region
42
34
85
European Region
34
9
18
South-East Asia Region
13
26
20
Western Pacific Region
54
12
46
Total
417
130
312

3.3.1.2 MICS and DHS surveys
We identified all Multiple Indicator Cluster Surveys (MICS) and Demographic and Health Surveys
(DHS) conducted in countries within a year of the national measles SIAs to ensure an overlap with
the dates of SIAs.(26,27) The MICS and DHS are large, nationally representative household-based
surveys conducted every 3-6 years. The two surveys are comparable, with some minor differences
discussed in more detail further. Both have a similar clustered sampling design, with enumeration
areas constituting the primary sampling unit and households constituting the final unit. The surveys
sample women between the ages of 15-49 and collect information on maternal and child health.(28–
30)

For the purposes of this analysis, we limited the sample to low- and lower-middle income countries,
as the majority of SIAs were conducted in such settings, and these countries are also more prone to
health worker shortages.(31,32) Our analysis included 28 LMICs that had conducted at least one SIA
between 2000 and 2014 and had DHS and/or MICS data available. The list of countries and surveys
is presented in Table 3.2. On average, measles SIAs were conducted for 13 days in these countries
(Figure A 3.1).
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Table 3.2. Demographic and Health Surveys (DHS) and Multiple Indicator and Cluster
Surveys (MICS) included in the sample for our analysis
Country
DHS
MICS
Bangladesh
2004
Benin
2006; 2011/2012
Burkina Faso
2010
2006
Burundi
2010/2011
2005
Colombia
2010
Congo (Brazzaville)
2011/2012
Cote d'Ivoire
2011/2012
2006
Gabon
2012
Ghana
2008; 2014
Guinea
2012
Haiti
2005/2006; 2011
Honduras
2005/2006; 2012
Kenya
2003; 2014
Lao People's Democratic Republic
2011/2012
Liberia
2007; 2011; 2013
Malawi
2010
Mali
2001; 2006; 2012/2013
Mozambique
2011
Niger
2012
Rwanda
2005; 2010
Senegal
2006; 2012-2014
Sierra Leone
2008; 2013
2005
Swaziland
2006
2010
Tajikistan
2005
Timor-Leste
2009/2010
Togo
2013/2014
2006
Zambia
2007; 2013/2014
Zimbabwe
2005/2006; 2010/2011
Based on previous research,(14,20,22,23) we hypothesized that the main channel through which
measles SIAs would affect utilization and access of routine health services would be the recruitment
of health workers for the campaigns (Figure 3.1). This would result in provider absenteeism and lead
to increased workload at health facilities. As a result, the duration of the visits would be shorter, and
fewer patients would be able to receive care.
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Measles
supplementary
immunization
activities

Human resources
+ Additional training
+ Higher motivation due to incentives
+ Recruitment of part-time staff and/or staff
on leave
− Increased workload at facilities due to
recruitment of health workers for SIAs
− Diversion of staff from the delivery of
routine services

Utilization and access
+ Access to immunization services &
other services included in the SIA
+ SIAs give an opportunity to ask
questions and/or be referred to other
health services
− Lower utilization of health service at
facilities due to actual or perceived
health worker absence/increased
workload at facilities
− Lower utilization of health service at
facilities due to contact with health
worker/perceived receipt of services at
SIA post

Quality of care
+ Higher quality in the long-run as a result
of training, particularly for services
included in SIA
− Lower quality during the implementation
of SIA for routine services due to higher
workload and/or staff shortages

Figure 3.1. Conceptual framework of the possible effects of measles supplementary immunization activities (SIAs) on
utilization, access, and quality through their impact on human resources
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Given the continuing focus on maternal and child health (MCH) services in LMICs, we focused our
analysis on the utilization of delivery and child health services. Based on data availability and
plausible mechanisms of change, we included the following services in our analysis: 1) whether the
woman delivered at a facility; 2) whether the newborn was weighed at birth if delivered at a facility;
3) whether the newborn received a postnatal care visit within one week of birth; and 4) whether the
mother sought care at a health facility if the child had fever, diarrhea, or cough within the two weeks
prior to the survey. The full list of indicators and data availability is presented in Table 3.3. While we
did not expect to see an impact on facility delivery during SIA implementation, we hypothesized that
individuals would be less likely to seek or receive postnatal and outpatient care. In addition, due to
higher workload at facilities, we hypothesized that the quality of care would decline and providers
would skip non-essential steps, such as weighing the newborn at birth.

3.3.2

Analysis

Since the exact dates of SIAs were known, we created a dummy variable equal to 1 if the outcome
occurred during the SIA campaign and 0 otherwise. We conducted logistic regressions to estimate
the association between each outcome and the implementation of the SIA using the following
model:
!"

!" (!!"# !!|!)
!!!" (!!"# !!|!)

= !! + !! !!"#$ + !! !"#$ℎ + !! !" + !! ! + !!" !"# + !!" !"#$%ℎ + !!"#

(1)

where !!"# is the individual-level outcome (e.g. institutional delivery or care-seeking for outpatient
care) and !!"#$ is a dummy variable equal to 1 if the outcome falls within the period of the measles
SIA in the country (on the day of delivery or within the two week time period prior to the date of
interview for outpatient services). Country-differences were controlled for using country-fixed
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Table 3.3. Select maternal and child health services captured by the Demographic and Health Survey (DHS) and the Multiple
Indicator Cluster Surveys and included in the analysis
Domain

Maternal Care

Delivery

Postnatal care

Indicators

DHS

MICS

Availability

Date

Availability

Date

Delivered at a

✓ for births occurring in the 5

Day/Month/Year

✓ for births occurring in the 2

Day/Month/Year of

facility

years preceding the survey

of birth

years preceding the survey

birth

Trained attendant

✓ for births occurring in the 5

Day/Month/Year

✗ Not available

checked on

years preceding the survey

of birth

Weighed at birth

✓ for births occurring in the 5

Day/Month/Year

✓ for births occurring in the 2

Day/Month/Year of

if delivered at a

years preceding the survey

of birth

years preceding the survey

birth

Sought care if

✓ for children under the age of

2 weeks (14 days)

✓ for children under the age

2 weeks (14 days)

child had fever

5 if the child had fever 2 weeks

before day of

of 5 if the child had fever 2

before day of

prior to the survey

interview

weeks prior to the survey

interview

mother after
delivery
Care at birth

facility

Child Care

Outpatient care

Sought care if

✓ for children under the age of

child had diarrhea

5 if the child had diarrhea 2

✗ Not available

weeks prior to the survey
Sought care if

✗ Not available

child had cough
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✓ for children under the age

2 weeks (14 days)

of 5 if the child had cough 2

before day of

weeks prior to the survey

interview

effects (!! !), and we included country-year fixed effects (!!" !"#) and country-month fixed effects
(!!" !"#$%ℎ) to control for different year and seasonal trends across countries, respectively.
Standard errors were clustered at the primary sampling unit to account for the DHS and MICS
survey designs.

In both surveys, mothers were asked whether they sought care if their child had fever or diarrhea in
the two weeks prior to the survey. Care seeking for a child’s cough was also reported independently
in MICS surveys, while the DHS only asked about treatment for cough if the child also presented
with fever. Since the date of interview was available for all respondents, we were able to establish an
exact two-week time interval. If the measles SIA in the country occurred within this two-week
interval, then !!"#$ = 1, and 0 otherwise. To ensure that data collection was not affected by the
implementation of the SIA, we carefully examined the distribution of interviews across regions and
months. In most countries, the DHS and MICS surveys were conducted in all regions
simultaneously over an average of four months.

We also controlled for individual-level factors that were likely to influence the decision to seek care
(woman’s age, education level, and wealth quintile). In addition, due to differences in access to
services and mode of delivery of SIAs in urban and rural areas, we included a dummy variable equal
to 1 if the individual resided in an urban area, 0 otherwise.

In addition to the pooled analysis, we also examined individual effects by country for all four
services. All analyses were conducted using Stata 14.1.
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3.3.2.1 Sensitivity analysis
For outpatient utilization, our exposure could be misspecified in cases where the SIA did not last for
the whole two week time period prior to the interview for which health service utilization data is
recorded. This would bias our results towards the null. Although it is reasonable to assume that
there is some buffer period before the SIA is implemented during which providers attend trainings
and are missing from their posts, data on training duration was not available. Therefore, to check the
validity of our results for utilization of services related to child illnesses, we limited the analysis to
countries in which the SIA lasted for at least 7 days during the two-week interval preceding the
interview.

3.4 Results
Table 3.4 presents the descriptive statistics. In our sample, 63% of women delivered at a facility,
among which 94% of newborns were weighed at birth in the facility. While information on postnatal
care was not available from MICS surveys, almost 77% of mothers received a postnatal check within
one week of delivery according to the DHS sample. Care seeking behavior was most common if a
child had a fever, with 54% of mothers reporting seeking care at a health facility if the child had a
fever within two weeks prior to the survey. Only 40% of mothers, however, sought care at a health
facility if a child had diarrhea and 27% sought care for a child’s cough.
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Table 3.4. Summary statistics of the selected indicators from the Demographic and Health Surveys (DHS) and Multiple
Indicator Cluster Surveys included in the analysis
Delivered at a
facility
N=70620
N
%
Outcome
44574
63%
SIA dummy = 1
2149
3%
Urban
21377
30%
Mother's level of education
None
26893
38%
Primary
26,624
38%
Secondary or
higher
17103
24%
Wealth quintile
Poorest
18397
26%
Poorer
15779
22%
Middle
13744
19%
Richer
12278
17%
Richest
10422
15%
*Only DHS surveys; **only MICS surveys

Baby weighed at
birth if delivered at
a facility
N=38815
N
%
36491
94%
1106
3%
15475
40%

Received postnatal
care within 1 week
of birth*
N=20015
N
%
15454
77%
714
4%
6837
34%

Sought treatment at
a facility for a
child’s fever
N=37791
N
%
20455
54%
3975
11%
12584
33%

Sought treatment at
a facility for a
child's diarrhea*
N=16739
N
%
6673
40%
1778
11%
5568
33%

Sought treatment at
a facility for a
child's cough**
N=2883
N
%
767
27%
380
13%
685
24%

12418
14344

32%
37%

7108
6,984

36%
35%

7875
17,722

21%
47%

3358
8,238

20%
49%

772
1,516

27%
53%

12053

31%

5923

30%

12194

32%

5143

31%

595

21%

7130
7795
7846
8066
7978

18%
20%
20%
21%
21%

5053
4488
3826
3591
3057

25%
22%
19%
18%
15%

11360
8920
7574
5828
4109

30%
24%
20%
15%
11%

5395
3914
3285
2498
1647

32%
23%
20%
15%
10%

570
622
593
630
468

20%
22%
21%
22%
16%
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The logistic regression results for delivery-related outcomes using a pooled sample of DHS and
MICS surveys are presented in Table 3.5. Since the exact day of birth was available, the SIA dummy
variable was equal to 1 if an SIA was conducted in the country on the day of birth and 0 otherwise.
Our results indicate that measles SIAs did not have an impact on delivery-related outcomes. As
expected, a woman’s likelihood to deliver at a facility was not associated with the implementation of
measles SIAs (OR: 1.01; 95% CI: 0.92 – 1.11 in the unadjusted model). The same was true for the
probability of the newborn being weighed at birth if delivered at a facility (OR of 1.04; 95% CI: 0.77
– 1.32 in the unadjusted model) and the probability of receiving a postnatal check within one week
of birth (OR 0.90; 95% CI 0.73 – 1.12). Even after adjusting for individual-level covariates (e.g.
wealth quintile, education, and urban residence), the relationship between SIAs and delivery-related
outcomes was not statistically significant (Table 3.5). The odds of delivering at a facility having a
newborn weighed at birth, and receiving a postnatal check were higher for women with higher levels
of education, from wealthier quintiles, and those residing in urban areas.

The individual country regression results are presented in Figure A 3.2 - Figure A 3.4. Overall, the
results from the country level regressions were consistent with the pooled analysis, with a few
exceptions. In Guinea, for example, women were significantly more likely to deliver at a health
facility if an SIA was conducted on the day of delivery compared to women who delivered on a nonSIA day (OR 2.30; 95% CI 1.08, 4.88). Meanwhile in Benin, newborns were less likely to get weighed
at birth if they were delivered at facility on the day an SIA was being conducted (OR 0.42; 95% CI
0.18 – 0.96), while in Ghana mothers were more likely to receive a postnatal care visit within one
week of giving birth during the SIAs (OR 3.81; 95% CI: 1.18; 12.29).
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Table 3.5. Logistic regression results of the impact of measles supplementary immunization activities (SIAs) on facility delivery,
whether the newborn was weighed at birth if delivered at a facility, and whether a postnatal check occurred within one week of
birth: pooled analysis of DHS and MICS surveys
Newborn weighed at birth if
delivered at facility
Unadjusted
Adjusted
1.004
0.931
(0.765 (0.683 - 1.269)
1.317)
2.140**
(1.804 - 2.540)
ref.
1.368**
(1.189 - 1.573)
2.012**
(1.663 - 2.435)
ref.
1.116
(0.972 - 1.282)
1.572**
(1.329 - 1.859)
1.786**
(1.489 - 2.142)
3.557**
(2.699 - 4.687)
38,852
35,901

Delivered at a facility
SIA

Unadjusted
1.009
(0.921 1.106)

Urban
No education
Primary education
Secondary or higher education
1st wealth quintile (poorest)
2nd wealth quintile
3rd wealth quintile
4th wealth quintile
5th wealth quintile (richest)
Observations

77,504

Adjusted
0.951
(0.856 - 1.057)
2.053**
(1.917 - 2.198)
ref.
1.619**
(1.533 - 1.710)
3.096**
(2.876 - 3.332)
ref.
1.631**
(1.539 - 1.728)
2.302**
(2.160 - 2.454)
3.517**
(3.268 - 3.786)
6.798**
(6.159 - 7.503)
70,620

Received postnatal check
within 1 week of birth
Unadjusted
Adjusted
0.901
0.912
(0.726 - 1.117)

(0.734 - 1.135)

18,566

1.228**
(1.079 - 1.397)
ref.
1.096
(0.971 - 1.236)
1.335**
(1.159 - 1.538)
ref.
1.153*
(1.022 - 1.301)
1.364**
(1.192 - 1.561)
1.783**
(1.521 - 2.090)
1.709**
(1.407 - 2.074)
18,063

Notes: Odds ratio and 95% confidence intervals in parentheses. Pooled analysis of DHS and MICS data. Unadjusted models include month, year, and country fixed
effects. Adjusted models include individual-level covariates, as well as month, year, and country-fixed effects. SIA dummy variable=1 if measles SIA was
conducted on the day of birth
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Table 3.6 presents the results from the pooled analysis for outpatient care related to child illness, and
Figure A 3.5 presents the results from the individual country analysis. The dependent variables were
binary indicators equal to 1 if the mother sought care at a health facility if the child had fever,
diarrhea, or cough within the two weeks prior to the survey. In the unadjusted models controlling
for month and survey fixed effects, our results suggest that measles SIAs were not associated with
changes in the odds of seeking care across all three diseases or symptoms. After adjusting for
individual-level covariates, however, caregivers were significantly less likely to seek care during
measles SIAs if a child had a cough (OR 0.67; 95% CI 0.48 – 0.95). Similarly to the adjusted results
in Table 3.5, mothers with higher levels of education and from higher wealth quintiles were more
likely to seek care at a health facility. In addition, those residing in urban areas were more likely to
seek care at health facility if a child had fever (OR 1.42; 95% CI 1.27 – 1.60), diarrhea (OR 1.17;
95% CI 1.06 – 1.30), or cough (OR 1.68; 95% CI 1.24 – 2.28). The results from individual country
regressions (Figure A 3.5) suggest that measles SIAs had a significant impact on care seeking
behavior in two countries. In Burundi, the odds of seeking care at a health facility if a child had fever
were 1.46 times higher during the SIA (95% CI 1.02 – 2.09), while in Mozambique the odds were
lower during an SIA (OR 0.32; 95% CI 0.18 - 0.58). In addition, we also observed lower odds of
seeking care if a child had a cough in Mozambique (OR 0.25; 95% CI 0.06 - 0.99).

When we limited the analysis of outpatient utilization to countries in which the SIA lasted for at
least 7 days during the two-weeks interval preceding the interview, we did not find any association
with health service utilization for a child’s fever, diarrhea, or cough. The results from the sensitivity
analysis are presented in Table A 3.1.
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Table 3.6. Logistic regression results of the impact of measles supplementary immunization activities (SIAs) on care seeking for
child fever, diarrhea, and cough: pooled analysis of DHS and MICS data
Fever
SIA

Unadjusted
0.968
(0.865 - 1.082)

Urban
Child's age
No education
Primary education
Secondary or higher education
1st wealth quintile (poorest)
2nd wealth quintile
3rd wealth quintile
4th wealth quintile
5th wealth quintile (richest)
Observations

37,847

Diarrhea
Adjusted
0.966
(0.866 - 1.078)
1.333**
(1.237 - 1.436)
0.938**
(0.924 - 0.952)
ref.
1.221**
(1.142 - 1.305)
1.559**
(1.440 - 1.688)
ref.
1.171**
(1.094 - 1.254)
1.324**
(1.226 - 1.430)
1.351**
(1.235 - 1.478)
1.559**
(1.397 - 1.739)
37,791

Unadjusted
1.100
(0.938 - 1.289)

16,739

Adjusted
1.092
(0.932 - 1.279)
1.173**
(1.059 - 1.299)
0.955**
(0.930 - 0.981)
ref.
1.216**
(1.092 - 1.353)
1.358**
(1.196 - 1.542)
ref.
1.049
(0.949 - 1.158)
1.079
(0.965 - 1.208)
1.159*
(1.014 - 1.325)
1.103
(0.939 - 1.295)
16,739

Cough
Unadjusted
0.802
(0.588 - 1.094)

3,050

Adjusted
0.673*
(0.479 - 0.946)
2.018**
(1.417 - 2.874)
0.938
(0.874 - 1.006)
ref.
1.028
(0.776 - 1.363)
1.029
(0.759 - 1.394)
ref.
0.803
(0.587 - 1.098)
1.042
(0.751 - 1.447)
1.204
(0.878 - 1.652)
1.149
(0.782 - 1.688)
2,883

Notes: Binary dependent variable equal to 1 if the mother sought care at a facility if the child was ill in the two weeks prior to the survey with each symptom, 0
otherwise. Odds ratios and 95% CI in parentheses. Pooled analysis of DHS and MICS data (countries presented in Figure 5). Unadjusted models include month
and survey fixed effects. Adjusted models include individual-level covariates, as well as month and survey fixed effects. Questions regarding care seeking
behavior for fever are asked in both MICS and DHS surveys, while questions regarding diarrhea are only asked in DHS surveys and questions related to care
seeking behavior for cough are only asked in MICS surveys.
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3.5 Discussion
In this paper, we explored the impact of measles SIAs on the utilization of select maternal and child
health (MCH) services using nationally representative household surveys from 28 low- and middleincome countries in which at least one measles SIA was conducted between 2000 and 2014. To our
knowledge, this is the first multi-country study to examine the association between measles SIAs and
utilization of MCH services. Overall, our results suggest that measles SIAs did not appear to
significantly influence the utilization of MCH services at health facilities. Unlike Hanvoravongchai et
al.,(14) who found some qualitative evidence of providers skipping important tasks at health facilities
due to increased workloads during measles SIAs, we did not find evidence of this in our analysis in
terms of whether the newborn was weighed at birth if delivered at the facility. One service for which
we did find a substantial reduction in utilization, however, was treatment for child cough (OR 0.67;
95% CI 0.48 – 0.95 in the adjusted model).

A possible explanation for the lower likelihood of seeking care for a child’s cough during the
measles SIA could be that cough is viewed as less acute than fever or diarrhea. If caregivers perceive
that services might be disrupted during an SIA, they might choose not to seek care for a symptom
that in their view might not require immediate attention. To test this hypothesis, we investigated
whether caregivers were less likely to seek care if a child presented with both a cough and fever – a
more severe episode linked to chronic respiratory disease. The results appear to support our
hypothesis, as we did not find a significant reduction in care seeking behavior for children who had
both symptoms (OR 0.72; 95% CI 0.45 – 1.17).

While the average effects did not seem to be significant, we did find some significant effects at the
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country-level. In Guinea, women were significantly more likely to deliver at facilities during SIAs
(OR 2.30; 95% CI 1.08, 4.88), and in Ghana mothers were more likely to receive postnatal care (OR
3.81; 95% CI: 1.18; 12.29). We found some evidence of providers skipping certain steps in Benin,
where babies were less likely to be weighed at birth if delivered at a facility on an SIA day (OR 0.42;
95% CI 0.18 – 0.96). In Burundi, our findings suggest that caregivers were more likely to seek care at
a facility during measles SIAs if a child presented with fever (OR 1.46; 95% CI 1.02 – 2.09). One
possible explanation for this could be that children who presented at a measles SIA post with fever
were more likely to be referred to health facilities. In Mozambique, however, our results indicated
that measles SIA had a negative impact on utilization of health services for a child’s fever or cough
(OR 0.32; 95% CI 0.18 - 0.58 and OR 0.25; 95% CI 0.06 - 0.99, respectively).

The main limitations of our analysis are related to the availability of data, which constrained our
ability to identify the exact timing of services and determined the services for which we could
investigate the impact of SIAs. Care seeking behavior for child illness was only asked in relation to
the two weeks preceding the survey in both MICS and DHS surveys. Although we attempted to
address this by limiting the sample to countries with more precise overlap between the SIA and the
date of service utilization for child illnesses, as pointed out earlier, longer campaigns are likely to be
substantially different from shorter campaigns in their intensity and health worker
involvement.(6,25) In addition, we were not able to include services, such as reproductive health
services and antenatal care, in our analysis, as the surveys did not collect dates for such services.
Results from other studies indicate that reductions are in fact most pronounced for antenatal care
services.(24,25) Moreover, we were not able to obtain information on preparation activities,
including training for health workers, and thus restricted the dates of SIAs to the delivery of the
campaign. Interruption of services, however, could occur before the actual start of the SIA. For
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example, the WHO recommends that countries conduct separate trainings for all vaccination and
supervisory teams 1-3 weeks before the start of the SIA for at least two whole days.(6)

While several studies have noted adverse effects of measles SIAs on utilization of routine health
services,(14,24,25) we did not find an impact of measles SIAs for the majority of services we
examined. The main channel through which we hypothesized that measles SIAs could lead to
reductions in utilization of health services was the absence of health workers at facilities. Recent
evidence from the Service Delivery Indicators surveys, however, suggests that up to 40% of
providers are absent from health facilities in Sub-Saharan African countries, and a large portion of
such absences are excused (e.g. for seminars and trainings).(33–35) It is thus possible that during
campaigns, health workers who would otherwise be absent are recruited for SIAs. As a result, the
availability of health workers at health facilities might not change significantly, which would explain
our findings. In addition, the lack of association for delivery services could be due to the fact that
different health workers perform immunization and delivery services. Though data are not available
on the type of health workers recruited for SIAs, it is likely that nurses are more involved in
campaigns, while midwives remain at facilities to deliver maternal health services.

SIAs are promoted as an integral component of measles elimination in low- and middle-income
countries. In this paper, we presented quantitative evidence on the impact of measles SIAs on the
utilization of routine health services using existing nationally representative survey data. While other
studies have found reductions in utilization of preventive services (e.g. antenatal care and
reproductive health services)(24,25) the timing of which could be delayed, evidence from this study
suggests SIAs do not appear to affect care seeking behaviors for critical conditions, such as delivery
and child fever or diarrhea. Our results, however, point to the need for further investigation of the
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idiosyncratic effects in each country. This would require rigorous data collection before, during, and
after the implementation of the measles SIAs, including facility-level data on utilization of health
services and the number of health workers present at the facility.
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3.7 Supplementary appendix

Figure A 3.1. Average duration of national measles supplementary immunization activities
(SIAs) included in our sample

Note: Average duration for the whole sample is 13 days and median duration is 6 days.
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Country

Odds
Ratio (95% CI)

Number of
observations

Bangladesh
Benin
Burkina Faso
Burundi
Congo (Brazzaville)
Cote d’Ivoire
Gabon
Ghana
Guinea
Honduras
Kenya
Lesotho
Liberia
Malawi
Mali
Mozambique
Niger
Rwanda
Senegal
Sierra Leone
Tajikistan
Tanzania
Timor−Leste
Togo
Uganda
Zambia
Zimbabwe

0.72 (0.44, 1.20)
1.20 (0.57, 2.55)
1.02 (0.49, 2.10)
1.00 (0.56, 1.77)
0.62 (0.23, 1.66)
0.85 (0.40, 1.78)
0.78 (0.25, 2.43)
1.11 (0.41, 3.01)
2.30 (1.08, 4.88)
1.23 (0.91, 1.66)
0.90 (0.61, 1.35)
0.66 (0.11, 4.02)
1.02 (0.45, 2.28)
0.53 (0.19, 1.49)
0.80 (0.48, 1.34)
1.02 (0.57, 1.84)
1.31 (0.44, 3.91)
1.10 (0.59, 2.05)
1.22 (0.76, 1.95)
0.61 (0.35, 1.07)
1.95 (0.85, 4.45)
1.28 (0.30, 5.51)
1.68 (0.88, 3.21)
0.70 (0.31, 1.59)
2.78 (0.51, 15.08)
0.75 (0.45, 1.25)
0.85 (0.56, 1.28)

2521
6023
1781
3065
2680
2936
522
1555
1194
6342
6011
291
1371
2010
2738
3305
846
2308
6978
2690
833
982
1651
1708
840
4799
3752

.05

.1

.5

1

2

10

30

Odds Ratio

Figure A 3.2. Logistic regression results of the impact of measles supplementary
immunization activities (SIAs) on facility delivery: country-specific analysis
Notes: Odds ratios are presented for SIA dummy variable, which is equal to 1 if measles SIA was conducted on day of
birth and 0 otherwise. The results are based on country-specific logistic regressions using the same set of
covariates as the adjusted models in Table 3.5.
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Odds

Number of

Country

Ratio (95% CI)

observations

Benin

0.42 (0.18, 0.96)

4701

Burkina Faso

1.61 (0.16, 15.98)

1012

Burundi

3.04 (0.46, 19.95)

1487

Ghana

1.17 (0.29, 4.74)

886

Guinea

1.04 (0.23, 4.66)

396

Honduras

1.76 (0.44, 6.96)

3998

Kenya

0.42 (0.08, 2.26)

1729

Liberia

0.33 (0.04, 2.49)

378

Mali

0.40 (0.17, 0.92)

1220

Niger

0.36 (0.02, 5.29)

299

Rwanda

0.49 (0.10, 2.40)

1241

Senegal

0.81 (0.36, 1.82)

4872

Sierra Leone

0.97 (0.26, 3.67)

1024

Tajikistan

0.65 (0.10, 4.33)

271

Tanzania

0.24 (0.01, 6.21)

407

Togo

3.02 (0.40, 22.73)

1073

Zambia

1.33 (0.17, 10.57)

2570

Zimbabwe

3.98 (0.42, 37.96)

2464

.05 .1

.5

1

2

10

30

Odds Ratio

Figure A 3.3. Logistic regression results of the impact of measles supplementary
immunization activities (SIAs) on whether the newborn was weighed at birth if delivered at
a facility: country-specific analysis
Notes: Odds ratios are presented for SIA dummy variable, which is equal to 1 if measles SIA was conducted on day of
birth and 0 otherwise. The results are based on country-specific logistic regressions using the same set of
covariates as the adjusted models in Table 3.5.
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Odds

Number of

Country

Ratio (95% CI)

observations

Bangladesh

1.28 (0.26, 6.22)

1496

Benin

0.56 (0.17, 1.84)

1174

Burkina Faso

0.74 (0.20, 2.77)

523

Congo (Brazzaville)

0.73 (0.21, 2.48)

1169

Cote d’Ivoire

0.39 (0.06, 2.70)

710

Gabon

0.47 (0.04, 4.98)

127

Ghana

3.81 (1.18, 12.29)

675

Guinea

1.18 (0.41, 3.34)

511

Honduras

0.95 (0.47, 1.94)

2429

Kenya

0.67 (0.29, 1.55)

1113

Liberia

1.20 (0.32, 4.42)

673

Senegal

1.43 (0.17, 11.81)

3552

Sierra Leone

0.65 (0.18, 2.34)

1204

Timor−Leste

1.09 (0.44, 2.74)

477

Togo

1.21 (0.32, 4.53)

764

Zambia

0.55 (0.29, 1.04)

2094

Zimbabwe

1.23 (0.64, 2.36)

1073

.05

.1

.5

1

2

10

30

Odds Ratio

Figure A 3.4. Logistic regression results of the impact of measles supplementary
immunization activities (SIAs) on whether the baby received a postnatal check within one
week of birth: country-specific analysis
Notes: Odds ratios are presented for SIA dummy variable, which is equal to 1 if measles SIA was conducted on day of
birth and 0 otherwise. The results are based on country-specific logistic regressions using the same set of
covariates as the adjusted models in Table 3.5.
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Reason for
seeking care/ Country

Odds
Ratio (95% CI)

Number of
observations

Fever
Burundi
Colombia
Congo (Brazzaville
Cote d’Ivoire
Gabon
Haiti
Honduras
Lao People’s Democratic Republic
Liberia
Malawi
Mozambique
Togo
Zambia

1.46 (1.02, 2.09)
0.66 (0.39, 1.10)
1.33 (0.80, 2.19)
1.12 (0.56, 2.24)
0.99 (0.53, 1.85)
0.84 (0.26, 2.67)
0.77 (0.23, 2.53)
0.93 (0.40, 2.17)
0.51 (0.16, 1.61)
0.94 (0.68, 1.31)
0.32 (0.18, 0.58)
0.88 (0.56, 1.40)
1.85 (0.72, 4.75)

1524
6119
2473
1725
1655
3752
3005
768
4078
7135
2439
1582
1354

Diarrhea
Colombia
Congo (Brazzaville
Cote d’Ivoire
Gabon
Haiti
Honduras
Malawi
Mozambique
Togo
Zambia

0.61 (0.32, 1.18)
1.93 (0.99, 3.75)
1.19 (0.36, 3.96)
0.79 (0.41, 1.51)
0.94 (0.32, 2.78)
0.43 (0.07, 2.60)
0.78 (0.53, 1.14)
0.84 (0.35, 2.04)
1.15 (0.67, 1.98)
0.51 (0.18, 1.43)

2402
1530
1255
971
2610
1843
3105
1071
1042
909

Cough
Burundi
Lao People’s Democratic Republic
Mozambique
Swaziland

0.69 (0.39, 1.19)
1.31 (0.58, 2.95)
0.25 (0.06, 0.99)
0.75 (0.25, 2.26)

871
324
1374
314

.05

.1

.5

1

2

3

Odds Ratio

Figure A 3.5. Logistic regression results of the impact of measles supplementary
immunization activities (SIAs) on care seeking for child fever, diarrhea, and cough: countryspecific analysis
Notes: Odds ratios are presented for SIA dummy variable, which is equal to 1 if measles SIA was conducted during the
two week time period preceding the date of interview and 0 otherwise. The results are based on country-specific
logistic regressions using the same set of covariates as the adjusted models in Table 3.6.
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Table A 3.1. Logistic regression results of the impact of measles supplementary immunization activities (SIAs) on care seeking
for child fever, diarrhea, and cough: pooled analysis of DHS and MICS data: sensitivity analysis
Fever
Diarrhea
Cough
SIA
0.99
0.865
0.838
(0.839 - 1.167)
(0.636 - 1.176)
(0.572 - 1.228)
Urban
1.403**
1.279**
1.337
(1.272 - 1.547)
(1.104 - 1.481)
(0.886 - 2.016)
Child's age
0.938**
0.939**
0.915*
(0.918 - 0.957)
(0.904 - 0.975)
(0.849 - 0.986)
No education
ref.
Primary education
1.189**
1.215*
1.344
(1.079 - 1.310)
(1.027 - 1.437)
(0.962 - 1.877)
Secondary or higher education
1.440**
1.353**
1.254
(1.292 - 1.605)
(1.121 - 1.633)
(0.910 - 1.728)
1st wealth quintile (poorest)
2nd wealth quintile
1.195**
1.164*
0.713
(1.090 - 1.310)
(1.010 - 1.342)
(0.503 - 1.011)
3rd wealth quintile
1.345**
1.169
0.903
(1.208 - 1.497)
(0.983 - 1.389)
(0.635 - 1.284)
4th wealth quintile
1.327**
1.291*
1.091
(1.170 - 1.507)
(1.047 - 1.594)
(0.762 - 1.564)
5th wealth quintile (richest)
1.425**
1.258
1.057
(1.222 - 1.661)
(0.973 - 1.625)
(0.684 - 1.632)
Observations
19,927
8,299
1,509
Notes: Sample limited to countries with SIAs lasting for at least 7 days during the two-week time period. Binary dependent variable equal to 1 if the mother sought
care at a facility if the child was ill in the two weeks prior to the survey with each symptom, 0 otherwise. Odds ratios and 95% CI in parentheses.
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Incorporating quality measures in efficiency analysis: performance of
primary health care facilities in sub-Saharan Africa
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4.1 Abstract
Background Despite the emerging literature on efficiency in low- and middle-income countries
(LMICs), few studies conducted in such settings have incorporated quality in efficiency analyses.
Given the large variation in quality of care in LMICs, it remains unclear whether facilities with the
same mix of inputs but more outputs are in fact better performers. In this paper, we estimated the
current levels of efficiency of primary care facilities in sub-Saharan Africa by incorporating measures
of technical quality. Specifically, we examined changes in facility performance on efficiency after
outputs were scaled by two different measures of technical quality.

Methods

We drew our sample from the World Bank’s Service Delivery Indicators (SDI)

surveys conducted in four sub-Saharan African countries: Kenya, Tanzania, Togo, and Uganda. The
surveys collected data on facility inputs, outputs, and providers’ diagnostic accuracy and adherence
to clinical guidelines using vignettes. We used the average facility-level provider performance on the
vignettes as a proxy for technical quality. We conducted data envelopment analysis (DEA) to
estimate facility-level technical efficiency with and without quality adjustments to outputs (outpatient
visits and deliveries) to investigate changes in facility efficiency scores.

Results

Our sample consisted of 271 facilities providing only outpatient services and 471

providing both outpatient and delivery services. The average number of outpatients per quarter
ranged from 1120 (in Togo) to 2473 (in Kenya). Average diagnostic accuracy varied substantially
across countries, ranging from 40% in Togo to 74% in Kenya. Based on the DEA results, the
country average efficiency scores were below 53% across all four countries. While the adjustment
79

for technical quality did not significantly change the country average efficiency scores, it resulted in
substantial differences in individual facility efficiency scores. On average, facility efficiency scores
differed by 0.11 after adjusting output by diagnostic accuracy. Moreover, the nominal and qualityadjusted efficiency scores were only modestly correlated for facilities providing both outpatient and
delivery services.

Conclusion

To our knowledge, this is the first study in LMICs to examine how the incorporation

of quality measures changes individual facility performance on efficiency measures. If the goal of
efficiency analyses is to identify poor-performing facilities and to compare them to best-performing
facilities, then as our results suggests, the inclusion of quality could lead to substantial changes in
efficiency scores, with efficient but poor quality facilities potentially being erroneously identified as
best performers.

Keywords: efficiency, quality of care, sub-Saharan Africa, primary care
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4.2 Introduction
The Sustainable Development Goals (SDGs) have established an ambitious development agenda for
2030. Following the progress achieved under the Millennium Development Goals (MDGs) and
recognizing the remaining challenges, Goal 3 of the SDGs encompasses thirteen health targets.
Underlining Goal 3 is the movement towards universal health coverage (UHC) (target 3.8) – to
ensure that everyone can obtain essential health services at high quality without suffering financial
hardship.(1) The inclusion of quality marks an important shift in the global health agenda and the
SDGs in particular.(2)

While the MDGs relied heavily on the strategy of increasing utilization, little attention was paid to
the quality of care available in low- and middle-income countries (LMICs).(3) Despite substantial
increases in utilization of maternal health services, such as antenatal care and skilled birth
attendance, many countries were not able to achieve the health-related MDGs.(4) Recent studies
have shown that utilization of maternal services is only modestly associated with better health
outcomes in low- and middle-income countries (LMICs),(5,6) in part likely due to poor quality of
care in such settings.(3,7–13) Studies examining effective coverage, weighing utilization by the
quality of received services, have indeed found effective coverage to be substantially lower than
utilization.(14–18) For example, Marchant et al. (9) found that the content of maternal and newborn
care in Ethiopia, North East Nigeria, and Uttar Pradesh in India was quite limited - with less than
7% percent of the surveyed individuals receiving the recommended basic minimum package of
services for antenatal and postnatal care.
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To improve quality and ensure financial risk protection under UHC, governments will inevitably
need to find additional budgetary resources and increase the fiscal space for health. While there are
several ways to increase health sector resources, such as mobilizing additional resources,
reprioritizing health within the government budget, or soliciting development assistance,(19) many
countries are shifting their focus towards increasing the efficiency of the health sector with the
realization that it is not just about more money for health but also more value for money.(20–22)
For instance, in 2006 the Ministers of Health of the African Union Member States pledged to
institutionalize efficiency monitoring within health information management systems.(23,24)

A growing body of empirical literature has examined the technical efficiency of health facilities in
low- and middle-income countries, particularly in sub-Saharan Africa.(25–33) The focus on
measuring efficiency, however, has not been matched with an increased emphasis on quality, and
few studies in LMICs have attempted to control for quality of care when measuring efficiency. This
is both in part due to data constraints on quality measures and a lack of consensus as to how these
measures should be incorporated in efficiency analyses. To date, four main approaches have been
used to incorporate quality of care in data envelopment analysis (DEA) – the method most
commonly used to measure efficiency in the health sector. First, some studies have included quality
indicators as explanatory variables in a second stage analysis by regressing the efficiency scores
against a set of explanatory variables.(29) This assumes that quality affects the efficiency with which
inputs generate outputs, but that it does not influence the production process.(36) This, however, is
unlikely to be true, as quality itself is highly dependent on the quantity and type of resources
employed at the facility.(37) Second, quality measures have been included as additional outputs in
DEA.(34,35) This, however, can lead to an artificially higher number of facilities being classified as
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efficient, since DEA loses its discriminating power with the inclusion of each additional variable.
Third, some studies approached quality and efficiency as separate dimensions in the production
process and mapped facilities by their efficiency and quality scores (38,39) or stratified the efficiency
analysis by quality (separating facilities into low or high quality).(40) While this approach can
illustrate the potential tradeoffs between efficiency and quality, it does not provide a single metric by
which to rank facilities. Fourth, more recently, Di Giorgio et al.(41) adjusted for structural quality
scaling outputs by the quality score, thereby avoiding the limitation of including quality as a separate
output variable.

Of the existing studies in LMICs that have included quality measures, only Obure et al.(39)
compared average efficiency scores between models with and without quality measures. They did
not, however, compare the performance of individual facilities across different models; and rather
than adjust outputs by quality measures, they treated interpersonal and structural quality themselves
as outputs and/or inputs in the DEA models.(39) Moreover, due to data limitations such studies
have focused on measures of structural quality (e.g. availability of inputs, such as equipment, drugs,
and infrastructure).(29,39,41) Recent evidence, however, has shown that structural quality is only
modestly associated with higher technical, or process, quality.(42,43) Therefore, it is important to
examine the link between efficiency and technical quality.(44,45)

In this study, we used the World Bank’s Service Delivery Indicators (SDIs)(46) data from four subSaharan African countries to estimate efficiency using basic and quality-adjusted DEA models.
Specifically, we examined changes in facility performance on efficiency after we scaled outputs by
two different measures of technical quality. To the best of our knowledge, this is one of the few
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studies to examine how the incorporation of quality changes the assessment of individual facility
performance on efficiency measures. This study serves as an illustrative example for the importance
of incorporating quality measures in efficiency analyses if the goal of such exercises is to identify
best-performing facilities.

4.3 Methods
4.3.1

Data

We used the SDI surveys conducted by the World Bank in cooperation with the African Economic
Research Consortium, and the African Development Bank in sub-Saharan Africa.(46) The surveys
are intended to measure the quality of services in the education and health sectors on a biannual
basis. The health SDIs draw heavily from the validated Service Availability and Readiness
Assessments(47) and the Service Provision Assessments surveys conducted by USAID’s Measure
DHS.(48) The surveys are comprised of three modules: a facility questionnaire to collect information
on infrastructure, equipment, materials, supplies, and drugs; a staff roster (to identify providers for
the clinical knowledge assessment and to measure absenteeism); and a clinical knowledge assessment
administered to medical staff in the facility. The surveys are nationally representative and
standardized across countries to allow cross-comparison.(49) On average, the surveys sample
between 200 and 300 health facilities in each country. To date, surveys have been conducted in nine
sub-Saharan African countries: Burkina Faso, Cameroon, Kenya, Mozambique, Senegal, Tanzania,
Togo, Nigeria, and Uganda. We included the following four publicly available SDI surveys in the
analysis: Kenya (2012), Tanzania (2014), Togo (2013), and Uganda (2013). Table A 4.1 provides
information on the number of facilities and providers sampled in each country.
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To assess provider knowledge, the SDI surveys administer clinical vignettes (also known as patient
case simulations). Up to ten health workers who typically conduct outpatient consultations are
randomly selected to assess the patient simulations. If there are fewer than ten health workers
providing outpatient care at the facility, all providers are interviewed. One of the enumerators acts as
a case study patient and follows a script to describe symptoms and to answer provider’s questions.
The provider is informed of the case simulation but is asked to behave as if the interviewer is a real
patient. The vignettes are conducted for the following five tracer conditions: malaria with anemia,
diarrhea with severe dehydration, pneumonia, diabetes, and pulmonary tuberculosis (TB). In
addition, two simulations are conducted for maternal and neonatal complications: postpartum
hemorrhage and neonatal asphyxia. The vignettes provide measures of diagnostic accuracy (whether
the provider correctly diagnosed the case) and adherence to clinical guidelines (based on the
questions the providers asked and steps the provider indicated he or she would perform).

The tracer conditions for the vignettes were chosen based on the disease burden among children
and adults in sub-Saharan Africa, and whether the condition could be effectively presented during
the simulation in order to assess provider’s ability to give the correct diagnosis.(50–52) The
additional vignettes on maternal and neonatal complications were included, as postpartum
hemorrhage is the most common cause of maternal death and neonatal asphyxia is the most
common cause of neonatal death in SSA.(49,50,53)

Given the focus of the vignettes on outpatient and maternal conditions, we limited our analysis to
facilities providing only outpatient and basic delivery services, excluding facilities that provided other
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inpatient care and had any inpatient beds. Therefore our sample was limited to primary health care
facilities (dispensaries, health clinics, and health centers).

4.3.2

Data Envelopment Analysis

Health facilities can be thought of as production units, which use labor (e.g. doctors, nurses, support
staff) and capital (e.g. beds, equipment, physical space) to produce outputs, such as outpatient visits,
deliveries, and inpatient bed days, of a given quality. While the main output of a health facility would
be the marginal change in health status of its patients, due to measurement and attribution
constraints, output is typically measured as utilization (e.g. the number of outpatients visits at a
facility). A facility is determined to be technically efficient when it produces a given level of health
service outputs using the least amount of inputs (“input-oriented perspective”) or when it produces
the maximum amount of output using a certain level of inputs (“output-oriented perspective”).(54)
To infer inefficiency, researchers typically construct an estimate of the health production frontier on
the basis of observed performance among the best performing units of observations.(55,56) A
number of methods exist to estimate efficiency of production units, including parametric (e.g.
stochastic frontier analysis) and nonparametric approaches (e.g. data envelopment analysis).(55,56)
Non-parametric approaches, such as data envelopment analysis (DEA), are able to accommodate
multiple inputs and outputs to calculate the efficiency of health care facilities. In such models, the
production frontier is a deterministic function of the observed variables. Based on the observed
combination of inputs, we can estimate the number of outputs the facility can produce in a given
setting.(55,56)
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In this study, we applied DEA,(55,57) the most commonly used method to examine efficiency in
LMICs,(33,58) to estimate technical efficiency of primary care facilities. In DEA, efficiency denoted
θ is defined as the ratio of the weighted sum of outputs yj of a health facility k to its weighted sum of
inputs xi. This can be presented by equation (1), where uj and vi are the weights of each output j and
input i, respectively:
! !! !!"

!! =

(1)

! !! !!"

Similar to other studies,(33) we used the output-oriented DEA model, as most LMICs seek to
expand the number of health services provided, and facilities often have little control over inputs
due to staffing norms and procurement policies.

Implementing DEA, we maximize the following equation:
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where yjk represents the amount of output j from facility k; xik is the amount of input i from facility
k; n is the number of facilities k; s is the number of outputs; and m is the number of inputs. DEA
aims to find the unique set of input (vi) and output (ui) weights for each nth facility to maximize
efficiency !! . The most efficient facilities are located on the production frontier and have an
efficiency score of 1, while less efficient facilities are located outside the production frontier. The
efficiency score θ thus ranges from 0 to 1. An efficiency score of 0.6, for example, indicates that a
facility could have produced approximately 40% more output using the same number of inputs.
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For example, consider a facility that uses two inputs (e.g. labor and beds) to produce one output (e.g.
inpatient bed days). Facilities A, B, C, and D in Figure 4.1 produce the same amount of output with
different combinations of inputs. The efficiency score is calculated as the ratio of the sum of output
to the sum of the corresponding input. Facilities A, C, and D are on the production frontier and
have a score of 1 (i.e. efficient). Facility B is inefficient, because it requires more inputs to produce
the same amount of output as the other facilities. The efficiency score for facility B is approximately
0.50 (the ratio OB’/OB, where B’ is a reference unit for facility B). This suggests that facility B could
produce its output with 50% less inputs. Isoquant Q1 represents the best practice production
frontier. DEA uses linear programming to construct a piecewise efficiency frontier based on the
empirical observations.

Input 2

B

A
B’
C

Q

D
O

Input 1

Figure 4.1. Production frontier using two inputs to produce the same amount of output
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4.3.2.1

Selection of inputs and outputs

The choice of outputs and inputs used in the DEA model was guided by previous literature. The
primary category of input was labor. Similarly to previous studies (33) we disaggregated labor by
cadre and included the following categories: the numbers of doctors, clinical officers,
nurses/midwives, and other personnel (including laboratory technicians, paraprofessionals, and
others). While other studies have also typically included capital inputs, such as number of beds,
given our focus on primary care facilities, the facilities in the sample did not have any beds. In
addition, data on other inputs, such as the number of consulting rooms or floor space area, were not
available in the SDIs and thus were not included in our analysis.

The primary output was the number of visits at the facility in the past three months. For facilities
providing only outpatient visits, we used the number of outpatient visits in the past three months as
the output. For outpatient facilities, which also provided delivery care, we included two outputs:
number of outpatient visits and births at the facility in the past three months. Due to lack of data
availability, we were not able to disaggregate outpatient visits into service-specific visits, such as
antenatal care, family planning, or vaccination visits.

4.3.2.2

Technical quality adjustment

We constructed facility-level diagnostic accuracy and adherence to clinical guidelines scores by taking
the unweighted average provider performance across the vignettes in each facility. The clinical
guideline score was calculated as a share of relevant tasks performed in three domains: symptoms,
patient history, and physical exam. All components were given equal weight. Similarly to approaches
used to estimate effective coverage (9,15,17) and the recent approach to incorporate quality in
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efficiency analysis,(41) to construct a quality-adjusted measure of utilization for DEA, we multiplied
outpatient visits by the average facility diagnostic accuracy or adherence to clinical guidelines score,
and deliveries by the average facility performance on management of maternal and neonatal
complications.
4.3.3

Analysis

Given that DEA is sensitive to outliers(55) and is typically conducted on a homogenous group of
facilities, we divided our sample into two types of facilities: those providing only outpatient services
and those providing outpatient services and maternal delivery care. We first conducted DEA using
the actual number of outpatients and deliveries reported at the facility in the past three months, and
subsequently using technical quality adjusted outputs. The three DEA models are presented in Table
4.1. In addition to reporting the average efficiency scores by facility type and country, we also
examined changes in country average and individual facility efficiency scores as a result of quality
adjustments (comparing results from models 2 and 3 to model 1). Spearman correlation rank tests
were conducted to assess whether technical efficiency scores differed significantly between models.
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Table 4.1. Data envelopment analysis (DEA) models
Model 1
Facilities
Only
with
outpatient
outpatients
facilities
and deliveries
Inputs
Doctors
Nurses
Clinical officers
Other health workersa
Outputs
Outpatients (last 3 months)
Deliveries (last 3 months)
Outpatients (last 3 months) * diagnostic accuracy score on
5 tracer conditions
Deliveries (last 3 months) * diagnostic accuracy on
maternal and neonatal complications
Outpatients (last 3 months) * adherence to clinical
guidelines score on 5 tracer conditions
Deliveries (last 3 months) * adherence to clinical
guidelines score on maternal and neonatal complications

✔
✔
✔
✔

✔
✔
✔
✔

✔

✔
✔

Model 2
Facilities
Only
with
outpatient
outpatients
facilities
and deliveries
✔
✔
✔
✔

✔
✔
✔
✔

✔

✔

Model 3
Facilities
Only
with
outpatient
outpatients
facilities
and deliveries
✔
✔
✔
✔

✔
✔
✔
✔

✔

✔

✔

✔
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4.3.3.1

Assessing facility determinants of efficiency

To investigate factors associated with efficiency, after conducting the DEA we ran a tobit regression
with the technical efficiency score as the dependent variable. We pooled all facilities across countries
and types of services and controlled for the following covariates: facility ownership (private or
government), location (urban or rural), proportion of health workers that are doctors or nurses, and
the service readiness score (e.g. availability of basic amenities, basic equipment, essential medicines,
and infection prevention control).(47). Country-differences were controlled for using country-fixed
effects.

4.4 Results
The summary statistics of the study sample are presented in Table 4.2. Our sample included 742
facilities providing outpatient and basic delivery services (Kenya=179, Tanzania=261, Togo=117,
and Uganda=185). In terms of inputs, facilities on average employed between 2 and 4 nurses. While
facilities in Kenya on average employed 1 doctor, most facilities in Tanzania, Togo, and Uganda did
not have any doctors. Facilities providing only outpatient services on average reported between 1497
(Uganda) and 2219 (Kenya) outpatient visits in the past 3 months. Given the exclusion of other
inpatient facilities from our sample, the average number of deliveries was quite low (ranging from 34
to 46 deliveries in the past 3 months).

Table 4.3 presents the descriptive statistics for the quality measures. Average diagnostic accuracy was
highest in Kenya, where facilities were able to diagnose 74% of the tracer conditions, and lowest in
Togo (40%). Diagnostic accuracy of maternal and neonatal complications was significantly higher
than the diagnostic accuracy for the five tracer conditions in all countries except for Togo. The
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highest average score was observed in Kenya, where the average facility diagnostic accuracy of
postpartum hemorrhage and neonatal asphyxia was 93%. Diagnostic accuracy for each tracer
condition is presented in Table A 4.2.

Before conducting DEA, we examined the relationship between volume, health workers, and quality
by plotting three-dimensional graphs. If the number of outpatient visits and level of inputs were
perfectly correlated with the quality of care, then the quality-adjustment of outputs for DEA would
not substantially change the efficiency scores, as it would simply proportionally scale all outputs.
Figure 4.2 provides a visual representation of the relationship between the number of outpatients,
number of health workers, and the diagnostic accuracy score at facilities providing only outpatient
services. Each coordinate maps a facility’s inputs, outputs, and diagnostic accuracy. As evidenced by
the slope of the plane, there appears to be a positive relationship between volume and quality, and
the relationship is most pronounced in Kenya. However, the range of diagnostic accuracy across
facilities of similar size (based on the number of patients and health workers) varies considerably. In
Tanzania, for example, for facilities that reported between 250-300 outpatients per month and
employed 6 health workers, the diagnostic accuracy ranged from 0.20 to 0.60. Meanwhile, in
Uganda, the diagnostic accuracy ranged from 0.25 to 0.75 for facilities that saw between 550-600
outpatients per month and had 2 health workers. We observed a similar relationship with a measure
of structural quality – the service readiness index score,(47) which includes the availability of basic
amenities, basic equipment, essential medicines, and infection prevention control (Figure A 4.1).
Descriptive statistics for the service readiness score are presented in Table A 4.3.
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Table 4.2. Descriptive statistics of inputs and outputs for data envelopment analysis (DEA)a
Kenya
Outpatient
facilities
(N=76)

Outpatient
and delivery
facilities
(N=103)

Tanzania
Mean (SD)
Outpatient
Outpatient
facilities
and delivery
(N=95)
facilities
(N=166)

Inputs
Number of doctors
0.9 (1.3)
1.0 (1.6)
0.3 (0.8)
0.1 (0.6)
Number of nurses
3.5 (4.0)
4.4 (4.0)
2.1 (2.7)
1.8 (3.4)
Number of clinical officers
NA
NA
1.6 (2.0)
0.9 (1.0)
Number of other health
2.1 (2.3)
2.0 (2.0)
3.9 (3.7)
2.1 (2.2)
workersb
Outputs
Number of outpatients (last 3
2219 (3071)
2473 (3278)
1366 (1845)
1265 (2080)
months)
Number of deliveries (last 3
0
35 (51)
0
46 (80)
months)
a Average number of each input and output per facility
b Includes paraprofessionals, community health workers, laboratory technicians. NA: not applicable.
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Togo

Uganda

Outpatient
and delivery
facilities
(N=117)

Outpatient
facilities
(N=100)

Outpatient
and delivery
facilities
(N=85)

0.0 (0.2)
3.2 (2.8)
0.2 (0.6)
1.3 (1.3)

0.4 (0.6)
2.2 (1.4)
0.3 (0.6)
0.4 (0.8)

0.2 (0.5)
3.9 (2.8)
0.5 (0.9)
0.7 (1.0)

1131 (1351)

1497 (1118)

2302 (1260)

38 (34)

0

34 (61)

Table 4.3. Facility diagnostic accuracy and adherence to clinical guideline scores used to adjust outputs for data envelopment
analysis
Kenya

Quality adjustment for Model 2
Diagnostic accuracy (tracer
conditions)a
Diagnostic accuracy (maternal &
neonatal complications)b
Quality adjustment for Model 3
Adherence to clinical guidelines (tracer
conditions)c
Adherence to clinical guidelines
(maternal & neonatal

Tanzania
Mean (SD)
Outpatient
Outpatient
and delivery
facilities
facilities
(N=95)
(N=166)

Outpatient
facilities
(N=76)

Outpatient
and delivery
facilities
(N=103)

0.74 (0.18)

0.73 (0.17)

0.65 (0.20)

NA

0.93 (0.19)

0.41 (0.16)
NA

Togo

Uganda

Outpatient
and delivery
facilities
(N=117)

Outpatient
facilities
(N=100)

Outpatient
and delivery
facilities
(N=85)

0.59 (0.19)

0.40 (0.19)

0.48 (0.22)

0.41 (0.23)

NA

0.71 (0.32)

0.33 (0.19)

NA

0.64 (0.29)

0.37 (0.15)

0.25 (0.11)

0.22 (0.10)

0.22 (0.07)

0.20 (0.08)

0.20 (0.06)

0.34 (0.15)

NA

0.27 (0.12)

0.26 (0.10)

NA

0.21 (0.12)

Average share of five key tracer conditions (malaria with anemia, diarrhea, diabetes, pneumonia, and pulmonary tuberculosis) correctly diagnosed in the patient case
simulations.
b Average facility-level diagnostic accuracy of postpartum hemorrhage and neonatal asphyxia.
cAverage facility-level adherence to clinical guidelines during the patient case simulations on three domains: symptoms, patient history, and physical exam.
a
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Figure 4.2. Relationship between number of outpatients, number of health workers, and diagnostic accuracy at facilities
providing only outpatient services
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Figure 4.2 (Continued).
The technical efficiency scores from the DEA analysis are presented in Table 4.4. On average, in the
basic DEA (model 1), efficiency scores were quite low, particularly for facilities providing only
outpatient services (ranging from 0.20 in Uganda to 0.37 in Kenya). Efficiency was significantly
higher among facilities providing outpatient and delivery services (ranging from 0.27 in Tanzania to
0.52 in Togo), with the exception of Tanzania, where the difference between the two types of
facilities was less than 0.03. After adjusting the output by quality (models 2 and 3), we did not
observe significant changes in the country average efficiency scores. The difference between the
quality-adjusted models and the basic (model 1) DEA model was most pronounced for outpatient
and delivery facilities in Uganda, where the average efficiency fell from 0.51 in model 1 to 0.41 in
model 3.

97

Table 4.4. Efficiency scores from data envelopment analysis (DEA), models with nominal and quality-adjusted outputs

Kenya
Tanzania
Togo
Uganda

Outpatient facilities (N=76)
Outpatient and delivery facilities (N=103)
Outpatient facilities (N=95)
Outpatient and delivery facilities (N=166)
Outpatient and delivery facilities (N=117)
Outpatient facilities (N=100)
Outpatient and delivery facilities (N=85)

Model 1
(no quality adjustment)
Mean
SD
0.37
0.26
0.47
0.26
0.24
0.26
0.27
0.28
0.52
0.26
0.20
0.21
0.51
0.27

Model 2
(adj. by diagnostic
accuracy)
Mean
SD
0.38
0.28
0.46
0.26
0.25
0.25
0.30
0.29
0.46
0.31
0.21
0.23
0.43
0.31

Model 3
(adj. by adherence to
clinical guidelines)
Mean
SD
0.37
0.28
0.39
0.28
0.34
0.28
0.27
0.27
0.45
0.28
0.21
0.22
0.41
0.28

Notes: Nominal outputs used in the basic DEA model. Outputs adjusted by average diagnostic accuracy at the facility in the quality-adjusted model
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Despite similar average efficiency at the country level, we observed substantial changes in the
efficiency scores of individual facilities after quality adjustments. Figure 4.3 displays the box plot of
the absolute difference in individual facility efficiency scores between the basic (model 1) and
quality-adjusted output DEA models (models 2 and 3). The individual facility changes are presented
in Figure A 4.2 and Figure A 4.3. The average facility difference in the basic and quality-adjusted
efficiency scores ranged from 0.04 in Tanzania to 0.07 in Kenya (model 2) and 0.04 in Uganda and
0.12 in Kenya (model 3) (Table A 4.4). Of the 271 outpatient facilities across the three countries, we
found that only 20 facilities (7%) did not change the efficiency score after the quality adjustment.
The majority (n=201 or 74%) of facilities changed by less than 0.10, and for 15 facilities (16%) the
efficiency score changed by more than 0.20. For outpatient facilities, the highest difference in
efficiency score of 0.40 was observed in Uganda. Using nominal output, this facility received an
efficiency score of 1, suggesting that it was the most efficient among its peers, but after the quality
adjustment the efficiency score fell to 0.60.

We observed more variation in the difference in individual facility efficiency scores between the
basic (model 1) and quality-adjusted models (models 2 and 3) for outpatient facilities providing
deliveries. On average, the efficiency scores differed by 0.11 after adjusting output by diagnostic
accuracy (model 2), ranging from 0.05 in Kenya to 0.15 in Togo and Uganda. Only 40 facilities of
the 469 facilities (9%) did not change their efficiency scores, while 76 facilities (16%) changed
efficiency scores by more than 0.20 after we adjusted output by diagnostic accuracy. For six facilities
in our sample, the difference in efficiency score was more than 0.75. In Togo, for example, three
facilities, which were estimated to have the highest efficiency score (efficiency score=1) in the basic
model, moved to being the least efficient facilities (with efficiency scores below 0.1) in model 2.
As shown in Figure 4.4 and Figure 4.5, however, there is a strong positive correlation between the
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Figure 4.3. Difference between basic (model 1) and quality adjusted (models 2 and 3) technical efficiency scores (absolute
numbers)
Notes: The box plots represent the distribution of absolute differences in efficiency scores between the basic and quality-adjusted data envelopment analysis (DEA)
models. The line inside the box represents the median difference. Nominal outputs used in the basic DEA model (model 1). Outputs adjusted by average
diagnostic accuracy at the facility in the quality-adjusted model (model 2).
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nominal (model 1) and quality-adjusted (model 2) efficiency scores, particularly for facilities
providing only outpatient services (R-squared of 0.81 in Kenya and Uganda and 0.94 in Tanzania).
For facilities providing outpatient and delivery services, however, the relationship is weaker, with the
R-squared ranging from 0.55 in Togo to 0.87 in Kenya. The Spearman rank correlations are
presented in Table A 4.5.

Based on the results from the second stage tobit regression, we found that private facilities had
significantly lower efficiency scores than government owned facilities. Having a higher proportion of
doctors had a significant positive association with higher levels of efficiency, particularly for facilities
that provided outpatient and delivery services. Interestingly, the service readiness score – a measure
of structural quality – was not significantly related to facility efficiency. The results were consistent
for DEA Models 1 and 2. Results from the second-stage tobit regression are presented in Table A
4.6.
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Figure 4.4. Relationship between basic (model 1) and quality-adjusted (model 2) efficiency
scores: outpatient facilities only
Notes: Individual facility efficiency score from basic (model 1) and quality-adjusted (model 2) data envelopment analysis
(DEA). Nominal outputs used in the basic DEA model. Outputs adjusted by average diagnostic accuracy at the
facility in the quality-adjusted model.
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Notes: Individual facility efficiency score from basic (model 1) and quality-adjusted (model 2) data envelopment analysis
(DEA). Nominal outputs used in the basic DEA model. Outputs adjusted by average diagnostic accuracy at the
facility in the quality-adjusted model.
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4.5 Discussion
In light of increasing attention to efficiency and a growing body of empirical studies examining
efficiency of primary health facilities in LMICs,(25–33) we conducted DEA to assess how the
incorporation of technical quality changes the estimates of technical efficiency of facilities providing
outpatient and delivery services. Using the SDI surveys from Kenya, Tanzania, Togo, and Uganda,
we found low overall levels of efficiency, particularly among facilities providing only outpatient
services. The average efficiency scores were below 53% across all four countries – consistent with
findings from other studies.(29–32,41) While, the average country efficiency scores using qualityadjusted outputs did not change substantially, we observed significant changes in individual facility
efficiency score (after comparing models 2 and 3 to model 1). Moreover, the nominal and qualityadjusted efficiency scores were only modestly correlated for facilities providing both outpatient and
delivery services.

Our analysis underscores the importance of incorporating quality measures in efficiency analysis.
Earlier efficiency studies that did not take quality measures into account implicitly assumed that the
quality of the benchmarked units is equal, that quality is exogenous, or that quality is not relevant in
the production of health services.(38) Therefore, by simply using utilization as a metric for output,
previous studies failed to account for the varying quality of care across facilities.(27,28,59) While
volume has been found to be positively associated with better quality of care, particularly for more
complicated procedures and surgical outcomes,(7,60–64) we observed significant variation in quality
across facilities of similar volume and number of health workers. This variation can explain our
results in terms of the difference in individual facility efficiency scores between the basic and qualityadjusted output models.
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Given the large variation in volume across facilities employing a similar mix of inputs, scaling the
output by quality did not result in significant changes in the average efficiency scores by country, as
there was still a substantial gap between the best performing facilities and the rest of the facilities.
Therefore, if the goal of efficiency analyses is to monitor average efficiency rather than to identify
individual facilities that are underperforming, then, based on our findings, the incorporation of
quality will not substantially change the results.

Several studies, however, have published efficiency scores of individual facilities with identifiable
information (e.g. names of hospitals),(26,56,57) suggesting that the efficiency scores could be used as
a basis to intervene and reorganize the delivery of services at poor-performing facilities. If the goal
of efficiency analyses is to identify poor-performing facilities and to compare them to bestperforming facilities, then as our results suggests, the inclusion of quality could result in substantial
changes. In fact, such analyses could lead to decisions being made using “efficient” but poor quality
facilities as an archetype of efficiency.

Nevertheless, there are a number of limitations to our analysis. First, we used the average facilitylevel provider performance on vignettes as a measure of technical quality. Although vignettes have
been found to be positively correlated with observed technical quality, provider performance on
vignettes is likely to represent the upper bound of true clinical ability and is likely to be higher than
the average level of care available to patients.(11,65) However, if the change in performance on
vignettes as compared to real patient visits is not systematically different across facilities (or
providers), this will only lower the absolute level of technical quality and will not affect the relative
performance of facilities. Moreover, the use of vignettes had two important advantages. It allowed
us to control for quality of care for different conditions affecting both adults and children and to
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accurately assess whether the provider gave the correct diagnosis, which is not typically feasible in
direct clinical observations. Second, while DEA is able to accommodate multiple inputs and outputs
and does not impose a parametric function, it calculates efficiency by estimating the best performer
among the set of facilities. As a result, a facility can be efficient relative to its peers (efficiency score
of 1), but inefficient in absolute terms.(55,57,66) To address this issue, Di Giorgio et al.(41,66) have
proposed to apply an ensemble approach, which combines estimates from a restricted version of
DEA and restricted stochastic distance function (SDF). In this paper, however, our primary goal
was to investigate whether the incorporation of quality metrics affected the performance of facilities
on efficiency measures scores rather than to assess the overall level of efficiency. Third, due to data
limitations, we estimated efficiency using one main category of input – health workers. In addition,
we were not able to disaggregate outpatient visits by service (e.g. antenatal care, family planning, sick
child) as has been done in other studies.(26,29,66) Depending on data availability, future analyses
could use disaggregated outpatient visits in addition to incorporating service-specific measures of
quality. Fourth, the performance of facilities is also likely to be driven by other factors, such as the
socio-economic and epidemiological characteristics of the catchment population, which are likely to
influence the demand for services. In addition, elements of structural and technical quality can also
influence demand for care at certain facilities. Some studies, for example, have found that individuals
often bypass nearby facilities in search of higher quality facilities.(67–69) Such characteristics should
be controlled for in the second-stage analysis of efficiency determinants when such data are
available.

There is substantial room to improve efficiency of primary health services in sub-Saharan Africa.
However, as our results show, the incorporation of quality measures leading to better health
outcomes is critical in estimating efficiency and identifying best-performing facilities. Monitoring
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efficiency without monitoring quality is unlikely to lead to better allocation of resources, as facilities
could indeed increase volume using a fixed set of inputs, thereby increasing efficiency, to the
detriment of quality. As the global health community moves towards monitoring effective coverage
for UHC,(15,70) quality measures should be regularly collected and incorporated in efficiency
analyses. In addition to structural quality measures, countries should strive to monitor technical
quality, as recent evidence suggests that the presence of inputs, such as equipment, drugs, and
infrastructure, is only modestly associated with higher technical, or process, quality.(42,43)
Monitoring quality should thus be a central component of the movement towards UHC.
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4.7 Supplementary appendix
Table A 4.1. Number of sampled facilities and providers completing vignettes in the
selected Service Delivery Indicator surveys
Year
Facilities
Providers
Kenya
2012
294
629
Tanzania
2014
403
553
Togo
2013
180
509
Uganda
2013
387
734
Notes: Vignettes were conducted for five tracer conditions (diabetes, diarrhea, pneumonia, pulmonary tuberculosis, and
malaria) and two cases related to maternal and neonatal complications (postpartum hemorrhage and neonatal
asphyxia).
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Table A 4.2. Facility diagnostic accuracy by tracer conditiona
Kenya
Outpatient
facilities
(N=76)
Diabetes
Diarrhea
Pneumonia
Pulmonary TB
Malaria with anemia
Postpartum hemorrhage
Neonatal asphyxia
a Calculated

84%
74%
81%
95%
36%
93%
66%

Outpatient
and
delivery
facilities
(N=103)
81%
74%
78%
96%
33%
93%
73%

Tanzania
Mean
Outpatient
Outpatient
and
facilities
delivery
(N=95)
facilities
(N=166)
37%
25%
19%
17%
80%
69%
91%
86%
31%
20%
84%
82%
65%
61%

as the average provider diagnostic accuracy at the facility.
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Togo
Outpatient
and
delivery
facilities
(N=117)
31%
28%
55%
86%
3%
63%
3%

Uganda
Outpatient
facilities
(N=100)
40%
34%
45%
77%
10%
51%
27%

Outpatient
and
delivery
facilities
(N=85)
44%
38%
43%
82%
8%
72%
55%

Table A 4.3. Descriptive statistics of service readiness index domains
Kenya

Service readiness index score
Basic amenitiesa
Basic equipmentb
Infection prevention controlc
Essential medicinesd

Tanzania
Mean (SD)

Togo

Outpatient
facilities
(N=76)

Outpatient
and delivery
facilities
(N=103)

Outpatient
facilities
(N=95)

Outpatient
and delivery
facilities
(N=166)

Outpatient
and delivery
facilities
(N=117)

0.71
0.55
0.88
0.92
0.49

0.72
0.50
0.89
0.97
0.52

0.63
0.45
0.91
0.69
0.49

0.66
0.39
0.90
0.87
0.46

0.62
0.37
0.96
0.71
0.45

(0.08)
(0.18)
(0.16)
(0.14)
(0.13)

(0.08)
(0.18)
(0.14)
(0.09)
(0.12)

a Mean

(0.12)
(0.22)
(0.14)
(0.28)
(0.14)

(0.11)
(0.18)
(0.17)
(0.20)
(0.15)

(0.09)
(0.15)
(0.08)
(0.21)
(0.14)

Uganda

Outpatient
facilities
(N=100)
0.61
0.61
0.68
0.80
0.37

(0.13)
(0.11)
(0.26)
(0.20)
(0.19)

Outpatient
and delivery
facilities
(N=85)
0.64
0.61
0.77
0.79
0.37

(0.10)
(0.10)
(0.25)
(0.15)
(0.14)

availability of five basic amenities items: power, improved water source, adequate sanitation facilities, communication equipment, access to computer with
Internet, and emergency transportation.
b Mean availability of five basic equipment items: adult scale, child scale, thermometer, stethoscope, and blood pressure apparatus
c Mean availability of 4 standard precautions items: sharps container, single-use disposable/auto-disable syringes, disposable gloves, and autoclave or other sterilizer
equipment.
d Mean availability of 21 essential medicines.
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Table A 4.4. Average difference between basic (model 1) and quality adjusted efficiency scores (models 2 and 3) from data
envelopment analysis (DEA)
Kenya
Tanzania
Togo
Uganda

Difference between
model 1 and model 2

Difference between model 1
and model 3

0.07
0.05
0.04
0.10
0.15
0.06
0.15

0.12
0.13
0.12
0.05
0.13
0.04
0.13

Outpatient facilities (N=76)
Outpatient and delivery facilities (N=103)
Outpatient facilities (N-95)
Outpatient and delivery facilities (N=166)
Outpatient and delivery facilities (N=117)
Outpatient facilities (N=100)
Outpatient and delivery facilities (N=85)

Notes: Nominal outputs use in the basic DEA model. Outputs adjusted by average diagnostic accuracy at the facility in the quality-adjusted model.
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Table A 4.5. Spearman rank correlation between the three DEA models
Kenya
Togo
Model 1 Model 2 Model 1 Model 2
Only outpatient facilities Model 2
0.927
Model 3
0.791
0.784
Outpatient facilities with Model 2
0.932
0.705
deliveries
Model 3
0.848
0.862
0.812
0.778
Note: All correlations are significantly different from zero (p<0.01).
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Tanzania
Model 1 Model 2
0.928
0.906
0.891
0.784
0.908
0.868

Uganda
Model 1 Model 2
0.910
0.922
0.936
0.773
0.900
0.823

Table A 4.6. Second stage tobit regression results of facility-level determinants of efficiency
Private
Health center (ref. dispensary)
Rural
Country (ref. Kenya)
Tanzania
Togo
Uganda
Service readiness score
Proportion of doctors
Proportion of nurses
Constant

Sample
Observations

Efficiency score from Model 1
(1)
(2)
(3)
-0.157**
-0.085*
-0.229**
(0.028)
(0.033)
(0.048)
-0.006
-0.104
0.100
(0.044)
(0.053)
(0.063)
0.055*
0.054
0.009
(0.027)
(0.033)
(0.045)

Efficiency score from Model 2
(1)
(2)
(3)
-0.160**
-0.111**
-0.207**
(0.030)
(0.035)
(0.054)
-0.026
-0.094
0.050
(0.047)
(0.056)
(0.071)
0.045
0.042
0.017
(0.029)
(0.035)
(0.051)

-0.165**
(0.040)
0.093*
(0.043)
-0.061
(0.053)
-0.087
(0.102)
0.265**
(0.090)
-0.075
(0.043)
0.513**
(0.091)

-0.159**
(0.045)

-0.179**
(0.047)

-0.114*
(0.057)
-0.211
(0.133)
0.190
(0.106)
-0.064
(0.059)
0.583**
(0.111)

-0.117
(0.146)
0.623**
(0.148)
-0.077
(0.057)
0.534**
(0.136)

-0.173**
(0.043)
0.033
(0.046)
-0.077
(0.056)
-0.013
(0.109)
0.290**
(0.095)
-0.117*
(0.046)
0.507**
(0.097)

-0.115
(0.060)
-0.122
(0.140)
0.181
(0.111)
-0.118
(0.061)
0.584**
(0.117)

-0.002
(0.164)
0.605**
(0.160)
-0.114
(0.064)
0.456**
(0.153)

All
facilities
633

Only
outpatient
267

Outpatient and
delivery
366

All
facilities
632

Only
outpatient
268

Outpatient and
delivery
364

-0.147
(0.075)
0.126
(0.068)

-0.122
(0.085)
0.093
(0.077)

Notes: Dependent variable is the estimated efficiency score from DEA. Private facilities include NGO, faith-based organizations, non-profit, and for-profit facilities.
Service readiness score includes the availability of basic amenities, basic equipment, infection prevention control, and essential medicines (see Table A 4.3).
Standard errors in parentheses, ** p<0.01, * p<0.05.
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Figure A 4.1. Relationship between the number of outpatients, number of health workers,
and service readiness index score at facilities providing only outpatient services
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Figure A 4.1 (Continued).
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Figure A 4.2. Difference in efficiency scores between the basic (Model 1) and quality-adjusted (Model 2) models for outpatient
facilities
Notes: Outputs adjusted by diagnostic accuracy in Model 2.
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Figure A 4.3. Difference in efficiency scores between the basic (Model 1) and quality-adjusted (Model 2) models for outpatient
facilities with deliveries
Notes: Outputs adjusted by diagnostic accuracy in Model 2.
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5 Conclusion
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5.1 Summary of main findings
To achieve Sustainable Development Goal 3, countries will inevitably need to introduce changes to
each of the five control knobs: financing, payment, regulation, organization, and persuasion.(1) In
this dissertation, I explored questions related to health financing and delivery of health services in
low- and middle-income countries (LMICs) in the era of SDGs. Each of the papers has yielded
distinct findings. In Paper 1, using the case of Armenia, I explored the health and financial impact of
higher cigarette prices (achieved through higher excise taxes) using extended cost-effectiveness
analysis (ECEA). While the regressivity argument has been commonly used against price increases,
similar to other recent studies, we did not find evidence of higher tobacco prices necessarily
disproportionately burdening the poor. In addition, our estimates showed that a higher excise tax on
tobacco would result in substantial government savings on tobacco-related treatment costs. The
findings from qualitative interviews with key stakeholders indicated that two key factors created a
window of opportunity to place tobacco tax increases on the policy agenda: fiscal constraints faced
by the government and the accession to the Eurasian Economic Union in 2015.

In Paper 2, I investigated the impact of measles supplementary immunization activities (SIAs) on the
utilization of selected maternal and child health (MCH) services in low- and middle-income
countries. Based on our findings, measles SIAs did not appear to significantly influence the
utilization of MCH services at health facilities, except for care seeking related to a child’s cough for
which we did find a substantial reduction in utilization during the period of SIA implementation.

In Paper 3, I examined the efficiency of primary health care facilities in four sub-Saharan African
countries and the degree to which the incorporation of technical quality changed the facility
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estimates of technical efficiency. We found low average levels of efficiency. While the country
average efficiency scores using quality-adjusted output were similar to the unadjusted efficiency
scores, we observed significant changes in individual facility efficiency scores, with several facilities
shifting from being the most efficient to being the least efficient after the outputs were scaled by
quality. Moreover, the nominal and quality-adjusted efficiency scores were only modestly correlated
for facilities providing both outpatient and delivery services.

5.2 Policy implications
The results presented in this dissertation have several implications for health policy. Results from
Paper 1 offer possible strategies of how countries could achieve SDG targets 3.4 (reducing
premature mortality from NCDs) and 3.a (strengthening the implementation of the WHO
Framework Convention on Tobacco Control).(2) As previous research has found, increasing
tobacco taxes could produce tremendous welfare gains in LMICs with high prevalence of smoking.
Yet only a few countries have been able to raise excise taxes to the WHO-recommended 75%.(3) By
examining the health and financial impact of policies across wealth quintiles, ECEA can serve as a
useful tool to evaluate policy proposals, particularly in the era of SDGs, in which there is heightened
interest in the distributional impact of reforms. In fact, preliminary estimates from Paper 1 were
used as inputs in the policy discussion surrounding the recent hike in tobacco taxes in Armenia and
the potential regressivity of such taxes. Moreover, the case of Armenia suggests that governments
could successfully increase tobacco taxes by including them as part of broader fiscal reforms rather
than independently pushing for hikes in tobacco taxes. Public health advocates could successfully
seize this window opportunity in other countries. In addition, ECEA could be used for priority
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setting beyond the health sector and could allow for a multisectoral comparison for a range of SDGrelated policies.

While there is a push to integrate vertical programs into horizontal delivery systems, particularly for
HIV services,(4–6) SIAs are still promoted as an integral strategy for vaccination.(7,8) Based on our
findings in Paper 2, countries could potentially continue to implement SIAs in order to attain SDG
3.2 (ending preventable deaths of newborns and children under 5) without undermining access to
routine health services. More research needs to be conducted, however, before stronger conclusions
can be drawn. The analysis in Paper 2 identified some challenges in using routine household surveys
to evaluate the impact of vertical programs, such as immunization campaigns. Although SIAs
include a monitoring and evaluation component, it typically only entails the collection of data on the
number of children targeted and vaccinated and stock outs of vaccines.(9) Donors and countries
implementing SIAs should invest more in data collection efforts to identify any unintended
consequences of the campaigns. This should include information on the number of health workers
recruited to participate in programs, timing and duration of training and other preparatory activities,
number of days health workers are absent from health facilities, and detailed utilization data from
health facilities.

There is substantial room to improve efficiency of primary health services in sub-Saharan Africa,
and efficiency gains can be a critical source of fiscal space. As Paper 3 shows, however, using
efficiency based measures without taking into account differential quality across these facilities can
give the wrong answer about how facilities are performing. There is growing demand for
accountability in the SDG era, and, as the global health community moves towards monitoring
effective coverage for UHC,(10,11) quality measures should be regularly collected and monitored.
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Similarly to the pledge made by the Ministers of Health of the African Union to institutionalize
efficiency monitoring in the health information management systems, countries should pledge to
collect quality metrics. The ongoing Lancet Global Health Commission on High Quality Health
Systems in the SDG Era, which seeks to define and measure quality in LMICs, can offer guidance
on which quality indicators could be collected on a regular basis.

5.3 Future research
The findings of this dissertation point to several avenues for future research. First, despite the
increasing focus on tobacco control and evidence on the effectiveness of excise taxes in curbing
smoking rates, few low and middle-income countries have successfully been able to increase tobacco
taxes and implement strong anti-tobacco legislation.(3) Even among the few LMICs that have
introduced tobacco control measures, such as the Philippines, Thailand, Turkey, and Ukraine,
research is scarce, particularly on the political economy aspects of tobacco control.(12,13) Further
research should be conducted to identify how these countries were able to overcome the significant
political barriers to implementing such measures. Moreover, while the Philippines and Thailand are
commonly used as success stories of earmarking revenues from tobacco and alcohol taxes for
health,(14) there is little discussion of how these countries were able to circumvent the common
arguments against earmarking, such as the lack of flexibility associated with earmarking and the
danger of setting a precedent for other sectors. A better understanding of the full spectrum of
policies and political strategies could aid other LMICs in prioritizing tobacco control as part of the
political agenda.
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Second, fiscal policies are being increasingly promoted for diet and prevention of noncommunicable diseases.(15) Most notably, this includes taxes on sugar-sweetened beverages (SSBs)
and foods high in fat, sugar, and salt (or “junk food”). Countries considering the implementation of
such taxes could apply ECEA to estimate the potential distributional consequences of such policies.
Similarly to the case of tobacco taxation, more evidence is needed on how LMICs, such as Mexico,
have been able to successfully pass the necessary legislation to introduce taxes on SSBs. Third,
particularly for diet-related fiscal policies for which limited evidence is available on price elasticities
and potential health gains in LMICs, more research needs to be conducted to compile evidence on
the potential impact of the proposed reforms.

Building on Paper 2, a mixed-methods approach could provide additional insights into individuals’
behavior during SIAs. The current research, including Paper 2, is primarily driven by the hypothesis
that SIAs recruit health workers away from health facilities. Yet little is known about individuals’
perceptions of SIAs and their impact on health systems. For example, if a decline in utilization is
detected, is it a result of individuals not seeking care in anticipation that health workers might be
absent from health posts during the SIA, or is it because there are not enough providers to see
patients when they arrive at facilities? Combining qualitative information about individuals’
perception of SIAs with quantitative analysis of the supply-side effects of SIAs would yield more
implications for policy. For instance, individuals might perceive absenteeism to be higher than it
actually is, which would deter them from seeking care even though services might not be disrupted
during SIAs. Depending on the findings from such studies, countries could tailor the design of SIAs
(e.g. longer campaigns employing less health workers) or provide more information about the
potential consequences of SIAs to assuage misperceptions about the impact of SIAs on routine
health services.
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Several datasets, such as the World Bank’s result-based financing (RBF) surveys, which have recently
become available, could be used to further explore the question of efficiency and would allow for
the incorporation of quality adjustments similar to Paper 3. The RBF data,(16) in particular, contain
detailed information on facility inputs, expenditures, governance structures, and utilization figures.
In addition to evaluating provider knowledge using vignettes, the surveys also conducted clinical
observations – the gold standard for measuring quality. This would enable researchers to test the
validity of the vignettes as a quality metric. In addition, these data would allow further exploration of
the drivers of efficiency, such as varying governance structures and quality improvement
mechanisms at the facility. Future analysis could also incorporate the case-mix of patients, as is the
standard in efficiency studies in high income countries,(17) by controlling for the disease burden
(e.g. malaria prevalence) at the district or provincial levels. Given the well-established limitations of
existing methods for measuring efficiency,(18) an important avenue for future research is also the
development of a new method to estimate efficiency.

5.4 Concluding remarks
In this dissertation, I applied different methods to study questions related to health financing and
delivery in the SDG era, including extended cost-effectiveness analysis, qualitative methods, and data
envelopment analysis. The findings offer some policy guidance for achieving the selected SDG 3
targets, as well as identify existing bottlenecks that might hinder progress. More research remains to
be done, however, to ensure that countries successfully attain the SDGs by 2030.
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