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INTRODUCTION

The risk factors and disease conditions covered in this
volume of Disease Control Priorities constitute the
majority of the health burden facing middle- and
high-income countries (MICs and HICs, respectively)
today and are fast approaching a majority of the burden
in low-income countries (LICs). Previous editions of
Disease Control Priorities, published in 1993 and 2006,
acknowledged the importance of cardiovascular and
related diseases (CVRDs) to the future health and
economic well-being of populations in low- and middle-
income countries (LMICs) and singled out tobacco taxes
and treatment of heart disease with low-cost generics as
high-priority, cost-effective interventions. With some
exceptions, most of the conclusions about cost-
effectiveness were extrapolated from analyses done in
HICs (Rodgers and others 2006) and from modeling,
because of the paucity of economic analysis of interven-
tions for CVRDs using LMIC data. In 2012, the World
Health Organization (WHO) reviewed the cost-
effectiveness of noncommunicable disease (NCD)
interventions, based on a limited number of modeled
studies. The results were used to develop the WHO Best
Buys for interventions recommended in the NCD Global
Action Plan (WHO 2011).

By 2016, when the WHO updated its review of
cost-effectiveness evidence, considerably more LMIC
data were available. This chapter also benefits from a
larger universe of economic analyses on the conditions
and risk factors covered in the chapters in this
volume—both from models and from experience.
Some recent systematic reviews have examined evi-
dence on the cost-effectiveness of interventions to
tackle CVRDs in LMICs (for example, Shroufi and
others 2013; Suhrcke, Boluarte, and Niessen 2012;
Wiseman and others 2016). These reviews found mod-
est, but growing, evidence of the cost-effectiveness of
CVRD interventions in these settings and noted a bias
in favor of research on personal medical interventions
over population-level interventions.

The chapter catalogues the results of dozens of
high-quality, cost-effectiveness analyses for cardiovascu-
lar disease (CVD), diabetes, respiratory, and kidney-
related conditions and risk factors (hereafter termed
CVRDs)—much of it with country-specific data. It
begins by summarizing the available literature on
population-level health and intersectoral policies to
address the major risks in LMICs and discusses some
methodological issues in these analyses. It then assesses
and discusses the cost-effectiveness of personal services
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delivered through various levels of the health system. It
is intended to complement the reviews of effective poli-
cies and interventions in other chapters with cost-
effectiveness results useful for informing decisions
about policies, packages, and delivery platforms. The
methodology used for the review is described in online
annex 194, along with the detailed results.

POPULATION-LEVEL INTERVENTIONS
AND POLICY

This section reviews the cost-effectiveness of fiscal and
regulatory policies used to change behavior and address
the external costs associated with tobacco consumption,
dietary issues such as obesity (Cawley 2015; Suhrcke and
others 2006), and physical activity. Overall, the evidence
in favor of fiscal and regulatory policies to curb tobacco
consumption is, beyond doubt, more convincing than the
evidence for diet. Although mass media campaigns show
some promise in HICs, at least when focused on specific
dietary targets, evidence of their cost-effectiveness is more
nuanced. There is little cost-effectiveness data from LMICs
on population-level physical activity interventions.
Figure 19.1 summarizes the evidence on cost-
effectiveness for population-level interventions. The figure

Figure 19.1 Average Cost-Effectiveness of Population-Level
Interventions for CVRD Risk Factors, 2000-14
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Sources: Based on a systematic literature review of cost-effectiveness ratios for LMICs from 2000
to 2014, including Cecchini and others 2010; Chow, Darley, and Laxminarayan 2007; Higashi and
others 2011; Murray and others 2003; Ortegon and others 2012; Ranson and others 2002;
Rubinstein and others 2009; Rubenstein and others 2010; Salomon and others 2012.

Note: CVRD = cardiovascular and related disease; DALY = disability-adjusted life year. The bars capture
the range of estimated costs per DALY averted from the set of studies reviewed. From each study, the
mean estimate is taken as the relevant estimate. The average is the space where the light blue and
dark blue bars meet. Light blue represents the range below the average; dark blue represents the range
above the average. Negative numbers are not plotted because the x-axis is on a logarithmic scale.

Any bars that touch the y-axis have at least one source that found the intervention to be cost saving.
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only captures cost-effectiveness studies that have expressed
outcomes in cost per disability-adjusted life years (DALYs)
averted. Table 19A.2 in annex 19A provides more detailed
results.

Keeping these reservations in mind, figure 19.1
suggests the following conclusions:

+ Opverall, population-level interventions to address
the risk factors for CVRDs appear to have favorable
cost-effectiveness ratios. Several—price and nonprice
tobacco interventions and nonprice salt regulation—
have the potential to be cost saving.

+ Of the population-level interventions examined,
tobacco taxation and nonprice salt regulation are,
on average, considerably more attractive from a
cost-effectiveness standpoint than other, often less
intrusive, interventions. However, the seeming supe-
riority of nonprice salt regulation is likely to be driven
by the extraordinarily positive results of one study
(Rubinstein and others 2009).

A particularly large range of cost-effectiveness ratios
is found across the many types of tobacco regulation,
due to diversity in policies and variation in costs.

A summary of the cost-effectiveness literature for
CVRD risk factors, specifically tobacco and diet, follows.
The cost-effectiveness of interventions to deter excess
alcohol use is discussed in volume 4, chapter 7 (Medina-
Mora and others 2015).

Tobacco Use

Fiscal policies to tackle tobacco-related harm have
typically ranked among the most preferred options for
addressing CVRDs. In its NCD Best Buys, the WHO
ranked the taxation of tobacco as one of the most
cost-effective ways to tackle NCDs in LMICs (WHO
2011). This recommendation rests on a considerable
body of research regarding effectiveness, but few stud-
ies have directly examined the cost-effectiveness of the
policy. Ortegon and others (2012) applied the WHO’s
Choosing Interventions That Are Cost-Effective
(CHOICE) model (Tan-Torres Edejer and others 2003)
to estimate the cost-effectiveness of 123 single or
combined interventions, including tobacco taxation,
in two WHO regions with high adult and child
mortality—South-East Asia and Sub-Saharan Africa.
They found that increasing tobacco taxation to 40
percent to 60 percent of the retail price was among the
most favorable of the interventions considered.
Previously, Ranson and others (2002) estimated highly
favorable cost-effectiveness ratios for increasing tobacco
taxation by 10 percent at global and regional levels.



In low- and middle-income regions, they found that
such tobacco taxation would cost about US$4-US$91
per DALY averted.

Chow, Darley, and Laxminarayan (2007) compared a
10 percent increase in the price of tobacco in India to
nicotine replacement therapy and other nonprice inter-
ventions, including bans on advertising and promotion
of tobacco, dissemination of information on the health
consequences of using tobacco, and restrictions on
smoking in public and work spaces. The tax increase was
estimated to cost US$13 per DALY averted—a very
favorable cost-effectiveness outcome compared with the
other interventions analyzed. Similarly, in a modeling
exercise for Mexico, Salomon and others (2012) found
that increasing the tobacco tax from 60 percent of the
retail price of cigarettes to 80 percent had a cost-
effectiveness ratio of about US$22 per DALY averted,
which compared very favorably with a ban on advertis-
ing, at US$435 per DALY averted. Higashi and others
(2011) obtained similar results for Vietnam.

Modeled evidence suggests that policies regulating
tobacco through smoking bans, graphic warning labels,
mass media campaigns, advertising bans, and others are
generally more cost-effective than personal interventions
to reduce tobacco consumption in LMIC settings.
However, as with taxation, studies that model regulatory
interventions are sensitive to assumptions about the
quality of enforcement, the prevalence or intensity of
smoking habits, and purchasing patterns.

Two studies modeled tobacco regulation across coun-
tries, compared with tobacco taxation. Using a static
model, Ranson and others (2002) compared a tobacco
tax to nicotine replacement therapy and a combination
of other nonprice interventions. A later study (Navarro
and others 2014) compared a tobacco tax with a ban on
advertising and promotion, dissemination of informa-
tion on the health consequences of smoking, and restric-
tions on smoking in public places and workplaces.
Results from both of these studies show that nonprice
interventions cost between US$47 and US$921 per
DALY averted in LMICs, which is a less favorable cost-
effectiveness result than tobacco taxation (US$3.9—
US$90.8 per DALY averted), but more attractive than
nicotine replacement therapy for individual treatment
(US$363-US$1,128 per DALY averted).

Ortegon and others (2012) modeled the cost-
effectiveness of a set of nonprice population-level
interventions for South-East Asia and Sub-Saharan
Africa. The population-level tobacco control interven-
tions included restrictions on smoking in public places,
advertising bans, warning labels, and consumer informa-
tion campaigns. The personal interventions included
nicotine replacement therapy and physician advice. Of all

of the tobacco and other interventions considered in
their analysis, combinations of population-level tobacco
interventions were found to be highly cost-effective in
both regions. Moreover, the overall set of population-level
interventions was more cost-effective than adding indi-
vidual treatment options (nicotine replacement therapy
and physician advice) to the entire package.

Several studies have compared the cost-effectiveness
of various tobacco policies in specific countries (or
regions of countries), often using similar modeling strat-
egies. Salomon and others (2012) applied the CHOICE
model to Mexico to estimate cost-effectiveness of tobacco
policies such as excise taxes, advertising bans, indoor air
quality laws, and nicotine replacement therapy, as well as
combinations of these. A comprehensive advertising ban
and enforcement of the air quality law showed favorable
cost-effectiveness, whereas nicotine replacement therapy
did not. In the incremental analysis, tobacco taxation
dominated most other single and combined strategies,
with the exception of the “taxation plus ban on advertis-
ing” set (which cost US$435 per DALYs averted).

Higashi and others (2011) modeled the cost-
effectiveness of four population-level tobacco interven-
tions in Vietnam: an excise tax increase, graphic warning
labels on cigarette packs, mass media campaigns includ-
ing educational messages for different media, and smok-
ing bans in public or in workplaces. Graphic warning
labels on cigarette packs showed the most favorable
cost-effectiveness ratios, followed closely by excise tax
increases (except for a large tax increase, in which case
taxation was the most cost-effective), mass media cam-
paigns, public smoking bans, and workplace smoking
bans (table 19.1). The analysis concluded that all

Table 19.1 Costs per Disability-Adjusted Life Year Averted of
Population-Level Tobacco Interventions in Vietnam, Exclusive of
Potential Cost Offsets (Compared with Status Quo Interventions

in Place)

Cost per Disability-Adjusted Life

Year Averted

Intervention 2007 Vietnamese dong 2012 US$
Graphic pack warning label 500 0.05
Tax increase maximum (from 55 to 85%) 290 0.03
Tax increase minimum (from 55 to 75%) 4,200 0.41
Tax increase minimum (from 55 to 65%) 8,600 0.83
Smoking ban (public) 67,900 6.56
Smoking ban (work) 336,800 32.53
Mass media campaign 78,300 7.56
Source: Higashi and others 2011.
Note: Cost offset is the savings expected from lower health care costs.
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interventions would be cost saving by preventing or
reducing spending on future treatment of tobacco-related
illness. This study method is unusual, and there is no
consensus on whether and how to account for the costs of
future unrelated health care (van Baal and others 2011).

Rubinstein and others (2010) modeled the costs and
effects of a mass media campaign to promote tobacco
cessation among smokers, in addition to population-level
salt reduction and four individual, clinical treatment
interventions. The mass media campaign produced a
cost-effectiveness ratio of US$3,583 per DALY averted,
which, while not cost saving (which would require a
cost-effectiveness ratio of US$1,582), was still consid-
ered good value for money.

Donaldson and others (2011) modeled the cost-
effectiveness of an effective prohibition on smoking in
public places in Gujharat State in India compared with
the current, poorly enforced prohibition of smoking in
public places in some districts of the state. The results are
expressed in life years (LYs) saved and in heart attacks
averted rather than in DALY averted. A complete ban is
highly cost-effective when key variables, including legis-
lation effectiveness, are varied in the sensitivity analyses.
Without including medical treatment costs averted, the
cost-effectiveness ratio ranges from US$2.4 to US$135.0
per LY saved and US$44.5 to US$464.0 per acute myo-
cardial infarction averted. When including potential
future savings in tobacco-related health care costs, the
ban becomes cost saving.

In summary, cost-effective policies to reduce tobacco
consumption are available. The most favorable policy
appears to be a large tax increase on tobacco. Regulatory
approaches, including bans on smoking in public places,
warning labels, advertising and promotion restrictions,
and mass media campaigns, are also attractive from a
cost-effectiveness standpoint. All fiscal and regulatory
approaches are superior to individual approaches to
tobacco reduction.

Diet
Interest has recently increased in the potential use of fiscal
policy in many HICs and increasingly in some MICs to
improve diets. In addition to changing eating behaviors
and reducing obesity, fiscal policies have been justified as
a way to eliminate externalities. The argument is made
that, whether through health insurance or tax-funded
public payment, healthy-weight individuals will subsidize
the medical care costs of obese individuals. The higher
medical care costs may be passed on to the public in the
form of higher payroll or income taxes (Cawley 2015).
For this and other reasons, real-world implementa-
tion of fiscal policies to influence dietary behavior is
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expanding rapidly,! yet a considerable amount of
research has not yet settled a vigorous debate on the
subject. Several recent systematic and nonsystematic
reviews of the effectiveness of dietary pricing policies
have been published, each with a somewhat different
focus (Cabrera Escobar and others 2013; Epstein and
others 2012; Eyles and others 2012; Powell and others
2013; Thow, Downs, and Jan 2014). Reflecting wide rec-
ognition that diet-related taxation is far more nuanced
than tobacco taxation, existing reviews reach varying
conclusions regarding the use of fiscal policy to improve
diet. For example, according to Thow and others (2010,
1), “Taxes and subsidies on food have the potential to
influence consumption considerably and improve
health, particularly when they are large,” while, accord-
ing to Cornelsen and others (2015, 18), “There is a very
real possibility that [taxes on unhealthy foods and bever-
ages] may not be beneficial after all.” The magnitude of
the tax or subsidy needed to influence consumption and
health, as well as the optimal design of such fiscal poli-
cies (that is, what precisely should be taxed or subsi-
dized), is also unclear.? In a recent series in The Lancet on
obesity, Popkin and Hawkes (2015) concluded that taxes
on unhealthy food and beverages can reduce obesity by
altering preferences.

Some of the variation in the conclusions may be
attributed to differences in the scope of each review,
given that they tend to differ in regional focus, the pre-
cise outcome indicator used, and the type of estimation
methodologies used. Part of the problem in developing
conclusive evidence is the relatively short real-world
experiences with implementing significant fiscal policy
measures. Inevitably, most studies rely on analysis of
empirical relationships between food prices and food
purchases, on analysis of consumption- or diet-related
health (for which it is difficult to establish true causal
evidence as a proxy for the effect of a policy), or on
hypothetical modeling studies (which depend on the
assumptions in the model).

Early evidence is mixed. In a short-term evaluation of
the first city-level tax on sugar-sweetened beverages
(SSBs) in Berkeley, California, Cawley and Frisvold
(2015) found relatively little pass-through of the SSB tax
to consumers, in that retail prices rose by less than half
of the amount of the tax. The direct effect on consump-
tion and obesity is likely to be smaller than expected
given that much of the previous literature found or
assumed full or even overshifting of taxes.

In contrast, the Mexican SSB tax appears to have had
a greater effect on prices and hence on sales and con-
sumption. Grogger (2015) found that the price of SSBs
increased by more than the amount of the tax shortly
after the policy was implemented. Evaluating the same



policy, Colchero and others (2016) concluded that the
policy resulted in a 6 percent reduction in purchases
(9 percent among low-income groups) and a shift away
from SSBs to water and diet drinks.

In light of uncertainty about the effectiveness of
diet-related fiscal policies, it is perhaps not surprising
that only a few studies have examined their cost-
effectiveness, particularly in LMICs. Cecchini and others
(2010) modeled obesity prevention policies in LMICs,
covering Brazil, China, India, Mexico, and South Africa.
Their results indicate that fiscal measures (including
increasing the price of food with unhealthy content or
reducing the cost of healthy foods rich in fiber) are less
expensive per capita than regulatory or individual inter-
ventions and are the only measures that were cost saving
for all LMICs at both 20- and 50-year time horizons.
Additionally, they were cost saving by a magnitude of
twice the other interventions considered. Price interven-
tions and regulation appear to produce the largest health
gains in the shortest timeframe.

Using a simulation model (relying, in part, on the
results of Cabrera Escobar and others 2013), Manyema
and others (2014) estimated the effect of a 20 percent tax
on SSBs on the prevalence of obesity among adults in
South Africa. A 20 percent tax was predicted to reduce
energy intake by about 36 kilojoules per day. Obesity was
projected to decline 3.8 percent in men and 2.4 percent
in women. The number of obese adults was projected to
decrease by more than 220,000.

Regulatory and Mass Media Policies

Reducing salt content in manufactured foods through
mandatory government regulations or voluntary action
from industry is recommended in the WHO Global
NCD Action Plan (WHO 2011). In addition to cost-
effectiveness of salt regulation, economic analyses have
been performed on mass media campaigns and regula-
tion of other undesirable food content, such as trans
fatty acids (trans fats) in processed foods. This section
reviews those studies.

Salt Consumption

In a wide-ranging application of the CHOICE modeling
approach, Murray and others (2003) modeled salt reduc-
tion, mass media health education, and individual treat-
ment, as well as various combinations of interventions,
in two LMIC regions (South-East Asia, with high rates of
adult and child mortality, and Latin America and the
Caribbean, with low rates of adult and child mortality)
and one high-income region (Europe, with very low
rates of adult and child mortality). They found that
population-based interventions had more favorable

cost-effectiveness ratios than personalized health service
interventions. Voluntary agreements to reduce salt were
less cost-effective than legislative measures, with salt
reduction legislation estimated to avert one DALY for as
little as US$3.74 in South-East Asia and US$2.6 in Latin
America and the Caribbean. Combining salt legislation
with mass media programs could improve the cost-
effectiveness ratio even further. The most cost-effective
set of interventions is, however, a mix of population-level
preventive interventions and personalized treatments.

Two follow-up studies using the WHO CHOICE
model provide multiregional estimates of the cost-
effectiveness of salt regulation and other interventions.
Asaria and others (2007) modeled the cost and effects
of shifting the distribution of risk factors associated
with salt intake and tobacco use on chronic disease
mortality for 23 countries with 80 percent of the
chronic disease burden in LMICs. They showed that,
over 10 years (2006—15), implementing these interven-
tions could avert 13.8 million deaths at a cost of less
than US$0.40 per person per year in low-income and
lower-middle-income countries, and US$0.50-US$1.00
per person per year in upper-middle-income countries
(as of 2005). Ortegon and others (2012) provided
updated evidence on broadly similar interventions in
two WHO regions: South-East Asia and Africa. They
modeled the cost-effectiveness of reducing the amount
of salt in processed foods via voluntary agreement with
industry and via regulation. They concluded that
supply-side interventions to reduce salt had less favor-
able cost-effectiveness ratios than interventions to
reduce demand; provide combination drug therapy,
either alone or in a multidrug regimen, for high-risk
CVD patients (25 percent or more absolute risk of
experiencing a cardiovascular event over the next
decade); or provide retinopathy screening and glycemic
control for patients with diabetes.

The CHOICE model was again used to model salt
reduction in Buenos Aires (Rubinstein and others
2009) and in Argentina (Rubinstein and others 2010).
The studies modeled similar interventions: reducing
the amount of salt in bread via voluntary industry
agreements and mass education programs as well as
individual treatment options (for example, Murray and
others 2003). While broadly similar, the findings for
Argentina were more favorable for salt reduction, find-
ing that any approach would be cost saving, while the
findings for Buenos Aires showed that voluntary indus-
try salt reduction would cost very little and would have
a more favorable cost-effectiveness ratio than a mass
media campaign.

Ferrante and others (2012) also assessed the cost-
effectiveness of salt reduction in Argentina. They simulated
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the effects of an intervention that reduced salt content by
5 percent to 25 percent in a wide range of food groups,
including bread, bread products, meat products, canned
foods, soups, and dressings. This intervention was found to
be cost saving while producing substantial improvements
in population-wide, diet-related health outcomes. In a
study of four countries in the eastern Mediterranean
region, Mason and others (2014) evaluated three policies
to reduce dietary salt intake—a health promotion cam-
paign, labeling of food packaging, and mandatory refor-
mulation of salt content in processed food—and found
that salt reduction may be cost saving, either applied on its
own or in combination with other interventions.

Trans Fats Consumption

Several policy guidelines and recommendations, inter-
nationally and nationally, have recommended the
elimination of trans fatty acids to reduce coronary
heart disease worldwide (see chapter 6 in this volume,
Afshin and others 2016). The WHO has called for their
elimination in its global strategy on diet, physical
activity, and health (WHO 2004). Several types of
measures to reduce consumption of trans fats have also
been implemented, including total bans, mandatory
labeling, restaurant bans, and voluntary reformulation
(Downs, Thow, and Leeder 2013). So far, very little
empirical evaluation of the effectiveness, let alone
cost-effectiveness, of these policies has been under-
taken. However, some research has used a modeling
framework to evaluate some of them.

To the best of our knowledge, the only economic
evaluation in an LMIC context is by Chow, Darley, and
Laxminarayan (2007), who analyzed the costs and health
effects of legislation mandating the replacement of trans
fats produced from partial hydrogenation with polyun-
saturated fats. This analysis estimated that substituting
2 percent of the energy from trans fats with polyunsatu-
rated fats would cost US$0.50 per adult per year and
reduce coronary artery disease by 7 percent over 10 years.

A recent example from an HIC is a modeling study by
Allen and others (2015) that simulated costs and effects of
three options for restricting the consumption of trans fats
in England: a ban on trans fatty acids in processed foods,
improved labeling of trans fatty acids, and a ban on trans
fats in restaurant foods. The research sought to examine
the effects of various approaches across different socio-
economic groups. The expected health effects of a total
ban, as well as policies to improve labeling or remove
trans fatty acids from restaurant and fast foods, would
lead to a considerable reduction in coronary heart disease
mortality. The benefits would be larger among lower
socioeconomic groups. In addition, the study predicted
large cost savings from these policies. Going beyond the
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usual economic costs, this study included the costs of
informal care and lost productivity, among others.

Physical Activity

Increasing physical activity can reduce mortality and
improve population health. Governments in many
countries have recognized this opportunity, but the evi-
dence on what works best to promote physical activity
and what is best value for money is scarce and concen-
trated largely on HICs. One exception is a study about a
comprehensive, school-based intervention program
for childhood obesity in China, based on a two-year
multiple-center randomized controlled trial. Nutrition-
only and physical activity—only interventions were com-
pared with a combined nutritional plus physical activity
program (Meng and others 2013). The combined inter-
vention was found to be more cost-effective than either
of the single interventions, preventing a case of obesity
or overweight for a cost of US$1,519.

Laine and others (2014) reviewed 10 studies from
HICs on population-, community-, and individual-level
physical activity interventions. Expressing the cost-
effectiveness of these studies in dollars per metabolic
equivalent of task-hours (MET-h) gained (making com-
parisons to nonphysical activity interventions impos-
sible), they found that the most efficient interventions to
increase physical activity were community rail trails
(US$0.006 per MET-h), pedometers (US$0.014 per
MET-h), and school health education programs
(US$0.056 per MET-h). It is not clear how generalizable
these findings are to an LMIC context.

A more encompassing cost-effectiveness review of
physical activity by Miiller-Riemenschneider, Reinhold,
and Willich (2009) identified only eight studies covering
11 intervention strategies, again from HICs only, includ-
ing, for instance, advice from general practitioners, trail
development, promotion of worksite physical activity,
and phone delivery of intervention messages. To the
extent that any broader patterns could be observed, the
more environmental interventions (trail development)
and interventions targeted at general practitioners
seemed to be the most cost-effective when measured by
costs per person becoming physically active.

Lehnert and others (2012) also concluded that envi-
ronmental approaches have particular promise. They
reviewed the long-term cost-effectiveness of obesity
prevention interventions, some of which focus on phys-
ical activity. Their review focused exclusively on cost-
utility analyses, estimating the value for money of
interventions as measured by their costs per DALYs
averted or quality-adjusted life years (QALYs) gained.
Doing so increased the comparability of the results
across interventions. The potential downside of relying



on such decision-analytic modeling results, however, is
that they may be based on a set of assumptions that are
not readily appreciated and the point estimate of each
cost-utility ratio will be highly uncertain.’

Issues in Economic Analysis of Population-Level
Health Policies

Research on the cost-effectiveness of population-level
preventive interventions is still limited, even in HICs
(Schwappach, Boluarte, and Suhrcke 2007), as a result of
the methodological challenges of conducting economic
evaluations in the public health field (Pitt, Goodman,
and Hanson 2016; Weatherly and others 2009). The
most binding challenge may be that of attributing
potential health effects directly to an intervention, espe-
cially when the change is targeted to entire populations
or communities, randomized controlled trials are diffi-
cult to undertake, and the impact of the intervention
takes a long time to emerge. In addition, because many
population-level and community-level interventions
may be located outside of health care settings, at least
part of their costs and consequences are incurred by
sectors other than health. These intersectoral costs and
consequences may not be taken into account, and how to
do so is not obvious (Claxton, Sculpher, and Culyer
2007; Greco, Lorgelly, and Yamabhai 2016). For instance,
the cost-effectiveness of tobacco taxation is an unsatisfy-
ing concept. First, many of the costs are likely to be
incurred by administrative units outside of the health
care system, such as the Finance Ministry. Second, while
economists agree that the revenues raised by taxes on
tobacco are a transfer from consumers to government
and thus should not be included in the benefit ledger, it
is difficult to measure the efficiency effects of taxation
(deadweight loss), and thus tobacco revenues are not
usually included in analyses. As such, societal cost-
effectiveness or cost-benefit analysis may better capture
the full effects of tobacco taxation rather than a purely
health system perspective. Results of these different types
of economic evaluations are not directly comparable
(Claxton and others 2010). Examples of cost-benefit
analyses for water, sanitation, and hygiene are reviewed
in volume 7, chapter 9 (Hutton and Chase 2017). The
chapter by Chang, Jamison, and Horton (2018) in
volume 9 discusses cost-benefit methods.

Assessing the impact—effectiveness and cost-
effectiveness—of population-level interventions is
fraught with challenges that often go beyond those faced
in the evaluation of clinical interventions. A major diffi-
culty is that researchers usually need to rely on observa-
tional data and modeling studies rather than on
randomized studies. Economic modeling is the basis for

cost-effectiveness conclusions in earlier editions of Disease
Control Priorities and the WHO’s CHOICE project.*

Moreover, comparability across studies is limited for
several reasons. First, the relevant cost-effectiveness
threshold for a given intervention in any given country is
not clear.’ Adhering strictly to the widely used rule of
thumb of one (or three) times gross domestic product
per capita poses the risk that, if the threshold is too high,
interventions could displace services and forgo more
health than they generate. If the threshold is too low, new
interventions could be rejected that would offer a health
gain (Revill and Sculpher 2012). Second, because of the
limited number of studies for each type of intervention,
a single outlier may well tilt the relative ranking one way
or another. Third, some types of interventions, such as
nonprice regulation of tobacco or salt, may still encom-
pass a wide range of specific interventions and hence
widely different cost-effectiveness ratios. Even for more
narrowly defined interventions, such as tobacco taxation,
the exact magnitude of the tax treatment may differ.

INDIVIDUAL-LEVEL CARE AND
MANAGEMENT OF CHRONIC DISEASE

The large reductions in age-adjusted CVD mortality
rates in HICs have resulted from three complementary
types of interventions. One targets persons with acute or
established CVD. A second assesses risk and targets per-
sons with multiple risk factors before their first CVD
event. The third uses mass education or policy interven-
tions directed at the entire population to reduce the
overall level of risk factors. This section highlights the
variety of cost-effective interventions aimed at individu-
als in different settings, including the community, pri-
mary health centers, and hospitals. Much work remains
to be done in LMICs to determine the best strategies
given limited resources; if implemented, these interven-
tions could help reduce the burden of CVD mortality.
Table 19A.3 in online annex 19A lists the cost-effectiveness
ratios for many of the most promising interventions
used either in the community or at primary health cen-
ters that could be or have been adopted in low- and
middle-income regions. Table 19A.4 lists the ratios for
interventions that occur at primary health centers, first-
level hospitals, or advanced-level hospitals and are
focused on individuals with established disease.

Community-Based Care

Screening

Primary prevention is paramount for the large number
of individuals who are at high risk for CVD. In particu-
lar, a significant amount of the reduction in CVD
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mortality has come from the control of risk factors (Ford
and Capewell 2011). Globally, the major risk factors are
poorly controlled. Control rates for hypertension are less
than 5 percent. Control rates for lipids are likely even
worse, given that many countries do not have the facili-
ties to measure lipids, and statins have become available
only recently in low-income regions. For example, sev-
eral Western European countries have hypertension
control rates (blood pressure below 140/90) of less than
10 percent, with Spain having a control rate of less than
5 percent (Wolf-Maier and others 2004). Low control
rates reflect low detection rates in addition to lack of
drug availability.

Although preventive treatment is available in many
LMICs, Mendis and others (2005) found that fewer than
10 percent of members of the community received the
recommended care. Awareness, treatment, and control
rates of major cardiovascular risk factors such as hyper-
tension must be improved to prevent significant disease.
Improved mortality rates require improved awareness
of risk, appropriate initiation of treatment when avail-
able, and control of risk factors through appropriate
follow-up. Major barriers to improving care include
crowded primary health centers with long wait times,
scarcity of professional health staff, and high costs of
traditional screening programs.

Given limited resources, finding low-cost prevention
strategies is a top priority. Using prediction rules or risk
scores to identify persons at higher risk so as to target
specific behavioral or drug interventions is a well-
established primary prevention strategy and has proved to
be cost-effective in LMICs (Gaziano, Opie, and Weinstein
2006; Gaziano and others 2005). Most methods have
included age, sex, hypertension, smoking status, diabetes
mellitus, and lipid values; some have included family his-
tory (Assmann, Cullen, and Schulte 2002; Conroy and
others 2003; Ferrario and others 2005; Wilson and others
1998). See chapter 22 in this volume (Jeemon and others
2017) for a discussion of absolute risk measurement.

More attention is now focused on developing risk
scores that would be easy to use without losing predic-
tive discrimination in resource-poor countries. In LICs,
a prediction rule that requires a lab test may be too
expensive for widespread screening or for any use. In
response to this real concern, the WHO released risk
prediction charts with and without cholesterol for dif-
ferent regions of the world (Mendis, Lindholm, and
others 2007). Pandya, Weinstein, and Gaziano (2011)
demonstrated that a risk tool using nonbiometric
information (age, systolic blood pressure, body mass
index) can screen as effectively as one that uses lab
results. Furthermore, the results of the risk tool have
been validated in other cohorts in LMICs (Gaziano and
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others 2013; Gaziano and others 2016), and the method
of assessing absolute risk has proved to be more cost-
effective than relying on blood pressure alone (Gaziano
and others 2005).

Community Health Workers

Shifting the responsibility for screening to community
health workers (CHWSs) was shown to be as effective as
having nurses or physicians screen for CVD risk in a
community study in Bangladesh, Guatemala, Mexico,
and South Africa (Gaziano, Abrahams-Gessel, Denman,
and others 2015). CHWs using a mobile phone app was
found to be life saving in Guatemala (34 lives), Mexico
(281 lives), and South Africa (471 lives) per 210,000
adults screened at very cost-effective ratios. Having
CHWs conduct screening using a simple tool was much
more cost-effective when the primary health system was
prepared and equipped to treat persons identified as
high risk (Gaziano, Abrahams-Gessel, Surka, and others
2015). In countries like South Africa, where at least half
of persons identified as being high risk received medica-
tions, the screening intervention was cost saving.

Even in settings such as Guatemala, where fewer than
5 percent of eligible patients received statins, the inter-
vention was still attractive at US$565 per QALY gained.
In Mexico, where 36 percent of eligible patients were
started on hypertension medications and 18 percent
were started on statins, the incremental cost-effectiveness
ratio for screening by CHWs was less than US$4 per
QALY gained.

CHWs can help improve adherence once individuals
are on treatment. Twice yearly visits by a CHW for
hypertension and adherence education have a cost-
effectiveness ratio of US$320 per QALY gained compared
with usual care in South Africa; the cost can be as low as
US$17 per QALY gained in an urban setting with shorter
distances between homes and as much as US$1,500 per
QALY gained in a deep rural setting with greater dis-
tances between dwellings (Gaziano and others 2014).

Primary Health Center Care

Much of the screening for cardiometabolic conditions
that does not happen in the community can occur in
primary health centers, particularly opportunistic hyper-
tension screening. Regardless of the location of the
screening, once identified, the bulk of primary preven-
tion for ischemic heart disease and stroke will occur in
primary health centers. Furthermore, great overlap occurs
in many of the medications used. While many of the
interventions for secondary prevention may be initiated
in primary care hospitals, once patients are stabilized,
they generally receive care at a primary health center.



Much of the management is centered on control of
hypertension, blood lipids, and diabetes.

Hypertension and Cholesterol

Control of risk factors is paramount to primary preven-
tion of CVD and a major focus of primary health
centers. Blood pressure control has been a cornerstone of
the prevention of stroke, ischemic heart disease, and
peripheral vascular disease for more than 50 years and is
cost-effective in all regions of the world (Rubinstein and
others 2010; Wang and others 2011).

Issues regarding the cost-effectiveness of such inter-
ventions have recently focused on finding ways to
improve the efficiency of identifying who most benefits
from treatment, how to improve access to medications,
how to improve adherence to medications, and how best
to deliver medications. One trend has been to evaluate
the overall risk of a patient rather than a single risk fac-
tor such as blood pressure. Several studies have shown
that it is more cost-effective to identify potential risks
based on overall CVD risk than on blood pressure or
cholesterol levels alone (Gaziano and others 2005; Lim
and others 2007; Rubinstein and others 2010). Similar
analyses have been done for cholesterol treatment, and
guidelines have been set in both Europe and the United
States, while the WHO has moved to global risk-based
assessments for initiating statin-based medications.
Murray and others (2003) showed that lowering choles-
terol for persons at high cardiovascular risk (absolute
risk greater than 35 percent) was cost-effective.

Diabetes

The costs associated with mortality and morbidity from
diabetes worldwide are staggering. People with diabetes
consume two to three times the health care resources of
persons without diabetes, and diabetes consumes up to
15 percent of national health care budgets (Zhang and
others 2010). Management of persons with diabetes
includes control of glucose levels through medications as
well as screening for and managing the secondary
microvascular complications of diabetes, including
retinopathy, nephropathy, and peripheral neuropathy.
Although diabetes is associated with increased risk of
macrovascular complications, such as strokes and myo-
cardial infarctions, randomized trials have not shown
consistent reductions in macrovascular endpoints, and
most of the cost-effectiveness literature has focused on
microvascular complications.

One study in India found that conducting a telemed-
icine retinopathy screening program for diabetics in
rural areas either once or twice in a lifetime and provid-
ing photocoagulation for persons screening positive
were cost-effective at US$1,320 and US$1,343 per QALY

gained, respectively (Rachapelle and others 2013). Some
interventions, although not studied in LMICs, should
receive strong consideration, given the overwhelmingly
positive results in HICs.

Intensive treatment of blood pressure in diabetics
through the use of generic statins is cost saving, especially
for persons older than age 60 years (Li and others 2010).
Screening for microalbuminuria five years after the onset
of diabetes and treatment with angiotensin-converting
enzyme inhibitors (ACEI) is also cost saving for the pre-
vention of end-stage renal disease. Use of angiotensin
receptor blockers is cost saving and highly cost-effective
in HICs. Other potentially cost-saving interventions
include comprehensive foot care to prevent ulcers.

Rheumatic Heart Disease

Acute rheumatic fever remains the most important
cause of acquired heart disease in children and young
adults in the world (Carapetis, McDonald, and Wilson
2005). Although it is rarely fatal, each case is responsible
for the loss of up to 16 years of life and 3 QALYs due to
disability (Michaud and Narula 1999). For this reason,
the World Heart Federation made the elimination of
acute rheumatic fever and control of rheumatic heart
disease one of the six main goals in its strategic plan
through 2015. In most LMICs, prevention has focused
on secondary prevention among persons who have had
a previous episode of rheumatic fever. This approach
includes life-long treatment with penicillin, either orally
or through intramuscular injections.

Secondary prevention in persons without a previous
episode of acute rheumatic fever, through screening with
echocardiography, was also found to be cost-effective at
less than US$100 per QALY gained (Tian and others
2015). In the absence of a vaccine against group A strep-
tococcal infection, primary prevention depends on
short-term oral or intramuscular penicillin treatment of
patients presenting with acute sore throat (pharyngitis)
caused by the infection.

Yet, primary prevention has not been widely adopted
in LMICs because of barriers to implementation and
cost-effectiveness (Karthikeyan and Mayosi 2009). More
recently, investigators have found that using a clinical
scoring mechanism not based on lab results followed by
intramuscular injection with penicillin for persons
judged to be positive would be cost-effective at US$150
per QALY gained for children ages 3—15 years presenting
with sore throat in South Africa (Irlam and others 2013).

First-Level Hospital Care

Treatment with aspirin, blood pressure medications,
and statins is the cost-effective mainstay for managing
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the care of persons with a previous stroke or ischemic
heart disease event. Unfortunately, use of appropriately
recommended medications is extremely low in many
countries. Medications such as aspirin, ACEi, beta
blockers, and statins have been shown to be cost-
effective, with costs less than US$1,000 per DALY
averted in all LMIC regions (Gaziano, Opie, and
Weinstein 2006; Lim and others 2007). Unfortunately,
costs to individuals and access to medications may be
limiting the full benefit of life-saving medications. This
section discusses methods for improving access and
availability as well as adherence. Overcoming these
challenges is critical to the primary and secondary pre-
vention that occurs at primary health centers and out-
patient care facilities in first-level hospitals.

Drug Availability and Adherence

Several factors are responsible for the low use of medica-
tions, including inadequate availability and access to
affordable medications, scarcity of health care providers,
and complicated medication regimens. In many LMICs,
the cost of a month’s supply of generic secondary
prevention medications ranges from 1.5 to 18.4 times
the daily wage of government workers (Mendis, Fukino,
and others 2007), and the availability of cardiovascular
medications ranges from 25 percent in the public sector
to 60 percent in the private sector (Cameron and others
2011; van Mourik and others 2010).

The availability of generic medications was influ-
enced by the Agreement on Trade-Related Aspects of
Intellectual Property Rights (TRIPS Agreement) in
1995; the agreement obliged World Trade Organization
members to protect pharmaceutical patents for 20 years
from their filing (Smith, Lee, and Drager 2009). The
subsequent Doha Declaration in 2003 granted nations
compulsory licenses to manufacture essential medica-
tions domestically without permission of the patent
holder, a trend that increased until 2006 (Beall and
Kuhn 2012; Correa 2006; Lybecker and Fowler 2009).
Canada is the only country to have issued a compulsory
license to export generic medications to poorer nations,
helping increase the availability of generic medications
(Lybecker and Fowler 2009). Other studies have shown
that, from 2001 to 2011, generic medications in the pri-
vate sectors of 19 countries in Latin America, the
Middle East, and South Africa accounted for approxi-
mately 70 percent to 80 percent of market share, which
is larger than in most European countries (Kaplan,
Wirtz, and Stephens 2013).

The literature on interventions to improve medica-
tion adherence is sparse. Recent reports suggest that
lower out-of-pocket expenses, case management, patient
education with behavioral support, and mobile phone
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messaging, supported by broader guidelines and regula-
tory and communication-based policies, may improve
adherence (De Jongh and others 2012; Laba and others
2013; Tajouri, Driver, and Holmes 2014; Viswanathan
and others 2012). In this context, the Post-Myocardial
Infarction Free Rx Event and Economic Evaluation trial
in the United States has shown that eliminating copay-
ments for drugs after a myocardial infarction increases
medication adherence to 49.0 percent from 35.9 percent
(Choudhry and others 2011). Furthermore, insurance
plans that were generous, targeted high-risk patients,
offered wellness programs, did not offer disease manage-
ment programs, and covered medications ordered by
mail were associated with a 4 to 5 percentage point
higher rate of medication adherence (Choudhry and
others 2014). While these studies are promising, future
research is needed to determine whether the models
could be replicated successfully in LMICs.

One way to address availability and affordability is to
give a combination of generic CVD medications (poly-
pill) to all adults with significant risk for CVD (Wald and
Law 2003). This single intervention could reduce ische-
mic heart disease by as much as 50 percent.

The use of a polypill in primary prevention reduces
the need for dose titrations, improves adherence, and
increases the use of cheap generics in a single formula-
tion (Lonn and others 2010). Several studies have shown
reductions in risk factors, such as blood pressure and
cholesterol levels (Yusuf and others 2009), and improve-
ments in adherence. The most promising study to date
included persons with established heart disease and
persons at high risk for CVD. In the UMPIRE (Use of a
Multi-drug Pill in Reducing Cardiovascular Events)
study, patients who received the fixed-dose combination
pill had increased adherence of more than 20 percent
and reductions in both cholesterol and blood pressure
levels (Thom and others 2013). However, no study has
yet been published with reductions in ischemic heart
disease or stroke endpoints, although several are under-
way (Eguzo and Camazine 2013; Lonn and others 2010;
Yusuf and others 2009).

The use of a polypill in secondary prevention is less
controversial because, even though no trial has proved its
efficacy in secondary prevention, multiple trials have
shown that the individual component medications (aspi-
rin, statins, beta blockers, and angiotensin II receptor
blockers) improve outcomes in patients with known
CVD or high levels of risk factors (Lonn and others 2010).
A large case-control analysis of 13,029 patients with ische-
mic heart disease in the United Kingdom indicated that
combinations of medications (statin, aspirin, and beta
blockers) decrease mortality in patients with known CVD
better than single medications (Hippisley-Cox and



Coupland 2005). Finally, the use of combination therapy
was shown to be cost-effective in LMICs for both primary
and secondary prevention, with the best cost-effectiveness
ratio for secondary prevention (Gaziano and others 2005;
Lim and others 2007).

Heart Failure

Diuretics are the mainstay treatment for heart failure.
They have been shown to be cost-effective for managing
hypertension in HICs (Tran and others 2007) and
LMICs (Alefan and others 2009), but their cost-
effectiveness has not been evaluated for the treatment of
heart failure. However, congestive heart failure (CHF) is
associated with much higher risks and costs than hyper-
tension, and the relative risk reduction for CHF is simi-
lar to that for hypertension, making it safe to infer that
diuretics are cost-effective. All other agents for CHF
have been compared with a baseline of diuretic therapy.
ACEi are an integral part of the treatment of patients
with CHE, both reducing costly admissions and pro-
longing life. Cost-effectiveness studies dating back to the
1990s have shown them to be either highly cost-effective
or cost saving in HICs (Butler and Fletcher 1996; Paul
and others 1994; Tsevat and others 1995). Their use was
found to be cost saving when added to diuretics in all six
LMIC regions or to be extremely cost-effective (US$50
per DALY averted) in areas with limited access to hospi-
tals (Gaziano 2005).

Beta blockers are equally integral for managing
patients with CHF with reduced ejection fraction.
Similar cost-effectiveness results were seen in HICs in
the late 1990s for carvedilol and in the early 2000s for
metoprolol of less than US$30,000 per QALY gained to
as low as US$4,000 per QALY gained (Delea and others
1999; Levy and others 2001). However, these agents cost
up to US$500-US$1,000 per year. When analysis was
repeated using generic pricing in all six LMIC regions,
the incremental cost-effectiveness ratios were extremely
favorable, ranging from US$124 to US$219 per DALY
averted (Gaziano 2005). Mineralocorticoid agents have
a favorable health profile in patients with reduced-
systolic-function CHF, reducing both all-cause mortal-
ity and hospitalizations. Although eplerenone has
proved to be cost-effective in HICs (Weintraub and
others 2005), its cost-effectiveness has not been evalu-
ated in LMICs (McKenna and others 2010). One limita-
tion to its use is the need for blood tests to monitor
renal function and electrolytes.

Devices such as implantable cardioverter defibrilla-
tors for persons with advanced heart failure have been
found to be cost-effective in HICs. In LMICs, they have
been evaluated in Brazil, with an incremental cost-
effectiveness ratio of US$50,000 per QALY gained

(Ribeiro and others 2010). When compared with medical
therapy in Brazil, implantable cardiac resynchronization
therapy was even more cost-effective, at US$17,700 per
QALY gained in 2012 U.S. dollars. When both capabili-
ties were combined in the same device, the incremental
cost-effectiveness ratio was nearly US$33,000 per QALY
gained (Bertoldi and others 2013). Similar values were
found in Argentina (Poggio and others 2012).

Respiratory Conditions

There is relatively little information about the costs of
treating and managing respiratory conditions in LMICs.
One economic modeling study indicated that chronic
obstructive pulmonary disease (COPD) and asthma
interventions had poor cost-effectiveness compared
with interventions for other chronic conditions because
they relied on expensive imported drugs and, in the case
of COPD, had relatively few health gains. Only one
inhaled corticosteroid was available in the Colombian
health insurance plan, and it was the most cost-effective
therapy for treating pediatric asthma patients. The next
best option cost more than US$55,000 per QALY gained
(Rodriguez-Martinez, Sossa-Briceno, and Castro-
Rodriguez 2013). Using low-dose inhaled cortico-
steroids for mild asthma was relatively inexpensive and
averted a sizable number of DALYs. Using low-dose
inhaled corticosteroids for mild persistent asthma cost
about US$2,321 per DALY averted in Sub-Saharan
African countries and about US$1,133 per DALY averted
in South-East Asian countries. Using low-dose inhaled
corticosteroids plus long-acting beta agonists for mod-
erate to persistent asthma cost about US$4,763 per
DALY averted in Sub-Saharan Africa and US$1,878 per
DALY averted in South-East Asia. Prescription treat-
ment of COPD stage II (inhaled bronchodilator) cost
about US$11,000 and US$5,000 in Sub-Saharan Africa
and South-East Asia, respectively. While all three inter-
ventions had about the same costs per DALY averted in
each region, they were much more expensive in Sub-
Saharan Africa than in South-East Asia (Stanciole and
others 2012).

Acute and Hospital-Based Care

Acute Ischemic Heart Disease

Management of persons with acute myocardial infarc-
tion has been shown to be cost-effective in all six LMIC
regions. Using aspirin in the acute setting for ST eleva-
tion myocardial infarction (STEMI) costs between
US$10 and US$20 per QALY gained (Gaziano 2005).
Using generic beta blockers costs only US$2 per QALY
gained more than using aspirin alone (Gaziano 2005).
Using a combination of aspirin, beta blockers, ACEi, and
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statins in the acute phase was cost-effective in China for
acute myocardial infarction, at US$3,100 per QALY
gained. Additional treatment of patients with the anti-
platelet agent clopidogrel had a higher incremental
cost-effectiveness ratio of nearly US$18,000 per QALY
gained. Use of unfractionated heparin for patients with
acute coronary syndrome was found to be quite cost-
effective at US$2,800 per QALY gained.

Generic thrombolytics such as streptokinase can be
added for approximately US$700 per QALY gained in an
emergency ward capable of administering intravenous
medications with physician supervision (Gaziano 2005).
Thrombolysis was not evaluated separately in China, but
the use of streptokinase in secondary hospitals or percu-
taneous coronary interventions in hospitals had a com-
bined ratio of approximately US$9,000 per QALY gained
(Wang and others 2014). Using primary percutaneous
coronary interventions alone for persons with STEMI
was US$10,700 per QALY gained in China. In Brazil,
delivering thrombolysis with tenecteplase within
60 minutes of an event by paramedics in a prehospital
environment was shown to be cost saving (Araujo and
others 2008). This intervention requires a highly devel-
oped emergency response team with educated paramed-
ics and physicians able to diagnose and rule out
contraindications to thrombolysis. Although patients
with chest pain should ideally go to an emergency depart-
ment capable of treating both STEMI and non-STEMI,
in areas where advanced emergency transport systems are
lacking and where patients seek treatment from their
primary doctors, such as in rural India, it is more cost-
effective, at US$13 per QALY gained, to use a prehospital
electrocardiogram machine than to do nothing
(Schulman-Marcus, Prabhakaran, and Gaziano 2010).

Kidney Disease

Like diabetes, patients with chronic kidney disease can
gain significant benefits from aggressive blood pressure
and lipid control. However, no studies of these interven-
tions have been conducted in LMICs. In particular,
patients with chronic kidney disease would benefit
particularly from the use of ACEi and statins as well as
from screening for proteinuria.

COSTS OF PREVENTION AND TREATMENT OF
CVRDs IN LMICs

To complement this review of cost-effectiveness, a sys-
tematic literature review was conducted of intervention
costs for CVRDs in LMICs from the provider’s perspec-
tive, given that these costs are poorly understood
(Brouwer and Levin 2015). The review focuses on
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diabetes, chronic kidney disease, hypertension, stroke,
ischemic heart disease, and nonischemic heart disease
because of their interrelated risk factors, prevention
strategies, and interventions, such as tobacco cessation
or hypertension control. Total costs of prevention or
treatment per person or per year were inflated to 2012
U.S. dollars for comparability across geographic settings
and time periods. The methodology for the review is
provided in annex 19A.

The review found that prevention of CVD and
related diseases is much less expensive than treatment,
although many treatments are cost-effective using stan-
dard income thresholds. Most current treatment costs
are very high in LMICs, and little is known about the
costs of scaling up prevention and early treatment to
avoid more catastrophic expenditures. The least expen-
sive interventions were prevention strategies to reduce
tobacco use and salt consumption at the population
level, while the treatment of chronic kidney disease was
the most expensive, followed by surgical interventions
for ischemic heart disease. Promotion policies for salt,
tobacco, and cholesterol control were inexpensive, at
less than US$1.00 per person per year, ranging from
about US$0.15 per person per year for mass media cam-
paigns to US$0.80 per person per year for cholesterol
control (Ha and Chisholm 2011). The costs of tobacco
cessation programs varied, depending on whether
individual- or population-based platforms were used.
For example, average unit costs ranged from less than
US$0.01 per person per year for package warnings in
Vietnam (Salomon and others 2012) to US$10,000 per
person per year for school-based smoking cessation
programs in India (Brown and others 2013). These cost
estimates are useful when considering whether to scale
up national prevention programs because low per capita
costs can quickly translate into high overall program
costs depending on the country’s population and its
geographic distribution.

Treating CVD and its risk factors is complex, in part
because of the interrelationship between hypertension,
diabetes, and ischemic heart disease and the fact that
multiple shared risk factors affect CVD health outcomes.
The clinical heterogeneity of CVD can make treatment
costs for a single condition much more variable than for
infectious or some other chronic diseases. For example,
CVD encompasses different types of heart and related
diseases, such as hypertension, stroke, and heart failure,
with different levels of severity, associated care, and
management. Nonetheless, age-adjusted CVD mortality
has continued to decline in both HICs and LMICs as a
result of an abundance of both policy- and individual-
level interventions reviewed in this chapter. As indicated,
numerous clinical protocols are available for treating



complicated conditions, including different combina-
tions of medications, different diagnostics and imaging
technologies, different surgeries, and different require-
ments for inpatient care and follow-up visits, making
cost comparisons between studies all but impossible.
Additionally, clinical characteristics, capabilities, and
practices vary widely among and within countries; the
distribution of costs can vary widely even within a
hospital offering different levels of care, such as general,
specialty, and intensive care (Khealani and others 2003).

Primary prevention and early management of care
can occur at primary care levels with less sophisticated
human resource and equipment needs, making local
health delivery platforms an attractive option in low-
resource settings. There is currently a small but growing
body of evidence for CVD treatment and prevention
costs in MICs, with fewer in LICs.

CRITICAL RESEARCH GAPS

The lack of data on costs and effectiveness, particularly
data from or focused on LMICs, limits the ability of
decision makers to plan and allocate resources efficiently
and may also result in the underuse of cost-effective
interventions (Bloom and others 2014).

Limited evidence of the cost-effectiveness of inter-
ventions for cardiometabolic diseases in LMICs largely
reflects the limited evidence of intervention effective-
ness. The lack of such information makes undertaking
cost-effectiveness studies in LMICs very difficult, lead-
ing to the use of modeling approaches. It also limits the
ability of decision makers to assess whether interven-
tions with demonstrated cost-effectiveness in other
countries are likely to be replicable with similar results
in a particular country.

Population- and community-level interventions that
appear to be the most cost-effective are inherently diffi-
cult to evaluate, further complicating assessment. Unlike
individual-level interventions, attributing health out-
comes to specific interventions is generally difficult, if
not impossible. For instance, because interventions can
take place outside the health system (for example,
through fiscal policy changes or urban planning), assess-
ing their costs can be more difficult than for interventions
made through the health system. Nonetheless, the stud-
ies discussed in this chapter demonstrate the possibility
of producing valuable data.

Additional research is needed on fiscal and regulatory
policy changes and other population-level interventions
to address the risk factors and burden of cardiometa-
bolic disease. The lack of data on interventions to
improve diets and increase physical activity in LMICs is
a particular concern.

Comparability is also a concern. Cost data on clinical
treatments often reflect experiences in urban areas
(more often from middle-income than from low-income
countries). Such costs may not be transferable to rural
areas and may not be appropriate for making regional or
national assessments. Cost comparability would benefit
from a more consistent methodology and clear presenta-
tion of data on the elements and drivers of cost. Using
established, accepted intervention protocols to guide
economic evaluations and enable comparability of cost
reporting has the potential to improve comparability
across studies.

A related issue is the limited availability of longitudi-
nal studies in LMICs, particularly studies concerned
with population- and community-level interventions.
Without such studies, decision makers will have diffi-
culty both assessing trends, including cost-scale and
cost-quality relationships, and prioritizing interventions.
This issue is particularly relevant given the significance
of generational and age differences for CVD risk factors
and intervention strategies in LMICs.

Also needed is research on the costs of scaling up
prevention and early treatment in LMICs and the sys-
tematic capture of successful experiences and transfer-
able practices in designing and embedding such
programs in LMICs, particularly in low-resource set-
tings. In sum, targeted studies focused on LMICs are
critical to tailoring responses to CVDs that have actual
impacts and are cost-effective. Particularly needed is
research on the costs of population-level prevention
interventions; low-cost, community-based prevention
strategies; strategies for individual-level interventions
and platforms to reach low-resource populations; com-
parable treatment and prevention costs in lower-resource
settings; evidence and experience on the design, replica-
bility, scale-up, and implementation costs of interven-
tions in LMICs; and quality data on costs to inform the
design, implementation, and scale-up of evidence-based
interventions in these countries.

CONCLUSIONS

Many interventions are available for managing cardio-
vascular, kidney, and respiratory diseases, which account
for a large portion of NCDs globally. HICs as well as
some LMICs have seen dramatic declines in age-adjusted
mortality related to these conditions as a result of many
clinical and policy-based interventions. Some interven-
tions have been shown to be cost-effective in both HICs
and LMICs, while others need further evaluation.

The burden of CVD is growing in many LMICs, and
future research should put greater emphasis on nonclin-
ical interventions. Significant differences in outcome
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measures and methodologies preclude the ranking of
interventions by their degree of cost-effectiveness.
Appropriate calibrations should be used when transfer-
ring effectiveness estimates from HICs for the purpose
of modeling cost-effectiveness in LMICs. In rare
instances, studies of CVD risk factors and intervention
follow-up are needed. Some pharmaceutical strategies
are cost-effective.

Clarification is needed on the diagnostic approach to
targeting a single high-risk factor versus absolute risk,
the role of patient compliance, and the potential conse-
quences of large-scale medicalization for public health.

ANNEX

The annex to this chapter is as follows. It is available at
http://www.dcp-3.0rg/CVRD.

+ Annex 19A. Methods, Framework, and Results

NOTES

World Bank Income Classifications as of July 2014 are as fol-
lows, based on estimates of gross national income (GNI) per
capita for 2013:

+  Low-income countries (LICs) = US$1,045 or less

+  Middle-income countries (MICs) are subdivided:
(a) lower-middle-income = US$1,046 to US$4,125
(b) upper-middle-income (UMICs) = US$4,126 to US$12,745
High-income countries (HICs) = US$12,746 or more.

1. As of September 2016, several jurisdictions, including
France, Mexico, Berkeley in California, St. Helena, and
some islands in the South Pacific, have introduced taxation
on SSBs. Hungary has introduced taxes on SSBs, salty con-
diments, and some snack foods. Finland has introduced
taxes on sweets, ice cream, and soft drinks. Norway has
introduced taxes on SSBs, chocolate, and sugar. Denmark
is the only country that has explicitly introduced (and
subsequently withdrawn) a tax on foods high in saturated
fat for health purposes (Wareham and Jebb 2015).

2. Two related meta-analyses also provide relevant infor-
mation on food price elasticities in low, middle-, and
high-income countries. While Green and others (2013)
focused on own-price elasticities of a range of aggregate
food groups, Cornelsen and others (2014) undertook a
meta-analysis of cross-price elasticities worldwide. Both
studies concluded that changes in food prices have the
largest own-price effects in LICs, while cross-price effects
are more varied and depend on country income level,
reinforcing, undermining, or alleviating own-price effects.

3. For a review of the cost-effectiveness of brief interventions
to promote physical activity predominantly in a primary
care context, see Vijay and others (2015).

Cardiovascular, Respiratory, and Related Disorders

4. For additional examples of economic modeling to inform
health priorities, see Vos and others (2010) or various
background reports to the United Kingdom’s National
Institute for Health and Care Excellence public health
guidance (Morgovan and others 2010), available for a
wide and growing range of topics (https://www.nice.org
.uk/guidance/published?type=ph).

5. Countries vary in the opportunity costs they face when
using resources for new interventions, with opportunity
costs defined as the health gains forgone because resources
are not available to deliver interventions elsewhere in the
health system. Opportunity costs should—in principle—
be reflected in the cost-effectiveness threshold (Revill and
others 2015).
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