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SCIENCE'S COMPASS

POLICY FORUM: PUBLIC HEALTH

The Health and Wealth
of Nations

David E. Bloom* and David Canning

health and income per capita is one

of the best-known relations in inter-
national development (see figure). This
correlation is commonly thought to reflect
a causal link running from income to
health. Higher income gives greater com-
mand over many of the goods and services
that promote health, such as better nutri-
tion and access to safe water, sanitation,
and good quality health services.

Recently, however, another intriguing
possibility has emerged: that the health-
income correlation is partly explained by a
causal link running the other

The positive correlation between

“Demographic dividend.” The transi-
tion from high to low rates of mortality
and fertility has been dramatic and rapid
in many developing countries in recent
decades. Mortality declines concentrated
among infants and children typically initi-
ate the transition and trigger subsequent
declines in fertility. An initial surge in the
numbers of young dependents gradually
gives way to an increase in the proportion
of the population that is of working age
(I). As this happens, income per capita
can rise dramatically, provided the broad-
er policy environment permits the new
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gain of 5 years in life expectancy is well
within the reach of most developing coun-
tries—since 1950, for example, life ex-
pectancy worldwide has increased by
about 20 years.

As these health improvements fortify
the economy, they also alleviate poverty.
Economic growth is an exceedingly pow-
erful way to reduce poverty among the 1.3
billion people living on less than US$1 per
day. Available evidence indicates that in-
creases in average income translate—per-
centage point for percentage point—into
increases in the income of the poor. In ad-
dition, health improvements are dispropor-
tionately beneficial for the poor, as they
depend on their labor power more than any
other segment of the population.

Just as the direct effects of life ex-
pectancy on economic growth are impor-
tant, so too are the indirect effects of im-
provements in health status that operate
via demographic change. In East Asia, for
example, the working-age population grew
several times faster than the dependent
between 1965

way—from health to in-
come. Several mechanisms,
falling into four main cate-
gories, could account for this
relation:

Productivity. Healthier
populations tend to have
higher labor productivity,

Life expectancy
2
8

gt
o

and 1990. The whole pro-
cess seems to have been
triggered by declining child
and infant mortality, itself
prompted by the develop-
ment of antibiotics and an-
timicrobials (such as peni-
cillin, sulfa drugs, strepto-

because their workers are A
physically more energetic
and mentally more robust.

T T
1000 10000
log (income per capita, current PPPS)

mycin, bacitracin, chloro-
quine, and tetracycline, all
of which were discovered

100000

They suffer fewer lost Life expectancy and income in purchasing power parity (PPP) dollars, 1997. and introduced in the
workdays from illness or [Source:World Bank (74)]

the need to care for other
family members who have fallen ill.

Education. Healthier people who live
longer have stronger incentives to invest in
developing their skills, because they ex-
pect to reap the benefits of such invest-
ments over longer periods. Increased

greater pi
and, in tum higher income. Good health
also promotes school attendance and en-
hances cognitive function.

Investment in physical capital. Improve-
ments in longevity create a greater need for
people to save for their retirement. Insofar
as increased savings lead to increased in-
vestment, workers will have access to more
capital and their incomes will rise. In addi-
tion, a healthy and educated workforce acts
as a strong magnet for foreign investment.

David Bloom is professor of economics and demog-
raphy at Harvard University's School of Public
Health. David Canning is professor of economics at
the Queen’s University of Belfast.
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workers to be absorbed into productive

1920s, 1930s, and 1940s),
the use of DDT (which be-
came available in 1943), and classic public

employment (2). health |mprovements related to safe water
All these hani offer and ion (5, 6). Health imp
ways in which health imp can  can be seen to be one of the ma-

lead to income growth. However, examin-
ing the data allows evaluation of how im-
portant these mechanisms are. Recent eco-
nomic analysis indicates that health status
(as measured by life expectancy) is a sig-
nificant predictor of subscqnent economic
growth (3). This effect is above and be-
yond other influences on

jor pillars upon which East Asia’s phenom-
enal economic achievements were based,
with the demographic dividend accounting
for perhaps one-third of its “economic
miracle” (5, 7).

By contrast, poor health can slow the
demographic transition and inhibit growth.

growth, emerges consistently across stud-
ies, and is strikingly large (4).

Suppose we compare two countries that
are identical in all respects, except one has
a S-year advantage in life expectancy. On
the basis of studies in several countries, re-
al income per capita in the healthier coun-
try will grow 0.3 to 0.5% per year faster
than in its less healthy counterpart. This
represents a sizable boost to growth, given
that, from 1965 to 1990, countries experi-
enced an average per capita income

In Sub-Sah Africa, for le, a
seemingly intractable disease burden in-
duces many families to dissipate their re-
sources among large numbers of children,
creating a high-fertility, high-mortality
poverty trap that impedes economic

Patterns of energy use also mediate the
interactions between health, demography,
and income. The rural poor rely heavily on
wood, dung, and other biomass. The re-
sulting smoke and particulates are detri-
mental to human health and can dll'l'lllllsh

growth of only 2% per year. o8l

people’s prod y. Across 3
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The Value of Vaccination

David E. Bloom, David Canning & Mark Weston

Introduction

“You let a doctor take a dainty, helpless baby, and put that stuff from a cow,
which has been scratched and had dirt rubbed into her wound, into that child.
Even, the Jennerians now admit that infant vaccination spreads disease among
children. More mites die from vaccination than from the disease they are sup-
posed to be inoculated against.” (George Bernard Shaw, 1929)

The world has come a long way since George Bernard Shaw fulminated
against vaccination in the 1920s. Vaccines are now widely regarded as an
effective and cheap tool for improving health. Children in all countries are
routinely immunized against major diseases, and the practice has become
a central plank of global public health efforts.

Despite these advances, however, immunization coverage remains far
from universal, and the developing world in particular remains vulnerable
to vaccine-preventable illnesses. For example, global coverage for DTP—
the vaccine for diphtheria, tetanus, and pertussis (whooping cough)—had
reached 70 per cent in the 1990s, but in sub-Saharan Africa it stood at just
53 per cent. In Somalia, Nigeria, and Congo, moreover, coverage halved
between 1990 and 2000.! Vaccination against measles also falls short; the

David E. Bloom is the Clarence James Gamble Professor of Economics and Demography, and
David Canning Professor of Economics and International Health, at Harvard School of Public

Health. Mark Weston is an independent policy 1 who hes and writes on
development xssues fora vanety of orgamzatmns The authors thank Roger Glass, Tore Godal, Yuki
h b and Josh S: for their and

comments. Financial assistance from the Global Alliance for Vaccination and Immunization is
greatly appreciated. Earlier versions of this article were presented at the Sixth International
Rotavirus Symposium in Mexico City (June 2004), a GAVI-funded seminar on “Development and
Deployment of Vaccines Against Poverty-Related Diseases” in Bergen, Norway (September 2004),
and the 23rd annual meeting of the European Society for Paediatric Infectious Diseases in Valencia,
Spain (May 2005).

! World Health Organization (2002): “State of the World’s Vaccines and Immunization 20027, WHO, Geneva.
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Benefit categories

Healthcare cost savings

Health gains

Narrow

Care-related productivity gains
Outcome-related productivity gains
Behavior-related output gains

Community externalities
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Perspectlve Benefit categorles

Healthcare cost savings

Narrow

Health gains

Care-related productivity gains
Outcome-related productivity gains
Behavior-related output gains
Health-based community externalities
Co-morbidities

Nosocomial infections

Risk reduction gains
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C3: Financial and programmatic synergies < Immunisation of €% :::Iw

Other health
interventions

Cl1:
Ecological effects

B1: Care-related BE'- Productivity
productivity gains gains related to non-
utility capabilities

! ¥ |

B2: Health-effect related productivity gains

l‘ ! \
Community/system level impacts Demographic Greater household Increased gross
dividend savings domestic product

C4: Household
security

I Health-related individual impacts

Productivity-related individual impacts

I Broader macroeconomic impacts

Fig. 1 A conceptual framework for pathways to the broader economic impact of vaccines. Boxes are shaded in colours comresponding to different

major categories in Table 1
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Sub-category

y

N

Benefit Category

A. Health-related

benefits to
vaccinated
individuals

Health gains

Health care cost
savings

B. Productivity-
related benefits

Productivity gains
related to care

Productivity gains
related to health
effects

Productivity gains
related to non-
utility capabilities

C. Community or
health systems
externalities

Ecological effects

Equity

Financial and
programmatic
synergies and
sustainability

Household security

D. Broader
economic
indicators

Changes to
household
behavior

Public sector
budget impact

Short-term
macroeconomic
impact

Long-term
macroeconomic
impact
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Mauskopf et al. 2018

Narrow

Broad

* Avoidance of cases or events

» Shift of severe to less severe cases or events

Reduction in medical resource use for those who are vaccinated

* Increased productivity for those who are vaccinated and their families

Positive

* Herd protection

* Reduced antimicrobial resistance

* Improved capabilities (e.g., education, learning, and work)

* Protection of households from catastrophic health expenditures

* Improvement in quality of health care

Macroeconomic benefits (e.g., increased foreign investment and economic
output throughout the economy)

Positive or Negative

e Age shifting of the infection and disease condition

* Serotype replacement

* Changes in health-related behaviors (e.g., those pertaining to risk exposure)
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Elements of Value

Challenge: Map each element
into an underlying economic
framework for value
assessment.

Value

i
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Distribution

S : Family/ Society Society
v tion benefit
S m household health sector) (general)

Direct health effects
. Reduced morbidity & mortality due to target pathogen v
. Adverse effects of vaccination (negative benefit)

Prevention of secondary individual (physical) health effects

D Off-target pathogens

) Aggravation of comorbidities v
o Nosocomial infections

) Microbiome disruption

Health benefits

Mitigation of secondary population-level health effects

o Disease transmission v v
. Antimicrobial resistance

. Healthcare congestion

Improved mental health

Reduced healthcare costs

Reduced caregiving costs

Reduced transportation costs

Increased labor force participation, hours worked, and income
Increase in productive non-market activities

AR N NI NI N
A N NI NI N
AN

AN
AN

Improved educational attainment, school attendance, and cognition

Fiscal impact
D Increased tax receipts v v
. Reduced public health spending
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Increased wealth/savings v

AN
AN

Reduced risk and severity of impoverishment v

Reduced risk of economically disruptive outbreaks v v
Improved social equity v
Intergenerational benefits
General risk reduction

benefits
< <
<

Improved quality of life

AN NI NN

Reduced stigma v



Distribution

Society
(health
sector)

Family/
household

Society

Vaccination benefits
L E )

Direct health effects
e Reduced morbidity & mortality due
to target pathogen v
e Adverse effects of vaccination
(negative benefit)
Prevention of secondary individual
(physical) health effects
e  Off-target pathogens
e  Aggravation of comorbidities
e Nosocomial infections

e Microbiome disruption

Mitigation of secondary population-level

health effects

e Disease transmission v v
e Antimicrobial resistance

e Healthcare congestion

Health benefits

Improved mental health v v
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Toward economic evaluation of the value of
vaccines and other health technologies in
addressing AMR

J. P. Sevilla*®", David E. Bloom®?2, Daniel Cadarette®2, Mark Jit“®?, and Marc Lipsitch®f9:2
ps
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We discuss the need to make i luatis of il imicrobial resi (AMR) itin
and ways to do so. Such AMR-sensitive evaluahons can play a role in value for-money comparlsons of
different ines within a national i i gram, or in P of ic and non-
vaccine-centric technologies within an anti-AMR program. In general terms, incremental cost-effectiveness
ratios and rates of return and their i ision rules are Itered by ideration of AMR-
related value. The decision metrics need to have their various health, cost, and socioeconomic terms
di d into resi: lated sub ies, which in turn have to be measured carefully before
they ara reaggregatsd The fund | scisnﬁﬁc hall lie p ily in q ifying the causal impact
of health technologies on resi: elated health and arily in ascertaining the eco-
nomic value of those outcomes. We emphasize ths lmportance of evaluaung vaccines in the context of
other p iall I y and substi logies. Compl: ity implies
that optlmal spendmg on each set of inter ions is positive, and substitutability |mp||es that the ratio
of spending will depend on relative value for money. We exemplrfy thls gensral point through a qualrtatwe
di ion of the pl ities and (especially the) i
ines and icrobial dship and b research and development (R&D) of a gonorrhea

vaccine versus R&D of a gonorrhea antibiotic. We propose a roadmap for future work, which includes
quantifying the causal effects of vaccination and other health technologies on short-term and long-term
resistance-related outcomes, measuring the health-sector costs and broader socioeconomic consequences
of resistance-related mortality and bidity, and evaluatil in the context of nonvaccine com-
plements and substitutes.

| vaccines | i luation | health technology |i

Antimicrobial resistance (AMR) is a significant  community have so far insufficiently incorporated
emerging threat to global health and economic  that AMR-related value (AMR value). Vaccines there-
well-being. Despite the growing awareness of vac-  fore remain at real risk of undervaluation and under-
cines’ contributions to addressing AMR, economic  investment in the allocation of AMR-earmarked
evaluations of vaccines by health and finance  health sector, public sector, and research and devel-
ministries, by global donors, and by the research  opment (R&D) budgets.
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Distribution

Society
(health

sector)
Reduced healthcare costs v v v

Society
(general)

Family/

Vaccination benefits
household

Reduced caregiving costs v v v
Reduced transportation costs v v

Increased labor force participation,

hours worked, and income v v v
Increase in productive non-market
activities

Improved educational attainment,
school attendance, and cognition
Fiscal impact

e Increased tax receipts v v
e Reduced public health spending

Economic benefits

Increased wealth/savings v v

Beduced. risk and severity of v v v
impoverishment

Reduced risk of economically disruptive v v
outbreaks
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Vaccination benefits

Improved social equity
Intergenerational benefits
General risk reduction
Improved quality of life

Reduced stigma

Distribution

Family/
household

Society
(health
sector)

Society
(general)
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Additional considerations for Strep A

* Prospective valuation
* Multiple clinical endpoints

* Availability of alternative remedies
(e.g., effective treatment)

 Potential for adverse outcomes
" Vaccine hesitancy
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