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Cardiovascular, respiratory, and related disorders:
key messages from Disease Control Priorities, 3rd edition

Dorairaj Prabhakaran, Shuchi Anand, David Watkins, Thomas Gaziano, Yangfeng Wu, Jean Claude Mbanya, Rachel Nugent, on behalf of the
Disease Control Priorities-3 Cardiovascular, Respiratory, and Related Disorders Author Group*

Cardiovascular, respiratory, and related disorders (CVRDs) are the leading causes of adult death worldwide, and
substantial inequalities in care of patients with CVRDs exist between countries of high income and countries of low
and middle income. Based on current trends, the UN Sustainable Development Goal to reduce premature mortality
due to CVRDs by a third by 2030 will be challenging for many countries of low and middle income. We did systematic
literature reviews of effectiveness and cost-effectiveness to identify priority interventions. We summarise the key
findings and present a costed essential package of interventions to reduce risk of and manage CVRDs. On a population
level, we recommend tobacco taxation, bans on trans fats, and compulsory reduction of salt in manufactured food
products. We suggest primary health services be strengthened through the establishment of locally endorsed guidelines
and ensured availability of essential medications. The policy interventions and health service delivery package we
suggest could serve as the cornerstone for the management of CVRDs, and afford substantial financial risk protection
for vulnerable households. We estimate that full implementation of the essential package would cost an additional
US$21 per person in the average low-income country and $24 in the average lower-middle-income country. The
essential package we describe could be a starting place for low-income and middle-income countries developing
universal health coverage packages. Interventions could be rolled out as disease burden demands and budgets allow.
Our outlined interventions provide a pathway for countries attempting to convert the UN Sustainable Development

Goal commitments into tangible action.

Introduction

Adults today are most likely to die from a cardiovascular,
respiratory, or related disorder (CVRD), with 43% of
overall deaths and 49% of adult deaths estimated, by
WHO, to be due to CVRDs in 2015 (figure 1)." Most
CVRDs are preventable or, if they do occur, can be treated
to improve longevity and reduce disability. The ability to
secure resources for optimal risk reduction and treat-
ment, and to ensure consistent and persistent thera-
peutic compliance, is a challenge even for high-income
countries (HICs). In low-income and middle-income
countries (LMICs), limited capacity to detect these silent
diseases and provide early treatment contributes to
the rapid emergence of advanced complications and
premature death.

Cardiovascular, Respiratory, and Related Disorders, the
fifth volume of the 3rd edition of Disease Control Priorities
(DCP-3 CVRDs), covers three of the four major non-
communicable diseases (NCDs) prioritised by the UN
high-level meeting on prevention and control of NCDs in
2011:* cardiovascular diseases (CVDs; ischaemic heart
disease and its risk factors—ie, obesity, physical inactivity,
tobacco, high blood pressure, and abnormal lipids—and
stroke, peripheral artery disease, structural heart disease,
and congestive heart failure), respiratory diseases, and
diabetes. We also include kidney disease as a related
condition (see appendix for complete list of conditions).
Cancers and mental health, also typically grouped among
NCDs, are covered in other volumes of DCP-3.>* CVRDs
are closely related, some (eg, hypertension or hyper-
lipidaemia) serving as precursors, whereas others are
sequelae (eg, heart failure or peripheral artery disease),
and therefore they share prevention and management

measures. Panel 1 summarises the key messages from
DCP-3’s volume 5 and provides a framework for
systematically addressing CVRDs in LMICs.

We discuss the overarching burden of CVRDs,
including the reasons LMICs face disproportionately
high premature mortality and disability rates. We
summarise the effectiveness of and cost-effectiveness
evidence for relevant health interventions and policies,
and propose a costed essential package of 36 interventions
that are feasible for low-income countries (LICs) and
lower-middle-income countries to adapt and implement.

High risk of death, disability, and
impoverishment

The world’s population is ageing. For most of the
20th century, 5% or fewer people reached the age of
65 years; nowadays, people older than 65 years constitute
10% of the world’s population, and this proportion is
expected to increase to more than 15% by 2030.” Combined
with population growth, population ageing has led to an
overall increase in the number of people dying from
CVRDs, because although the propensity for these
diseases starts in utero, their substantive effects are seen
in adulthood. From 2000 to 2015, the absolute number of
deaths due to CVRDs increased by 23% globally.’

With the implementation of population-level risk
reduction measures, and advances in acute and chronic
care, age-specific mortality has declined to the extent
that it counterbalances the absolute increase in number
of deaths associated with population growth and
ageing.’® Thus, age-standardised mortality rates per
100000 population for CVDs and respiratory diseases
are declining, whereas rates for diabetes and kidney
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Figure 1: Share of all deaths caused by cardiovascular, respiratory, or related
disorders and other non-communicable diseases, by country income (A),
and specific causes of cardiovascular disease mortality in low-income and
middle-income countries (B), 2015

Source: WHO Global Health Estimates 2015." NCDs=non-communicable
diseases.

diseases (including kidney disease due to diabetes) are
either unchanged or increasing. Compared with HICs,
LMICs experienced smaller declines in age-standardised
mortality rates from CVRDs from 2000 to 2015;
therefore, inequalities in outcomes are worsening
(appendix). For CVDs—Dby far the most common cause
of death among the CVRDs—the decline between 2000
and 2015 ranged from 5% in LICs, to 15% in upper-
middle-income countries, to 34% in HICs (figure 2).
Absolute rates of morbidity and premature mortality,
captured in the summary metric of disability-adjusted
life-years (DALYs), are increasing rapidly in poor
regions: between 2000 and 2015, DALYs from CVD and
diabetes increased by 33% and 72% in south Asia, and
26% and 56% in sub-Saharan Africa.’

For a person with CVD, where he or she lives predicts
risk of death as strongly as being overweight or
hypertensive (figure 3).** For adults with CVD, resi-
dence in an LMIC also predicts higher likelihood of a
serious event—eg, myocardial infarction or stroke—and
at a younger age than in HICs.*™ Acute admissions
to hospital are expensive and substantially increase
the likelihood of families falling into poverty.” More
than half of people admitted to hospital because of
stroke, myocardial infarction, or peripheral artery disease
in China, India, or Tanzania experienced catastrophic
health spending (ie, annual health expenditure >40%
of total non-food household expenditure).® In the
Philippines, even without acute complications, the cost of
routine use of generic medications, such as atenolol,
would impoverish 5% of the population—20% if brand-
name atenolol were used.”

Why have LMICs not benefited from advances in
CVRD prevention and care? The reasons are many, and
vary by region, but we highlight: the frequent absence of
population-wide strategies to tackle behavioural risk
factors; missed opportunities to identify and treat disease
in the early stages; and inability to provide quality care
for advanced complications.

Dearth of population-wide strategies to tackle
behavioural risk factors

To date, population-wide strategies to encourage behav-
ioural change have focused on tobacco use, poor diet,
physical inactivity, and obesity, which have—at least in
part—contributed to the substantial decline in age-
standardised cardiovascular and respiratory disease mor-
tality in HICs. In LMICs, the burden of these major risk
factors for the development and progression of these
conditions is increasing. After more than 170 countries
signed on to the WHO Framework Convention on
Tobacco Control in 2005, experts called for its immediate
implementation and some argued for further regulations
aimed at achieving a tobacco-free world.® WHO has set a
global target: a 30% reduction in smoking prevalence
by 2025.” Most LMICs are unlikely to meet this goal,
because the overall number of smokers is predicted to
continue to increase, and many of the evidence-based
recommendations of the framework, including taxation,
advertising bans, pictorial warnings, and publicly
supported smoking cessation assistance, which are
described in the WHO MPOWER package,” have not
been implemented in these countries.”” Of all tobacco
interventions, taxation is the most effective method of
averting tobacco-attributable CVRDs.” As shown in an
extended cost-effectiveness analysis in China,” taxation
also provides financial risk protection for low-income
families living in LMICs, addressing concerns about the
potential regressivity of taxation on the poor. Yet, in LICs,
tobacco taxes are less than 40% of the average price of
cigarettes, compared with more than 60% in HICs; thus,
cigarettes are more affordable in LMICs and will become
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Panel 1: Key messages

Adults living in low-income and middle-income countries
(LMICs) face a high risk of death, disability, and impoverishment
from cardiovascular, respiratory, and related disorders (CVRDs).
The world is experiencing an increase in the number of deaths
due to CVRDs.* Slightly more than 80% of these deaths occur in
LMICs.2 40% of the CVRD-related deaths in LMICs occur
prematurely—at younger than 70 years of age—as compared
with 19% in high-income countries (HICs). In 2015, the UN
General Assembly agreed to an array of development goals,
including a target to reduce premature mortality from
non-communicable diseases by one-third by 2030.° The world is
not on track to achieve this goal. Stronger actions are needed to
combat CVRDs in LMICs, where relative risk of death from
CVRDs are 1-6-2-4-times higher than in HICs.

Effective prevention strategies are underutilised. HICs and
upper-middle-income countries have reduced
age-standardised mortality due to cardiovascular disease by
more than 25% since 2000.3 This reduction has largely been
achieved through the introduction of policy interventions to
reduce risk factor levels and methods to strengthen the
health system at the primary care level, and improvement of
acute care with attention to early initiation of treatment.
Residents of LMICs have not benefited from the advances in
CVRD risk reduction and treatment seen in HICs. Policies
aimed at the reduction of population-wide risk factors

(eg, high taxation of tobacco, reduction of salt in processed
foods, or bans on trans fatty acids) are effective but have not
been widely adopted in LMICs. Targets related to
individual-level risk factors (eg, reduction of smoking and
obesity, or improvement of physical activity), are harder to
achieve; however, when achieved sustainably, improve health
in multiple domains.

even more affordable over time Furthermore, in
LMICs, a substantial proportion of people with chronic
obstructive pulmonary disease have never smoked;” in
these instances, occupational exposure” and indoor air
pollution because of biomass fuel use*—a common
practice in LMICs—contribute to the burden of
respiratory disease.

Poor diet, obesity, and physical inactivity are interlinked
risk factors that, when addressed early in life, can lead to
lifelong protection from CVRDs. Based on current
trends, the contribution of these risk factors to death and
disability is likely to increase in LMICs and decline in
HICs. In HICs, the number of people who partake in
physical activity during leisure time is increasing.” Over
the past 30 years, deaths attributed to physical inactivity
declined by 15% in HICs and increased by 25% in
LMICs.”® In HICs, many stakeholders are working
to encourage physical activity: city governments are
creating pedestrian plazas, health-care organisations are
incorporating physical activity assessments into clinic
visits, and employers are offering at-work exercise

Primary care centres require strengthening to treat the current
and growing burden of CVRDs. Medications crucial for
treatment at the individual level have long track records for
effectiveness, and in many cases for cost-effectiveness, but have
low uptake in LMICs. Most of the disease-specific interventions
we recommend are related to long-term use of medications, and
should be delivered in primary care centres. Specific needs to
shore up this platform include training of primary or non-
physician health-care providers in the management of CVRDs
using local or regional guidelines, ensuring availability of
inexpensive, generic, or combination drugs in clinics, and
creating culturally viable strategies to improve patient
adherence. These centres can also serve as the entry point for
acute treatment, with referral to first-level centres where
algorithm-based care could be delivered.

Cost-effective prevention policies and treatments for CVRDs are
possible to implement in LMICs. Population-level policies to
reduce risk of CVRDs are generally more affordable than
treatments because of lower estimated costs. Many cost-effective
treatment interventions can be delivered at primary care hospitals,
especially related to inexpensive and generic medications, and a
selected number at first-level or referral-level hospitals.

Universal health care that includes care for CVRDs provides
benefits beyond individual health to financial protection of
families. The household financial burden is particularly relevant
in economic analyses related to the treatment of CVRDs. On a
value-for-health basis, CVRD interventions—particularly ones
that incur ongoing, long-term costs—are expensive, even if
cost-effective. However, many of the afflicted adults are wage
earners, and the potential to improve economic productivity
and avert poverty is clear and large.

classes.” By contrast, the rapid and unplanned growth
of urban metropolises in LMICs impedes the imple-
mentation of cost-effective opportunities for physical
activity.”

Missed opportunities to treat CVRDs in the early stages
The scarcity of effective care for people who experience
an acute CVRD event, such as myocardial infarction,
stroke, or asthma exacerbation, is the first of several
missed opportunities for early treatment of CVRDs.
A timely emergency response to an acute CVRD event
with common, relatively inexpensive medications—eg,
aspirin for myocardial infarction and bronchodilators for
asthma—can save a life until diagnosis. Yet, in many
locations, health workers at primary health centres do
not have adequate resources to provide high-quality,
evidenced-based preventative care.

Effective long-term management of hypertension and
diabetes can reduce complications such as ischaemic
heart disease, stroke, peripheral artery disease, retino-
pathy, and chronic kidney disease. Early use of inhaled
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Figure 3: Relative risk of death due to cardiovascular and respiratory disease in low-income and
middle-income countries versus high-income countries, by age group, 2015

corticosteroids decreases the frequency of serious
attacks, even for people with mild persistent asthma.”
Medications for long-term disease management overlap
across many CVRDs. Statins can reduce the risk of first-
time and recurrent myocardial infarctions or strokes by
an average of 21%.* Effective management of hyper-
tension according to standard treatment guidelines
affords a similar degree of protection for heart failure,
acute coronary events, and strokes;” however, use of
these therapies remains low in LMICs. In a multicountry
study, 31% of patients in LICs were aware of their
hypertension (vs 49% in HICs), and fewer than a third of
patients in LICs were treated, as compared with nearly
half of patients in HICs.* Control of hypertension was
achieved in fewer than one in five of the overall
population with hypertension, regardless of country-
income setting,* although the trend is towards improved
rates of control in HICs.” The 2003 Doha Declaration on
the Trade-Related Aspects of Intellectual Property Rights

Agreement and Public Health enabled countries to
produce medications for domestic use when necessary
for health of their populations.** Generic cardiovascular
medications now constitute more than 70% of the market
in many LMIC," yet affordability remains an issue, with
large variations in cost even within the same drug class.”
Although the WHO Model List of Essential Medicines®
attempts to focus resources on selected effective and
cost-effective medications, conflicting incentives for
physicians lead to highly variable prescribing patterns,
which can increase costs without clear health benefits.
One example is the heavy provider reliance on insulin
analogues, over the cheaper non-analogue form, in
Venezuela, Brazil, and Mexico.*

Even if sequelae develop, optimising patient treatment
can further delay progression along the disease spectrum
to heart failure, limb amputation, blindness or end-stage
kidney disease. The gap in care provision between HICs
and LMICs is large: fewer than 10% of patients in LICs and
fewer than 25% in lower-middle-income countries take
B blockers, angiotensin-converting-enzyme inhibitors, or
statins after a myocardial infarction or stroke, compared
with 50-66% of patients in HICs.*

Inability to provide quality care for advanced
complications

Facilities for the care of patients with advanced con-
ditions, including end organ damage, are scarce and,
when available, incentives to ensure the delivery of
high-quality care are few. The need for specialists or
specialised equipment means that some advanced
conditions (eg, heart failure, structural heart disease, and
end-stage kidney disease) are expensive to treat. Many
middle-income countries (MICs) and some LICs do have
facilities but are unable to take on the large number of
people who require treatment, because of scarcity of
resources, patient-level financial constraints, or both.
Haemodialysis facilities exist in most countries in the
world, but fewer than a quarter of people expected to
reach end-stage kidney disease annually have access to
therapy.“* Even for people who can make the necessary
payments, there is little to no oversight of the quality of
care delivered. Of six haemodialysis centres surveyed in
Lagos, Nigeria, none met accepted standards for microbial
decontamination.® An analysis of patients with rheumatic
or congenital heart disease reported that two-thirds of
surgical candidates in Uganda did not have access to
treatment, and 18% died while on the waiting list for
surgery.” Among those who underwent open-heart
surgery, postoperative mortality and loss to follow-up
rates were high (19% and 22%, respectively).”

Thus, even as the burden of risk factors for CVRDs
increases in LMICs, strategies and facilities to care for
people with these diseases are too rarely available. Without
oversight, scarce resources are sometimes expended on
expensive or low-quality treatments, while cost-effective
alternatives go underused.”

www.thelancet.com Published online November 3, 2017 http://dx.doi.org/10.1016/50140-6736(17)32471-6



Review

Cost-effectiveness of interventions for CVRDs
We reviewed the cost and cost-effectiveness of various
CVRD clinical interventions and related policies, with
the goal of creating a package of CVRD interventions
for LMICs.” We reviewed the published literature on
the cost of the provision of preventive care and treat-
ment for cardiovascular and metabolic diseases,” and
the cost-effectiveness of CVRD interventions in LMICs.
Guidelines for reporting cost-effectiveness results were
not uniform, and to accurately interpret the results,
reference to individual studies was necessary. We
extracted cost and cost-effectiveness data from English-
language literature published after 2000 through a
bibliometric search (appendix), adjusted all reported
results to the same currency and year, and ranked the
cost and cost-effectiveness outcomes.” Where necessary,
to assess priority interventions when evidence from
LMICs was scarce, we referred to evidence from HICs.
Some systematic reviews assessed the evidence of cost™
and cost-effectiveness of interventions to tackle CVDs in
LMICs specifically,”*** and found that although the cost-
effectiveness evidence on CVD interventions in LMICs
is increasing, it is modest in comparison to the evidence
in HICs.

Population policies aimed at reducing risk of CVRDs
are among the most cost-effective ways to reduce CVRD-
related mortality. The leading population policies involve
tobacco control strategies that are cost-saving or highly
cost-effective, or both; for example, taxation that is cost-
saving (Vietnam) and highly cost-effective (US$140 per
DALY, Mexico); public smoking bans that cost $2-4-35
per life-year saved (India); advertising bans that cost
$2800 per DALY averted (Mexico); and mass media
campaigns that range from cost-saving to $3200 per
DALY averted.” Evidence in support of the cost-effective-
ness of sugar-sweetened beverage taxes is increasing,
but the health effects are still inconclusive.”* The
strongest evidence to date comes from Mexico, where a
sugar-sweetened Dbeverage tax introduced in 2014
reduced consumption of sugary beverages and increased
water consumption, especially among the poor.*® Data on
changes in obesity, diabetes, or other CVRDs have not
yet been reported. Population-level salt reduction
strategies range from cost-saving (Argentina) to up to
$15000 per life-year gained.” Salt reformulation by
industry appears to be the most cost-effective approach,
and salt reduction campaigns to promote health appear
to be the least cost-effective.”

Many disease-prevention or health-promotion pro-
grammes have not been assessed for cost-effectiveness.
Evidence to indicate the best method to promote physical
activity, let alone that which is best value for money, is
scarce and largely concentrated on HICs.” A study from
China showed, in school programmes for children, that
physical activity combined with a nutrition programme is
more effective than either intervention alone.” Through a
systematic review of population-wide interventions in

adults and children across multiple countries, Laine and
colleagues” found the most efficient interventions to
increase physical activity were community trails built
alongside or over abandoned rail tracks ($0-006 per
metabolic equivalent of task hours [MET-h]), pedometers
($0-014 per METh), and school health education
programmes ($0-056 per MET-h). Nearly all physical
activity interventions, especially those related to tracking or
motivating physical activity, require more detailed
evaluation of effectiveness and cost-effectiveness.

Screening and pharmacological treatment of hyper-
tension to reduce the risk of stroke and ischaemic heart
disease have been shown to range from cost-saving
(China) to cost-effective at $700-5000 per DALY averted
or quality-adjusted life-year (QALY) gained in
South Africa and Argentina.” The cost-effectiveness of
strategies that use lipid-lowering therapies are slightly
higher than screening and pharmacological treatment of
hypertension, ranging from $1200 per QALY in most
large LMICs when part of a multidrug regimen, to as
much as $22000 per DALY in the Philippines.” With
more statins coming off patent, the price of statins has
dropped, and lipid-lowering therapy is becoming more
cost-effective.

Opportunistic screening for prediabetes and diabetes in
a high-risk population is more cost-effective than mass
screening for diabetes alone.” Structured diabetes self-
management education programmes are cost-effective
but self-monitoring of blood glucose among people
not on insulin or an oral hypoglycaemic is not.”®
One randomised control trial from a HIC, Denmark,
supports comprehensive management (eg, attention to
blood glucose, blood pressure, and lipids) as being cost-
effective,” and effectiveness evidence in LMICs is
increasing.”” Evidence from both HIC and LMIC
settings supports screening for complications of diabetes,
with screening for foot ulcers among the most cost-
effective methods.” A study in India suggested that cost-
effectiveness of screening for retinopathy via telemedicine
ranges from $1200 to $2400 per QALY gained.®

Management of acute ischaemic heart disease and
stroke can be divided into the prehospital phase and the
hospital phase. Prehospital-phase management requires
an established emergency transport system with trained
staff and equipment. When available, prehospital
thrombolysis was shown to reduce costs in Brazil.*® The
use of electrocardiogram machines for patient triage in
primary health centres was shown to be cost-effective in
India at $12 per QALY gained.” The use of aspirin and
B blockers was shown to cost about $10-20 per DALY
averted, streptokinase about $700 per QALY gained, and
more fibrin-specific thrombolytics (such as tissue
plasminogen activator) about $15000 per QALY. More
advanced treatment includes percutaneous coronary
interventions, including stents. In China, the availability
of percutaneous coronary interventions or streptokinase
for acute myocardial infarction costs between $9000 and
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Panel 2: Considerations for the implementation of the Disease Control Priorities,
3rd edition (DCP-3) essential package

The options we highlight in the DCP-3 essential package take affordability and feasibility
in low-income and lower-middle-income countries into account, and address diseases
with a high burden. We highlight 13 core interventions that are likely to have the greatest
benefit in reduction of risk or treatment of cardiovascular, respiratory, or related disorders.
The following important considerations remain:

1

Affordability is just one consideration when an intervention is chosen.
Population-wide preventive interventions are the cheapest; these activities might not
have the same efficacy on an individual basis as appropriate treatment of acute
myocardial infarction. Between population and individual measures, and between
preventive and treatment measures, policy makers should judge which have the best
evidence for being both effective and cost-effective in their countries.

Because of the many competing demands on constrained resources, a political
commitment to tackling cardiovascular, respiratory, and related disorders is essential.
Some countries’ policy makers might feel overwhelmed by the number of diseases
requiring attention, and the number of potential methods available to address them.

The DCP-3 essential package is a first step towards the identification of relatively
affordable and effective strategies, but many countries will need to initiate
priority-setting processes guided by political interest. A positive example of the
effective use of priority-setting for health—led by strong political will—is Ethiopia,
where hypertension and diabetes treatment are being rolled out.”

3 Regional disease burden varies and should inform policy choices. Low-income
countries with high burden, such as in sub-Saharan Africa, might want to consider
cost-effective interventions for endemic rheumatic heart disease;* Central American
countries might want to focus on chronic kidney disease and diabetes.*®

4 Budget planning should take the increased demand for health services into account,
as life expectancy improves.

Thus, not every country can or should implement all suggested interventions, and some
countries will take years to build a health system that can implement some of them. In most
countries, the two highest priority areas could be tobacco control, and early detection and
management of hypertension. As countries expand and scale up their health benefits, they
must ensure interventions are appropriate for the disease burden and feasible given the

system capacity.

$25000 per QALY gained. Management of people
undergoing percutaneous coronary interventions with
antiplatelet agents such as prasugrel and clopidogrel is
also cost-effective in advanced centres. Data on cost-
effectiveness of acute ischaemic stroke management
with a thrombolytic agent are sparse in LMICs, but one
study recommended home-based rehabilitation.® Add-
itionally, management of acute ischaemic stroke is
particularly challenging in settings without the necessary
laboratory and radiographic services to ensure safe
administration of thrombolytics.

Management of heart failure with oral agents, such as
angiotensin-converting-enzyme inhibitors, 8 blockers,
and aldosterone antagonists, can be either cost-saving or
highly cost-effective.” Advanced therapy with implantable
defibrillators and resynchronisation therapy could be
cost-effective in MICs, with cost-effectiveness ratios of
$17000-35000 per QALY gained. The use of low-dose

inhaled corticosteroids for mild asthma was cost-effective
in a lower-middle-income country.”

Our review of cost-effectiveness has identified multiple
cost-effective and even cost-saving interventions for
CVRDs in LMICs, particularly for population-level inter-
ventions; however, we acknowledge that cost and cost-
effectiveness data rarely translate directly across settings,
and that each country would need to individually assess its
disease burdens and priorities (panel 2). Many highly
clinically effective clinical interventions—eg, treatment of
hypertension or hyperlipidaemia—are also cost-effective
in some LMICs, whereas others requiring greater
technology and specialised care are only cost-effective
in MICs.

Pathways to addressing CVRDs in LMICs

After the UN highlighted the growing and detrimental
effect of NCDs on the health and wealth of nations,> WHO
produced a Global Action Plan for the Prevention and
Control of NCDs.” Of the eight voluntary targets set to
help countries reduce NCD mortality, six focus on
prevention; specifically, interventions that improve diet
and reduce smoking, obesity, and physical inactivity. To
assist countries in meeting WHO targets, we offer a set of
policies and interventions that form an essential package
of actions to reduce risk of CVRDs (figure 4). Further, we
propose a set of disease-specific individual-level services
appropriate for low-resource settings, acknowledging that
LMICs struggle with a spectrum of early to advanced cases
of CVRDs (figure 4).

These policies and interventions were selected from
those deemed most effective and cost-effective by the
DCP-3 CVRD author teams, with each combining a
literature review with expert judgment to prioritise among
those with the strongest evidence. We used the following
criteria to include interventions in the essential package:
potential to address a significant disease burden; cost-
effectiveness evidence from at least one LMIC setting, or
strong evidence to suggest LMIC cost-effectiveness; and
feasible implementation over the next 10 years in LICs or
lower-middle-income countries. The essential package of
recommended interventions is organised by delivery level
or platform (appendix).

Although the essential package goes beyond the WHO
NCD Best Buys,” it has a high degree of overlap with the
more than 100 priority interventions in the recent revision
of Appendix 3 of the WHO Global Action Plan (see
appendix for a discussion of overlaps and modest
differences).” Since the DCP-3 essential package is
designed to be feasible within 10 years in LICs or lower-
middle-income countries, it more heavily emphasises
multisectoral and primary care interventions. Certain
recommendations in the WHO Appendix 3 (eg, subsidies
to increase fruit and vegetable intake, measures to
reduce illicit trade in tobacco, or medical manage-
ment of atrial fibrillation) are not included in the
essential package because of a scarcity of sufficiently
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Fiscal interventions

Intersectoral
interventions

Public health
interventions

Personal health services, by delivery platform

Community-based

Primary health centre

First-level hospital

Referral and
specialised hospitals

Interventions t:

argeted toward preventio

n or management of shared CVRD risk factors

All conditions

Large excise taxes
on tobacco
products*
Product taxes on
sugar-sweetened
beverages

Improvements to the
built environment to
encourage physical
activityt

School-based
programmes to improve
nutrition and encourage
physical activity

Regulations on
advertising and
labelling of tobacco
products

Actions to reduce salt
content in
manufactured food
products

Ban on trans-fatty
acids

Nutritional
supplementation for
women of
reproductive age

Use of mass media
concerning harms of
specific unhealthy
foods and tobacco
products

Community

health workers to
screen for CVRD using
non-laboratory-based
tools for assessment of
overall CVD risk,
improving adherence,
and referral to primary
health centres for
continued medical
management

Opportunistic
screening for
hypertension for all
adults§

Screening for
diabetes in all
high-risk adultsql
including pregnant
women

Combination
therapyl|| for people
with multiple risk
factors to reduce risk
of CVD

Tobacco cessation
counselling and use of
nicotine replacement
therapy in certain
circumstances

Disease-specific interventions

Ischaemic
heart disease,
stroke, and
peripheral
artery
disease**

Long-term
management with
aspirin, B blockers**,
ACEi, and statins

(as indicated) to reduce
risk of further

events

Use of aspirin in all
cases of suspected
myocardial
infarction

Use of unfractionated
heparin, aspirin, and
generic thrombolytics
in acute coronary
events

Management for
acute critical limb
ischaemia with
unfractionated
heparin and
revascularisation if
available, with
amputation as a last
resort

Use of percutaneous
coronary intervention
for acute myocardial
infarction when
resources permit

Structural
heart disease
and heart
failure

Mixed vertical
horizontal insecticide
spray programmes to
prevent Chagas disease

Medical

management with
diuretics, B blockerstt,
ACEitt, and
mineralocorticoid
antagonistst, 1

Treatment of acute
pharyngitis

(in children) to prevent
rheumatic feverif

Secondary
prophylaxis with
penicillin for
rheumatic fever or
established
rheumatic heart
disease

Medical management
of acute heart failure

Diabetes

Diabetes
self-management
education

Prevention of long-
term complications
of diabetes through
blood pressure, lipid,
and glucose
management, and
consistent foot care
Screening and

treatment for
albuminuria

Retinopathy screening
via telemedicine
followed by treatment
with laser
photocoagulation
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Fiscal interventions

Intersectoral
interventions

Public health
interventions

Personal health services, by delivery platform

Community-based

Primary health centre

First-level hospital

Referral and
specialised hospitals

Kidney
disease

If transplantation
available, creation of
deceased donor
programmest

Treatment of
hypertension in
kidney disease, with
ACEior ARBs in
albuminuric kidney
diseaset

Respiratory
disease

Self-management for
obstructive lung disease
to promote early
recognition and
treatment of
exacerbations

Exercise-based
pulmonary
rehabilitation for

Annual influenza
vaccination and
pneumococcal
vaccine every

5 years for patients
with underlying lung
disease

Low-dose inhaled
corticosteroids and

Management of acute
exacerbations of
asthma and COPD
with systemic
steroids, inhaled

B agonists, and, if
indicated, oral
antibiotics and
oxygen therapy

Management of
acute ventilatory
failure due to acute
exacerbations of
asthma and COPD;

in COPD use of bilevel
positive airway
pressure preferred

patients with

obstructive lung disease

bronchodilators for
asthma and for
selected patients
with COPDS§

Figure 4: Interventions targeted toward the prevention or management of shared risk factors for cardiovascular and respiratory disease, and disease-specific interventions

Black font denotes routine care, blue font denotes continuing care, and red font denotes urgent care. Recommendations in bold font denote core interventions. CVRD=cardiovascular, respiratory, or related disorder.
CVD=cardiovascular disease. ACEi=angiotensin-converting-enzyme inhibitor. ARB=angiotensin receptor blocker. COPD=chronic obstructive pulmonary disease. *For fiscal and intersectoral policies that address CVRD
attributable to indoor and outdoor sources of air pollution, see chapter 1 of volume 7 of Disease Control Priorities, 3rd edition.” tData from high-income countries only. Aimed at the prevention of gestational
diabetes and low birthweight. STreatment with generic drugs is recommended, guided by the severity of hypertension or the presence of additional risk factors. qIHigh risk is typically defined as individuals who are
older, have high blood pressure, or are overweight or obese. || Where available, fixed-dose combination therapy is preferred. **Not applicable to peripheral artery disease. +tApplicable to heart failure with reduced
ejection fraction. $Use available treatment algorithms to determine appropriate antibiotic use. §SInhaled corticosteroids indicated in patients with COPD who have severe disease or frequent exacerbations.

compelling cost-effectiveness data. DCP-3 also gives
specific recommendations in areas not covered by WHO
Appendix 3—eg, peripheral vascular disease and chronic
kidney disease.

Effective risk reduction strategies for most CVRDs
Effective strategies to reduce the risk of CVRDs are
available but underused. If implemented, the actions
outlined in figure 4 should create an environment that
encourages healthy behaviour and reduces involun-
tary exposure to CVRD risk. Multiple agencies, both
public and private, are responsible for establishing this
environment.

Fiscal policies recommended in the DCP-3 essential
package are among the most effective and affordable
actions that governments can take to create a healthy
environment. Policies that are not fiscal, such as
regulations to reduce salt or tobacco consumption via
labelling or bans on advertisements, can also encourage
healthy consumer choices. In the UK, when high-salt
foods were labelled as such, coupled with a public
education campaign, a marked decline in the con-
sumption of these foods was observed.” In the case of
(trans fat) partially hydrogenated oils, the strength of the
data demonstrating improvements in cardiovascular
mortality warrants bans of trans fats from the food-
supply chain.™

Although health promotion activities to improve risk
factors on a population level might have similar or better

effect sizes to fiscal policies, they generally require more
planning or resources to implement. Mass media health
campaigns to improve diet are effective when they offer
specific actionable health messages, such as increasing
fruit and vegetable intake.” Once a country commits to
one aspect of the approach, other strategies can be added
with less additional cost. Cities in Brazil and Colombia
have committed to providing pedestrian plazas and safe
areas for physical activity, allowing them to also offer
community exercise classes.” Many other population-
level interventions, such as control of chronic air
pollution, chronic infections, and occupational exposure,
also have potential to reduce the risk of CVRDs, and
these are covered in other volumes of the DCP-3.”
Across many of the CVRD health endpoints, the
establishment of absolute risk is a crucial first step—both
for matching the intensity of prevention effort to the level
of risk and for efficient targeting of health system
resources. The use of non-invasive methods to screen for
many CVRDs is generally feasible for community health
workers.” The most recent data demonstrate that well-
trained community health workers can deliver lifestyle
modification advice,” identify high-risk individuals with
similar effectiveness to primary care physicians,® be cost-
effective in helping patients to adhere to hypertension
regimens,” and be trained to use mHealth tools
effectively**® However, exactly what and how many
roles (screening, follow-up, medication prescription)
these community health workers should play is unclear.
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The integration of this workforce into the existing
health infrastructure is also a challenge, because their
effectiveness depends on the ability to triage the diagnosed
cases to appropriate levels of care and to ensure the
delivery of medication.

Opportunistic screening for diabetes and hypertension
can be done in clinics, especially for high-risk popu-
lations, such as pregnant women, obese adults, and
people with multiple risk factors. Generic therapy to
reduce complications after a diagnosis of CVRD is on the
WHO’s Model List of Essential Medicines* and could be
made reliably available in primary health settings.
Therapy in combination (eg, as and when fixed-dose
combinations are available) or as individual drugs
targeting multiple risk factors is especially attractive for
high-volume health systems with limited resources
for personalisation and titration.** With the wide-
spread availability of drug and disease management
algorithms, follow-up and titration of medications might
again be possible via community health workers,
accompanied by broader prescribing rights, but otherwise
should be managed by primary providers, rather than
specialised physicians.

Central role for primary health centres
Stronger and better-equipped primary health centres are
needed to manage the current and growing burden of
CVRDs. Health systems in LMICs do not need to be
replicas of health systems in HICs. More so than any
other set of diseases, CVRDs require screening, long-
term follow-up, and reliable medication delivery. The
approach in most HICs—that is, individualised interval
screening by primary care physicians followed by highly
specialised, referral-based care—is unlikely to be viable
in most LMICs for a multitude of reasons. Financial and
human resource constraints come into play, as does the
cultural approach to health; for example, populations in
LMICs might be more amenable to peer counselling or
community-based health promotion activities.
Therefore, most of the personal interventions recom-
mended in the DCP-3 essential package (figure 4) can be
delivered at the community level or primary health-care
level. The WHO Health Systems Framework® provides
a comprehensive approach to strengthening health
systems. In addition to ensuring availability of key medi-
cations, governments can develop national guidelines
and targets for specific conditions, which would enable
the effective delivery of care (table 1) and, in turn,
encourage reliance on the available generic medications
and standardisation of follow-up intervals. Structured
guidelines for referral to specialised systems could
improve efficiency at both the primary and specialised
levels of care. If primary health-care centres are the first
point of contact in an acute situation, the availability
of basic therapy (eg, rapid administration of aspirin
or bronchodilators), although limited, could be life-
saving. Primary care centres could be empowered to

Platform

Improve access to essential medications, including Policy, public
aspirin, B blockers, diuretics, ACEi, or ARBs, statins, health
mineralocorticoid agents, non-analogue insulin,

bronchodilators, and inhaled corticosteroids

Develop a category of trained (non-physician) health Policy,

worker intersectoral

Offer public emergency medical transport services Policy,
intersectoral

Create standardised care pathways for first-level hospitals ~ Policy, public
to manage acute episodes for: myocardial infarction, health
stroke, critical limb ischaemia, heart failure, acute kidney

injury, chronic obstructive pulmonary disease, or asthma

exacerbation

Issue national targets for secondary prevention to enable  Policy, public
primary health centres to manage CVRD effectively health

ACEi=angiotensin-converting-enzyme inhibitor. ARB=angiotensin receptor
blocker. CVRD=cardiovascular, respiratory, or related disorder.

Table 1: Recommendations for improvement of health systems that
enable implementation of the recommended interventions

deliver such therapy before facilitating transfer to a
first-level hospital.”

Algorithms for the management of acute events at first-
level hospitals might facilitate rapid recognition and
treatment, thereby reducing severity and costs of illness.
Several international societies have published guidelines
for the management of acute asthma exacerbations, which
rely on continual administration of (-2 agonists and
anticholingerics, and rapid administration of systemic
corticosteroids—all of which are inexpensive and highly
effective therapies.*® Protocol-based implementation in
first-level hospitals has been shown to reduce length of
stay and use of intensive care units.”

When specialised centres are used for conditions that are
rare or costly to treat, two potential strategies merit
consideration: (1) the scale-up of one effective treatment
from the roster of potential therapies, or (2) the creation of
high-volume centres that specialise in specific diseases.
After careful analysis, taking into account cost, cultural
opinion, and ethics, Thailand has chosen to pay for and
scale up the peritoneal form of dialysis (over haemodialysis,
which has equivalent efficacy).” We await the long-term
outcomes of this strategy, but preliminary data indicate an
increase in treatment availability with similar patient
survival to HICs relying mostly on haemodialysis.”* In
children with congenital heart disease that is amenable to
a highly technical but relatively effective surgical procedure
(eg, ventricular septal defect), creating centres especially
designed to serve these patients might be a viable approach
to treatment.” Similarly, we know that high-volume kidney
transplant centres can achieve good outcomes.***

The DCP-3 essential package includes a few examples of
effective specialised care that are potentially feasible and
cost-effective in low-income settings but are not in
widespread use.”” Especially in countries where the
respiratory disease burden is high, equipment such as
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Low-income Lower-middle-
country income country
Total cost per head $21 $37
Total cost as a % current GNI per 3-8% 2:1%
head
Incremental cost per head $20 $23
Incremental cost as a % current 3-6% 1-3%

GNI per head

GNI=gross national income. GNI estimates taken from the World Bank and
deflated to 2012 US dollars. See appendix for details of methods, data sources,
and assumptions.

Table 2: Estimated costs of the essential package in a typical low-income
country and a lower-middle-income country

Panel 3: Measuring the benefits from universal health coverage for cardiovascular,
respiratory, and related disorders (CVRDs)

When considering whether to expend strained resources on CVRDs, countries can take
into account the benefits to individual health, but also outcomes relevant to societal
wellbeing, such as poverty aversion, financial risk protection, and equity. Extended
cost-effectiveness analyses, developed as part of the Disease Control Priorities effort,
attempt to capture some of these outcomes and provide evidence that CVRD care,

in particular, offers substantial financial risk protection. Three extended
cost-effectiveness analyses relevant to CVRDs—assessing tobacco taxation in China,*
salt reduction in processed foods in South Africa,* and treatment of hypertension in
Ethiopia®*—support the cost-effectiveness of these policies, and demonstrate that they
could avert thousands of cases of poverty annually.

Treatment of hypertension in Ethiopia illustrates two specific features of universal
public finance for CVRD care in low-income and middle-income countries: (1) treatment
of CVRDs might be more expensive than interventions in other domains (eg, maternal
and child health), but (2) because these health policies and interventions protect
wage-earning adults from disability or death, universal coverage could reduce financial
risk to a greater degree. Further, poor families spend a much larger proportion of their
household income on admissions to hospital or medications for CVRDs than wealthier
families, so they could benefit proportionately more.*”

For cases of advanced disease, when universal coverage for treatment is not yet
affordable or sustainable (eg, complex congenital heart defects, advanced heart
failure, or end-stage kidney disease), countries should consider expanding palliative
care services. In addition to easing the emotional and physical burden of disease,
palliative care might allow families to care for their loved ones without exhausting
their financial resources on ultimately unsustainable treatments.

non-invasive positive pressure ventilation or high-
resolution CT for interstitial lung disease could be
prioritised. Other effective tertiary care services are not
considered feasible or affordable in low-income and most
lower-middle-income settings. Advanced treatments such
as implantable cardioverter defibrillators or cardiac synch-
ronisation therapy are potentially cost-effective in some
places (eg, Brazil), but are expensive.® The use of
thrombolytic therapy to treat ischaemic stroke requires
timely access to CT; and, if built only to diagnose stroke,
these facilities are as yet unaffordable. As costs drop,
and skilled providers are trained, additional capacity to

diagnose and manage more complex disease should
become available in specialised facilities (panel 2).

Costs of implementing the package

We estimated the potential cost of implementing the
DCP-3 essential package in typical low-income and
lower-middle-income settings reflecting typical costs,
demographic and epidemiological characteristics, and
coverage gaps in CVRD care (table 2). The appendix
contains more detail on costing methods and results. We
estimated, to achieve full implementation of the package
(ie, at 80% population coverage), an average LIC would
need to spend an additional $21 per person (3-8% of
income), and an average lower-middle-income country
would need to spend an additional $24 per person (1-3% of
income). Most (60%) of the additional investments would
need to be in primary health centres that offer preventive
services and manage chronic diseases. LICs that are
particularly resource constrained could focus on achieving
full implementation of the interventions in figure 4 that we
have deemed likely to provide the best value for money in
these settings. This high-priority subpackage would only
cost an additional $11 per person (2-0% of income). This
costing exercise suggests that all countries—regardless of
resource levels—can begin to put in place at least a few
highly effective CVRD interventions at a reasonable cost as
they move towards universal health care (panel 3).

Conclusions

We offer a range of effective and cost-effective policies
and interventions to reduce the high and mounting
global health burden of CVRDs. We reviewed the
evidence for CVRD interventions to assemble a DCP-3
essential package of the most effective policies and
services that could be implemented in LMICs. Modelled
studies suggest that countries can expect a high return
on investment from prevention and control of CVRDs,
especially from the implementation of population
prevention policies that cost relatively little.” Countries
that have effective and cost-effective choices available to
them can, by relying heavily on population-level policies
and services that can be delivered at the community and
primary health levels (and with an effective referral
system for the few specialised interventions that meet
the DCP-3 essential package criteria), obtain substantial
health gains at reasonable cost.

Many important issues remain uncertain, especially
given the scarcity of LMIC economic evidence. Research in
areas likely to produce substantial public benefit—eg,
further evaluation of the health gains from taxes on sugar-
sweetened beverages, agricultural and trade policies to
improve fruit and vegetable intake, intersectoral policies to
increase physical activity, use of cheaper or faster
surveillance techniques, and methods to ensure reliable
supply of generic medications, including of fixed-dose
combination therapy—could be a specific priority in
LMICs. New technologies, medications, and delivery
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platforms have the potential to disrupt and shift
management paradigms. These issues warrant develop-
ment of strong priority-setting institutions in LMICs to
develop a research agenda, assess new technologies,
and change disease epidemiology and health system
constraints.

Nonetheless, the health benefits of individual medical
interventions are clear, and HICs have achieved huge
reductions in mortality by making medical treatment
widely available. These gains must be extended to LMICs
for global goals to be achieved. Since the 2011 UN high-
level meeting on prevention and control of NCDs, a Global
Action Plan for NCD Prevention and Control has been put
in place, and the 2015 UN Sustainable Development Goals
have recognised NCDs as a serious threat to development.
The DCP-3 essential package provides a pathway to the
achievement of substantial reduction in death, disability,
and impoverishment from CVRDs in LMICs with
evidence-based cost-effective interventions.
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