Macroeconomics of Disease
Prevention in the United States

Prevention of major causes of mortality would alter

life table assumptions and economic projections.

Gio B. Goriand Brian J. Richter

During the first half of this century the
health and average life span of Ameri-
cans improved considerably, epidemics
of mfectious diseases ceased to be a seri-
ous threal, and acute nutritional diseases
were preatly reduced (f, 2). More recent-
ly, however, the aging of the population
and certain life-style habits have brought
about increasing rates of chronic illness-
es {3). Healthy longevity has wide ap-
peal, and over the last three decades the
United States has invested an unprece-
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dented portion of national income in the
study and care of disease, but the health
and longevity of Americans during that
time have not shown commensurate im-
provement (4); a 1967 study suggested
that neither a rise nor a decline in disease
care expenditures would have a further
impact on life expectancy (5). Of course,
purely economic considerations ignore
the fact that modern medicine aims
beyond simple longevity scores und that
it has made real advances, though diffi-
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cult to measure economically, in improv-
ing the patient’s quality of life and out-
look for hope and in relieving societal
and family anxieties about coping with
the ill.

Evidence accumulated during the last
20 years indicates that the most impor-
tant of modern diseases are caused by a
variety of factors, most significantly by
reckless personal and social habits such
as improper diet, excessive drinking,
smoking, drug abuse, lack of exercise,
unsafe driving and working conditions,
and inadvertent and deliberate environ-
mental pellution (3). This suggests that at
least partial prevention of important dis-
eases may be possible.

Initiaily prevention can be expected to
prolong life in the productive age groups,
but with time the lives saved will accu-
mulale in older brackets, aggravating the
aging of the U.S. population projected
by the current census and augmenting
the consequent socioceconomic compli-
cations that some experts forecast (4, 7).
Here we attempt to assess the economic
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potential of disease prevention and to
evaluate some courses of action that may
avert undesirable outcomes. Estimates
of population changes resulting from dis-
ease prevention are introduced into a
recognized model of the American econ-
omy—the Wharton long-term model
(#r—to predict their effect on specific
and general economic indicators into the
next century. The predicted economic
impact is compared to that cxpected if
current mortality rates remain  un-
changed. Naturally, predictions deterio-
rale as time expands; this analysis, how-
cver, has no numerical or normative pre-
tentions; rather, it is intended to provide
a signal of the economic trends that may
result from an effective diseasc pre-
vention policy, and of some corrective
actions likely to be of use.

Trends in Life Expectancy and

Disease Care Costs

Life expectancy trends in the United
States since 1900 (Fig. 1) indicate that
gains have been small for white mules
over 30, and only slightly better for the
corresponding age groups of white fe-
males and for both sexes in the black
population. The moderate increases in
life expectancy are traceable to the de-
cline of infectious diseases through cf-
fective measures of prevention. Not sur-
prisingly, the major gains are ohserved
for the very young and for women of
childbearing age in all population groups,
reflecting dramatic changes in infant and
child survival, reduction of maternal fa-
talities, and the results of better hygiene,
nutrition, and other prevention mea-
sures. Improvements were largely com-
pleted by 1950, since which time overall
trends have stabilized (Fig. 2). Econo-
mists note that between 1940 and 1975
the average life span increased 15 per-
cent while per capita disease care ex-
penditures increased 314 percent in con-
stant 1967 dollars (9).

All this seems to imply that if healthy
longevity is u desirable goal other ways
of accomplishing it in addition to disease
care are needed, and lends appeal to a
policy of primary disease prevention.
Most likely such a policy would run par-
allel, and not in competition, with cur-
rent therapeutic interests, because it is
doubtful that preventive measures could
significantly reduce the cost of disease in
the near future. Indeed the dynamics of
disease prevention would slowly re-
duce—but not cxtinguish—the incidence
patterns of chronic diseases as known
today, thus increasing life expectancy
and perhaps moderating current disease
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Fig. 1. Trends in life expectancy at different ages for U.S. white and nonwhite populations since

1900. [Data from (2)]

care costs. At the same time, a popu-
lation of increased age is likely to suffer
from new causes of morbidity and mor-
tality, imposing new costs for disease
care.

Opportunities for Prevention

Many suggestions and priority analy-
ses have been offered on the actions nec-
essary for a national prevention pro-
gram. The problem appears to be not so
much what to do in prevention as where
to direct priorities of funding, resources,
training, and legislation (/-3, [0). It
would secem natural that these priorities
should be determined by epidemiclogic
evidence identifying the most common,

costly, and feared diseases and other
causes of morbidity and mortality.
However, with some notable excep-
tions, carrent proposals for prevention
have dealt with topical issues and not
with the development of overall strate-
gies and balancing of priorities. For in-
stance, massive government organiza-
tions and funding preside over an un-
precedented regulatory cffort to protect
the environment. Yet, important as this
is, it would seem reasonable to think that
human health gains from these efforts are
likely to be modest, because the epi-
demiologic record of modem diseases in
the United States (Table 1) indicates that
an even more determined and massive
action is required in respect to diet,
smoking, alcohol and drug abuse, and

Table 1. Influence of preventable factors on mortality. Very high {VH), 30 percent; high, 20 to
30 percent; medium, 10 to 20 percent: low, 5 to 10 percent; very low, below 5 percent. [Data

from (-3, 11, 13)]

Cause of death

Major . o .
Factor cardio- “?l?lll’ll% A"r;‘:tir;tb, Respir- Diabetes
vascular- . atory .
renal neo- vehicle diseases mellitus
diseases plasms and other
iseases
Smoking VH VH L VH VL
Diet VH VH VL VL VH
Occupational hazards VL L VH H VL
Alcohol abuse L L VH L L
Drug abuse VL VL H VL VI
Radiation hazards VL L VL VL VL
Airand water VL VL VI L VL
pollution
Number of premature deathy
In 1973 395,000 90,000 44,000 16,000 24,000
In 2000+ 595,000 127.000 71,000 33,000 30,000
*If current trends remain unchanged.
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Fig. 2. Life expectancy trend versus national
expenditures for disease care since 1940.
[Data trom (2, 9)}

automobile and occupational safely.
Such action of course presents greater
difficulties than do simple engineering
approaches to environmental prescrva-
tion, because it calls for a conscious
commitment to modify life-styles and to
reconsider social and economic conven-
tions such as the preoccupation with
continuing economic growth and the
concept of dutiful labor,

Demographic and Economic

Impact of Prevention

The estimates of prevention potential
for the major disease categories consid-
ered in this study are given in Table 2,

Many studies have produced estimates
of absolute prevention potentials for spe-
cific diseases by comparing the highest
and towest mortality rates from those
diseases throughout the world (3). Mor-
tality rates are customarily used because
incidence figures from many parts of the
world are very unreliable. Mortality is of
course affected by the availability of
medical care and its quality, but these
factors would tend to make estimates
of prevention potential for the United
States conservative, when based on
comparison with countries where medi-
cal care is much less substantial.

Critics also point out that when the
lowest rates occur in underdeveloped
countries they may be the artifact of

marginal methods of data collection and
of demographic and epidemiologic dis-
tortions caused by competing diseases,
high infant mortality, and shortened life
spans, all of which would make com-
parison with more developed countrics
difficult, even after the usual precaution
of age standardization. Morcover, critics
say, differences in rates in fur-apart pop-
ulations may reflect inborn genetic dif-
ferences rather than preventable risk fac-
tors. These notes of caution are undoubt-
edly significant, but not to the point of
negating the validity of estimates of pre-
vention potential.

For the purpose of our analysis we
thought it prudent to arrive at moderate
estimates, not o optimistic as to impair
the plausibitity of the demographic and
cconomic forecasts that follow. Esti-
mates based on mortality variations
within the United States were consid-
ered, but it was apparent that the life-
styles of the nation arc rather homoge-
neous and do not represent the range of
possibilities, It was then decided (o base
the estimates on the difference between
U.S. rates and the next-lo-the-lowest
rates observed in industrialized coun-
tries (/13. This was done because the dif-
ferences with the lowest rates in coun-
tries classified as industrialized (/2)
would have produced estimates that
some could consider excessive and be-
cause some of the general criticism of
such estimates noted above could still be
raised validly,

These criteria result in rather con-
servative estimates: for instance they un-
derrate considerably the potential for
preventing diseases related to smoking,
because the habit is so pervasive in in-
dustrialized countries. It should be noted
also that somewhat larger or smaller esti-
mates would obviously modify the nu-
merical results of the forecasts but not
the trends and warning message at the
core of this analysis.

The increase in life span, if the pre-
ventable portion of diseascs represented

Table 2. Mortality from the five major causes, 1973, and prevention potential calculated by
comparing U.S. mortality rate with next-to-the-lowest (min) and lowest {max) rates among in-

dustrialized countries, [Data from (2, 11}]

Prevention
Causes Number Pe::)‘t::!t of potential (%)
of deaths - R —
mortality Min Max
Major cardiovascular renal diseases 1,012,341 51 39 77
Malignant neoplasms 351,055 18 25 77
Accidents—motor vehicle and other 115,821 6 38 39
Diseases of the respiratory system 92,267 s 17 38
BDiabetes mellitus 38,208 2 63 74
All other causest 363,311 18

*The minimum estimates have been used in all calculations of prevention effects in this article.

diseases in this category accounted for less than 1,7 percent each of the deaths in 1973.
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Table 3. Life expectancy before and after
climination of minimum preventable portion
of five major causes of death (13).

Remaining years of

. Differ-
Age life expected ence
Before* After (%)
0 70,75 74.22 4.90
10 62.57 66.00 5.48
20 53.00 56.41 6.43
30 43.71 46.95 7.41
40 34.52 37.65 9.07
50 25.93 28.84 11.22
60 18.34 20.52 11.89
70 12.00 13.23 10.25
80 7.10 7.94 11.83

*Based on 1969-1971 U.S. mortality data,

in Table 2 were climinated, is given in
Table 3, based on 1969-1971 U.S. mor-
tality data (13). Delayed mortality would
have the effect of increasing the survi-
voTs in subsequent age groups; the re-
sulting cumulative population effects
from 1980 to the year 2000 arc shown in
Table 4, It is assumed in the calculations
that thc minimum prevention rates of
Table 2 started to be fully and immedi-
ately effective in 1975. There is a pro-
gressive accumulation of survivors in
the higher age groups, which stabilizes
sometime in the next century.

Econometric Models

Econometric models have been suc-
cessfully used for a tong time to simulate
and to forecast the effect of variable so-
cial or environmental conditions. What-
ever tools are utilized in macroeconomic
modeling, the analysis describes supply,
demand, and market-clearing sectors.
There are several established macroeco-
nomic models involving supported data
bases and equations that are reestimated
on a regular basis. Fundamental results
of using these different models do not
differ greatly. Fromm and Klein (/4)
compared 11 macroeconomic models of
the United States and concluded:

Comparison of solution error and dynamic
multipliers of major U.S. econometric models
shows, despite some exceptions, that errors
are within reasonable bounds and that there is
relatively uniform agreement about the pat-
tern and magnitude of fiscal policy impacts.

'The Wharton long-term model was se-
lected because it allows easy access to
and changing of the input variables and
their values (8). In this model, changes in
the labor force affect employment, which
in turn causes consumption, wages, and
prices to change; the process then cy-
cles. In its standard format, the model
handles the adult population homoge-
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neously by sex, and considers as labor
force the population over 16 vears of
age. Under this assumption, the longev-
ity increases resulting from discuse pre-
vention would add considerably to the
labor force and possibly to unemploy-
ment, and to the constricting effect that a
top-heavy age structure would create for
the younger groups in the labor force.

To offset the forecast of economic
complications that increased longevity is
likely to create, two basic input changes
have been introduced:

1} The labor force has been restricted
to those aged 16 to 65. This has the effect
of excluding age groups that would arti-
ficially swell estimates of the labor force;
it implies the possible need to rcgulate
the employment of the elderly or the de-
sirability of lowering the mandatory re-
tirement age, or both.

2) Transfer payments from the federal
government to individuals were deliber-
ately increased as an exogenous input.
This is to cover the increased social
security benefits that would result from
the introduction of the first modification.
This increase, artificially added to the
model, is an example of some necessary
decisions that government might likely
face.

The more detailed analysis that fol-
lows will be highlighted by the following
output variables of the Wharton model,
selected for their easily recognized rele-
vance to policy setting. (Many other
variables, of more specialized interest,
are availahle.)

1) The gross national product (GNP)
is the sum of final products such as con-
sumption, gross investment, government
expenditures, and trade balances. It is a
conventional measure of productivity in
an economy. By expressing GNP in con-
stant dollars or real GNP one can elimi-
nate the effect of price changes and mea-
sure only output changes.

2) Housing starts, both single and
multiple, are leading economic indica-
tors and are valuable in predicting the
scope of the murket for new consumer
durable goods (appliances, furniture, and
so forth). The multiple-unit private hous-
ing starts are more sensitive to growth in
population, credit conditions, and rela-
tive prices as the model now stands.
Single-unit housing starts appear less
sensitive to growth in population and
more sensitive to changes in real dis-
posable income. The value of these
housing starts is aggregated to obtain in-
vestment in residential structures.

3) The civilian labor force is a mea-
sure of the supply of labor and is an im-
portant factor of production in our econ-
omy. Because the output of a nation at
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any given moment varies closely with its
level of employment, labor force varia-
tions are very closely related to GNP.
The labor force equations within the
model are dependent upon population
and labor market conditions. Both male
and female labor force equations are sen-
sitive to a lagged distribution of the re-
ciprocal of the unemployment rate. The
model suggests that males and females
are drawn into the labor force in a non-
proportionate way over the course of the
cycle.

4) Government reccipts, cssentially
tax receipts, are a quick initial measure
to balance whatcver governmental costs
of a prevention strategy may he (15).

Their volume is also closely related to
GNP and economic growth rates, and to
a fiscal policy that the Wharton model
assumes remains traditional. In the
Wharton model taxes include personal
income tax, corporate profits tax, in-
direct business taxes, and contributions
for social insurance.

5) The lederal surplus or deficit vari-
able is the difference between fcderal
receipts and expenditures. QOur reason
for including it is to show the differences
between the bascline solution and our
various scenarios, particularly with ref-
erence to the effects of increased (ransfer
payments as well as the population
changes.

Table 4. Age-specific population increases (thousands) over current census projections if total
elimination of minimum preventable portion of five major causes of death started in 1975,

Age 1980 1985 1990 1995 2000
bracket

10-19 13.8 298 54.8 74.0 0.0
2029 71.1 110.1 116.4 119.0 139.4
30-39 59.5 143.0 229.7 273.0 264.6
40-49 94.4 164.4 254.0 364.7 483.4
50-59 351.8 507.5 §75.4 678.3 864.4
60-69 607.3 1114.0 1439.9 1504.9 1534.8
70-79 504.6 1065.0 1538.9 1974.9 2206.8
RO+ 430.1 963.8 1279.5 1683.1 2060.6

Table 5. Change in Wharton model forecast based on full achievement of minimum prevention
potential starting in 1975. Upper figure in each pair is percent difference, lower figure is numeri-

cal difference.

1985

Item 1980 1950 1995
Gross national product 0.8 1.4 0.5 -4.7
(billions of 1972 dollars) (11.5) (24.1) (9.2} (—106.4)
Private housing starts 12.4 14.7 0.8 —31.6
(thousands of units) (191.0) (208.8) (11.8) (—547.9)
Multiple-unit housing starts 273 252 13.4 8.4
(thousands of units} (155.7) (144.7) {78.5) (64.8)
Civilian labor force 1.6 2.7 3.4 3.8
(millions} (1.6) (3.0) 3.9 (4.6)
Unemployment 14.9 27.3 40.7 126.2
(millions) (1.1Y (1.8) 2.7) (7.49)
Government receipts 0.7 1.3 5.1 -2.8
(billions of 1972 dollars) 1.8) (8.9 0.7 (—22.3)
Transfer payments 2.0 2.8 2.1 —-24
(billions of 1972 dollars) {2.6) 4.1 2.0 {(—4.5}
Supplemental unemployment
insurance benefits 16.7 32.2 48.8 156.9
2.7 4.2) (11.4)

(billions of 1972 dollars} (1.8)

Table 6. Age-specific population increases (thousands) after gradual elimination of minimum
preventable portion of major causes of death. Complete attainment by the year 2000 according
to a cumulalive normal function starting in 1975 is assumed.

Age bracket 1980 1985 1990 1995 2000
10-19 0.0 0.6 27.1 73.2 80.0
20-29 0.2 4.2 26.1 64.5 115.8
30-39 0.1 3.7 28.6 94.4 157.8
40-49 0.2 6.2 48.7 155.8 267.4
50-39 0.9 20.6 128.5 158.3 630.2
60-69 1.4 36.3 248.8 683.6 1053.6
70-79 1.0 274 200.1 688.6 1221.4
80+ 1.0 44.7 2532 717.2 1170.4
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2000

vments have been increased to compensate for additional social security re-

auses of death starting in 1975. In column a, labor force includes all persons aged 16 and

1990

labar force includes ages 16 through 65 and transfer pa
1985

minimum preventable portion of major ¢

1980

over: in calumn b, labor force includes ages 16 through 65; in column ¢,
cipients. Upper figure in each pair is percent difference from standard Wharton forecast, lower figure is numerical difference 23).

Table 7. Change in Wharton mode! forecast after gradual elimination of
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&) Transfer payments are expenditurcs of the gov-
emnment for which it receives no goods or services
in return. Our analysis is concerned only with trans-
fer payments from the federal government to persons.
In effect, transfer payments alter private goods pro-
duction in favor of the recipients of the payments and
augment the flow of income. Supplemental unemploy-
ment insurance benefits are transfer payments from the
federal government to persons and are dependent upan
the number of uncmployed.

Economic Forecasting

Introducing the population changes of Table 4 into the
Wharton model results in some initial economic gains as
the initial survivors cumulate in productive age groups,
tollowed by a rapid deterioration as the demographic
surge reaches older brackets. However, it is difficult to
accept at face value the rather dismal forccast of Table 3,
because it is conceivable that, among other things, the
cyeling mathematical features of the Wharton model may
overreact to so rapid and abnormal a swelling of an aging
labor force: ¢ven with a fully sound forecast it is unlikely
that the postulated prevention scenario could ever be re-
alized so suddenly. Thus the significance of Tables 4 and
5is very hypothetical. Table 4, however, gives a credible
assessment of the substantial demographic losses to be
expected from the diseases considered if current mortali-
ty trends are left unchanged.

A more realistic appraisal of prevention consequences
—and one that would avoid dypnamic stresses in the
Wharton model—considers that prevention policies are
likely to be implemented only gradually, the earliest ef-
fects beginning after & delay of many years: a plausible if
optimistic forecast would be that total effectiveness in the
climination of premature mortality from the preventuble
portion of discases could be achieved by the year 2000,
prabably following a cumulative normal function (/6).
Such a period of time would be necessary for any pre-
vention scheme to have ils full impact, whether that
means the partial elimination of one disease or complete
elimination of another. Table 6, based on this scenario,
shows the calculated population gains for diffcrent age
groups from the present to the year 2000 resulting from
the gradual elimination of the minimum preventable por-
tion of the diseuses listed in Table 2.

Introduction of these demographic chunges into the
Wharton model vields the economic forecast of Table 7,
columns a, up to the year 2000, Life expectancy will in-
crease for all ages, but change will be most evident in the
groups between 40 and 80 years. Initially the economic
sector will show the effect of lives saved during the pro-
ductive years with gains in gross national product and
government revenues, increases in living and housing re-
quirements, and so on. However, the growing increase in
the retired population could result in economic diffi-
culties. Pension funds and social sccurity payments
would be required by a greater segment of the population
than is now forecast, necessitating increases in taxes to
meet future retirement expenditures, while the work
force may not increase accordingly. In addition, unem-
ployment would be likely to rise, as old people are limited
in avaitable job opportunities.

If we compare the hypothetical situation of Table 5 and
the more realistic one of Table 7, columns a, it is clear
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that a less rapid achievement of preven-
tion may retard but probably could not
alone reversc the recessive trends fore-
cast. These trends are particularly evi-
denced by a massive increase in uncm-
ployment and in the related insurance
benefits. The Wharton model considers
as labor force the population above 16
years of age. This assumption is some-
what justified by current practices of
employment after age 65, but a possible
action to contain the surge of elderly
workers that disease prevention would
produce is to impose mandatory retire-
ment at age 65. Columns b of Table 7
give the Wharton model solution if the
labor force input from Table 6 is limited
to the ages between 16 and 65, Predict-
ably the unemployment forecasts drop,
but because the earnings of the elderly
would also drop the model also predicts
4 progressive economic slump, with
lower GNP, housing starts, and govern-
ment receipts.

Traditionally, government has as-
sumed an effective role in influencing de-
mand and supply, and it would seem rea-
sonable to postulate that such meusures
could improve the forecast of Table 7.
Indeed it is reasonable to expect that to-
tal government transfer payments to in-
dividuals would be increased to reflect
the changing number of social security
recipients, and this change alone would
restore economic balance, as columns ¢
of Table 7 predict.

Not surprisingly then, disease pre-
vention would create demographic pres-
sures that would require appropriate fis-
cal and monetary tuning to avoid a reces-
sive polential. As a particular example,
disease prevention will have a major im-
pact upon our social security system. In
fiscal 1976 approximately 95 percent of
the people aged 65 and over and 58 per-
cent of those aged 62 to 64 were eligible
for social security. The number of ben-
cficiarics projected from those percent-
ages is shown for every fifth year be-
tween 1980 and 2000 in Table 8. The So-
cial Security Administration estimates a
social security tax rate of 11.8 percent to
be necessary between 1976 and 2000 to
prevent a budget dcficit, by forecasting
dependency ratios, that is, the number of
working-age people needed to support a
retirement-age person at different time
periods (/7). With the projected life ex-
pectancy increases and resultant popu-
lation changes from a prevention strate-
gy that would attain full efficiency by the
year 2000 the rate would be 13.4 percent
{Table 8). This estimate is crude but it
suggests the magnitude of the impact
that a disease prevention policy would
have on the social security system.

9 JUNE 1978

Table 8. Social security beneficiaries (thou-
sands) before and after gradual elimination of
minimum preventable portion of major cuuses
of death.

Differ-
Year Before After ence (%)
1980 26,527 26,530 .01
1985 28,914 29,007 0.32
1990 30,995 31,599 1.95
1995 32,096 33,908 5.65
2000 32,446 35,442 9.23
Tax rate needed (%)
11.81 13.58

13.41

Invoking legislative or monetary reme-
dies for the potential problems of an in-
creased aging population and labor force
may appear simplistic and almost naive.
Also, the Wharton model, like other
such models, functions according to the
rules of today and assumes social, politi-
cal, and legislative continuity, which is
clearly an uncertain prospect. The signif-
icance of thc model rests not on numeri-
cal accuracy but rather in suggesting the
directions and general degree of change,
for which only broad corrective mea-
sures can be anticipated a priori.

In considering the structural con-
straints of the Wharton model, other ob-
servations come 1o mind.

The model docs not handle the health
care system as a separate sector, and as
such it does not take account of changes
in disease carc expenditures due to the
elimination of any given disease or to
changes in population composition; nor
does it include the cost of prevention
strategies.

Limitation of a major cause of death
by a successful prevention strategy
could have several effects for the health
care system. First, the population will
become older, and the elderly tend to
have more physician visits and more and
longer hospital episodes (18). Second, if
a disease is curtailed, demand for partic-
ular services may decrease. Providers
may Lhen raise prices, especially as over
88 percent of the population has its hos-
pital hills paid by third parties (/9), or the
supply may create its own demand (4,
20). Lastly, competing risk factors muy
appear; elimination of one diseasc could
result in the increase or development ol
other hcalth problems, although at later
ages (21).

Such developments and others could
affect the economics of the disease carc
system, which currently absorbs nearly
10 percent of GNP and is likely to contin-
ve to expand (22). Prevention would also
alter a variety of factors of economic sig-
nificance, in ways that are not easily ana-
lyzed and that the Wharton model—or

any other model—could hardly incorpo-
rate at this time. These include patterns
of morbidity and disability, the demand
for recreation and education, and the rel-
ative importance of manufacturing and
service industries {7), to mention but a
lew.

To study these numerous interactions
is beyond the scope of our analysis,
which simply points to the need to con-
sider the dynamic interplay of health,
disease, and the economy. Moreover,
retrospective studies, howcver reveal-
ing, tell of things past and of scenurios
not likely to be played out again; match-
ing them with some judicious prospect-
ing seems desirable, and we hope we
have encouraged such a trend.

Summary

Disease prevention is not a pre-
scription for immortality, but it could
prolong life expectancy to where the uiti-
mate exitus is determined by what we
now consider to be natural deterioration
of vital functions in old age. Prevention
of some significant fraction of current
causes of morbidity and mortality in the
United States appecars possible, with the
potential of extending useful and healthy
longevity,

[t is by no means clear that prevention
of what are now the major causes of mor-
bidity and mortality cun reduce the costs
of disease care, because a surge of com-
peting causes is likely as the population
becomes older. T.ongevity gains are
more predictable.

If current social, legislative, and eco-
nomic rules remain unchanged, a suc-
cessful policy of discase prevention has a
rccessive economic potential, as more
people will reach and live well beyond
retirement age. The prospect. however,
of longer and healthier lives is one for
which advanced societies are likely to be
willing to make the necessary social and
economic adjustments. The nccessary
adjustments, il foreseen in good time,
need not be traumatic, because mortality
and morbidity changes [rom disease pre-
vention would evolve through slow secu-
lur trends. Among changes to be ex-
pected is a major restructuring of the fi-
nancing of old age pensions and social
security.

A comprehensive policy toward health
and longevity gains would imply an effi-
cient organizational framework for dis-
case prevention, and a vigorous research
commitment to the clarification of com-
peting etiologic factors of morbidity and
mortality, of preferred control strategies,
and of better therapeutic approaches.

1129



References and Notes

1. J. Knowles, statement before the Subcommittee
on Health and the Environment, Committee on
Interstate and Foreign Commerce, House of
Representatives, Febmary 1976.

2. Mational Center for Health Statistics, Vita! Sta-
tistics of the United States, (Government Print-
ing Office, Washington, DC 1965 to 1975). an-
nual volumes

3. E. L. Wynder and G. B. Gori, J. Na!l. Cancer
Inst. B8, 825 (1977); F. C. Swartz, statement be-
fore the Subcommittee on Aging of the Senate
Committee on Labor and Public Welfare, April
1975, E. J. Burger,J. Med. Educ. 49, 927 (1974);
M. M. Kristein, C. B. Arnold, E. T., Wynder,
Science 195, 457 (1977, R. Doll, Nature (f.on-
don) 268, 589 (1977); R. Levy, statement before
the Senate Select Committee on Nutrition and
Human Needs, January 1977; G. B. Gori, state-
ment before the Senale Select Committee on
Nuuition and Human Needs, July 1976; T..
Breslow, Ins. J. Epidemiol. 1, 347 (1972: N. B.

Helloc and L. Brestow, Prev. Med. 1, 409
(1972): N. B. Belloe, ibid. 2, 67 (1973); L.. Clark
ad F. Rauscher, Washington Past, 12 May

977, p. A-17; 1L Cairns, Scf. Am, 233 (Nao, 5), 64
(1975); Lancet 1977-1, 685 (1977).

4. 1.. Beham and A, Beham, in Eguity in Health
Services, R. Anderson, J. Kravits, W. Ander-
son, Eds. (Ballinger, Cambridge, Mass., 1975):
V. R. Fuchs, Whe Shall Live? (Basic Books,
New York, 1974).

. W.H. Forbes, M. Ergl. J. Med. 277, 71 (1967},

. D, F. Johnson, Statistical Reporier, No. 7609
(19763, p. 161; The Nationel Institute on Aging,
DHEW Publ. No. (NIH) 77-1129; W. Chapman,
Washington P'est, 17 April 1977, p. A-1: D. P.
Moynitkan, ibid., 13 June 1977, p. A-23.

7. D. H. Meadows, D. T.. Meadow, J. Randers, W,
W. Behrens M1, Limits to Growth (Potomag As-
sociutes, Washington, D.C., 1974); H. Kahn, W.
Brown, 1.. Martel, The Next 208 Years (Mor-
row, New York, 1976).

8. R. S. Preston, Stud. Quant. Feon., No. 7 (1972);
The Wharton Annual and Irzdmrry Forecusting
Muodel—Equations and a Brief Description of
Euch Sector of the Model (Wharton EFA, Phila-
delphia, t1976); . Guill and W. F. Finan, “An
Overview of the Annual Model Structure and
Solution Procedure’™ (Wharton EFA, Phila-
delphia, April 1977, The following description
is 2 condensation of these references.

The Wharton Annual and Industry Fore-
casting Model is composed of cight sectors: the
final demund seclor. the input-output sector. the
labor requirements sector, the wage sector, the
industyy price sector, and final demand prices
sector, the other income sector, and the mone-
tary sector.

The final demand sector hasically comprises
consumption, investment, foreign trade, and
government spending. 1l consists of 131 equa-
tions and identities. Consumption is assumed to
be dependent upon income, prices, wealth,
credit conditions, and tastes. There are 11 con-
sumption functions. Investment is modeled up-
on neoclassical theery, heing dependent upon
capital stock outputs, user costs, and sector
prices. Currently investment is disaggregated in-
to 26 separate industries and as may be expected
is highly dependent vpen the input-output sec-
tor. Foreign trade is also connected to the input-
output seclor but is somewhat more aggregated,
consisting of six stochastic equations. Govern-
ment spending is actually six sectors: two for the
federal expenditures and four for s1ate and local.
In effect, the finul demand sector determines the
economy’s final product and its results are fed
into the input-putput sector. Once industrial out-
put levels have been determined which satisfy
the expenditure levels coming from the final de-
mund side, many of these indicators are fed di-
rectly back into the demand side of the model.

The input-output sector actually contains 47
subsectors based upon ‘“the Bureau of Econom-
ic Analysis 1967 Input/Quiput Table of the U.S,
Economy.”” They form the link between final de-
mand and the industrial outputs. The coeffi-
cients in the tuble are revised when necessary to
reflect changes in prices and technology. The
output then influences ltabor regquirements,
prices, and investments.

The labor requirements sector is broken down
into 28 manpower requirement functions, in-
cluding 5 nonmanufacturing and 21 manufactur-
ing functions, (All government employment, in-
cluding the military, is exogenous.) The more
important independent variables of these func-
tions are output, capital stock, and technological
change. Actually this sector is concerned with

f= )

1130

manpower requirements in terms of employ-
ment and man-hours. Both are determined by
using Cobb-Douglas production functions.

Population comes into play in this sector. The
labor force equations, both male and female, are
dependent upon population and a lugged distri-
bution of the reciprocul of the unemployment
rate to measure job availahility. The equations
also include trends for increasing female purtici-
pation and a somewhat decreasing male partici-
pation, Unemployment is then determined by
subtracting the labor requirements from the la-
bor force and the unemployment rate calculated.
Employment results lead into wage and price
sectors.

The wage or price-of-labor sector conluins 28
subsectors, ay does the labor requirements sec-
tar, and estimates tolal compensation. Inde-
pendenl variables used in this sector inglude
prices, productivity, labor market conditions
along with Phillips curve effects and lead or lag
relationships of various industries’ wages be-
cause of union strength or weakness, and so
forth. The results of this sector are fed into per-
sonal income and the price sector.

The industry price sector is also disaggregated
into 28 subsectors. These equations estimate
price deflators that are value-added deflators
which are consistent with GNP measores as op-
posed to wholesale price concepts. The sectors
that influence this one are the input-oulput sec-
tor, the production functions, investment func-
tions, and the wage sector. Output trom this sec-
tor feeds the investment sector and the final de-
mand prices sector.

The final demand prices sector takes results
from the input-output table and weighs the re-
spective sector prices with them. All inter-
mediate goods used in making a final product are
then averaged, the weighted results being the fi-
nal demand prices.

The other income sector includes deprecia-
tion, nonwage income, inventory valuation ad-
justments, dividends, trunsfer payments, and
taxes, Transfer payments are exogenous except
for state unemployment insurunce benefits. Tax-
es are divided into personal ingome, corporate
profits, and indirect business taxes, and social
insurance—all on both a federal and a state and
locul level.

The last major sector is the monetary, which
estimates various bank deposits and interest
rates. These oulputs have influence on com-
sumplion and investment.

Currently the model has 265 stochastically es-
timated equations, 207 exogenous variables, and
324 ientities. While the model is solved in sec-
tions, there are, as noted, feedbacks. However,
the modelis solved in essentially the same order
that the sectors are listed in ahove.

M. S. Mueller and R. M. Gibson, Soc. Secur.
Bull. 39 (No. 2), 3 (1976).

. U.8. Public Health Service, The Forwaerd Plan

Sor Health FY 1978-82 (Government Printing Of-
tice, Washington, D.C., 1976); G. B. Gor, Sci-
ence 194, 1243 (1976); John E. Fogarty Inter-
national Center of National Institutes of Health,
Preventive Medicine, U/.S.A. (Prodist, New
York, 1976); Senate Select Committee on Nutri-
tion and Human Needs, Dietary Goals for the
United Stares, staff report, January 1977, Na-
tional Academy of Sciences, World Food und
Nutrition, interim report, December 1975,

. World Health Organization, World Health Sta-

tistics Annual 1973-1976. vol. 1, Vital Statistics
and Causes of Death (World Health Organiza-
tion, Geneva, 1976).

The prevention potential estimate is based on
the comparison of U.S. mortality rates for the
canses of death of interest with the rates in other
“*developed market economies.”” The countries
considered are Canada, Mexice, Japan, Den-
mark, Finland, France, Federal Republic of
Germany, Igeland, Italy, Netherlands, Norway,
Switzerland, England and Wales, Scotland,
Sweden, Portugal, Austria, Luxembourg, Bel-
gium, Australia, and Lsruel.

A compuarison of rates was made and it was
observed that there was often a very large gap
between the lowest rate and the second lowest
and that the gap between the second and third
lowest rates was usually small. Because of this
and in order to be conservative in approach, we
used the second lowest mortality rate by cause
of deuth in our calculations. The ¢ountries that
had the second lowest rates for the given causes
of death were Canada, [celand, lsruel, Japan,
MNorway, and Portugal.

These secand lowest rates were expressed as
percentages of the respective U.S. rates and
then subtracted from 100 percent to arrive at

19.

20.

21.
22,

23,

24.

what we define as the minimum prevention po-
tential. The maximum prevention potential is
the value obtained when the death rates of the
lowest mortality rate countries are used.

Actual comparisens by country were made of
sex-specific death rates, When the second low-
est death rate for males from, for example, ma-
lignant neoplasms was determined, age-specific
comparisons were made between that country
and the United States. In cases where the
Linited States had a lower age-specific death rate
for a particular age group, it was used in gur fur-
ther calculations. When the other country’s rate
was lower for a particular age group, it, of
course, was used,

. New York Times Index 1976 (New York Times

Publishing Co., New York, 1977, p. 430.

. T. N. E. Greville, U.5. Decennial Life Tables

Sor (969-1971 {(Government Printing Office,
Washington, D.C., 1976), vol. 1, No. 5. The key
equation in the approach used is

wle, ot = o

where a = ,r, ;. The equation.defines the proba-
bility of survival for a person aged x to x + n
years, given the i cause of death eliminated;

w4 i the proportion of deaths recorded dunng
the 3-year period 1969-1971 in the age interval x
1o x + s attributable to the i** cause of death.

This equation can be made to handle the elimi-
nation of more than one disease #f a time by sim-
ply defining the cause of death to include two or
mare causes. For example, diseases of the heart
are a cause of death which includes other causes
such as ischemic heart disease, acute myo-
cardial infarction, and so on. Since we do not
assume any cause of death to be eliminated com-
pletely, we define r to include only those deaths
which were assumed to be preventable on the
basis of factors obtained from (17}, The program
we used in creating the life tables was essentially
the same as that written by R. Foster, Office of
the Actuary, Social Security Administration, for
the National Center for Health Siatistics I.ife
Tubles.

. G. Fromm and E.. R. Klein, Am. Econ. Rev. 63,

385 (1973).

. N. E. Terleckyj, Improvemnenis in the Quiality of

Life (National Planning Association, Washing-
ton, D.C., 1975).

. G. W. Snedecor and W. G. Cochran, Sraristical

Methods (lewu Stute Univ. Press, Ames, 1967).
Our equation for the proportion of forecast pre-
vention achievements in vear x is:
PA = [tn[1/(3.25 x V2] x

exp{ — (x — 1987.5)%/21.125) dx
That is the equation for a cumulative normal dis-

tribution with a mean of 1987.5 and a standard
deviation of 3.25,

. A. H. Robertson, The Cosr of Social Securiry:

1976 -2050 (Social Security Administration, Bal-
timore, 1976).

. National Center for Health Statistics, Current

Estimates, Health Interview Survey Series 10,
No. 95 (Government Printing Office, Washing-
ton, D.C., 1973). "

J. P. Newhouse, statement before the Sub-
committee on Health and the Environment, Sen-
ate Committee on Interstate and Foreign Com-
merce, February 1976,

M. Feldstein, The Rising Cost of Huspitul Care
(Information Resources Press, Washington,
D.C., 1971), p. 30; P. H. Abelson, Science 192,
619 (1976).

B. R. Chiswick, J. Hum. Resources 11, 295
(1976).

Coungil on Wage and Price Stability, The Prob-
lem of Rising Health Care Costs, staff report,
April 1976.

It should be remembered that the results in
Table 7 show percentage differences and dif-
ferences. It should also be noted that the deficits
are expressed as negative numbers. Hence if the
Wharton solution projects a deficit for a given
year and our experimental solution projects an
even larger deficit, the difference will have a
negative value but the percentage difference will
be positive. For example, if the Wharton solu-
tion forecasts a $100 deficit and the experimental
deficit forecast was $150, the difference would
be —%$150 — (— $100) = — $50 and the per-
centuge difference would be — $50/— $100 =
100 = 50 percent.

We wish to thank 5. Pirages, J. Fensterstock, J.
Cosler, M. Wesley, T. Greville, R. Foster, and
G. Guill for their help. This investigation was
supported by the Smoking and Health Program
contract of the National Cancer Institute NO1-
CP-55666,

SCIENCE, YOL. 200



