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A production function for health

I It is useful to model a person (or a population’s) health
as a function of the causes of health

I A stylized health production function

HS = f (HC , L,E ,G ) (1)

where HS is health status, L is lifestyle, E is
environment, and G is genetics.

I This is just fancytalk to note that health generally
changes when, other things being equal, lifestyle,
environment, genetic makeup, or care changes.
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production function cont

I We should be careful about how we’re measuring these
determinants (inputs) of health.

I Once we have nailed down the specifics of what we
mean, we can think about health status as a produced
output much like, say, widgets in micro theory.

I (graphs of total and marginal health products).



Chapter 5:
Production of

Health.

Production of
Health.

McKeown Thesis

Health in the
modern world

Effect of health
care expenditures

Social
determinants

Income

Education

What has changed health status over time?

I Health care is not as important a determinant of health
as you might think.

I Improvements in health care technology are not as
important as you might think in explaining why we’re
healthier than people in, say, the year 1800.
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McKeown Thesis

The enormous gains in population health that occurred over
the last 300 years were largely due to better living standards,
notably nutrition, not improvements in medical technology
nor designed public health interventions.
Note: the claim that public health interventions, particularly
in sanitation (notably, clean water and sewage facilities) had
little impact is controversial.
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World population over time

Rising Population and the Role 
f M di iof Medicine

World Population from 
d10,000 BCE to Modern Day
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Publishing as Prentice Hall

10



Chapter 5:
Production of

Health.

Production of
Health.

McKeown Thesis

Health in the
modern world

Effect of health
care expenditures

Social
determinants

Income

Education

World income over time
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Figure 2 
The Growth of World Population and Some 
Major Events in the History of Technology 

 

 
 
 
Sources: Cipolla 1974; Clark 1961; Fagan 1977; McNeill 1971; Piggott 1965; Derry and 

Williams 1960; Trewartha 1969. See also Allen 1992, 1994; Slicher van Bath 
1963; Wrigley 1987. 

Note: There is usually a lag between the invention (I) of a process or a machine and its 
general application to production. “Beginning” (B) usually means the earliest 
stage of this diffusion process. 
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What causes of death have changed?Historical Death Rates (per 
illi )million)
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Which disease rates have changed over time?
“Epidemiological transition.”

Did Medicine Cause the Decline 
i M li R ?in Mortality Rates?

Death rates per
thousand in the
U S f fU.S. for four
infectious diseases
show that declines
begin well before
the availability of
medicalmedical
interventions.

Copyright © 2010 Pearson Education, Inc. 
Publishing as Prentice Hall
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What are the major reasons we’re healthier
today?

I Not improvements in health care technology or health
care access.

I Increases in living standards, notably, nutrition. But
sanitation and other public health interventions
probably also very important.

I Cutler and Miller (2005): Benefit/Costs of water
filtration = 23.

I An important reason: ↑ nutrition → ↑ disease resistence

I Indirect causes: increases in economic well-being,
education, literacy
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Contribution of medical research.

I Nonetheless, health care technology improvements do
improve health.

I Murphy and Topel (2005) estimate the economic value
of improvements to health in the U.S. since 1970
amount to roughly $3.2 TRILLION per year.

I If improvements in health were included in GDP,
increment in GDP since 1970 would be almost 50%
higher.

I These changes could have been largely due to factors
other than health technology, but even if health
technology is only a small contributor, probably worth
the expense.
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Why has life expectancy changed recently in the
U.S.

value of health and longevity 875

TABLE 1
Additional Life-Years Due to Reduced Mortality from Selected Causes, by

Decade, 1950–2000

Disease 1950–60 1960–70 1970–80 1980–90 1990–2000 Total

Men

Infant mortality .54 .36 .75 .23 .20 2.07
Heart disease .16 .38 1.05 1.26 .88 3.73
Cancer �.19 �.17 �.08 .02 .43 .01
Stroke .10 .15 .41 .24 .08 .98
Accidents .18 �.15 .37 .41 .17 .98
Other .54 �.19 .41 �.31 .85 1.30
Total 1.33 .37 2.92 1.85 2.60 9.07

Women

Infant mortality .40 .35 .59 .22 .13 1.68
Heart disease .59 .72 .87 .90 .46 3.54
Cancer .20 .07 �.01 �.11 .17 .31
Stroke .20 .33 .63 .38 .06 1.59
Accidents .10 �.04 .17 .13 .01 .36
Other .77 .19 .69 �.25 �.04 1.36
Total 2.25 1.61 2.94 1.25 .79 8.85

Source.—Authors’ calculations from Centers for Disease Control, Vital Statistics, Special Reports, various years.
Note.—Figures are additional expected life-years calculated from cross-sectional age-specific mortality rates in each

year. Entries for each cause of death are contributions to additional expected life-years over the decade due to changes
in mortality rates from that cause.

studied.4 Health improvements are a form of economic progress, and
their valuation is important for two reasons. First, traditional measures
of economic growth and welfare, based on national income accounts,
make no attempt to account for this source of rising living standards.
They do not count the value to the existing population either of living
longer or of living “better.” They therefore underestimate increases in
well-being when health is improving. Second, public expenditure ac-
counts for a large portion of both medical research and the provision
of medical care. Efficient decisions require a framework for measuring
the value of treatment and of research-based medical progress.

II. Economic Framework: Valuing Improvements in Health

Advances in health-related knowledge affect the quality of life and the
risks of mortality over the life cycle. We assume that these effects are
channeled through the intangible “health” of individuals, of which we
distinguish two types. The first, , raises the quality of life withoutH(t)

4 Related literature includes the papers collected in Measuring the Gains from Medical
Research: An Economic Approach (2003), especially chapters by Murphy and Topel (2003)
and Nordhaus (2003). The study by Usher (1973) is an early attempt to include health
in national income accounts, and Arthur (1981), Rosen (1988, 1994), and Ehrlich and
Chuma (1990) develop frameworks for valuing life extension.

Source: Murphy and Topel (2005).
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Recent changes in life expectancy
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Figures and Tables 
 
 

Figure 1 
Life Expectancy at Birth and Age 50 

United States, 1900-2000 
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Source: National Vital Statistics Reports, vol 52, #14, February 18, 2004, Table 12. 
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Contribution of medical research cont.

I We ought to be skeptical regarding the effectiveness of
a given medical practice.

I We also ought to be skeptical regarding the marginal
effectiveness of health care expenditures, as we will see.

I The contribution of public health (clean water, etc)
may have more relevance in the lesser developed world.
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The production of health in the modern
developed world.

I Recall our framework:

Health = f (health care, lifestyle, environment, genetics)
(2)

I How can we measure the the marginal product of health
care, or the marginal effect of other inputs?
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Challenges to estimating the effects of health
inputs on health

I First, we have to decide how to measure “health” and
how to measure the inputs.

I (What do we mean by “health,” anyways?)

I Life expectancy or mortality are often used for
pragmatic reasons.

I Other dimensions of health are more difficult to observe.
Sometimes use disease rates, disability, self-reported
health status, physiological measurements.

I Similar problems for inputs: e.g., what aspect of
“lifestyle” do we have in mind?
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Correlations vs causation

I We usually have to work with observational data rather
than data from researcher–controlled experiments.

I That implies the correlations we observe between inputs
and health may reflect causation or it may not.

I e.g. Correlation between health care use and health
status.

I Generally: Corr(x , y) 6= 0 could be because: x causes y ,
or y causes x , or some third factor causes both x and y .

I Attempt to deal with this problem econometrically to
recover causal effects of interest.
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Example.

I “The U.S. spends more on health care than
Canada does, but life expectancies are about the
same or higher in Canada. Therefore, Canada’s
health care system is more efficient.”

I The conclusion may be true, but it does not follow from
that evidence.
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Effect of health care expenditures on health
outcomes

I Suppose we try to estimate the elasticity of health to
health expenditures.

I Here by “health” we mean some measure of population
health and expenditures are aggregate expenditures on
medical inputs.

I The elasticity is

elasticity =
% change in health

% change in expenditures
(3)
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Effect of expenditures cont.

I Lots of studies try to estimate this effect.

I Surprisingly difficult to find any effect at all!

I A reasonable guess for the U.S. is that the elasticity is
perhaps around 0.10 (a 10% increase in expenditures
causes a 1% increase in life expectancy).

I Lots of uncertainty.

I Notice this is a marginal effect we’re trying to estimate.

I Some evidence suggests pharmaceuticals, and
improvements in pharmaceuticals, have substantial
effects.
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Evidence from the RAND health insurance
experiment.

I Recall the experiment randomized co-insurance rates
and health care use was sensitive to the co-insurance
rate.

I If it is the true that, at the margin, more health care
causes more health, we should see people randomized to
low care prices in better health.

I We don’t!
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D P i M ?Does Price Matter?
The curves shown areThe curves shown are 
similar to an economist’s 
demand curve in that it 
h l ishows people consuming 

more care as the care 
becomes less costly to the 

i f d llconsumer in terms of dollars 
paid out-of-pocket. More 
importantly, the curve 
demonstrates that economic 
incentives do matter.  Those 
facing higher prices demand 
less care.

Copyright © 2010 Pearson Education, Inc.
Publishing as Prentice Hall 17
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Other inputs.

I If at the margin health care has small effects on health,
what does determine differences in health across people,
across time, and across regions?

I Lifestyle is important (smoking, exercise, diet, sleep,
and so on).

I What determines lifestyle, very broadly defined.

I “Social determinants of health,” basically the
arguments in our production function other than
genetics and health care.



Chapter 5:
Production of

Health.

Production of
Health.

McKeown Thesis

Health in the
modern world

Effect of health
care expenditures

Social
determinants

Income

Education

Social capital.

I Nebulous concept, but roughly means the amount of
interaction a person has with their family, friends, and
community.

I Social capital may directly cause health if it reduces
stress.

I More capital may also provide information on effective
health–promotion strategies.

I More capital may lead a person to reevaluate
health–damaging behaviors.

I Difficult to determine causation.
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Social interactions.

I Economists have long studied how people interact in
markets, but non–market interactions may be much
more important in determining health.

I Social interactions may also directly and indirectly
affect health.

I e.g., whether you smoke depends on how many people
around you smoke.
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Income and health.

I It is well–established that higher income is correlated
with better health, but not clear whether higher income
causes better health.

I (graph)

I Notice that if higher income causes better health, then
more income redistribution causes higher average health
(hence, controversy!)
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Income and health cont.

I In some cases we can see people’s income changing for
essentially random reasons (e.g., winning the lottery)
and we do not see that random changes in income lead
to an improvement in health.

I Changes in the tax structure or level of social support
do not seem to cause large changes in health.

I The reasonably persuasive correlational evidence
suggests that very low levels of income are bad for
health.

I Hard to estimate the causal effect of incremental
income at high levels of income.
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Education and health.

I Very well-established that there is a positive correlation
between health and education.

I Plausible that education causes health:
I Education increases income and income increases health

(indirect effect).
I Education allows more efficient production of health

through increased information.
I Education increases intelligence and more intelligent

people are better at producing health.
I Education leads to healthier behaviors because:

different social environments, change in time preference,
different social networks.
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Is the correlation mainly because education
causes health?

I As usual, we have to worry about “reverse” causation
(poor health leads to less education) and confounders
which cause both education and health.

I There is evidence that young people who are unhealthy
tend to get less education, but this channel is probably
not very important.

I “Third factors” might explain a lot of the correlation.

I An important third factor: rate of time preference.
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Time preference and health.

I Suppose you are myopic: you “live for today.” You do
not, then, take costly actions today to secure a reward
tomorrow.

I Both investment in schooling and investment in health
are costly today and pay off in the future.

I Mixed statistical evidence on this channel.
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Statistical evidence

I Use essentially random changes in schooling to infer
causation.

I e.g., change in compulsory schooling from 14 to 15
years. It is as if some people have been randomly
assigned to get an extra year of schooling.

I Result: additional year of education reduces probability
of death by 3.6%.

I Evidence from these studies suggests the effect of
schooling on health is positive but much lower than the
correlational evidence would suggest.
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Education and health cont.

I That result implies that some other factor causes people
to both choose higher levels of schooling and to be in
better health.

I Suppose the government wants to increase health: not
clear whether to spend more on health care or on
education!
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Environmental pollution and health.

I Pollution: bad.
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