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Foreword

The health sector of the national economy has be-
come the third largest industry in the country and
now accounts for 8.8 percent of the nation's total
goods and services. In this Supplement reasons are
given for expecting that share to rise to as much as
12 percent of GNP by 2000 AD. Health costs have
increased nearly threefold since 1970, reaching $163
billion in 1977. There is mounting public concern
about national health policies. Cost containment
(including elimination of fraud and mismanage-
ment), resource allocation, improved delivery sys-
tems, preventive medicine, the development of new
disease controls-these are problems not only for
policy makers and practitioners, they profoundly af-
fect the quality of life and the pocketbook of every
citizen taxpayer.

Biomedical research is the hub of the complex sys-
tem which provides health care in present day so-
ciety. The knowledge generated by this research has
been accumulating at an exponential rate which
makes assessment of its impact on health care today
and in the future an onerous task. But a necessary
one.

Statistical evidence, such as the increase in life
expectancy from 47 years in 1900 to 72 years in 1975,
abounds to demonstrate advances in health status
generally. But the linkage between basic research
and patient well-being is not easily discerned. Re-
cently, age-sex-race-adjusted death rates from cardio-
vascular diseases have declined. But which discov-
eries or changes in diagnosis or treatment have been
factors in this advance?
Advances in health growing out of research

achievements tend to follow so long after the ad-
vance in knowledge and to become so much a part
of daily living that their origins in research are for-
gotten. The virtual disappearance of smallpox, the
diminution of the threat of poliomyelitis to near
zero, and the dramatic decline in the infant death
rate are all accepted as a norm of living as people
concentrate attention on remaining ills. I

Advances against mortality and morbidity are gen-

erated by several factors. In addition to research, the
rise in the standard of living, revolutionary changes
in the past few decades in the health care delivery
system, and the widespread introduction of third-
party payments-public and private-for medical
care are among the social and economic factors
which have fashioned the health care system as we
know it today.

It is a system which is being critically scrutinized.
Questions are raised as to the impact of medical care
on health status. The very size of the health industry
and its great cost has made it vulnerable to public
questioning.
The very natural and rational inquiry into health

care as a whole extends to a questioning of the value
of health research. It is difficult to validate the com-
mitment of scarce public resources to what is often
not an immediate social gain but an investment in
future knowledge.

In response to continual public pressure to show
returns from biomedical research, the National In-
stitutes of Health (NIH) has mounted a number of
studies of the process by which research findings pro-
ceed from laboratory bench to patient's bedside and
into the homes of more or less healthy families'
and of the payoff in social and economic terms of
the national investment in accumulating an ever-
growing store of knowledge about health. One study
focuses on trends in the cost of all types of illness
and conditions of ill health over the 20th century to
provide a methodologically consistent set of cost esti-
mates favoring intertemporal comparisons over the
century. This study also provides a look at the eco-
nomic cost of the likely state of the national ill
health far enough in advance to be altered by find-
ings from research funded in the next few years.

I "Further Analyses of the Characteristics of Research Resulting in
Clinical Advances from Inception to Clinical Usage" February 29, 1977
(Contract No. NOI-OD-6-2125), Battelle Columbus Laboratories for the
National Institutes of Health. This is a development of Battelle Labo-
ratories' "Analysis of Selected Biomedical Research Programs for the
President's Biomedical Research Panel of January 31, 1976." Also
Julius H. Comroe, Jr., "The Road from Research to New Diagnosis
and Therapy" Science 200: 931, No. 4344, May 26, 1978.
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Preface

It seems axiomatic that assessment of the future
payoff to biomedical research should take account of
changing demographic trends in the society and of
the changing characteristics of a more or less slowly
growing national economy as it responds to chang-
ing socioeconomic practices such as the growing par-
ticipation of women in the labor force. All of these
changes will affect, toward the end of the century,
the costs of treating or preventing ill health, and the
proportions of the costs attributable to various dis-
eases and conditions. And these changes will also
affect the future payoff to successful applications of
new health knowledge.

In this Supplement Professor Mushkin addresses
the question: What will likely be the cost of health
care by disease category in 2000 AD? The answer is
intended to provide the final benchmark measure-
ment to compare with estimates of the cost of dis-
ease in 1900, 1930, 1963 ,and 1975,2 and she will be
using the history and projections in assessing the
past payoff to biomedical research and the prospects
for such payoff in the future.
NIH is not alone in the Public Health Service in

seeking to assess future payoffs to public expendi-
tures on health. Undoubtedly other health planning
units in government and in the private sector have
need to consider their problems against the back-
ground of much the same data base. NIH is pleased
to share the expert view of the future of health care
costs presented in this Supplement with others of
the community concerned with national health prob-
lems.

Herbert B. Woolley, Ph.D.
Economist, Office of the Director
National Institutes of Health

June 1978

2 Consistently prepared estimates of economic (direct and indirect)
cost of ill health by disease category for years 1900, 1930, and 1975 are
available from the National Technical Information Service. The set of
three papers are available as NTIS No. PB 280 297/SET. Papers are
available individually as 1975-PB 280 298/AS, 1930-PB 280 299/AS,
and 1900-PB 280 300/AS.

This report, "Cost of Disease and Illness in the
United States in the Year 2000" is a product of a
larger study of the costs of illness over the 20th cen-
tury undertaken by the Public Services Laboratory
with the financial assistance of the National Insti-
tutes of Health. The purpose of the larger study is to
examine the changes over the century in total cost
of illness and in the composition of that total in
terms of diseases that afflict the population.
The purpose of this report is to project the cost of

illness to the year 2000, a reasonable and identifiable
benchmark for long range planning. Within the lim-
itations of forecasting in an era of change and un-
certainty, our aim is to estimate economic growth
and resources for health care 25 years hence.
We are indebted to many persons for their help

in this research effort. The staff and research asso-
ciates involved in it are listed heretofore. The counsel
and support of Dr. Herbert Woolley of the Insti-
tutes' Division of Program Analysis was invaluable.
A number of experts in the health care field were

most helpful in commenting on earlier drafts of the
study. We are grateful for their time and thought-
fulness. They are Dr. Odin Anderson, Director of
the Center for Health Administration Studies, Uni-
versity of Chicago; Prof. Robert Grosse, Professor of
Health Planning, School of Public Health, Univer-
sity of Michigan; Prof. Judith Lave, Carnegie-
Mellon University, School of Urban Affairs; Ms.
Dorothy Rice, Director, National Center for Health
Statistics. Marian Priest Tebben, along with her
staff, deserve our appreciation for their excellent edi-
torial assistance and shepherding of the manuscript
through the final publication phase. Mr. Thomas
Hodgson, Division of Analysis, NCHS and Ms.
Marilyn C. Hiller, Special Assistant for Plannnig
and Evaluation, National Institute of Arthritis,
Metabolism, and Digestive Diseases also assisted.
Our very special thanks go to Alva Wood, not only

for her expertise as a typist but for her patience and
forebearance of our demands. Ann Guillot was a
model of taskmistress and ally in channeling the
flow of work.

S.J.M.
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Chapter 1. Projecting the Economic
Cost of Illness: Introduction

The year 2000 offers an attractive target for long
range planning. To plan effectively, it is useful to
know-or at least to estimate carefully-prospective
rates of economic growth and the resources likely to
be at the nation's disposal 25 years hence. Estimates
are helpful, but it must be admitted at the outset
that there is almost as much speculation as there is
science in projecting economic activity a quarter of
a century away.

Following are some of our estimates for the year
2000:

* Diseases of the circulatory system, cancer, and
mental diseases will continue to absorb relatively
large shares of the total cost of illness in contrast to
their shares in 1900 and 1930.
* Total costs of premature death will rise by be-
tween $87.2 and $174.9 billion, depending on the
discount rate.
* The real economic costs of illness will be more
than double the 1975 costs by the year 2000.
* Total economic costs of illness will exceed $2 tril-
lion in year 2000.
* Direct costs of health care will rise faster than the
GNP and reach 11 to 12 percent of the GNP by
year 2000.

There has been marked progress in medicine in
the United States since 1900. A customary indication
of that progress is the lengthened life expectancy at
birth, from 47 years in 1900 to 72 years in 1975.
Another indication is the difference by age groups
in the concentration of deaths. Today, about two-
thirds of the deaths occur among persons 65 and
older, but in 1900 those under 15 years accounted for
45 percent of all deaths and those 65 and older for
only 17 percent (1).
This report seeks to put the year 2000 in perspec-

tive (the yearly period is always the fiscal year). His-
torically, two factors have greatly affected the costs
of illness and disease. One is personal health care
and the other is environmental services, including
traditional public health work. Personal health care
has been dramatically altered since 1900 by changes

in methods of providing and organizing health care.
The changes include the emergence of hospital cen-
ters, greater specialization of providers, multiplica-
tion of health occupations, new diagnostic proce-
dures, and decreased significance of the family physi-
cian, the corner pharmacy, and the private duty
nurse. Underlying many of these changes is the
emergence of insurance against the costs of medical
care and the rise in the share of personal health care
financed by third-party payments. In 1975, more
than 90 percent of hospital expenditures and 50 per-
cent of physician expenditures were financed by
third parties. For all health services, third-party cov-
erage in 1975 averaged 57.2 percent. In the projec-
tions for the year 2000, third party payments have
been assumed to rise alternatively to 75 and 85 per-
cent of expenditures for personal health care.

Public health policies concerning the environ-
ment, uch as safe water supplies, sanitation, control
of milk supplies, and regulation of food contamin-
ants, have been responsive to various problems re-
sulting in shifts in personal health services.
At the beginning of this century, death rates

among children 1-4 years of age were 19.8 per 1,000;
the Office of the Actuary, Social Security Administra-
tion, projects that at the close of the century the
rate will be 0.6 per 1,000 (2). The gains reflect re-
ductions in childhood diseases through vaccinations
and immunizations and public health measures affect-
ing the environment.
New vaccines and therapeutic products eliminated

many infective and communicable diseases and pro-
vided means of treating others. Diseases considered
major at the beginning of the century, such as small-
pox, diphtheria, and hookworm have been practically
wiped out. Infective diseases were major causes of
illness and death in the population of 1900. By the
close of the century, these diseases are likely to be
relatively rare.

Infective and parasitic diseases that in 1900 ac-
counted for one-third of total illness costs dropped
to 2 percent or less of the total by the years 1975 and
2000. Similarly, diseases of the respiratory system
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dropped in relative importance over the century.
Chronic diseases, diseases of the circulatory system,
neoplasms, and mental disorders increased over the
century (table 1).

Experts who were queried about their views on
trends in major causes of death indicated that new
therapies and preventive health measures are likely,
for some groups in the population, to be counterbal-
anced in the year 2000 by new environmental prob-
lems-increased use of toxic chemicals by industry,
greater volumes of contaminants in the air and on
the ground, greater stress, particularly among women
engaged in employment competition with men, and
increased rather than reduced smoking and use of
alcohol, particularly by women. The gains in health
status already made by 1975 narrow the potential
improvement for many of the population in the
decades ahead. The diseases that generate great
cost are complex, and basic knowledge of their
etiology is sometimes lacking. Cause and effect rela-
tionships in communicable diseases are now rela-
tively easy to find, but the effects on health of chem-
icals, environmental impurities, and noise are poorly
understood. Changes in industrial production meth-
ods and in final products include the use of many
new toxic substances. As one chemical's effect on
health comes to be understood, others are used in
an ever widening spiral that eludes the timing and
resources of scientific probing by the National Insti-
tutes of Health, Food and Drug Administration,
Environmental Protection Agency, or the Occupa-
tional Safety and Health Administration.

Total Economic Costs of Illness
Costs of illness have traditionally teen divided into
direct and indirect costs. The direct costs represent
outlays for services within the health care sector.
These include hospital fees, fees for physicians' serv-
ices, drugs, and so forth. The indirect costs include
both morbidity and mortality costs; morbidity costs
reflect loss of productive activity and mortality costs,
loss of expected future earnings due to premature
death. In the economy of 1900 the total cost of ill-
ness and diseases was $4.6 billion; in 1975, the com-
parable figure is estimated at $322.6 billion (fig. 1).

Projecting to the year 2000, the cost of illness to
the nation is estimated to be more than double the
1975 estimates if this increase is measured in 1975
dollars. In year 2000 prices, the increase is far greater
(table 2). Direct health expenditures represent
$416.4 billion of the total costs in 1975 dollars.

Another $89.5 billion is estimated as the morbidity
costs which result when illness prevents a person
from working either at his place of employment or
in the home. An additional $5.2 billion is estimated
as the single year cost of premature death in the
year 2000. However, the losses due to death esti-
mated for the single year 2000 do not reflect future
losses of output. When this adjustment is made, the
estimates of the total cost of death range from $87.2

Table 1. Percent distribution of the total costs of illness by
various disease categories for selected years

(discount rate of 2.5 percent)

Disease category, ranked by 2000 1975 1930 1900
Importance In 1975

All costs .......... 100.0 100.0 100.0 100.0
Diseases of the

circulatory system .... 17.5 17.9 10.9 6.7
Accidents, poisonings,

and violence ......... 14.6 17.6 13.5 5.9
Neoolasms ............ 8.1 8.7 3.9 1.0
Diseases of the digestive

system, oral cavity,
salivary glands,
and jaws ............ 8.9 7.7 11.3 5.4

Diseases of the
respiratory system .... 7.4 6.9 13.8 20.4

Mental disorders ....... 6.8 6.3 2.8 1.3
Infective and parasitic

diseases ............ 2.0 1.8 16.0 33.0
All other ............. 34.7 33.1 27.8 26.3

Figure 1. Current dollar costs of Illness for selected years
(In billions of dollars)
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to $174.9 billion, depending on the discount rate.
The reason for discounting is that it allows for a
comparison of future dollars in present-value terms.
Rates of 2.5 and 10 percent were chosen because
economists disagree on the appropriate discount rate.
The costs of illness in year 2000 dollars, allocated

by disease categories, are shown in tables 3 and 4.
Diseases of the circulatory system account for the
greatest proportion of the total costs of illness.
Deaths in the year 2000 due to circulatory diseases
are predicted to far outrank any other cause, ac-
counting for 55.1 percent of all deaths. If one uses
the 2.5 percent discount rate for mortality loss, acci-
dents, poisonings, and violence rank second in cost,
followed by diseases of the digestive system, neo-
plasms, and diseases of the respiratory system.
The cost distribution among diseases for 2000 does

not differ greatly from that for 1975. The share of
the total assigned to accidents, poisonings, and vio-
lence is down, but this decrease reflects the altered
age distribution of the population with fewer adoles-
cents and other young persons in the population
relative to older age groups. Similarly, diseases of
the digestive system reflect primarily the difference
in age composition of the 1975 and year 2000 popu-
lations.

Trends in Direct Outlays for Health Care
Throughout the past 78 years, direct outlays for
health services have grown faster than the GNP. In
1900, outlays for physicians, hospital care, nursing
services, dental care, drugs, public health work, and

other components of national health expenditures
amounted to less than 3 percent of GNP (fig. 2). By
1930, direct outlays reached 3.8 percent of GNP, a
rise over the three decades of less than 1 percent of
the GNP. National health expenditures advanced
markedly with the advent of Medicaid and Medicare

Figure 2. Direct costs of illness as a percent of the GNP
for selected years

10

.

6

1900 1930 1975 2000
1 Reflects projections using the aggregate and disaggregated models of Chap-
ter 5.

Table 2. Total costs of illness in year 2000, in billions of 1975 dollars and year 2000 dollars,

Mortality Indicators Indirect costs Direct costs Total costs

Mortality Morbidity Total

Year 2000 dollars

Mortality: single year loss ....... ................ $ 21.5 $366.1 $ 387.6 $1,013.6 $1,401.2
Mortality: present value of future earnings loss

discounted at 10 percent ........... ........... 356.4 366.1 722.5 1,013.6 1,736.1
Mortality: present value of future earnings loss

discounted at 2.5 percent ........... .......... 715.2 366.1 1,081.3 1,013.6 2,094.9

1975 dollars

Mortality: single year loss ....... ................ $ 5.2 $ 89.5 $ 94.7 $ 416.4 $ 511.1
Mortality: present value of future earnings loss

discounted at 10 percent ...................... 87.2 89.5 176.7 416.4 593.1
Mortality: present value of future earnings loss

discounted at 2.5 percent . ........... 174.9 89.5 264.4 416.4 680.8

1 Assuming constant labor force participation rates and including
household values. Direct costs deflated by the medical care price index

and indirect costs deflated by an index of average earnings. Productivity
increase of 2 percent assumed.
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Table 3. Total costs of illness, in billions of year 2000 dollars, and percentage distribution of the costs

Indirect costs

Mortality: Present
Disease category Total Direct costs value of future

Total Morbidity earnings discounted
at 2.6 percent

Billions of dollars

Infective and parasitic diseases ............. $ 41.1 $ 17.4 $ 23.7 $ 12.0 $ 11.7
Neoplasms .170.8 49.3 121.5 7.6 113.9
Endocrine, nutritional and metabolic diseases 49.2 28.9 20.3 9.2 11.1
Diseases of the blood and blood-forming
organs .11.0 6.2 4.8 1.9 2.9

Mental disorders .142.5 85.7 56.8 47.6 9.2
Diseases of the nervous system and
sense organs .109.0 61.1 47.9 33.4 14.5

Diseases of the circulatory system .366.1 136.2 229.9 48.3 181.6
Diseases of the respiratory system .155.3 67.0 88.3 57.8 30.5
Diseases of the digestive system, oral cavity,

salivary glands and jaws .186.3 125.6 60.7 22.3 38.4
Diseases of the genitourinary system.173.8 51.6 22.2 14.6 7.6
Complications of pregnancy, childbirth

and puerperium .34.8 31.9 2.9 2.3 0.6
Diseases of the skin and subcutaneous tissue 23.0 19.2 3.8 3.1 0.7
Diseases of the musculoskeletal system and

connective tissue .96.8 48.1 48.7 46.5 2.2
Congenital anomalies and certain causes of

perinatal mortality .67.0 4.6 62.4 2.6 59.8
Symptoms and ill-defined conditions .65.3 27.3 38.0 11.1 26.9
Accidents, poisonings and violence .306.3 62.1 244.2 40.4 203.8
Other .62.1 56.7 5.4 5.4
Unallocated .135.1 135.1

Total 2 .2,094.9 1,013.6 1,081.3 366.1 715.2

Percentage distribution

Infective and parasitic diseases .2.0 1.7 2.2 3.2 1.6
Neoplasms .8.1 4.9 11.2 2.0 15.9
Endocrine, nutritional and metabolic diseases 2.4 2.9 1.8 2.5 1.5
Diseases of the blood and blood-forming

organs .0.5 0.6 0.4 0.5 0.4
Mental disorders .6.8 8.5 5.2 13.0 1.2
Diseases of the nervous system and

sense organs .5.2 6.0 4.4 9.1 2.0
Diseases of the circulatory system .17.5 13.4 21.2 13.1 25.3
Diseases of the respiratory system .7.4 6.6 8.1 15.7 4.2
Diseases of the digestive system, oral cavity,

salivary glands and jaws .8.9 12.4 5.6 6.1 5.3
Diseases of the genitourinary system 3.5 5.1 2.0 3.9 1.0
Complications of pregnancy, childbirth and
puerperium .1.7 3.1 0.2 0.6 3

Diseases of the skin and subcutaneous tissue 1.1 1.9 0.3 0.8 3
Diseases of the musculoskeletal system and

connective tissue .4.6 4.7 4.5 12.7 0.3
Congenital anomalies and certain causes of

perinatal mortality ....................... 3.2 0.5 5.7 0.7 8.3
Symptoms and ill-defined conditions .3.1 2.7 3.5 3.0 3.7
Accidents, poisonings and violence .14.6 6.1 22.5 11.0 28.5
Other .3.0 5.6 0,5 1.4
Unallocated .6.4 13.3 ..

Total 2 100.0 100.0 100.0 100.0 100.0

1 Assuming constant labor force participation rates and including 2 Totals may not add due to truncation of numbers.
household values. 3 Less than 0.1 percent.
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coverages under public programs. Direct costs in
fiscal year 1975 reached 8.3 percent of GNP and rose
even more to 8.8 percent of GNP by fiscal year 1977.
We predict that this spending rate will not abate; on
the contrary, it will reach nearly 12 percent of GNP
by the year 2000, growing 8.6 percent per annum
from 1975 to year 2000 (fig. 3).
Why have health expenditures risen so rapidly

over the last 45 years? Some claim that technical ad-
vances have raised costs instead of reducing them;
others believe that changes in the method of financ-
ing payment for care, from direct to third-party pay-
ments, have reduced constraints in the system. Still
others think that changes in consumers' demand, the
supply of providers, and the environment account
for most of the rising costs. An underlying share of
the increase, most agree, is attributable to the growth
in population. Population is estimated to reach 263
million, 23 percent above the population of 1975
(3). The number of those over 65 grows at an even
faster rate than total population as the post-World

War II population bulge moves into the older age
groups. (By the year 2000 the post-World War II
babies will be more than 50 years old.)

In addition to demographic factors, the basic eco-
nomics of demand may be expected to enlarge out-
lays. Health insurance coverage is assumed to in-
crease and raise outlays, particularly for physicians'
services. Higher real income would also mean higher
health expenditures if past trends are indicative of
future experience. (The impact of these factors on
both demand and supply of services in the health
sector is discussed at length in Chapter 5.)
The trend in direct costs by type of health care

provider also is worth noting. In 1900, the largest
shares of personal health care expenditures went for
physicians' services and drugs, and hospital care
ranked third (fig. 4). As the third-party method of
payment became established and as technical ad-
vances resulted in more sophisticated treatment pro-
cedures, a greater proportion of personal health care

expenditures went for hospital care, and by 1975,

Table 4. Total costs of illness with varying assumptions of mortality in year 2000, in billions of year 2000 dollars,

Total costs
with mortality

based on present
Total costs value of

with mortality future earnings
losses for single Percent discounted at Percent

Dlsease category year only distributlon 10 percent distrlbution

Infective and parasitic diseases ............. $ 29.6 2.1 $ 33.2 1.9
Neoplasms .61.8 4.4 130.2 7.5
Endocrine, nutritional and metabolic diseases 38.5 2.8 44.6 2.6
Diseases of the blood and blood-forming
organs .8.2 0.6 9.3 0.5

Mental disorders .133.5 9.5 137.8 7.9
Diseases of the nervous system and sense
organs .94.7 6.8 99.7 5.7

Diseases of the circulatory system .193.5 13.8 309.4 17.8
Diseases of the respiratory system .125.9 9.0 140.7 8.1
Diseases of the digestive system, oral cavity,

salivary glands and jaws .149.3 10.7 170.3 9.8
Diseases of the genitourinary system 66.5 4.7 70.5 4.1
Complications of pregnancy, childbirth
and puerperium .34.2 2.4 34.4 2.0

Diseases of the skin and subcutaneous tissue 22.3 1.6 22.7 1.3
Diseases of the musculoskeletal system and

connective tissue .94.7 6.8 95.8 5.5
Congenital anomalies and certain causes of

perinatal mortality .7.3 0.5 12.7 0.7
Symptoms and ill-defined conditions 38.8 2.8 47.4 2.7
Accidents, poisonings and violence .105.6 7.5 180.6 10.4
Other .62.1 4.4 62.1 3.6
Unallocated .135.1 9.6 135.1 7.8

Total 2 .. . ........................ 1,401.2 100.0 1,736.1 100.0

1 Assuming constant labor force participation rates and including household values.
2 Totals may not add due to rounding of numbers.
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this share was more than twice that for physicians'
services. Between 1930 and 1975, the growth in hos-
pital care caused decreases in the expenditure share
for every category except nursing homes, an institu-
tional arrangement that largely emerged from the
public programs for vendor payments.

Relation of Indirect Illness Cost to Direct
Expenditures
From some perspectives, direct expenditures may be
viewed as the input of the health sector to the econ-
omy and reductions in the indirect cost as the output
of those expenditures. Resources for health care are
viewed as the means to preventive and curative
medicine. If diseases were wiped out and death oc-
curred only at an advanced age after retirement, di-
rect expenditures for health services would be at a
minimum (required for preventive care only), and
indirect costs attributable to premature death and
disability would approach zero. Direct outlays would
exceed the indirect cost of illness and premature
death.

In fact, over the past 75 years death rates have
been reduced markedly. Data are insufficient to per-
mit precise determinations about disability over the
whole period. However, health expenditures, as is
well known, have mounted at an ever advancing
pace.

How has the ratio shifted between direct outlays
and the indirect cost of illness? In 1900, indirect costs
of death and disability were 8 times that for direct

Figure 3. Average annual growth in current dollars in the
cost of illness for selected periods
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Figure 4. Categories of personal health care expenditures
as a percent of total personal health care

expenditures for selected years
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expenditures for physicians, hospitals, and other pro-
viders of care, including public health work. The
relative magnitude of the indirect cost dropped
slightly by 1930 so that the indirect cost was less
than 7 times that of direct expenditures. By the year
1975, the indirect cost was less than twice direct out-
lays. The year 2000 projection is for a growth in
direct expenditures such that the direct and indirect
cost components would be about equal in size (fig. 1).

Trends in the Cost of Premature Death and
Sickness
To understand the meaning of shifts in the relative
importance of direct and indirect cost, the factors
implicit in the cost estimates may be reviewed. Cost
of death represents about two-thirds of the estimated
total indirect cost. Behind the magnitude of this cost
is the projection of death rates, total deaths by age
and sex, and labor force participation rates.

In the period 1900-30, indirect cost of illness and
disease grew at an average annual rate of 5.9 percent
(fig. 3). Adjusted for the growth in earnings over the
period used to value work time loss (4 percent per
annum), this rate would be reduced to 1.9 percent
per year. Indirect cost growth slowed in the subse-
quent 45 years. One reason for the difference in
growth rates is the demographic change between the
periods. The population expansion between 1900
and 1930 enlarged the total number of deaths de-
spite the sharp decrease in death rates, particularly
among children. The small growth in the adult pop-
ulation between 1930 and 1975, when immigration
of the earlier decades was checked, and the decline
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in deaths for young adults are captured in the lower
growth rate of the 1930-75 period.
The rise in the growth rate of indirect costs in the

period 1975 to 2000 reflects primarily the larger num-
ber of deaths projected to occur in the population of
working age despite the improvements in mortality
and lower death rates. Changes in the age structure
of the population account for the major part of this
difference. Increased work force participation by
women also enlarges the number. However, the ag-
gregate rise in costs of premature death is relatively
small. In 1975 average earnings, the year 2000 cost
of premature death is $174.9 billion, almost $30 bil-
lion more than the cost of premature death in 1975.
when it was $146.2 billion.

Economic Cost and Economic Gain

The reduction in death rates in the population and
the decline assumed in days of work loss per person
in the employed population have a set of conse-
quences for the general economy. There is an impact
on the quantity of economic resources, that is the
size of the pie of goods and services available, for
use in the health sector and elsewhere.
Economic gains are implicit in the projections that

have been made. Death rates are projected to decline
by the year 2000, enlarging the pool of persons avail-
able for work and the amount of working time. Simi-
larly, disability is projected to be less, further reduc-
ing the time lost from work due to illness and dis-
ease. The figure shown as the indirect cost of illness
and disease, $1.1 trillion in 2000 dollars and $264.4
billion at 1975 earnings levels, essentially represents
the maximum economic gain that could be achieved.
It represents the gain if there were no deaths among
the working population age groups and no sickness
keeping people from work.
The gain in economic resources through the pre-

vention or cure of diseases and postponement of

death to an old age takes the form of added numbers
of workers and added work time. Sickness does more
than impact on the number of working years; it also
affects production. Workers absent due to sickness
tend to increase the cost of production. For example,
it may be necessary to hire additional workers to
cover jobs. If substitutes are not hired, the comple-
tion of work is delayed. Under present sick leave pay
allowances for many jobs, wages are enlarged by
fringe benefits without commensurate productivity
increases, except as cash pay is decreased to offset the
higher fringes.
The estimates for the year 2000 were made with

the assistance of an econometric model. The model
chosen was the MIT-Penn-SSRC(MPS) quarterly
model of the U.S. economy which has been con-
structed primarily as a tool for policy analysis and
is oriented towards long range planning. It is a simul-
taneous equation model of the economy and current-
ly contains about 150 exogenous variables and 300
equations, half of which are identities. The exogen-
ous variables are various population measures, Fed-
eral expenditures and tax rates, foreign prices and
production, and farm output. Of the several large
scale econometric models of the economy commonly
used for forecasting, the MPS model seems most ap-
propriate for long-run forecasts of the economy.
This report is divided into three parts. Part I, The

Economic Model, begins with a broad discussion of
major factors affecting long-term economic growth.
An outline of the economic model is given, and a spe-
cific discussion of central economic factors as they
relate to disease costs is presented (Chapters 2-4).
Part II, Direct Cost of Illness, uses both aggregate
and disaggregate models to project, under various
assumptions, the direct cost of illness by type of
health care service (Chapter 5). In Part III, Indirect
Cost of Illness, we examine the impact of morbidity
and mortality on the health status of the population
in the year 2000 (Chapters 6 and 7).
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PART 1. THE ECONOMIC MODEL

Chapter 2. The Long-Term
U.S. Economic Growth
Major contributors to Part I were Selma Mushkin,
Mary Smelker, and David Wyss.

A GNP of $9.1-10.3 trillion is projected for the year
2000.
Annual growth rates are projected in constant

1972 dollars at 4.9 percent per annum for the period
1977-80, and at 3.3-3.9 percent per annum in sub-
sequent periods:

Annual
growth
rate

Period (percent)
1980-85 . . 3.4-3.9
1985-90 ......................................... 3.3-3.9
1990-95 ......................................... 3.6-3.7
1995-2000 .... 3.6-3.7

The small range is not to be interpreted as cer-
tainty. Indeed, the present epoch has been desig-
nated by some economists as the "Age of Uncer-
tainty." Grave problems threaten the U.S. economic
advance, including material shortages, population
pressures in the developing world, and the growing
importance of multinational corporations.
We are unable to anticipate the rate at which new

energy sources will be utilized and when new tech-
niques will become economically feasible. Yet, tech-
nicians seem confident that these and other techno-
logical bottlenecks will be broken in time to permit
economic expansion to continue. Indeed, if energy
becomes abundant and very cheap, material progress,
instead of slowing, could accelerate beyond anything
we have yet seen.
To attain the magnitudes of output that we have

projected for the year 2000, we have not assumed
drastic changes. It is assumed that energy will be
available on terms that are not much more expensive
than in the past and that the shortages of scarce
materials will not become acute. It is also probably
necessary to suppose that world population growth
will slow greatly so that food shortages and human
migrations will not become of overwhelming eco-
nomic importance.

It also seems probable now that the various econ-
omies of the world will become more closely linked
and interdependent in the coming period. But analy-
sis of world trends is at present in an early stage
and we are not able to incorporate a world view into
our projection. We assume that activity in the
United States will continue to be largely determined
by domestic demand, and imports and exports will
continue to account for a relatively small proportion
of income and employment.

Since we cannot anticipate the future effects of
changes in domestic institutions, in international de-
velopments, in weather patterns, or in other dis-
equilibrating factors-although many are certain to
occur with a measurable impact-we must assume
that these will not be of a severity to cause a sharp
break with the past. Statistics drawn from past ex-
perience are all we have to inform us of the future,
whether the projections are made with a sophisti-
cated econometric model or by some simpler method.
The relations between the variables of the model
used in this study have been adjusted for structural
changes in areas where there is sufficient evidence,
but it is sometimes difficult to distinguish between
a fundamental change and a temporary aberration.
Our view of the growth in the economy by the

year 2000 is regarded as conservative; the path of
economic development is smoother and closer to po-
tential rates of activity than is likely to materialize.
Shocks, such as international disturbances, droughts,
or prolonged strikes, may cause economic growth to
fall below potential-similarly, rapid recoveries or
booms can cause the long-term potential to be tem-
porarily exceeded. Booms may result in fast expan-
sion rates for a time, but both booms and recessions
are likely to cause structural difficulties and prob-
lems of adjustment in capital and labor resources.
Although the basic assumptions underlying the

projections are conservative, economic activity never-
theless rises faster in our projection for the next
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PART 1. THE ECONOMIC MODEL

24 years than it did between 1952 and 1976-also
a 24-year span. Comparisons are shown in table
5. Much of the reason for this trend lies in the rela-
tively slow growth in the economy during the last 10
years. The year 1976, from which we are measuring,
was far below the potential activity levels of eco-
nomic growth. The report of the Council of Eco-
nomic Advisers (4) in 1977 estimated that output
might have been about 8 percent higher in 1976 had
high employment and activity levels prevailed.
About 7.7 percent of the labor force was unemployed
in 1976, and the labor force itself was smaller than
it would have been under high employment con-
ditions. Further, output per manhour was low since
underutilization of employed workers occurs during
periods of slow growth or recession.
We have assumed that the economy once again

reaches its long-term potential rate of growth in
1980. To reach this goal, the annual growth in
the GNP must be almost 5 percent per year between
1976 and 1980, a pace well above the long-term rate
for a sustained noninflationary period but not ex-
cessively high for a recovery period. In the years fol-
lowing 1980, growth slows to a rate of about 3.5
percent annually.
Although the estimates for the year 2000 and the

intervening decades were made with the assistance
of a rather elaborate econometric model, certain
governing assumptions based mainly on judgment
were necessary before the model could be put into
operation. So-called exogenous estimates were re-
quired for the rate of population growth, labor force

participation rates, and the rate of rise in produc-
tivity or output per manhour. (The model may gen-
erate variations around this trend for cyclical rea-
sons.)

It would have been possible to project the gross
output at future dates from these variables without
the use of an econometric model. However, the use
of such a model (in this case, the MIT-Penn-SSRC
model that was developed and used by the Federal
Reserve Board) confers some important benefits.
Since the model involves economic interrelations
among a large number of variables, it enables us to
develop a consistent set of estimates relating GNP to
price levels, wage rates, and growth in employment.
It can also be utilized to estimate demand categories,
such as consumption and investment, which are con-
sistent with Federal and State local receipts and ex-
penditures.
The path of development after 1980 lies close to

the long-run potential of the economy if the basic
assumptions the model incorporates are correct. De-
velopments in prices and employment levels are
based on the widely accepted theory that there is a
"natural" relation between the rate of unemploy-
ment and rate of price rise (in the absence of shocks
such as interruptions in the energy supply or other
massive disturbances to the economy). Under present
conditions and with the present composition of the
labor force, a rate of unemployment of about 5 to 6
percent is assumed to be consistent with price sta-
bility. Pressures for higher wages will not be likely

Table 5. Growth rates: Past and projected for the year 2000 (dollar amounts in billions)

2000 Percent change

Chase
econo-
metrics 1976-2000

Economic component 1952 1976 MPS model DRI model model 1 1952-76 MPS model

GNP ($ current) ......... ............... $347 $1,706 $9,100 $10,018 $10,337
GNP ($ 1972) ... 598.5 1,275 3,060 3,016 2,962 113 141
Potential GNP ($ 1972) ....... ............ 598.5 1,377 3,060 3,016 2,962 130 122
GNP deflator (1972=100) ...... .......... 58 134 300 331 347
Consumption ($ 1972) ....... ............ 351 821 1,892 1,785 1,741
Labor force (millions) 2 ...... ............ 66 97 132 138 138 47 36
Employment (millions) 3 ...... ........... 60 87.5 125 n.a. n.a. 45 43
Population (millions) 4 ....... ............ 157.5 215 263 263 263 36.5 22
Labor force as a percent of population .... 42 45 50 n.a. n.a.

Long-term forecasts from DRI and Chase only extend to 1990, 80 to 7.7 percent in 1976.
the MPS growth rates from 1990-2000 were applied to the DRI and 4 Popu:ation estimates from Census Bureau Series II.
Chase 1990 estimates. MPS projections are used throughout this report. Source: For 1952 data, "Economic Report of the President," January

2 Total including military. 1977, and for 1976 data, Survey of Current Business, July 1977. Year
2 Assumes 5½ percent of labor force unemployed in 2000 compared 2000 figures estimated.
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Figure 5. Population growth rate by 5-year periods,
1900-2000

2.

o * 0 a M 0 M * * J 0 nX a-I
1900- 10- '20- '30- '40- '50- '60- 70- '95-
'05 '15 '25 '35 '45 '55 '65 75 2000

Sources: Historical Chart Book. Board of Governors of the Federal Reserve
System, 1977, Washington, D.C., and U.S. Bureau of the Census: Pro-
jections of the Population of the United States, by Age and Sex, 1975
to 2000, with Extensions of Total Population to 2025. Current Popula-
tion Reports, Series P-25, No. 541, February 1975.

to accelerate an inflationary trend with this rate of
joblessness.
The growth in the money supply is utilized in the

model as a major policy instrument for gradually
reducing the relatively high rate of price rise char-
acteristic of recent years. (The inflation of the mid-
1970s can be attributed only in part to wage pres-
sure, monetary excesses, or monopolistic control of
prices-the world boom, the quadrupling of energy
prices, and the escalation in food prices were im-
portant factors.) Assuming the absence of new dis-
turbances of this magnitude, prudent monetary pol-
icy and fiscal restraint moderate the rate of price
rise even though the rate of unemployment also falls.
By the year 2000, prices are assumed to increase at
a rate of only 2-2.5 percent a year compared with 6
percent between 1975 and 1976 and a projected fig-
ure of about 5.5 percent between 1977 and 1980.
Unemployment has been cut from 7.7 percent in
1976 to 5.5 percent in 2000, approximating the
"natural" rate.

In a sense, the projection reflects an ideal solution
to the dilemma of recent inflation combined with

excessive unemployment. Rates of growth are rela-
tively rapid between 1977 and 1980 as the economy
recovers from recession levels, reducing unemploy-
ment appreciably. The rate of price rise over the
next few years does not drop spectacularly, but falls
further to acceptable levels in subsequent periods.
The economy thus moves in a path close to its long-
run growth potential with only mild deviations from
high employment levels after 1980.
One of the big shifts anticipated in the next quar-

ter century compared with the last 24 years is a pro-
nounced slowing in the rate of population growth,
as will be discussed later. Since the decline in growth
rates will affect mainly the very young and the very
old, particularly the young, the labor force rises sig-
nificantly as a proportion of the total population-
from 45 percent to 50 percent. It follows, as shown
in table 6, that although total consumer expenditures
are projected to rise at a somewhat slower rate than
in the past 24 years, and to fall as a percent of GNP,
they rise at a faster rate on a per capita basis. (With
the increase in the retirement age under present stat-
utes, the available labor force would comprise an
even larger fraction of the population.)

Projections of Population and Labor Force
The Bureau of the Census has recently issued three
sets, or series, of population projections running
through the year 2050 (5). All three sets assume that
mortality rates will fall gradually, but they differ in
their assumptions as to fertility. Our population pro-

Table 6. Past and projected consumer expenditures for
the year 2000

Percent change

1976-
Factors 1952 1976 2000 1952-76 2000

Consumer expendi-
tures (billions of
1972 dollars) ...... 351 821 1,892 134 130

Population
(millions) 1 ........ 157.5 215 263 36.5 22

Consumer expendi-
tures per capita
(1972 dollars) ..... 2,228 3,820 7,194 71 88

Consumer expendi-
tures as a percent
of GNP ........... 59 64 62

1 Includes armed forces.
Sources: For 1952 data, "Economic Report of the President," Jan-

uary 1977, and for 1976 data, Survey of Current Business, July 1977.
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PART 1. THE ECONOMIC MODEL

jections agree with Series II. The population is esti-
mated to reach 263 million in the year 2000 (com-
pared to 215 million in 1976), a figure that is about
midway between the Series I high estimate of 287
million persons and the Series III low estimate of
245 million.

In estimating costs of illness, we made a separate
prediction of total deaths for the year 2000 at 2.596
million. This number is 2 percent higher than the
Census death projections. For purposes of economic
projections in this study, however, we did not alter
the Census Series II population projections.

Although the rate of increase in the U.S. popula-
tion has been slowing as a long-term trend, it is be-
lieved that the population will continue to expand
in year 2000 (fig. 5). The distribution by age will have
altered considerably, however, as the following com-
parison of age groups, in percentages of the total,
shows:

Age group (years)

Under 24 ...................
25-34 .......................
35-54 .......................
55-64 .......................
65 and older ................

Total ...................

1976
estimated

43.4
14.9
21.7
9.3

10.7

100.0

2000,
projected

36.1
13.2
29.7
8.9

12.2

100.0

SOURCE: Reference 3.

Owing to the assumption that birth rates will con-
tinue to be low or declining, the proportion of the
aged will rise while that of children and young per-
sons will fall. The age groups from which the experi-
enced labor force is drawn will increase substantially.
The proportion of persons between 25 and 64 years
will comprise 52 percent of the population in 2000
compared to 46 percent in 1976. Since most people
who will be in the active work force are already alive,
these estimates should be fairly accurate. However,
labor force participation rates may change in ways
that are difficult or impossible to foresee.

The trend toward higher rates of participation will
probably continue, although the rate of increase will
be slower. The participation rates for males in the
prime age groups, which are at a historical low, may
increase or decrease. Alternative assumptions as to
participation rates are shown in table 7. The projec-
tion is based on the assumption that 132 million
people will be in the labor force in the year 2000, an
increase of more than one-third from 1976 levels.

Table 7. Estimated labor force participation rates for 1975
and projected rates for year 2000

Males Females

Age group (years) 1975 1 2000 2 2000 2 1975 1 2000 2 3

15-24 ......... .744 .735 .753 .583 .727
25-34 ......... .941 .932 .946 .572 .701
35-44 ......... .956 .932 .963 .573 .679
45-54 ......... .915 .883 .927 .563 .636
55-64 ......... .768 .650 .807 .405 .424
65-74 ......... .298 .093 .375 .148 .126
75-84 ......... .091 .029 .114 .035 .030
85 and older ... 020 .006 .026 .005 .005
65 and older .. .238 .136 .299 .108 .068

1 At constant rates, the labor force would total 127 million persons.
2At rates increasing for women and declining for men, the total la-

bor force would reach 132 million.
3 If participation for both sexes increases, the total would be 137

million.
Source: Manuscript prepared at Public Services Laboratory, George-

town University, by A. Berk.

Productivity
The trend rate of rise in output per manhour in the
private business economy is projected at about 2 per-
cent per year after the economy nears its potential
rate of high employment in 1980. This estimate of
productivity growth is somewhat lower than some
government economists would choose, but higher
than many private forecasts.

It has been established, for the entire private
economy, that the growth in output per manhour
varies greatly from period to period, but that, over
the long run from 1909 to 1975, the rate of growth
averaged about 2.3 percent per year. During this
period, great strides were made in agricultural effi-
ciency which contributed to the rate of growth in
the private sector. The capital to output ratio in-
creased steadily, and the educational level of the
population rose.

Percent
Period per year

1909-75 ........................................ 2.3
1909-47 ........................................ 1.9
1947-66 ........................................ 3.2
1966-75 ........................................ 1.7
1947-75 ........................................ 2.8

SOURCE: J. R. Norsworthy and L. J. Fulco: Productivity and
Labor Costs in the Private Economy, 1975. Monthly Labor
Review, 99: 3-11, May 1976.

Following World War II, progress in worker effi-
ciency was much faster, raising expectations as to the
pace of future economic growth. It was hoped that
productivity might continue to average 3 percent per
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annum or higher. The rate of productivity growth
in the 18 years between 1948 and 1966 was 3.3 per-
cent in the private economy compared with a longer-
term trend of 2 to 2.5 percent. Unfortunately, this
rate appears to have been exceptional. Performance
has been poor since 1967 and, recently, the rise in
output per manhour in the private business economy
fell to levels far below the previous 20 years, aver-
aging less than 2 percent a year.
There is disagreement over the causes of this uIi-

satisfactory performance. A major factor undoubt-
edly was underutilization of employed manpower
owing to slow growth rates in the economy punctu-
ated by actual recessions. Long-term potential rates
of growth in economic activity were realized only
briefly in 1973. In the severe recession of 1974, pro-
ductivity fell sharply, a rare occurrence even in peri-
ods of economic decline.
Demographic factors have also been unfavorable.

A recent influx of young and inexperienced workers
into the labor force reflects the baby boom of the
1950s. The proportion of the population in the age
group from 14 to 24 years rose from 16 percent in
1959 to 21 percent in 1976, contributing to a slow
growth in per worker output.
An inadequate rate of investment in capital-saving

and labor saving machinery during the last decade
has received considerable attention as a reason for
the slowdown in productivity growth. A substantial
proportion of investment in some major industries
has been for the purpose of reducing pollution or
other environmental impact or for improving worker
safety, rather than for increasing output as tradi-
tionally measured in the GNP. It also appears that
demand and output may have shifted somewhat to
less labor-intensive industries.

The poor record of the 1970s, coupled with the
problems that appear to lie ahead in energy sources
and uses and increasingly scarce materials, have
caused forecasters to become more cautious in view-
ing the future. Yet, it is unlikely that the same rea-
sons which slowed productivity growth in recent
years will be effective over the 24 years ahead. One
encouraging factor in the outlook is a more favorable
composition of the labor force. The proportion of
inexperienced persons in the labor force is now at
its height and will gradually fall. In addition, the
pace of investment could easily accelerate because of
revised tax laws, the birth of new technologies, or
even changes in consumer preferences. Spurts of in-
vestment may accompany or follow changes in energy
sources or methods of utilization, and this invest-
ment could be accompanied by retirement of obsolete
equipment and an upward surge in output per
worker. Pollution control may also have, as an im-
portant byproduct, a favorable effect on productivity
as processes are modernized.
The assumption that the rate of growth in output

per man-hour will not be much higher than 2 percent
per annum, after 1980, may prove conservative, espe-
cially in view of the fact that the projected growth
path of GNP between 1976 and 1980 does not involve
any deep recessions. However, the brisk rise in pro-
ductivity during the 1950s and early 1960s now ap-
pears more exceptional than was formerly realized.
It is believed to have averaged more than 3 percent in
the private sector of the economy, or about 1 percent
above the longer term trend rate.

Considering that the future is so fraught with un-
certainties about energy sources, availability of ma-
terials, and environmental and societal problems, we
have preferred a conservative estimate.

Septmber-October 1976, Vol. 93, No. 5 511



PART 1. THE ECONOMIC MODEL

Chapter 3. The MIT-Penn-SSRC Model

The MIT-Penn-SSRC (MPS) model of the U.S.
economy was used to make the forecast to the year
2000 and, accordingly, to quantify the parameters
that subsequently could be applied in estimating
cost of illness.
One of several other large-scale econometric models

might have been used; however, these were devel-
oped mainly for short-term business forecasting. It is
not claimed that the MPS model that was applied is
superior in every respect to other, general purpose
econometric models. However, it has been updated
and the equations respecified by the technicians of
the Federal Reserve System since revised statistics on
national income were released in early 1976. The
latest estimates for 1976 have also been incorporated.
It is also well suited for longer term projections since
it is rather stable-that is, it tends to move around
a path of equilibrium growth rather than to cause
activity levels to fluctuate widely when a shock (such
as some variable being affected by an exogeneous
force) is introduced.
Many characteristics of the MPS or Federal Re-

serve model are irrelevant for our purposes. For
example, the sector which determines the equilib-
rium rate of investment need not concern us, since
this rate must be consistent with the rate of produc-
tivity growth that we have assumed. On the other
hand, we are concerned with the characteristics that
determine consumer income, consumption, and deter-
minants of medical and health care costs.
At any given time, the maximum sustainable level

of economic output is determined by the size and
composition of the population and the state of tech-
nology-this state reflecting the capital stock and its
composition, the education and skill of workers, and
advances in productive techniques.

In the MPS model, changes in the stock of money
have important short-term effects but, in the long run
which concerns us, the money supply affects only the
price level and not real output. Government budgets
tend toward a balancing of receipts and expenditures.
The model generates a fairly steady growth pattern
given appropriate assumptions for technological

progress, labor force growth, and the additional as-
sumption that appropriate fiscal and monetary poli-
cies are pursued to compensate for any temporary
aberrations in the pattern of private demand.
The size of the labor force in any given popula-

tion depends on its age distribution, various social
patterns, legal requirements and, especially, fluctua-
tions in the level of demand and output. Under our
assumptions, output fluctuates but averages close to
the maximum sustainable level (once that level is
obtained) and affords adequate opportunities for
labor force participation.

The Model
The MPS model was recently updated to incor-
porate approximately 150 exogenous variables and
300 equations; about half of which are identities.
The exogenous variables are various population
measures, Federal expenditures and tax rates, foreign
prices and production, and farm output.
The model was constructed primarily as a tool for

policy analysis. Unlike the commercial models, such
as Chase Econometrics and Data Resources, Inc.
(DRI), it is not designed to forecast results for de-
tailed industries. Thus, the demand side of the model
is extremely aggregate in structure; it uses, for exam-
ple, only two basic consumption equations, compared
to the 11 in the DRI model. On the other hand, more
attention is paid to the financial flow and interest
rates and to their interaction with the economy.
The model can be loosely divided into three sectors

-a demand sector containing the basic demand equa-
tions for consumption, investment, foreign trade, and
government spending; a labor force, income, and
price sector containing the equations for employment,
wages, prices, and income; and a financial sector con-
taining equations for interest rates and deposit flows.
We will discuss only a few of the more important
equations.

The demand sector. The ratio of consumption to
total output in the model is determined by the rather
sophisticated "life-cycle" theory of consumption and
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saving-according to this theory consumers attempt
to maximize the satisfaction or utility of their income
by considering their expected earnings pattern over
their entire span of life. Thus, current consumption
depends on current income, accumulated assets, and
expectations.
Consumption in the model is defined as spending

on nondurables and services, including health care
and durable goods (such as automobiles and appli-
ances) are considered as depreciable wealth. Among
consumer assets, stock market shares are the most
volatile in value so that a sharp drop in the stock
market may cause consumers to forego current con-
sumption in order to restore their wealth. A rise in
the market has the opposite effect.
Changes that are presumably short-term, such as

market fluctuations, need not concern us in a long-
run projection. Although they are not reflected in
the model, social attitudes and changes in laws pro-
tecting income or health benefits for the aged,
and so forth, also affect consumer spending. Income
and health maintenance programs could easily affect
the longer-term relation between income and con-
sumption. Fortunately, discontinuities such as this
can be introduced into the model for purposes of
experimentation or testing.
As stated previously, the overall investment rate

must be consistent with the assumed rate of pro-
ductivity growth. The equations for the different
forms of fixed investment are specified to incorporate
various assumptions about factor substitutability.
The producers' durable equipment equations are
based on a putty-clay model of the economy. This
model implies that once a machine is ordered, the
ouput of that machine, and the labor required to
operate it, are fixed for the life of the machine. The
approach also assumes Harrod-neutral ("labor-aug-
menting") technological progress. This assumption
constrains the capital to output ratio to remain con-
stant because technological progress is reflected
through improvement in efficiency units of labor.
The assumption is virtually required if a smooth
steady state is to be possible in the model. The only

unusual feature in the current version of the pro-
ducers' durable equipment equation is the inclusion
of an explicit uncertainty term. It is implied that
producers demand a higher expected return in pe-
riods when the economy is highly variable than when
the economy is growing smoothly.
The equation for investment in producers' struc-

tures is similar to the equation for producers' dura-
bles, except that structures are assumed to be "putty-
putty" instead of "putty-clay." This means that the
capital to output (and capital to labor) ratio can be
changed after the structure is completed.

Inventories of goods in the model are tied to the
appropriate sales so that inventory to sales ratios are
fixed in the long run. The current equations show
that inventories adjust rapidly to desired levels, with
nonretail durables being the slowest to adjust.
The two most important foreign trade equations

are for nonagricultural exports and nonfuel imports.
Both equations are based on foreign and domestic
output and prices. The demand elasticity with respect
to foreign GNP in the export equation is constrained
to equal the elasticity of imports with respect to
domestic output. (Both are 1.2) The service equations
are. similar in structure, except that goods exports
and imports enter directly into the two service equa-
tions to capture trade-related services such as trans-
portation and insurance.

Prices and wages. The wage equation is a standard
Phillips curve formulation. The primary determinants
of wage rate increases are the level and change in the
unemployment rate and lagged prices. The equation
implies a natural rate of unemployment. In common
with all natural rate equations, which do not con-
tain an explicit productivity term, the natural rate
of unemployment is a function of the trend rate of
growth of productivity. With a 2.6 percent rate of
growth of productivity, the natural rate is 4.4 per-
cent. At the 1.7 percent rate prevailing since 1969,
the natural rate of unemployment is 5.6 percent.
The main price equation, which explains an ad-

justed fixed-weight deflator for domestic nonfarm
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business, is based on a markup on unit labor costs.
The size of the markup varies with exchange rate
adjusted foreign prices (based on an "import-com-
peting goods" argument) and the unemployment rate
(as an index of capacity). The detailed deflators are
spun off this main price equation through a series of
relative price equations with the relative prices based
on farm, import, and foreign prices; productivity;
capacity measures; and a time term for relative pro-
ductivity movements. Changes in farm and import
prices are, in the long run, passed on to the appro-
priate final demand category.

Financial sector. The primary equation in the finan-
cial sector of the model is the equation for money
demand. In most instances, the model is used with
this equation reversed, so that the money supply is
exogenous to the system and the U.S. Treasury bill
rate is endogenous.
The equation is a fairly standard velocity equation,

with demand deposit velocity explained by lagged de-
mand deposits, current and lagged bill rates, pass-
book rates, and real per capita GNP. The elasticities
with respect to prices and population are 1.0, with
respect to real per capita output, 0.7. There is a
velocity trend of less than 1 percent a year.
The remaining interest rates are derived from the

Treasury bill rate through a set of term structure
equations. The commercial paper rate is central to
the longer maturity rates. It is derived simply from
current and lagged bill rates. The longer rates are
based on a distributed lag on commerical paper rates
and price changes.

Considerations in Long-Term Forecasting
Several adjustments had to be made in the model
to make a forecast for the long period to the year
2000. Variables normally exogenous to the model,
such as population and Federal fiscal policy, had to
be projected. Several variables, normally exogenous
to the model, had to be made endogenous, such as
Federal personal tax rates and foreign exchange rates.
Trend terms in several equations, particularly the
money demand and productivity equations, had to
be examined with regard to their long-run behavior.
Many important properties of this forecast are

based on the specific assumptions and adjustments
made. The rate of growth of productivity, for exam-
ple, is only an educated guess and could well be
wrong. In general, we have tried to make the guesses

in such a way as to raise the effective benefits from
a reduction in illness.

Forecasting over a long time horizon is a difficult
and, in many respects, an arbitrary process. The accu-
racy of the forecast depends on the continued sta-
bility of relationships that have held in the past, but
could dissolve in the future. Many of these relation-
ships must be restructured repeatedly as situations
change. The housing market equations, for example,
tend to change every time a new subsidy program is
announced by the Federal Government. The savings
deposits equations have a very important break with
the legalization of new deposit instruments in 1969.
Although we have no knowledge of when such breaks
will occur in the future or what form they will take,
they will happen.

In addition, rather sweeping assumptions must be
made about the future courses of variables exogenous
to the model. These variables include government
tax and spending policies, birth rates, crop failures,
and a great many other unpredictable matters. As
indicated earlier, in making the forecast to the year
2000, we have assumed there will be no major shocks
from these sources. There probably will be, but when
and in what direction, we do not know.

Policy variables. We hope that the broad outlines of
our projection are correct. No one should expect the
cyclical detail to be accurate. Much of the forecast
is highly dependent on the assumptions fed into the
forecast. The most obvious example is the future
course of monetary and fiscal policy. These assump-
tions are largely arbitrary, especially after the first
few years of the forecast. We can make reasonable
assumptions about the future real costs of existing
programs, but guesses as to which programs will be
added or reduced are just that-guesses.

For the long-range simulation, we assume that each
principal category of Federal expenditures will retain
its current relationship to the nominal GNP and that
Federal employment will continue to decline relative
to the working-age population. These assumptions
are not the result of any detailed analysis but they
seem reasonable. (Fortunately, the forecast is not very
sensitive to this assumption.)

All tax rates remain at currently legislated levels
except for the personal income tax rates. These rates
are adjusted to maintain a balanced full-employment
budget with a 1-year leg. These assumptions are ob-
viously unrealistic and imply a much smoother move-
ment of fiscal variables than has occurred in the past.
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Tax laws simply do not remain constant over a long
period, nor do they change evenly every year, as has
been assumed for the personal tax rates in the simu-
lation. Instead, large changes occur every few years.
The assumption that the full-employment budget is
in approximate balance of receipts and expenditures
is also not true of the recent past. These assump-
tions, however, are no more arbitrary than others
that could be made. Moreover, the outcome of long-
term simulation is not significantly sensitive to rea-
sonable changes in these assumptions.
A monetary policy was chosen that would create

a smooth growth path, keeping the economy near the
full-employment level. This choice is unrealistic on
several counts. For exeample, the monetary policy
chosen implies that the growth rate of money and the
level of interest rates are less variable than in normal
historical periods. This choice does affect the outcome
of the forecast, since a smoother path gives a gen-
erally better picture of the economy.

Nonpolicy exogenous variables. We have assumed no
large external shocks to the system. Over a 25-year
period, some shocks are certain to occur. Although
we cannot predict when they will occur or what form
they will take (crop failures, oil cartels, foreign reces-
sions), we know that some are certain to occur and
that on balance they will worsen the economic out-
look. Even if the number of good shocks (such as un-
usually good crops) balances the number of bad
shocks (such as crop failures), the nonlinearities in
the economic system will cause the bad shocks to
damage the economy more than the good shocks help
it.
The most important nonpolicy exogenous variable

in the model is population. As indicated earlier, for
the long-run forecast, we have used the Census Series
II population projection which gives the following
rates of growth of population, by 5-year periods:

Percent,
annual

Period rate

1975-80 ........................................ 0.9
1980-85 ........................................ 1.0
1985-1990 .0.9
1990-95 .0.8
1995-2000 .0.6

SouRCE: Reference 5.

Foreign prices and output are assumed to grow at
the same rates as U.S. prices and output. The assump-
tion seemed the most neutral possible. The measures

used are restricted to western industrialized nations
(the Organization of Economic Cooperative Develop-
ment countries) because of the lack of current, accu-
rate data from outside the OECD. The exchange rate
is adjusted in the forecast to keep the current account
of the United States in approximate balance, a step
that implies a slight surplus in our balance of trade.
This assumption was made for the sake of neutrality,
but it seems reasonable in a world of floating ex-
change rates. There is some question as to whether,
in a world where large surpluses are being accum-
ulated by the oil-producing nations, the United States
will be able to maintain a trade surplus. A deficit
would not seriously affect the pattern of the forecast
so long as it was not growing rapidly over the period.
The forecast assumes that farm output will rise in

proportion to total output. Farm prices rise in pro-
portion to the fixed weight deflator.

The demand of monetary aggregates. As is well
known, Ml (currency and demand deposits) velocity
in the postwar period has risen at about a 3 percent
annual rate on average. For the past two decades M2
(currency and demand deposits plus time deposits)
velocity has shown no trend. The average annual
rates of change of money velocity between 1956 and
1976 were as follows:

Definitions of money Rate

Currency ...................................... + 1.70
Demand deposits ................ .............. + 3.15
MI velocity ................................... +2.82
Time and savings ................ .............. -3.61
M2 velocity ................................... +.002

SOURCE: Federal Reserve Board, Division of Research and
Statistics.

Our equations attempt to account for these trends.
Currency appears to be approximately proportional
to consumption expenditures, apart from a relatively
small elasticity with respect to interest rates. The
demand for demand deposits is more complicated.
Economic agents appear to be able to economize on
demand balances as transactions increase. The de-
mand for demand deposits equation has an elasticity
of about 0.6 with respect to real, per capita GNP. If
this elasticity were unity, money balances would grow
(in the absence of interest rate changes) at the same
rate as the nominal GNP. If real, per capita GNP
trends upward at 2.5 percent per year balances would
grow 1 percent more slowly than the nominal GNP
on this account [(1 - .6) X 2.5 = 1]. There also
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appears to be about a 0.5 percent downward trend
in deposits relative to GNP due to technical improve-
ments in the payments mechanism. The remainder
of the increase in the historical demand deposit ve-
locity has been accounted for in our equation by gen-
erally rising interest rates. It should be noted that
since mid-1974 this demand deposit relationship has
not worked well. Demand deposits have grown much
more slowly than predicted. A continuation of this
phenomenon would have been very important for the
forecast, and we will return to this problem later.
Time and savings deposits have generally risen

relative to GNP. We believe the demand for these
deposits normally is more closely related to wealth
than to income but, in the long run, the wealth
elasticity of time and savings deposits is unity. What
then accounts for the increase in these deposits rela-
tive to GNP? Part of the answer is that the demand
deposits eliminated by economies of scale and rising
interest rates have gone into time and savings de-
posits. This by itself should not have been enough to
hold M2 velocity constant, since part of the lost Ml
should have gone to other interest-bearing assets. The
extra time and savings deposits appear to have arisen
from periodic expansions in the types of time and
savings deposits which banks have been allowed to
offer.
The most questionable part of our calculations, so

far, is the part concerning Ml velocity. For the past
3 years, Ml has grown more slowly than expected by
an average of about 3 percent per year. We may need

to introduce henceforth a stronger negative time
trend in the demand for money. In the forecast, we
have assumed a 2 percent trend in Ml velocity. This
assumption lowers the Ml growth needed, but has
no other significant effect on the forecast.

Productivity. From World War II through the late
1960's output per hour in the nonfarm private
economy grew at a rate of about 2.6 percent a year,
corrected for cyclical effects. This rate came to be
taken as a natural law. During the 1970s, as indicated
previously, the rate of growth of output per hour has
slowed dramatically to under 2 percent a year (again
corrected for cyclical effects). The factors underlying
productivity changes, were summarized earlier.

Due largely to changes in tax incentives, the capital
to output ratio implicit in the model's investment
equation rose steadily during the 1950s and early
1960s. Since then, the ratio has actually fallen slightly.
Moreover, in the absence of future increases in invest-
ment incentives, the ratio is not likely to rise above
its mid-1960s peak. Even with increased incentives,
it must eventually reach a constant value. If the early
results of entering this variable into our productivity
equation are correct, the true long-term productivity
trend may be below 2 percent.

The rapid rise in oil and other energy prices has
also been blamed for the recent productivity slow-
down. Our results indicate this situation has had
only a small influence on the rate of growth of pro-

Table 8. Projected growth rates and levels of economic variables, 1976 to year 2000 (dollars amounts in billions)

Annual growth rates
Economic component

1976 1977-80 1980-85 1985-90 1990-95 1995-2000 2000

GNP (current dollars) ....... ........ $1,706 10.5 7.7 6.6 6.3 5.6 $9,100
GNP (1972 dollars) ....... .......... 1,275 4.9 3.4 3.3 3.6 3.6 3,060
GNP deflator I ..................... 134 5.4 4.2 3.2 2.6 2.0 300
Consumption (1972 dollars) ..... ..... 821 4.5 3.2 3.5 3.3 3.4 1,892
Population (millions) ...... .......... 215 0.9 1.0 0.9 0.8 0.6 263
Output per hour2 ........... .. . . .. . . 7.58 2.7 1.8 2.2 2.1 2.1 12.65
Labor force3 ........... ............ 97 2.4 1.5 1.2 1.4 1.3 132

Average over the period

Levels
Treasury bill rate ........ ........... 5.0 6.9 6.8 5.9 5.1 4.1 4.0
(Real) 4 .-.0........................ . 4.3 2.0 2.6 2.7 2.5 2.1 1.8
Unemployment rate ....... .......... 7.7 6.4 6.5 6.3 5.3 5.5 5.5

1 Prices excluding not exports.
2 Private nonfarm business economy.
3Total In millions.

4 Treasury bill rate less rate of growth of GNP deflator.
Soyrce; Projectlons from the MPS model.
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ductivity, lowering the level of output per hour by
about 1 percent.

The changing composition of output has also been
blamed for much of the fall in productivity growth.
Since the series used in the model is for private non-
farm productivity, shifts into government and out of
agriculture are irrelevant. Housing services are also
excluded from the series, eliminating that possible
cause of change. When we look at what remains in
our series, we find some evidence of a shift in real
output out of durable manufacturing and into serv-
ices. However, the evidence for an acceleration in
this shift (except for the expected cyclical movement)
since the 1960s is weak.

Taking all the arguments into account, we feel a
2 percent growth rate of productivity is a reasonable,
conservative estimate. We admit that this estimate
could be wrong; if it is wrong, it would significantly
affect the results of the forecast.

In general, the world would look better if pro-
ductivity growth were higher. The natural rate of
unemployment is a function of the rate of produc-
tivity growth. Our equations indicate that with a

productivity growth trend of 2.6 percent, the natural
rate of unemployment is 4.5 percent, while at 2 per-
cent, it rises to 5.5 percent. Although in the short
run, lower productivity reduces the unemployment
rate, in the long-run, it increases it.
The most direct impact of a lower productivity

rate is a lower rate of growth of real output and
income. Although the difference between 2 percent
and 2.6 percent is small for 1 year, by the end of
25 years it means a growth of only 64 percent in
real per capita output, rather than a growth of 90
percent.

The Long-Term Forecast
The shape of the long-term forecast is heavily influ-
enced by our assumptions and especially by the
assumed rates of growth of productivity and the
money supply (table 8). The expansion path pro-
jected is, deliberately, much smoother than the real
world is likely to be, partly because smooth fiscal
and monetary policies have been assumed. In fact,
the monetary policy was chosen deliberately to
smooth out any irregularities in the forecast and to
produce stable growth rates.
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Chapter 4. Major Economic Components of the
Cost of Illness

The economic model defines the parameters for the
estimates of the cost of illness presented in this re-
port. As indicated previously, cost of illness is a com-
posite of direct costs measured in expenditures for
health services and goods, both public and private,
and indirect costs measured in loss of working time
and loss in earnings as a result of premature death
and disability. In estimating direct expenditures for
illness, the economic factors especially relevant are
income and GNP, general price levels, and earnings
of those in the labor force. Indirect cost calculations
draw on calculated wage rates and productivity, in-
terest rates, and rates of participation in the labor
force. These components are endogenous factors in
the economic growth model; they are the ingredients
of estimates of illness costs.

Wage Rates and Productivity
Projections of wages and earnings are essential build-
ing blocks in estimating indirect illness costs. Aver-
age gross earnings of health practitioners are related
to the earnings of others in the population. Earnings
by age and sex are used to cost production losses
attributed to premature death and disability. In
estimating the present value of future earnings, year
2000 earnings were projected on the basis of year
1975 earnings that were increased by the projected
rise in productivity and wage rates.
Table 9 illustrates projected increases in earn-

ings between 1975 and year 2000. Earnings are cal-
culated on two bases. One includes the value of
work done in the home, the other excludes this work.
Adjusting these projections solely by productivity

Table 9. Average market place earnings, by age group, for 1975 and year 2000

Males Females in labor force

Age group Year 2000 Year 2000 Year 2000 Year 2000
(years) 1975 (In 1975$) 2 (In year 2000$) 3 11975 (In 1975$) 2 (In year 2000$)3

Including household values :
15-24 ...................... $ 5,135 $ 9,028 $21,281 $ 4,105 $ 7,171 $16,903
25-34 ...................... 14,004 24,330 57,342 10,587 18,373 43,312
35-44 ...................... 16,747 29,062 68,446 10,957 19,011 44,814
45-54 ...................... 17,746 30,791 72,532 10,962 18,165 42,821
55-64 ...................... 15,551 26,825 63,183 9,918 17,075 40,251
65-74 ...................... 8,525 14,873 35,059 5,591 9,710 22,891
75-84 ...................... 7,206 12,471 29,398 4,519 7,841 18,484
85+. 6,042 10,486 24,714 3,867 6,650 15,676

Excluding household values :
15-24 ...................... 4,789 8,415 19,838 3,286 5,737 13,525
25-34 ...................... 12,792 22,227 52,396 6,453 11,199 26,401
35-44 ...................... 15,489 26,882 63,309 6,322 10,975 25,871
45-54 ...................... 16,517 28,658 67,494 6,878 11,938 28,141
55-64 ...................... 14,460 24,939 58,794 6,595 11,440 26,968
65-74 ...................... 7,559 13,172 31,051 3,553 6,167 14,538
75-84 ...................... 6,425 11,117 26,207 3,469 6,022 14,197
85+ ....................... 5,561 9,656 22,762 3,398 5,897 13,900

1 Earnings for males and females in the labor force are average earn-
ings for all full-time and part-time employed in 1975, disregarding dura-
tion of empoyment.

2 Earnings adjusted for productivity.
3 Earnings adjusted for both productivity and Inflation.
4 Average market place earnings plus household values.
5 Average market place earnings only.

Sources: Average market place earnings derived from BLS unpub-
lished data, adjusted by wage supplements (12.6002 percent), derived
from U.S. Department of Commerce, Survey of Current Business, Feb-
ruary 1976; household values derived from Walker and Gauger, Dollar
Value of Househo.'d Work; U.S. Census 1970, Employment Status and
Work Experience, Table 13; U.S. Census 1970, Detailed Characteristics,
Table 203. Method is adaptation of W. Brody, Economic Value of a
Housewife. Social Security Administration Office of Research and Sta-
tistics, Research and Statistic Note 9, Washington, D.C., 1975.
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increases results in figures expressed in the 1975 real
earnings level; adjusting for both productivity and
inflation results in figures expressed in the year 2000
price level. The GNP deflator was employed for the
inflation in this chapter and in later chapters. A dif-
ferent deflator was used in Chapter 1.

It should be noted that, in projecting 2000 earn-
ings, the annual rates of productivity growth and
price increases came from the first cut of the eco-
nomic projections and may differ slightly from the
subsequent estimates. The first cut productivity esti-
mates, in terms of annual rates of growth, follow:

Percent of growth

Ist Revised
Period estimate estimate

1977-80 ............................... 2.6 2.7
1980-85 ............................... 1.7 1.8
1985-90 ............................... 2.2 2.2
1990-95 ....................... ........ 2.1 2.1
1995-2000 ................. ............ 2.0 2.1

As indicated in Chapter 2, the projected rise in
productivity is below the rate experienced during the
period from World War II to the late 1960s. Some
of the factors affecting future productivity growth
have been mentioned earlier; these factors are elab-
orated further in this chapter.

Historically, the rise in productivity has been
closely associated with demographic changes and with
the shift of workers out of the agricultural sector as
efficiency in that sector rose dramatically. In the fu-
ture, neither demographic developments nor a further
shift out of agriculture are expected to effect progress
in worker efficiency. Technological progress and im-
provements in social and industrial organization will
play major roles.

Since the early years of this century, the educa-
tional attainments of the labor force have risen dra-
matically, but it is not clear that productivity would
be stimulated by a further rise in the general level
of education.

In the post-World War II period, the percentage
of women in the labor force has increased sharply.
Characteristically, women have had somewhat less

education and less experience, and have worked
shorter hours than men. Women also tended to take
jobs in distribution and services, low-productivity
industries that were expanding rapidly. Thus, the
participation of women in the labor force appeared
to lower average productivity in the economy. In the
future, however, the ratio of women to men will rise
more slowly, and the differentiation in salary scales
between the two sexes may lessen.
As discussed, the proportion of young and inex-

perienced workers also rose sharply in the 1960's and
early 1970's. No similar increase is expected in the
25 years ahead.

BLS projections of productivity. Private economists
have been more pessimistic than Government eco-
nomists about the rate of productivity growth in the
years to 1985. The most recent and thorough projec-
tion made by Government economists, "Revised Pro-
jections of the U.S. Economy to 1980 and 1985,"
appeared in the Monthly Labor Review in March
1976 (6). In these projections, the rate of productivity
growth was lowered from an earlier estimate to allow
for recent developments. According to the Bureau of
Labor Statistics (BLS) (6):

Partly the revision reflects the actual experience of the most
recent period and particularly the impact of the cyclical down-
turn on productivity growth in the short run. Also, there is
the expected cost of meeting pollution control and industrial
safety requirements, a long period of less than full utilization
of resources, and high energy prices . . . Investment in energy-
saving equipment could also dampen the growth of produc-
tivity. Thus, although it is difficult to quantify their impact,
many of the factors that may influence productivity growth in
the next decade tend to be restrictive rather than expansive.

On the longer term outlook, the BLS comments:
"After 1980, the economy may have adjusted to most
of these changes and thus may return to productivity
growth rates more characteristic of the 1950's and
1960's" (6). Private forecasters, on the other hand,
emphasize the possibility of a capital investment
shortage. Our estimates fall between the higher and
lower ranges suggested by other projections.
Among the influences likely to result in relatively

modest growth of productivity are (a) slower produc-
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tivity growth in agriculture than in the past and a
necessarily smaller contribution to total increases in
output per manhour, (b) possible further decline in
new investment over the next decade, (c) probable
higher costs of energy and perhaps energy shortages,
(d) a less favorable distribution of industry output
(greater relative importance of labor-intensive indus-
tries which typically exhibit lower productivity), (e)
the end of the era of the over-valued dollar and of
cheap crude material imports, which could mean (f)
shortages of raw materials, especially if energy be-
comes more expensive, (g) greater costs to control pol-
lution, conserve resources, and protect the environ-
ment, and (h) greater costs associated with protecting
workers and consumers from health hazards.

In estimating technological and productivity gains
from now until the year 2000, we have tried to strike
a compromise between undue pessimism and simply
projecting what appears to be an unusually favorable
post World War II trend. There seems ample reason,
in view of the experience of the last 10 years and the
problems which seem likely to be important in the
future, to anticipate a considerably lower rate of
growth in output per worker than characterized the
30 years following the last world war. On the other
hand, the low output levels of the last 10 years were
undoubtedly an important factor depressing the rate
of progress, and it would be unwise to accept these
levels as a benchmark.

Interest Rates for Discounting Future Earnings
In order to have a common base for comparison and
to assess the value of a present cost that yields ben-
efits in the future, the future returns must be reduced
to their present value, or be discounted. Outlays for
health or biomedical research can then be assessed by
gauging whether the income flows in years to come,
when put in the form of present values, yield a
potential return that is comparable or competitive
with other potential uses.

Discounting, besides allowing for comparison in
present values, also allows for a more efficient alloca-
tion of resources. The theory is that benefits realized
in the near future are more valuable than those in
the distant future due to uncertainty of returns, and
costs in the present or near future are more of burden
than those of the distant future.
While the necessity for discounting is seldom ques-

tioned, a dilemma arises as to what discount rate to
choose. There is lack of consensus on a specific rate
yet the selection must be done with care, for the

implications are extremely important. Costs of pre-
mature death are markedly affected by the discount
rate selected.

Also it should be noted that there is a conceptual
distinction between setting a rate when choosing
among alternative government projects and setting a
rate to use in expressing the current (or base-year)
present value of future earnings lost. The latter rate
should be a real rate, devoid of price inflation.

Conceptual positions on the choice of the discount
rate. A social discount rate must be used to deter-
mine the opportunity cost of government funds in-
vested in physical or human capital. Some researchers
have concluded that the social discount rate is in-
determinate, leading to a search in the realm of
"second best." There are, however, several possible
avenues of approach. One could choose the rate at
which the government borrows funds with proper
consideration of the length of time for which money
is borrowed. Another possibility is the corporate
earnings rate, using the notion that governments
compete with the private sector for funds, and money
that governments borrow could, alternatively, be
utilized by the private sector. Or it is possible to look
at the opportunity cost of tax dollars collected by the
government since a major portion of social invest-
ment is financed this way; the point of this approach
is that the uses to which those tax dollars are put
reflect the social cost of government investment.

In arriving at a proper social discount rate, a num-
ber of considerations arise. In this section, we will
survey only a few; the literature on the social dis-
count rate is voluminous and has been surveyed in
various contexts. See, for example, the discussions by
Fisher and Krutilla (7) and the Joint Economic Com-
mittee's analysis (8).

Opportunity cost concept. The central notion behind
the discussion of the discount rate is that government
investment, whether for medical research or for irri-
gation, should enjoy a rate of return comparable to
what could be earned in alternative pursuits. Any
deviation from this precept implies an inefficiency in
resource allocation between the public sector and the
private sector. Alternatively, the capital funds could
be used by private corporations, unincorporated en-
terprises, or by individuals.
Baumol (9) provided the clearest statement and

use of the opportunity cost concept and employed it
to grapple with several other issues discussed in this
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section. In Baumol's view, the opportunity cost is
best captured by the rate of return offered by business
since, if funds were not invested for social purposes,
they would be released for investment in private capi-
tal markets. Harberger (10) also favored the return
which could be earned in private, incorporated busi-
nesses. However, he broadened it to cover returns on
unincorporated enterprises and funds used by in-
dividuals.

In brief, the opportunity cost concept is well
accepted, but there is dispute about whose oppor-
tunity cost is at issue, especially when the investment
extends to future generations, as does investment in
health care.

Tax distortions. If one adopts the idea that the rate
corporations earn on equity capital reflects the op-
portunity cost of government investment, then the
corporate profits tax complicates the exact choice of
rates. If the return for corporations is 5 percent, then
the government discount rate should be 2 times 5
percent or 10 percent. Because the corporate income
tax is levied at a rate of 50 percent, the actual rate
of earnings is 10 percent. Since according to the op-
portunity cost concept, misallocation of resources
occurs if funds are diverted from high yield to low
yield projects, the government should employ the
higher rate representing the true rate of return.
Baumol adopted this line of reasoning as did

Harberger and, indirectly, Eckstein, in his testimony
before the Joint Economic Committee (8). Harberger
extended it to include the additional uses of funds
mentioned previously. The actual social discount
rate may be less than twice the private corporate rate
even after adjustment for corporate taxes, because of
the varying ratios of debt to equity financing.

Source of funds. Eckstein distinguished between gov-
ernment borrowing and tax revenues as sources of
funding for public capital formation. The notion of
opportunity cost arises in this context in the form of
the cost of borrowing funds in the first instance and,
second, as the alternative uses of tax revenues. Using
both approaches, Eckstein distinguished two accept-
able social rates of discount. The lower rate is based
on Federal Government long-term borrowing, and
the higher rate essentially is based on the corporate
rate. The choice of a discount rate then is indeter-
minant, but a reasonable range is set forth. The
actual calculation of the second rate is documented
by Eckstein and will not be elaborated here.

Risk. There has been intensive discussion of the role
risk can play in the choice of a social rate of discount.
Risk accounts for at least part of the level of return
on private capital; riskier investments should produce
higher compensation for persons parting with their
funds. The question is whether a risk premium
should be incorporated into the government discount
rate. At one end of the spectrum, economists such as
Arrow and Lind (11) and Samuelson (12) argue that
government investment is riskfree due to the large
and diversified investment portfolio held by the pub-
lic; or to put it another way, because the total risk
is spread over so many, for a single person, it becomes
negligible. Thus government should not include a
risk premium in its discount rate.
The other point of view, shared by Baumol, Hirsch-

leifer (13), and Sandmo (14) is that return on public
investment should be comparable to the return on
private investment for projects of comparable riski-
ness. The basis for this view is that society receives
the benefits from all investment projects, whether
they be public or private; and all projects, public or
private, should be evaluated on the basis of earnings.

Subjective time preference. The rate of discount on
government expenditures ideally would be the same
as the average rate of social time preference. This
theory reflects society's preference between current
and future consumption. Unfortunately, the prefer-
ence can only be observed by reference to rates of
interest. The return on government securities may
approximate the rate of time preference better than
private obligations because government obligations
are relatively riskless. This method of evaluating the
subjective rate of time preference differs from, and
is lower than, the opportunity cost of public invest-
ment funds.
The juxtaposition of these two concepts led

Baumol, among others, to conclude that there is a
basic indeterminacy in the choice of the proper dis-
count rate.

Documentation of current practices. Since medical
research is essentially government funded, it is ap-
propriate to consider the discount rate used by Fed-
eral Government agencies for other investments.
More or less standard practice calls for discounting
based on the average "coupon rate" on interest-
bearing marketable securities of the United States
which, when originally issued, had terms of maturity
of 15 years or more. In the summer of 1968, the
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Water Resources Council proposed a more reason-
able procedure for determining the discount rate.
The Council called for the use of the yield rate rather
than the coupon rate. The difference in methods
would result in a 45/8 percent discount rate for 1969
compared with a 31/4 percent coupon rate.

Eckstein in 1968 suggested formulation of the dis-
count rate by looking at the two sources of Federal
money (8). One source, borrowing, costs Goverment
about 5.5 percent. Taxation is the other source, and
its price is the opportunity cost of the tax money for
the taxpayers. Eckstein estimated this cost at about
8 percent in 1968. These two costs would be com-
bined to set the discount rate. The cost of taxation
would be weighted more heavily, since it is the source
for almost all Government funds. This step would
mean a discount rate of over 7 percent for 1968.

In 1968, the Association of American Railroads
suggested that the relevant discount rate for use in
evaluating public investments should be in the 8 to
10 percent range. IThis proposal is based on the fact
that riskless Government bonds can bring 5.5 percent
and the return to private investors can be estimated
conservatively at 12 percent.

In her 1966 study estimating the cost of disease,
Rice used two discount rates-6 percent and 8 per-
cent-to estimate the present value of lifetime earn-
ings (15). She felt these rates were in the intermediate
range of rates used. To illuminate the subject, she
presented historical evidence on the use of the dis-
count rate in assessing the value of future earnings.
In the "Money Value of a Man," published in 1946,
Dublin and Lotka measured the present value of a
person's net future earnings (gross earnings less per-
sonal consumption) using a 2.5 percent discount rate
(16). In a 1958 study developing the cost of mental
illness, Fein estimated the present value of future
expected earnings for specific 10-year age groups; he
employed various discount rates from 2 to 5 percent
(17). In 1961 Weisbrod used 4 percent and 10 per-
cent as discount rates to analyze future earnings in
"Economics of Public Health" (18). In studies pub-
lished in 1964 and 1965 Klarman calculated the
present value of future earnings for persons with
syphilis and for those who died of cardiovascular
disease (19, 20). In the syphilis study, he used a dis-
count rate of 4 percent, while in the cardiovascular
deaths study, he used a rate of 6 percent.

It should be noted that the studies were completed
before the onset of serious and prolonged inflation.

Presently, all monetary interest rates must be adjusted
to reflect anticipated depreciation in the value of the
dollar in order to arrive at the "pure" or "natural"
interest rate rather than the monetary rate. The GNP
price deflator is used in adjusting the discount rate
used in developing the estimates in table 9.

In this report, we have chosen to employ two dis-
count rates: a low rate, 2.5 percent, which would be
near the yield on short-term government securities
(90-day bills) after allowance for expected inflation,
and a rate of 10 percent representing the high end
of a range of estimates reflecting opportunity costs.
Since our study presumes that inflation will be
brought under control only gradually, the real yield
on investment, whether public or private, will be
lower than the monetary rate of interest, but by de-
clining percentages.

Historical data sources. In studying the cost of
disease spanning the 20th century, discount rates may
be desirable for certain specific years, and past in-
terest rates will be of considerable help in guiding
one's final decision. Sources for two typical market
rates-the yield rates of U.S. Government long-term
bonds and common stock yields-are of particular
value. Rates exist for U.S. Government bonds since
1919, the Cowles Commission lists stock yields from

Figure 6. Various long-term interest rates

Source: U.S. Bureau of Economic Analysis: Long-Term Economic Growth
1850-1970. U.S. Government Printing Office, Washington, D.C., 1973.
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1895 to 1937, while Moody's covers stocks from 1929
on. These rates were published in "The Statistical
History of the U.S. from Colonial Times to the Pres-
ent" (21). Market yields from 1900-20 can be found
in "The Financial Review, 1921" (22). Homer's "A
History of Interest Rates" also is an excellent source
for both interest rates on U.S. Government bonds
and prime corporate bonds since the turn of the
century (23). Figures 6 and 7 illustrate the move-
ments of a few relevant interest rates over long

Figure 7. Comparison of movement between long- and
short-term interest rates

12

8

4

C

Source: Historical Chart Book. Board of Governors of the Federal Reserve
System, 1977, Washington, D.C.

periods. These charts were drawn from a variety of
sources, such as Macaulay's work for the National
Bureau of Economic Research, which is extremely
helpful about interest rates in the early 20th century
(24).

Price Movements
Price changes in the period ahead affect several im-
portant variables: (a) nominal wage levels and dollar
earnings loss due to disease, (b) prices of medical
care and expenditures for personal health services,
(c) earnings of providers of care, and (d) interest rate
changes.
Table 10 reports historical rates of change in two

price indices that are based on the National Income
Accounts compiled by the Commerce Department,
the GNP deflator and the consumption price index,
and in five price indices that are derived from
the monthly survey of consumer prices conducted by
the Bureau of Labor Statistics. The consumer price
index (CPI) attempts to measure the changing prices
of an unchanging group of goods of constant quality,
while the implicit GNP price deflators reflect the
changing composition of economic activity for the
entire economy.
The table 10 data show that price movements are

similar for the GNP deflator and the all-item CPI.

Table 10. Trends in prices, GNP deflator and consumer price indices, 1933-75

GNP deflator (1972 base) Consumer Price Indices (1967 base)

Medical Physician Hospital room
Year All items Consumption All Items care Drugs fees charges

1975 ...................... 127.18 126.5 161.2 168.6 118.8 169.4 226.6
1974 ...................... 116.02 116.9 147.7 150.5 109.6 150.9 194.2
1973 ...................... 105.80 105.5 133.1 137.7 105.9 138.2 176.0
1972 ....... .............. 100.00 100.0 125.3 132.5 105.6 133.8 168.3
1971 ...................... 96.02 96.6 121.3 128.4 105.4 129.8 157.5
1970 ...................... 91.36 92.5 116.3 120.6 103.6 121.4 141.7
1965 ...................... 74.32 77.1 94.5 89.5 100.2 88.3 77.7
1960 ...................... 68.67 71.7 88.7 79.1 104.5 77.0 57.8
1955 ...................... 60.98 64.2 80.2 64.8 94.7 65.4 44.1
1950 ...................... 53.64 56.8 72.1 53.7 88.5 55.2 31.3
1945 ...................... 37.99 44.0 53.9 42.1 74.8 46.0 18.9
1940 ...................... 29.10 30.8 42.0 36.8 70.8 39.6 15.1
1935 ...................... 36.1 70.7 39.2 14.2
1933 ...................... 25.13 26.8 38.8 ..

Average 1 annual change,
entire period (percent) 3.9 3.7 3.4 3.9 1.3 3.7 6.9

Average annual change
1965-75 (percent) ........ 5.4 5.0 5.3 6.3 1.7 6.5 10.7

/Ending year
l The computational formula is In [Beginningyear)-] (Number

of years).

Source: GNP deflator data obtained from the Economic Report of
the President, 1976. CPI data are from "Historical Statistics of the
United States," and various issues of "Statistical Abstract of the United
States."
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The absolute levels are different because they are
calculated on different base years, but the rates of
change are remarkably similar over time. The overall
GNP deflator has increased at a slightly faster rate
than the deflator for the consumption component of
GNP or the CPI. This is because of structural
changes over the 1933-75 period and productivity
improvement in the consumer goods sector. Over
the 1965-75 period, the GNP deflator and all-item
CPI index changed at almost identical rates.
A more difficult issue is the relationship between

medical prices and the aggregate price indices. It is
apparent from table 10 that, over the longer period,
medical care sector prices have grown at rates some-
what larger than the aggregate price level. There is
some variation from the overall trend; drug prices
as measured have risen at a lower rate and hospital
charges have climbed at faster rates. However, from
1965 to 1975, medical sector prices have risen at rates
substantially higher than general prices. The impor-
tant and difficult question is whether this differential
rate of growth in prices will continue.
The question is very important because of the

power of compounding rates of growth. For example,
if two items have equal prices in 1975 but their prices
increase at annual compound rates of growth of 3
and 6 percent annually, after 25 years the slower
growth prices will more than double, and the faster
growth prices will more than quadruple.

In arriving at medical care prices for the year 2000,
we assumed that the long-run relationship between
the GNP deflator and medical care prices will be
restored. It is not expected that the rise in medical
care prices that accompanied the introduction of the
Medicare and Medicaid programs represents a long-
term trend. There are two justifications for this
assumption. Public concerns about controlling the
rising cost of medical care can be viewed as one
justification. The rapid rise of medical care prices
is leading to public and private efforts to contain
medical costs. Recent proposals introduced in Con-
gress to limit the rise in hospital costs to one and
one-half times the rise in overall prices illustrate
the policy direction. The second justification is that,
historically, differentials in sectoral price growth
which are unrelated to productivity changes do not
long persist. As Baumol has indicated, there is reason
to expect moderately larger rates of inflation in serv-
ice sector industries than in manufacturing industries
because productivity per worker tends not to increase
as rapidly in the service sector (25).

The assumption that the long-run relationship be-
tween the GNP deflator and medical sector prices
will be restored is germane to (a) the assumed prices
of medical care and the resulting expenditure esti-
mates and (b) assumed earnings of providers of care
used in estimating the costs of care.
Nominal earnings used in pricing the indirect

costs of disease in the year 2000 are based on esti-
mates of the future path of the GNP price deflator as
well as productivity increases. The assumed time path
of the GNP price deflator follows:

Period

1977-80 ...............................
1980-85 ...............................
1985-90 ...............................
1990-95 ...............................
1995-2000 .............................

Percent per annum

4.9
3.4
3.3
3.6
3.6

Labor Force Participation Rates
In computing losses from mortality and morbidity,
assumptions have to be made not only about the
extent of mortality and morbidity among the pop-
ulation, but also about the labor force participation
rates by age and sex and the earnings of the popula-
tion by age and sex.
Three sets of assumptions were used to compute

labor force participation rates (LFPR). First, it was
assumed that the rates observed in 1975, adjusted for
full employment (defined at 5 percent unemploy-
ment) would prevail in the year 2000, as expressed
in the "Employment and Training Report of the
President, 1976" (26). We adjusted the data to in-
clude the institutional population using Johnson's
Special Labor Force Report, "The U.S. Labor Force:
Projections to 1990" (27).

Another adjustment of the 1975 rates was made
to include those who had dropped out of the labor
force, discouraged by the high unemployment rates.
Using coefficients computed by Rosenblum, updating
a model of Tella's (28), we included in the labor
force some workers who would have been employed
had the unemployment rate remained at 5 percent.
The 1976 Employment and Training Report (26)

does not provide labor force participation rates for
the age categories we needed for this report. For the
age-group 15-24 years, this report showed a break-
down by ages 16-17, 17-18, and 20-24. These groups
were weighted by the number in the labor force to
give us the age group needed. Similiarly, for the
groups over 65 years, the numbers in the labor force
were used as a weighting factor.

In the second instance, the projections developed
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by Fullerton of the U.S. Department of Labor for
1990 were used as a basis for our year 2000 projec-
tions (29). Fullerton assumed that the trend in ob-
served LFPR in the 1955-75 period would continue
until 1995 and that the rates would then remain
constant. Using his projections of LFPR for 1980 and
1990, the assumption was made that the change be-
tween 1990 and 2000 would equal the change be-
tween 1980 and 1990. The rates used were Fullerton's
unpublished projections of the total population (in-
cluding both the military and the institutional pop-
ulation). Again, as with the constant LFPR, adjust-
ments for age group categories had to be made.

In the third instance, a new set of projections for
the year 2000 was made. Fullerton shcwed that if the
declining trend observed in the past 20 years in most
male age groups were to continue, adult males would
show substantially lower LFPR in 2000 than in 1950.
This decline would be particularly true for men over
45. This lowering of labor participation would im-
pose strain on the economy and may, therefore, be
reversed. Thus, for our third set of labor force par-
ticipation rates, it was assumed that by the year 2000,
the rates prevalent in 1947 would be observed for
adult male workers. The source for the 1947 LFPR
was, again, the "Employment and Training Report
of the President, 1976." This third set of rates is
projected only for males. Fullerton projected female
labor force participation rates to be increased by the
year 2000. Therefore, for both our decreasing and
increasing rates of labor force participation for males,
the rates for females are increasing (table 11).

Table 11. Labor force participation rates (LFPR) and rates
for housewives in year 2000, under three sets

of assumptions

Total of
females and

Age group Males Females Housewives housewives

Constant LFPR
15-24 ...... .744002 .583274 .241701 .824975
25-34 ...... .941245 .572331 .410562 .982893
35-44 ...... .955653 .573427 .409510 .982937
45-54 ...... .915245 .562842 .415300 .978142
55-64 ...... .767772 .404773 .562490 .967263
65-74 ...... .297621 .148003 .749757 .89776
75-84 ...... .090864 .034907 .810678 .845585
85-+ .0204 .0058 .835128 .840928

Increasing LFPR
15-24 ...... .75331 .72718 .158236 .885416
25-34 ...... .94594 .7014 .286656 .988056
35-44 ...... .96283 .67877 .308381 .987151
45-54 ...... .92665 .6358 .34599 .98179
55-64 ...... .80708 .42397 .544348 .968318
65-74 ...... .37506 .125961 .7691543 .895115
75-84 ...... .11451 .0297083 .815045 .844753
85+ .025711 .0049368 .835853 .8407898

Fullerton's LFPR
(decreasing)
15-24 ...... .73501 .72718 .158236 .885416
24-34 ...... .93186 .7014 .286656 .988056
35-44 ...... .93204 .67877 .308381 .987151
45-54 ...... .88314 .6358 .34599 .98179
55-64 ...... .64955 .42397 .544348 .968318
65-74 ...... .092719 .125961 .7691543 .895115
75-84 ...... .0286518 .0297083 .815045 .844753
85+. ....... .0064326 .0049368 .835853 .8407898
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Chapter 5. Estimated Direct Costs of Illness
Major contributors to Part 11 were Charles L. Vehorn, Douglas P. Wagner,
J. Steven Landefeld and Robert S. Rycroft

The estimates of direct costs of illness for the fiscal
year 2000 are linked to the economic model described
in Chapter 3. Two sets of estimates are made. The
first estimate approaches expenditures in the year
2000 from the perspective of the aggregate demand
for care; the second set is based on disaggregated
estimates. In making the first set of projections, a
behavioral model of demand for health services is
employed intially, and to those projections are added
an estimate of expenditures, mainly governmental,
not encompassed by personal health care. The second
set, or the disaggregated projections, is based on
estimates primarily of the supply of providers of
care and the amounts expected to be paid per pro-
vider, or per unit of care, in the case of hospital
services.
In using these estimates, it is important to note

that they are a small part of a forthcoming, far
larger study covering illness costs over the 20th cen-
tury. For the larger study, resources were certainly
not sufficient for an in-depth forecast of fiscal year
2000 expenditures for health services. Fiscal year 2000
is used to maintain consistency with previous reports
that considered fiscal years 1900, 1930, and 1975. It
was necessary, however, to employ some calendar year
data in the estimating models, but this has very little
impact on the projections. These projections are in-
tended at best to illustrate the magnitude of direct
costs, given the overall economic model within which
they are estimated.

An Aggregate Behavioral Model
The postulated behavioral model we applied was
developed earlier for purposes of assessing the his-
toric contribution of biomedical research to health
expenditures. It can be written formally as:

H = f(D, P, F, T)
where
H = real per capita personal health care expenditures
D = characteristics of demanders
P -provider characteristics
F = financial characteristics of the health care system

T = characteristics of technical advances (biomedical
research and development).

Health expenditures per capita are expected to
rise with increases in demand and changing numbers
of providers. As less direct financing takes place and
more third-party payments are made, incentives for
efficiency in use of services diminish. Also, as cost-
increasing technologies expand relative to cost-reduc-
ing scientific progress, expenditures for some illnesses
will tend to increase.
The values of the independent variables applied

in the year 2000 estimates of real per capita personal
health expenditures, H, were derived as follows:

Real per capita income, a proxy for characteristics
of demanders, D, was calculated from the real GNP
estimate of $2.4 trillion derived from the economic
model but at 1967 prices. In deriving real per capita
income from the estimated per capita GNP, a recent
year ratio of per capita income to per capita GNP
was used. The per capita personal income for the
year 2000 was $7,345 at 1967 prices.
The optimistic projection for the number of pro-

viders, P (an average of physicians and nurses per
capita normalized by the respective standard devia-
tions) was estimated as is described subsequently in
this chapter. A projection of slow growth in the num-
ber of providers is based on changes in the demo-
graphic composition of the population only. Utiliza-
tion data on physician visits per capita in 1975 for
12 age-sex groups are available from the Health In-
terview Survey of the National Center for Health
Statistics. On the assumption that these utilization
rates will remain constant, population estimates for
year 2000 were applied to produce estimated physi-
cian visits for each group. Summing over age groups
produces a projected total of 1.6 billion visits.

In 1975, there were 1.1 billion physician visits and
an estimated total of 393,000 physicians in the United
States, or 2,687 patient visits per physician. If visits
per physician remain constant over time, the number
of physicians required to serve patients would total
599,000 in the year 2000.
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Any model attempting to capture shifts in medical
market behavior must not neglect consumer and pro-
vider characteristics. The medical marketplace is
unique both in the providers' role in determining
demand and in the method of payment. In most
markets, the demanders pay the supplier directly, but
in this market the prevalance of third-party pay-
ments, as measured by private insurance, Medicare,
and Medicaid (excluding other government third-
party payments), has grown from 7.2 percent of per-
sonal health care expenditures in 1948 to 52.7 percent
in 1975. Given the long political debate on health
insurance, a further rise in the third-party payment
share may be expected.

Third-party payments, F, were computed on three
bases. In one, the percentage of personal health ex-
penditures financed by third-party payments in 1975
(52.7 percent) was used; in a second, the coverage was
assumed to rise to 75 percent of personal'health care
expenditures; and in a third, to 85 percent. These
percentages were arbitrarily selected, but it is assumed
that even with universal insurance coverage, some
health costs, such as over-the-counter drugs, cosmetic
surgery, certain prosthetic dentistry, and so forth,
would be excluded as third-party payments.

It might also be noted that the adoption of na-
tional health insurance would have repercussions on
employment and productivity. These impacts were
not explicitly considered, but Mitchell and Phelps
(30) estimated that various plans currently under con-
sideration would increase employers' present pre-
miums $5 to $21 billion and increase unemployment
0.4-1.4 percentage points.

Particularly important to health are advances in
biomedical science. If research and development
creates a product that almost wipes out a disease, such
as the Salk poliomyelitis vaccine, then the cost of
caring for those with the disease will gradually
diminish, leaving only the cost of preventive immu-
nization. Medical technology, however, is not always
cost reducing. Some technical advances minimize pain-

or prolong life rather than curing a disease or con-
dition. Some technological advances such as kidney
dialysis, that provide a better quality of health care,
tend to be cost-increasing. As providers furnish better
services and as consumers grow to expect an ever
higher quality of treatment, the demand for medical
services tends to rise. Further increases in expendi-
tures are likely unless the cost-reducing technical
advances are large enough to outweigh cost-increasing
factors.

As one of several possible proxies for biomedical
advances, T, we used the number of Ph.D.s in bio-
medical sciences. In making the estimates, the num-
ber of new Ph.D.s in biomedical sciences, T, was as-
sumed to grow proportionately to the number of phy-
sicians. For the year 2000, the estimate was 8,510. In
view of demographic trends and expected reduced
enrollments in higher education, this number may
be too high, although application of the average
annual growth rate for biomedical Ph.D.s between
1976 and a 1980 National Science Foundation pro-
jection produces a year 2000 projection slightly above
8,510. However, a substantial change in the number
(for example, to two-thirds its level) would make only
a small change in personal health expenditures for
the year 2000 because the elasticity coefficient is rela-
tively low and not a significant determinant of ex-
penditures.

Costs of illness will certainly be influenced by a
number of factors, including the general trends in
prices and wages, the perceptions of the population
about the efficacy of medical care, the structure for
organization of care, and methods of paying for that
care. It was not possible to control explicitly for all
the factors affecting the cost of illness 25 years ahead,
but the complex array of factors should be kept in
mind when considering the estimates presented sub-
sequently.

The projections for year 2000 were derived from
the behavioral model estimated in log form and
adjusted for first order autocorrelation (31):

September-October 1978, Vol. 93, No. 5 527



PART 11. DIRECT COST OF ILLNESS

In H = - 1.91 + 0.58 in D + 0.79 In P +

(-3.2) (6.7) (2.8)
0.17 lnF + 0.05 ln T
(2.8) (1.5)

R2 = .901
where
H = real per capita personal health care expendi-

tures in 1967 dollars
D = real per capita personal income (1967 dollars)
P = a weighted average (equal weights) of the stock

of doctors and nurses (per 100,000 population)
normalized by the respective standard devia-
tions

F = financing method-the share of third-party pay-
ments (private health insurance, Medicare, and
Medicaid) in total personal health care expendi-
tures

T = number of new Ph.D.s in the biomedical sci-
ences lagged 10 years to reflect the assumed time
lag before the average new Ph.D. contributes to
a new product or new techniques affecting
changes in expenditures.

Personal health expenditures are estimated at
$695-$960 per capita at 1967 prices, depending on
various assumptions about providers and the financ-
ing system for the year 2000. This represents a 137 to
230 percent rise over real per capita personal health
care expenditures of $293 in 1975 at 1967 prices. At
1972 prices, the price base of the general economic
model, the total would be $880-$1,216 per capita; at
1975 prices, $1,120-$1,547; and at year 2000 prices,
$2,639-3,648 per capita.

Personal health care expenditures under various
assumptions and their percent of the real GNP are
summarized in table 12.

Of the elasticity coefficients that are statistically
significant, income and number of providers have the
highest magnitudes. The income coefficient indicates
that a 1 percent rise in real per capita income will be
reflected by a 0.58 percent rise in real per capita per-
sonal health care expenditures, and a 1 percent rise
in the provider variable, by a 0.79 percent rise in real
per capita health expenditures. A 1 percent increase
in the share of third-party payments, controlling for
the larger income rise, is estimated to increase ex-
penditures only 0.17 percent in the year ahead.
The category of personal health care expenditures

has maintained a relatively stable share of total na-
tional health care expenditures in the recent past.
Over the last decade, the range was 85.9-86.9 percent

of the total. Estimates of personal health care ex-
penditures for year 2000 were adjusted upwards un-
der the assumption that these estimates account for
86.4 percent of national health care expenditures.
The projections for total national health expendi-
tures are presented in table 13.
The proportion of total national health expendi-

tures by class of service (physicians' services, dentists'
services, and so forth) has remained comparatively
stable over the past decade except for hospital care,
drug expenditures, and nursing home care.

In fiscal year 1976 hospital care accounted for 46
percent of total personal health expenditures, and
physicians' services, for 21.9 percent, making an aggre-
gated share of 67.9 percent for hospital and physi-
cians' services combined. In 1965, hospital care was
39.3 percent and physicians' services were 25.1 percent
of personal health care expenditures (table 14).
Other categories subject to change, namely, nursing

homes and drugs, shifted in opposite directions. The
portion of expenditures for drugs decreased from
13.9 percent in 1965 to 9.3 percent in 1976; the por-
tion of nursing home expenditures increased from

Table 12. Personal health care expenditures in billions
of dollars

Expenditures l

1972 1975 2000 PercentAssumptions prices prices prices of GNP

Expenditures,
1970 ........... $ 65.8 $ 83.7 $197.4 6.3

Expenditures,
1975 ........... 83.1 105.7 249.3 7.3

Projected expenditures,
2000, continued rapid
growth in supply of
providers:

Insurance coverage
at 52.7 percent 294.5 374.8 883.4 9.6

Insurance coverage
at 75 percent ... 313.0 398.3 938.9 10.2

Insurance coverage
at 85 percent .... 319.8 406.9 959.4 10.5

Projected expenditures,
year 2000, assuming
slow growth in supply
of providers:

Insurance coverage
at 52.7 percent 231.3 294.3 694.0 7.6

Insurance coverage
at 75 percent .... 246.9 312.9 737.7 8.0

Insurance coverage
at 85 percent .... 251.2 319.7 753.6 8.2

'Personal health care expenditures were computed at 1987 prices,
then price adjusted using the GNP deflator, because the 1967 price
base was used in an earlier analytical work.
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3.8 percent in 1965 to 8.8 percent in 1976. Using the
1976 percent distributions of personal health care
expenditures and assuming health insurance would
cover 75 percent of these expenditures, projections
for the various categories were made for year 2000
(table 15). Projections for expenditures not in the

Table 13. National health care expenditures for year 2000
in billions of dollars

Assumptions of Projected with insurance coverage of:
growth rate

52.7 percent 75 percent 85 percent

Year 2000 prices
Rapid growth of

physicians ......... $1,022.4 $1,086.7 $1,110.4
Slower growth of

physicians ......... 803.2 853.8 872.2

1975 prices 1
Rapid growth of

physicians ......... 433.6 460.9 470.9
Slower growth of

physicians ......... 340.7 362.1 369.9

Percent of GNP
Rapid growth of

physicians ......... 11.1 11.8 12.1
Slower growth of

physicians ......... 8.7 9.3 9.5

1 Price adjusted by GNP deflator.

personal health care category were made based on
shares of total national health expenditures.

A Disaggregated Set of Estimates
In addition to the aggregate model approach, esti-
mates of illness costs for the year 2000 were approxi-
mated generally by deriving supplies of health pro-
viders along with the income receipts for each class
of provider group as indicated in subsequent sections.

Table 14. Percent distribution of personal health care
expenditures, by type of service

Type of service 1966 1970 1975 1976

Hospital care ......... ...... 39.3 43.1 45.6 46.0
Physicians' services ......... 25.1 22.4 21.7 21.9
Dentists' services ...... ..... 8.1 7.4 7.4 7.1
Other professional services 3.0 2.3 2.1 2.0
Drugs and drug sundries ..... 13.9 11.8 9.7 9.3
Eyeglasses and appliances ... 3.4 3.0 1.7 1.6
Nursing home care ...... .... 3.8 6.3 8.6 8.8
Other health services ........ 3.4 3.7 3.2 3.3
Personal health care expendi-

tures as a percent of total
national health care
expenditures ........ ..... 86.1 86.9 86.5 86.4

Source: Robert M. Gibson and Majorie Smith Mueller, "National
Health Expanditures, Fiscal Year 1976," Social Security Bulletin, 40:
3-22. April 1977.

Table 15. National health expenditures, by type of expenditure, for 1976 and projections for year 2000, in billions of dollars

Year 2000 assuming insurance coverage
of 75 percent

1976
percent 1975 2000

Type of expenditure 1976 distribution price level price level

Total ................................. $139.3 .. 2 $362.1-460.9 2 $853.8-1,086.7

Personal health care ........ ................ 120.4 100 312.9-398.3 737.7- 938.9
Hospital care ........... ................. 55.4 46 143.9-183.2 339.3- 431.9
Physicians' services ....... ............... 26.4 22 68.8- 87.6 162.3- 206.6
Dentists' services ........ ................ 8.6 7 21.9- 27.9 51.6- 65.7
Other professional services ...... .......... 2.4 2 6.3- 7.5 14.8- 17.8
Drugs and drug sundries ...... ............ 11.2 9 28.2- 36.8 66.4- 84.5
Eyeglasses and appliances ...... .......... 2.0 2 6.3- 7.5 14.8- 17.8
Nursing home care ........ ............... 10.6 9 28.2- 35.8 66.4- 84.5
Other health services ....... .............. 3.9 3 9.4- 12.0 22.1- 28.2

Prepayment and administration ............... 7.3 35 18.1- 23.0 42.7- 54.3
Government public health activities ..... ...... 3.3 32 7.3- 9.2 17.1- 21.7
Research . ................................ 3.3 3 2 8.3- 9.2 17.1- 21.7
Construction ............. ................. 5.0 34 14.5- 18.4 34.2- 43.5

1 Price adjusted by GNP deflator.
2 The range is due to various assumptions about the growth in health

care providers.
3 Percent of total, rather than percent of personal health care ex-

penditures category. Numbers may not add up to totals due to rounding.

Source for 1976 expenditures: Robert M. Gibson and Marjorie Smith
Mueller, "National Health Expenditures, Fiscal Year 1976," Social
Security Bulletin, 40: 3-22, April 1977.
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The classification is that used in estimates of major
components of national health expenditures.

* Hospital beds are estimated separately for each
major class of hospitals but with particular emphasis
on short-term non-Federal hospitals and psychiatric
hospitals
* The numbers of physicians are estimated with sepa-
rate analysis of the components for MDs and DOs
* The number of dentists are projected
* Gross receipts as an aggregate are estimated for
"other professional services"
* The expenditures for drugs and drug sundries are
derived based on former levels of expenditures
* Eyeglasses and appliance expenditures are pro-
jected based on consumer outlays
* Estimates of nursing home care allow for the aging
of the population
* Prepayment and administration estimates were
made based on various assumptions about third-party
payments.

Hospital care. Hospital expenditures are divided by
type of facility (Federal, short-term general and spe-
cial, long-term general and special, psychiatric and
tuberculosis), and quantity and price trends are fore-
cast for each type.

Short-term general and special hospitals. Care in
short-term general and special hospitals constitutes
a large and increasing portion of total hospital in-
patient care. Estimates for the year 2000 are made
using a two-step procedure. In the first step, we as-
sume that past variations in hospital use by different
age-sex groups will continue to exist in the future.
Information on the use of short stay hospitals in 1975,
collected in the Hospital Discharge Survey of the
National Center for Health Statistics, showed the
following variations in days of care per 1,000 popula-
tion:

Age group Males Females

Under 15 years ............. ......... 364.8 289.7
15-44 years ......................... 633.9 1,122.1
45-64 years .......................... 1,699.9 1,793.6
65 years and older ........... ........ 4,379.0 4,016.4

SOURCE: Abraham L. Ranofsky: Utilization of Short-Stay
Hospitals. Data from the National Health Survey, Series 13,
No. 31. DHEW Publication No. (HRA) 77-1782, April, 1977,
p.2.

These utilization rates are multiplied by corre-

sponding Census Series II population projections to
arrive at a preliminary estimate of total non-Federal
short-term hospital days of care in 2000-349,846,000.
The preliminary estimate is 33 percent larger than
the 1975 total, when an adjustment is made for a
change in the age and sex distribution of the popula-
tion (32).
The second step in forecasting use of short-term

hospitals is to adjust this preliminary total for factors
such as increasing real income. To obtain estimates
of the partial impact of changes in income, the fol-
lowing model is postulated to explain the annual use
of short-term hospital beds per 1,000 population in
the United States: DAYS = f(Y THIRD, OLD)
where
DAYS = days of care in short-term general and

other special, non-Federal hospital beds
per 1,000 population

Y = real per capita personal income (1967 $)
THIRD = percent of personal health expendi-

tures accounted for by private insur-
ance, Medicare, and Medicaid

OLD = percent of the population over the age
of 65

The variables included in this equation were se-
lected because they capture the major factors believed
to have caused changes in use of hospital beds in the
past, and reasonable forecasts of the level of these
variables are available for the year 2000. To obtain
unbiased estimates of the partial impact of income on
hospital bed use, it is important to include such fac-
tors as the aging of the population.
The independent variables are all demand factors.

An underlying assumption is that the supply of hos-
pital beds will adjust in the long run to meet the
demand.

National time series data for the years 1946-75 are
used to estimate the specified equation in the double-
logarithmic form. The estimated coefficients and
t-statistics corrected for autocorrelation are:
DAYS = 2.202 + .521Y + -.040 THIRD +

(5.63) (0.610)
.331 OLD
(.819)
R2 = .92
F = 100.6

While the coefficient of third-party payments does
not have the expected sign and the t-statistics suggest
lack of significance of two of the variables, the model,
given the high R2 and F statistic, may be useful in
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estimating the number of year 2000 beds. Clearly,
even after correction for autocorrelation, there is a
high correlation among the independent variables
that impacts on the signs and significance of par-
ticular variables. Moreover, these coefficients also
capture the impact of other factors on the use of
hospitals, such as changes in technology.
To forecast use of short-term beds, exogenous pro-

jections of the change in the independent variables,
other than the demographic variable OLD, must be
made. Real per capita personal income is projected
to grow at a rate equal to the rate of growth of real
GNP per capita in the MPS model. In 1967 prices,
this implies a growth of real per capita personal
income from $3,630 to $7,345. Multiplying the dif-
ference in the natural logarithms of the 1975 and
2000 per capita incomes by the estimated coefficient
yields the appropriate adjustment in the dependent
variable due to this factor. Adding this adjustment
to the number of days of short-term hospital care
per 1,000 implied by the demographic adjustments
taken in step 1 and multiplying by Census Series II
forecasts of 263 million people in 2000 yields a final
estimate of 505,041,000 days of care, or 1,920 days
per 1,000 population in non-Federal short-term gen-
eral and other special hospitals in 2000. This forecast
is almost twice the number of days of care in the
United States in 1975 (32).
The total days of bed use has not been adjusted

to reflect the possible impact of increasing insurance
coverage. The current share of hospital expenditures
covered by third-party payments is now so large (91
percent in 1976) that increased utilization in response
to increases in coverage will be greatly limited (33).

Calculating total hospital expenditures in the year
2000 requires not only estimates of the supply of
beds, but also putting a price on a day of hospital
care. Forecasting the trend in hospital prices relative
to overall prices is difficult. One reasonable approach
would be to assume that hospital prices will inflate
at the same rate as the general price level, but the
increases in hospital prices from 1946 to 1975 were
more than twice the increase in the overall consumer
price index, or GNP deflator. National concern over
the extent of medical care price inflation has become
so intense that it seems unreasonable to assume a
continuation of historic trends. Some attenuation of
this differential rate of inflation will almost certainly
occur, through Federal Government price restrictions
or controls, if not through market forces. For theo-
retical reasons first elaborated in detail by Baumol,

the attenuation of the rate of hospital cost inflation
seems unlikely to reduce it to the general rate of
inflation in the economy as a whole (25).

Several economic facts seem to indicate that the
rate of inflation in the hospital sector is likely to be
somewhat larger than the overall inflation rate for
the foreseeable future. First, for industries in which
the output is largely a labor service, such as hospital
care, productivity increases tend to be slower than for
manufacturing industries. Second, over the long term,
the income of most groups of workers in society in-
creases at approximately the same rates. Divergences
cannot last long unless the particular occupation or
industry is disappearing or rapidly and radically ex-
panding. Recent research by Freeman has indicated
that even the supply of skilled manpower adjusts
fairly rapidly to market incentives (34). Moreover, in
the manufacturing sector, workers tend to receive
raises equal to the increase in their productivity.
Service sector workers receive raises that are competi-
tive with earnings in manufacturing.
The theoretical considerations mentioned are used

to forecast hospital price trends in the following way.
We assume that real earnings in the hospital sector
will increase at the same rate as in the rest of the
economy. The MPS model assumes average annual
increases in productivity for the economy at 2 percent
per year. American Hospital Association data on
short-term general hospitals indicate that approxi-
mately 60 percent of total expenditures in the 1960-75
time period were for labor services (32). Finally, we
assume that productivity in the hospital sector, at
least patient days per labor hour, remains constant.
These assumptions imply that hospital prices must
rise by 1.2 percentage points more than the general
rate of inflation (.60 X 2.0) per year.
The price assumption has such a large impact rela-

tive to the predicted change in use of hospital beds
that alternative assumptions merit investigation.
The simplest approach is to present alternative esti-
mates of expenditures for short-term hospitals in the
year 2000 based on alternative assumptions about the
difference in the rate of increase in hospital prices
and the economy-wide price level. The MPS model
predicts that the GNP deflator (1972 = 100) in 2000
will be 300. This figure represents a continuous com-
pound rate of growth of 3.2 per cent per annum from
the 1976 level of 134. Estimates of total hospital ex-
penditures in 2000 in current and 1975 dollars were
made under the assumptions that the rate of increase
in hospital prices is (a) equal to overall inflation, (b)
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1.2 percentage points faster, and (c) 3 percent faster.
We have chosen the 3 percent figure because it ap-
proximates the differential between the consumer
price index for hospital room charges and the GNP
deflator for the 1940-65 and the 1970-75 periods.
The alternate estimates of real and nominal expendi-
tures (in billions of dollars) for short term hospital
care in the year 2000 follow:

Price assumptions 2000 dollars 1975 dollars

Same as the GNP deflator ........... $180.3 76.5
Faster than the GNP deflator by

1.2 percent ............... ....... 242.9 103.0
Faster than the GNP deflator by

3 percent ................... ..... 381.3 161.7

Other hospital beds. With the exception of tuber-
culosis hospitals, the number of days of care in 2000
in the other hospital categories-Federal, long-term
general and special, and psychiatric-are forecast by
estimation equations similar to that for short-term
hospitals. For the nongovernment categories, data on
the days of care per 1,000 population were gathered
for 1946-75 and regressed on measures of income, age
of the population, third-party payments, and two ad-
ditional variables-the ratio of hospital prices to over-
all consumer prices, P, and a time trend, T. P and T
are included in the regression to capture the trend
toward deinstitutionalization in these types of hospi-
tals. Finally, the third-party payment variable is ex-
cluded from the estimating equation for care in Fed-
eral Government hospitals, because care in them has
been completely financed by the Government through-
out the period. (Again, the estimates of the double-
logarithmic form are adjusted for first order auto-
correlation.)
The estimated coefficients are multiplied by in-

dependent estimates of year 2000 values of the in-
dependent variables to obtain forecasts of days of
care per 1,000 population and total days of care in
that year. We use the same forecasts of independent
variables that are used for forecasting short-term
hospital beds. Specifically, hospital prices and the
portion paid by health insurance are assumed to re-
main constant, the 2000 income level is that forecast
by the MPS model, the trend variable increases by
25 years, and following census projections, the per-
cent of the population which is more than 65 years
of age increases to 11.6 percent.
The estimated equations and implied forecasts are

reported in table 16. The definitions of variables are
the same as for short-term hospital beds. A projection
of short-term hospital utilization based entirely on

the one-step approach of forecasting based on the
regression equation yields a projection of 1,794 days
of care per 1,000 population, which is reasonably
close to the 1,920.3 days of care per 1,000 population
obtained from the two-step procedure.

The three equations appear to be reasonably good
predictive tools because of their relatively high R2
and strongly significant F- values. The equations ex-
plain from 82 to 90 percent of the total variations in
the respective dependent variables between 1946 and
1975. The individual coefficients in each equation
will not be discussed here. Unexpected signs can be
explained by the sample size and multicollinearity
among the independent variables. Moreover, unex-
pected signs are of little concern when all variables
in the equation are to be used to predict future
values of the dependent variable, the independent
variables together capture the major causal factors,
and it is reasonable to assume that the causal factors
will change in the future in the same relative pat-
terns as they have in the past.

Despite the comparatively high R2 of the forecast-
ing equation and the implied precision thereof, the

Table 16. Equation estimates and forecasts of days of care
in Federal hospitals, long-term general and special

hospitals, and psychiatric hospitals per 1,000
population, year 2000

Dependent variables

Days of care Days of care Days of care
In Federal In long-term In psychiatric

Independent hospitals hospitals hospitals
variable per 1,000 per 1,000 per l,000

T .............. -.968 2.022 +4.16
(t) ............. (.681) (.861) (1.761)
Y ............. .0881 -.8096 -1.819
(t) ............. (.293) (1.436) (3.176)
THIRD ......... .. .178 1.055
(t) ............. (.692) (4.084)
OLD ........... .6434 -3.696 -7.334
(t) ............. (.426) (1.341) (2.636)
P ............. -.3986 -.3912 -1.351
(t) ............. (1.424) (.896) (3.083)
Intercept ....... 7.404 10.3347 16.757
R2 ............. .84 .82 .90
F ............. 33.3 21.8 43.5

Derived estimates
Predicted days

of care per 1,000,
year 2000 ...... 176 52 236

Total days of care,
year 2000 ...... 46,273,000 13,773,000 62,081,000
Days of care per
1,000, 1976 .... 182 72 454
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forecast of Federal Government hospital care should
be viewed as subject to greater uncertainty than the
other categories of hospitals. This is primarily be-
cause policy decisions about Federal Government
hospitals are derived in complex Federal budget ne-
gotiations and are not based exclusively upon medi-
cal considerations. The totals could be changed radi-
cally by the decisions of a few people, or by an
external event, such as a war. In contrast, the num-
ber of patients in the other categories of hospitals
are the result of the behavior of thousands of indi-
viduals, physicians, and hospital administrators, and
it is subject to the law of large numbers and its aver-
aging characteristics. In this context, the Federal Gov-
ernment care forecast represents essentially an extra-
polation of past trends since 1946.
The estimates of long-term care and psychiatric

care also seem reasonable in light of the trend toward
deinstitutionalizing patients since 1963. In that year,
President Kennedy set a goal of reducing the number
of patients under custodial care by 50 percent. The
change in the number of non-Federal psychiatric
patients suggests that that goal has been surpassed.
In 1963, there were approximately 657,000 patients
in these institutions; by 1975, there were 265,000 (32).
Further decreases can be foreseen as more commu-
nity-based alternative services become available in
half-way houses and community mental health cen-
ters. However, there remains a hard core of severely
disabled psychiatric and long-term patients who are
unlikely to be discharged. The forecasts in table 16
should be viewed as point estimates of the likely
number of days of care per 1,000 population neces-
sary for the severely mentally disabled in the year
2000. These projections imply approximately 170,000
psychiatric inpatients per day in 2000 and are rea-
sonably consistent with Pollack and Taube's estimate
of less than 150,000 patients in need of long-term
psychiatric care in State mental institutions today
(35). The difference is largely accounted for by pa-
tients in non-State, non-Federal psychiatric hospitals,
and the growth in the population by year 2000.
There remains the problem that projections of

costs based on this type of supply-side disaggregation
may underestimate future costs if structural changes
in the delivery of care are imperfectly captured in
the computations. For example, a large part of the
decrease in psychiatric hospital beds has been accom-
panied by increases in other, less comprehensive men-
tal health facilities. If the projections fail to predict
these increases, and their consequent cost impact, the

final total costs of disease for 2000 would be under-
estimated.
The final category of hospitals for which data are

collected by the American Hospital Association is
tuberculosis hospitals. In light of the rapid decline
in tuberculous patients, it seems most reasonable to
forecast that there will be no special purpose tuber-
culosis hospitals by 2000. In 1950, there were 72,000
tuberculosis hospital beds and only 63,000 hospital-
ized patients (32). The occupancy rate started de-
clining shortly thereafter, and the number of beds
has declined steadily since. By 1975, there were only
5,848 beds in non-Federal hospitals devoted to tuber-
culosis and other respiratory diseases and 3,276 hos-
pitalized patients on an average day (32).
Total expenditures of other long-term hospitals

were priced by computing the average cost per pa-
tient day in each category in 1975 and assuming that
these costs will inflate at the same rate as do short-
term hospital prices (32). The details are reported in
table 17.

Table 17. Costs of Federal, long-term, and psychiatric
hospitals in year 2000

Costs Federal Long-term Psychiatric

1975 data:
Patient days per 1,000

population ......... 182.3 71.8 453.8
Cost per patient day $116.74 $ 62.29 $ 41.36

Year 2000 data:
Predicted patient days

per 1,000 population. 175.94 52.37 236.05
Total patient days

(in thousands) 46,273 13,773 62,081
Assuming hospital prices

inflate 1.2 percent faster
than the GNP deflator:
Cost per patient day,

year 2000 prices $370.84 $197.88 $134.57
Cost per day, in year
2000 at 1975 prices ... $157.30 $ 83.93 $ 57.08
Total cost, year 2000

prices (in billions) $ 17.16 $ 2.73 $ 8.35
Total cost, 1975 prices

(in billions) ........ $ 7.28 $ 1.16 $ 3.54
Assuming hospital prices

inflate 3 percent faster
than the GNP deflator:
Cost per patient day,

year 2000 prices $567.81 $302.98 $206.05
Cost per day, in year
2000 at 1975 prices $240.85 $128.51 $ 87.40

Total cost, year 2000
prices (in billions) $ 26.27 $ 4.17 $ 12.79

Total cost, 1975 prices
(in billions) ........ $ 11.14 $ 1.77 $ 5.43
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The total hospital expenditures in the year 2000
for 627.2 million aggregate days of hospital care are
forecast to range from $271.1 to $425.6 billion in
year 2000 prices, or from $115.0 to $180.5 billion
when deflated to the aggregate 1975 price level. These
totals are the summation of estimates for both short-
and long-term hospitals. Almost 90 percent of these
costs are accounted for by the short-term general
and special hospitals. Total expenditures reflect
increased short-term utilization attributable to dem-
ographic and economic changes and substantially
decreased use of long-term and psychiatric hospitals.
The low end of the range represents the assumption
that hospital prices increase at a rate of 1.2 percent
faster than the overall price level, while the upper
end of the range assumes hospital prices rise 3 percent
faster than the overall price level. The magnitude
of the difference between the upper and lower ex-
penditure projections reflects the importance of com-
pounded rates of inflation over 25 years.

However, the hospital expenditure estimates do
not take full account of various hospital cost con-
tainment approaches being urged, including hospital
utilization review, restrictions on additions of new
hospital beds, the enforcement policies of the new
health systems agencies, and possible new regulations
attached to one form or another of extensions of
prepayment coverage. Also the estimates do not con-
sider change in the organizational structure of hos-
pital care that would emphasize group practice con-
trols over the use of hospitals, delivery of health care
in the home, or care in hospices.

Physicians' services. Both supply and demand ap-
proaches are used in estimating physicians' services.

Pure supply approach. A pure supply analysis is used
in forecasting expenditures for physicians' services.

The number of physicians is derived from a man-
power model developed by the Bureau of Health
Resources Development (BHRD) for Phase I of
Project SOAR (36). (BHRD, however, is not respon-
sible for all the specific assumptions we used to de-
rive the estimates.)
The methodology used to forecast manpower sup-

plies is admittedly unsophisticated. Essentially, supply
is projected independently of any considerations of
demand. The formula that is the basis of the pro-
jection methodology is:

n n n
Sn = St, - 1I Gt + , Ft - E Dt

t=0 t10 1-0

where Sn is the active supply of physicians at time
n, St, is the active supply of physicians in the base
year, Gt is the number of domestically trained grad-
uates in period t. Ft is the number of foreign-trained
graduates in period t, and Dt is the number of deaths
and retirements in period t.
The physician supply at any point in time is the

sum of active doctors of medicine (MDs) and oste-
opathy (DOs). The numbers in 1974 by 10-year age
groups are shown in table 18.
For purposes of the estimates, future values of G,

F, and D must be forecast. The assumptions under-
lying these forecasts will be reviewed briefly.
A significant portion of the active physicians in

the country received their training not in the United
States but in Canada and other foreign countries.
The estimated number of physicians is based on the
existing number of practitioners by age group aug-
mented by estimated new supplies from U.S. medical
schools and abroad and decreased by separations due
to deaths and retirements (table 19).
The vital factor influencing the projection of fu-

ture graduates from U.S. medicals schools is clearly
the projected path of future enrollments. The fol-

Table 18. Active doctors of medicine and osteopathy, 1974, by source of education

Age group U.S. medical Canadian medical Other foreign Schoo!s of
(years) schools schools schools osteopathy

Under 30 . .............. 35,338 733 8,205 1,479
30-40. .......................... 71.321 1,478 28,720 3,425
40-50. .......................... 62,668 1,298 18,713 3,142
50-60 ........................... 55,690 1,153 8,463 2,648
60-70. .......................... 34,427 712 5,109 1,971
70 and older ..................... 12,931 264 1,731 886

Total ........................ 272,375 5,638 70,941 13,551

Sources: American Medical Association and American Osteopathic
Association
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lowing analysis is based partly on unpublished data
and work in progress prepared by BHRD (now the
Bureau of Health Manpower), Health Resources Ad-
ministration.

Academic year

1972-73 .............................
1973-74 .............................
1974-75 .............................
1975-76 .............................
1976-77 .............................
1977-78 .............................
1978-79 .............................
1979-80.
1980-81

Actual and projected
Ist year enrollment

13,726
14,185
14,963
15,351
15,055
15,348
15,777
15,955
16,063

Actual enrollment data were available through
1975-76, and projections through 1980-81 (37). The
projections take account of planned expansion of
places in existing medical schools. These estimates
are based on information from administrative officials
at each of the schools.
To the projected total must be added the estimated

Table 19. Projected number of physicians through year
2000

Active base plus graduates

Total deaths
and retirements

Active as Gross as of Active as
Year of January additions December Net gain of December

1974 .. .. .. .. 356,096
1975. 356,752 16,677 2,660 14,017 370,769
1976. 370,759 18,208 3,062 15,146 385,905
1977. 385,895 18,261 3,375 14,886 400,781
1978 400,771 19,143 3,694 15,449 416,220
1979. 416,210 19,543 3,991 15,552 431,762
1980. 431,750 22,095 4,247 17,848 449,598
1981 .....449,586 22,428 4,509 17,919 467,505
1982. 467,493 22,667 4,759 17,908 485,401
1983. 485,389 22,810 5,006 17,804 503,193
1984 503,179 23,099 5,255 17,844 521,023
1985. 521,009 23,365 5,444 17,921 538,930
1986. 538,916 23,603 5,645 17,958 556,874
1987. 556,860 23,837 5,825 18,012 574,872
1988. 574,858 24,079 6,033 18,046 592,904
1989. 592,890 24,308 6,231 18,077 610,967
1990. 610,953 23,625 6,450 18,175 629,128
1991. 629,114 24,854 6,643 18,211 647,325
1992 ..... 647,311 25,082 6,821 18,261 665,572
1993. 665,556 25,314 7,002 18,312 683,868
1994 683,852 25,545 7,200 18,345 702,197
1995. 702,181 25,780 7,380 18,400 720,581
1996 720,565 26,013 7,626 18,387 738,952
1997. 738,936 26,249 7,903 18,346 757,282
1998. 757,266 26,487 8,129 18,358 775,624
1999. 775,608 26,724 8,343 18,381 793,989
2000. 793,973 26,965 8,588 18,377 812,350

enrollment of five new medical schools, as follows:

* Medical School of the University of Health Sciences of the
Uniformed Services (1976)-150 first-year students.

* Wright State University School of Medicine, a Veterans Ad-
ministration-supported school (1976)-96 first-year students.

* Northeastern Ohio Universities College of Medicine (1977)-
100 first-year students.

* Texas A & M University, a Veterans Administration-sup-
ported school (1977)-95 first-year students.

* University of South Carolina Medical School, Columbia, a
Veterans Administration-supported school (1977)-112 first-
year students.

Each school is projected to reach full capacity by
1981-82. BHRD has estimated first-year enrollments
in these schools through 1987-88.

Construction of medical schools and expansion of
their capacity are heavily dependent on Federal sup-
port. Given the current discussion of physician sur-
pluses (38), it is assumed that Federal support will
drop beyond 1980-81 to a level just sufficient to main-
tain existing capacity. Capacity will continue to grow,
because of support by State and local governments
and private sources. A growth rate of 0.81 percent
per annum was selected; this rate prevailed during
the 10 years before massive Federal intervention in
medical school education began in 1965. The 0.81
percent rate reflects both new construction and ex-
pansion of the existing capacity of the schools.
The bulk of U.S. MDs have graduated from 4-year

schools. However, a not insignificant (although de-
clining) portion of MDs have come from 3-year pro-
grams. Data on the enrollment in 3- and 4-year
schools are available through 1974-75 (37). Prelimi-
nary estimates of BHRD indicate that 3-year enroll-
ments will decline to approximately 9.0 percent of
4-year enrollments in 1987-88. We assumed that this
proportion will remain stable through year 2000
(table 20).

Graduates who transfer from foreign schools into
American schools must also be considered. For sim-
plicity, it was assumed that all such students transfer
after 2 years and take 2 years to complete their
studies. Actual data through 1975-76 (37) and pro-
jections of enrollments through 1980-81 were made
available to the Bureau of Health Manpower from
school records. It was assumed that the 1980-81 pro-
jections of 490 transfers per year would continue to
1998.
Not all enrollees complete medical school. AMA

data indicate an attrition rate of 1.53 percent for
4-year schools (37). A zero attrition rate for the less
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than 4-year programs was assumed because of the lack
of data on which to base a correction for attrition
and because the 3-year school students can fall back
on 4-year programs if their progress is too slow and
the number of transfers is too small to be significant.
In any case, the total supply would not be greatly
affected.
The AMA recorded an average yearly net gain of

165 Canadian medical graduates for the 1970-73 pe-
riod (37). Because there are very little data on which
to base projections, we assumed that this rate would
continue throughout the projection period.

Similar problems crop up for foreign medical grad-
uates (FMGs), but they are considerably more signifi-
cant because the number of FMGs is about 20 times
greater than the graduates of Canadian medical
schools. Unpublished data from BHRD indicate that
the net inflow of FMGs over the 1970-74 period was
3,100. This number is heavily conditional on Federal
legislation. Under the assumption that the current
legislation will not be modified and that informal
restrictions do not influence the situation, the future
influx of FMGs was projected to be 3,100 a year
through year 2000.
To compute losses, physician mortality and retire-

ment rates were applied to the base of active physi-
cians in each year. Mortality rates were obtained from

Table 20. Enrollment In three- and four-year medical
schools to 1997-98

3-year 4-year
Year schools schoo.'s Total

1976-77 ........... 1,988- 13,151 15,139
1977-78 ........... 2,054 13,556 15,610
1978-79 ........... 1,751 14,379 16,130
1979-80 ........... 1,648 14,762 16,410
1980-81 ........... 1,458 15,089 16,547
1981-82 ........... 1,493 15,223 16,716
1982-83 ........... 1,517 15,335 16,852
1983-84 ........... 1,544 15,445 16,989
1984-85 ........... 1,569 15,563 17,132
1985-86 ........... 1,594 15,672 17,266
1986-87 ........... 1,617 15,789 17,406
1987-88 ........... 1,720 15,828 17,548
1988-89 ........... 1,734 15,956 17,690
1889-90 ........... 1,748 16,086 17,834
1990-91 ........... 1,762 16,217 17,979
1991-92 ........... 1,776 16,349 18,125
1992-93 ........... 1,791 16,481 18,272
1993-94 ........... 1,805 16,615 18,420
1994-95 ........... 1,820 16,749 18,569
1995-96 ........... 1,835 16,885 18,720
1996-97 ........... 1,849 17,023 18,872
1997-98 ........... 1,865 17,165 19,030

Table 21. First-year enrollments in schools of osteopathy
to 1997-98

3-year 4-year
Year schools schools

1973-74 ............... 245 644
1974-75 ............... 298 667
1975-76 ............... 333 701
1976-77 ............... 363 735
1977-78 ............... 373 860
1978-79 ............... 427 966
1979-80 ............... 467 984
1980-81 ............... 507 1,068
1981-82 ............... 547 1,108
1982-83 ............... 586 1,148
1983-84 ............... 625 1,187
1984-85 ............... 664 1,226
1985-86 ............... 703 1,265
1986-87 ............... 742 1,304
1987-88 ............... 781 1,343
1988-89 ............... 820 1,382
1989-90 ............... 859 1,421
1990-91 ............... 898 1,460
1991-92 ............... 937 1,499
1992-93 ............... 976 1,538
1993-94 ............... 1,015 1,577
1994-95 ............... 1,054 1,616
1995-96 ............... 1,093 1,655
1996-97 ............... 1,132 1,694
1997-98 ............... 1,171 1,733

a study by Goodman (39). Retirement rates were
computed from 1967 data collected by the AMA on
active physicians (40).

Enrollments in both 3- and 4-year schools of oste-
opathy are projected in table 21. BHRD estimated
first-year enrollments in 3-year schools through 1978
and in 4-year schools through 1984 from school capi-
tation grant applications. It was assumed that in-
creases in enrollments would equal the same absolute
amount for both types of schools past those dates.
The 1971-74 observed attrition rate of 3.6 percent
for both types of programs was assumed to hold
through the year 2000. Death and retirement rates for
doctors of osteopathy are assumed to be the same as
that for MDs.

Expenditures for physician services. Projections of
physician expenditures to year 2000 require some
assumptions about the future gross income of phy-
sicians. We assume physicians will maintain their
relative position in the distribution of income. Con-
stancy of income for physicians, relative to other
groups, would agree with either a target income
hypothesis (41) or the unbalanced growth hypothesis
of Baumol (25). The target income hypothesis sug-
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gests that physicians have a target income in mind
and adjust prices or work to achieve that income goal.
Baumol, in his work on the increasing real costs of
service sector activities, has pointed out that wages
in the service sector tend to keep pace with wages in
the rest of the economy. Both concepts tend to sup-
port a constant relative income hypothesis so long
as there is no long-run excess demand or an excess
supply of physicians in the market.

It was assumed that gross income per physician
would rise over the period 1975-2000 at the same
rate as the increase in personal income per capita
predicted by the MPS model, or at 6.2 percent per
annum. In 1975, physicians' gross income averaged
$56,234. An annual growth of 6.2 percent would
raise year 2000 gross income per physician to $268,242.
Multiplying by our year 2000 projection of total phy-
sician manpower, we project an expenditure for phy-
sician services at $217.9 billion in year 2000 prices
and $92.4 billion in 1975 dollars.

Pure demand projection. The analysis presented pre-
viously implicitly assumes that the demand for phy-
sician services will adjust itself to changes in the
supply; otherwise gross real income per physician
could not rise to the predicted level. An alternative
to this approach is to predict changes in demand
and assume that supply will respond to changes in
demand.

Perhaps the simplest means of projecting changes
in the demand for physician services is to alter the
demographic composition of the population, pre-
sented previously, in the aggregate model. This "con-
stant utilization rates for a changed population" pro-
jection is essentially that used by Fein in "The
Doctor Shortage: An Economic Diagnosis" (42).

Costing out the expenditures for the 599,000 phy-
sicians projected by changes in the age-sex distribu-
tion of the population requires that average gross
income for physicians in year 2000 be estimated.
Using the same average income per physician derived
previously in the pure supply analysis yields an
estimated total expenditure on physician services of
$160.7 billion in year 2000 dollars, or $68.2 billion
in 1975 dollars. As compared to the pure supply
projections of the cost of physician services, the alter-
native pure demand analysis produces a more con-
servative estimate, some $57.2 billion lower than the
supply estimate of $217.9 billion.

Demand, supply, and national health insurance.
Although this simple demand projection implicitly
includes a third-party payment and income effect in
the changes of the age-sex structure of the popula-
tion, evaluation of the effects of national health in-
surance requires explicit consideration of third-party
payments. Newhouse and co-workers have estimated
that the coverage of physician visits under a system
with 25 percent coinsurance would raise the demand
for ambulatory physician services by 30 percent and
a full coverage system by 75 percent (33). These pro-
jections assume that the real price of medical care
remains constant. Constant prices in the face of in-
creasing demand imply a supply response matching
the increase in demand.
Determination of the actual impact on prices re-

quires at least a simple analysis of probable supply
response. It is assumed that increases in productivity,
waiting times, and the supply of physicians will offset
the expected increase in demand so that the price of
physician services in the long run will continue along
its historical path. The likelihood of this result is
increased to the extent price controls of some sort
accompany the introduction of national health in-
surance.
The literature which is currently available suggests

that the use of physician extenders may provide sig-
nificant productivity gains in the future (43). As the
number of ancillary personnel and the length of the
queue increases, so will the output per physician as
measured by office visits per physician.
Newhouse and co-workers have suggested that the

short-run supply response of the system to the in-
surance coverage of physician visits would be an
increase in waiting times and a decrease in the amount
of time the physician spends with each patient (33).
Many of these changes will be perceived as decreases
in the quality of care, but visits per physician will
rise in response to the pressure of demand. If this
decline in quality (and increase in waiting time) does
not decrease greatly the quantity of demand, physi-
cians will be able to enjoy increased real incomes at
relatively constant prices.

If physician incomes do rise, they may work fewer
hours. If they are able to earn a targeted income in
less time, work effort may decline. A study by Feld-
stein supporting this hypothesis found that fewer
services were provided as price increases led to in-
crease in physicians' income (44). To the extent im-
provements in productivity do lead to decreases in
work, there will be some upward pressure on prices.
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If the total supply of physicians increases along
with a substantial increase in the productivity of
physicians, then the real price of physician services
might fall.

Faced with expected increases in productivity and
the disincentive impact of salaried employment, it is
difficult to predict with any assurance what will occur
in the future. If, however, we employ the manpower
projections of the pure supply analysis, then it is
possible to assume with some legitimacy that increases
in demand will be met by increases in supply, and
prices may stabilize. The supply projection for the
year 2000 is 812,000 physicians. If we inflate our esti-
mated physician visits by 30 percent to 2 billion and
divide this number by the 1975 ratio of visits to phy-
sicians, we obtain a projected total of 778,000 phy-
sicians in year 2000. This would infer an excess of
physicians in year 2000 and thus perhaps a down-
ward, rather than upward, pressure on prices. Realis-
tically, however, the negative impacts on physician
supply must be taken into account if decreases in
long run supply and work effort per physician more
than offset the expected productivity increases as-
sumed for group practice and other changes in the
organization of care.

In the short run, the introduction of national
health insurance, even with price controls, will exert
pressure on physicians' prices, but in the longer run,
by year 2000 the available evidence, given the ex-
pected physician supply, does not suggest large
added increases.
Employing the projected 6.2 percent per annum

increase in physician incomes to 1975 average gross
income produces year 2000 expenditures (in billions)
for physicians' services.

Projection assumption Year 2000 prices

Pure supply projection ...... ....... $217.9
Pure demand projection ...... ...... 160.8
National health insurance, with 75

percent of physician visits covered ... 208.8

1975 prices

$92.4
68.2

88.6

The pure demand projections ($161 billion in year
2000 dollars) are the lowest, while the pure supply
and national health insurance projections are close
to one another, since the projected impact of na-
tional health insurance will stimulate demand enough
to nearly match the projected increase in the supply
of physicians.

Dental services. A supply approach, similar to that
used for physicians, was adopted for dentists. The

forecast of the number of dentists again uses the
Bureau of Health Manpower methodology, but the
assumptions cannot be attributed to that organiza-
tion. The active base of dentists in 1970 follows:

Age (years) Number
Under 30 ....................................... 14.080
30-39 .......................................... 29,160
40-49 .......................................... 26,799
50-59 .......................................... 15,272
60 and older .................. ................. 16,908

Total ........................................ 102,219

Note: Percentage active factors were applied to the total
number of living dentists at each year of age from the 1970
Census.

Additions to this number are determined almost
entirely by future enrollments, since there is no sig-
nificant input from foreign schools.

Graduates enter the profession from 3- or 4-year
schools. An emerging trend is a shift in enrollment
toward 3-year programs. BHRD collected enrollment
data though 1974-75, and projected enrollments
through 1978-79, based on reports obtained from
individual schools (table 22).

Enrollments are heavily dependent on expanding
Federal support. In the absence of concern about
dentist shortages, it appears acceptable to assume that

Table 22. First-year enrollments in U.S. dental schools to
1997-98

3-year 4-year
Year schools schools Total

1974-75 ......... 1,056 4,561 5,617
1975-76 ......... 1,083 4,680 5,763
1976-77 ......... 1,086 4,677 5,763
1977-78 ......... 1,089 4,674 5,763
1978-79 ......... 1,092 4,671 5,763
1979-80 ......... 1,095 4,668 5,763
1980-81 ......... 1,098 4,665 5,763
1981-82 ......... 1,101 4,662 5,763
1982-83 ......... 1,104 4,659 5,763
1983-84 ......... 1,107 4,656 5,763
1984-85 ......... 1,110 4,653 5,763
1985-86 ......... 1,113 4,650 5,763
1986-87 ......... 1,116 4,647 5,763
1987-88 ......... 1,119 4,644 5,763
1988-89 ......... 1,122 4,641 5,763
1989-90 ......... 1,125 4,638 5,763
1990-91 ......... 1,128 4,635 5,763
1991-92 ......... 1,131 4,632 5,763
1992-93 ......... 1,134 4,629 5,763
1993-94 ......... 1,137 4,626 5,763
1994-95 ......... 1,140 4,623 5,763
1995-96 ......... 1,143 4,620 5,763
1996-97 ......... 1,146 4,617 5,763
1997-98 ......... 1,149 4,614 5,763
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after 1978-79, Federal support will be sufficient only
to maintain the first year enrollment levels existing
then. This enrollment level will be maintained until
the end of the projection period. The trend toward
shorter schooling is assumed to continue also.
The attrition rate for dental students in the 3-year

programs is higher than in the 4-year programs. The
8.8 percent rate observed in 1970 was assumed to per-
sist to 2000. Attrition rates in a BHRD study of
4-year programs were assumed to rise from 5.2 per-
cent in 1972 to 6.6 percent in 1976 and then remain
constant.
To calculate retirements, the Bureau of Health

Resources Development developed an occupation-
specific series of retirement rates for dentists. For
losses to the profession resulting from death, survival
rates for white males were used (36). Table 23 shows
the projected active base of dentists through the end
of the projection period.
The assumption that dentists maintain their rela-

Table 23. Projected number of dentists through year 2000

Total deaths
and retire-

Active as Gross ments as of Active as
Year of January additions December Net gain of December

1970 .... .. .. .. .. 102,219
1971 .... 102,219 3,793 2,219 1,574 103,793
1972 .... 103,793 3,971 2,247 1,724 105,517
1973 .... 105,517 4,104 2,272 1,832 107,349
1974 .... 107,349 4,632 2,300 2,332 109,681
1975 .... 109,681 4,859 2,315 2,544 112,225
1976 .... 112,225 5,190 2,324 2,866 115,091
1977 .... 115,091 5,208 2,366 2,842 117,933
1978 .... 117,933 5,362 2,399 2,963 120,896
1979 .... 120,896 5,477 2,416 3,061 123,957
1980 .... 123,957 5,416 2,433 2,983 126,940
1981 .... 126,940 5,360 2,447 2,913 129,853
1982 .... 129,853 5,362 2,482 2,880 132,733
1983 .... 132,733 5,361 2,511 2,850 135,583
1984 .... 135,583 5,362 2,537 2,825 138,408
1985 .... 138,408 5,362 2,559 2,803 141,211
1986 .... 141,211 5,362 2,589 2,773 143,984
1987 .... 143,984 5,364 2,618 2,746 146,730
1988 .... 146,730 5,361 2,640 2,721 149,451
1989 .... 149,451 5,362 2,663 2,699 152,150
1990 .... 152,150 5,364 2,697 2,667 154,817
1991 .... 154,817 5,362 2,747 2,615 157,432
1992 .... 157,432 5,362 2,809 2,553 159,985
1993 .... 159,985 5,363 2,855 2,508 162,493
1994 .... 162,493 5,363 2,897 2,466 164,959
1995 .... 164,959 5,362 2,965 2,397 167,356
1996 .... 167,356 5,362 3,065 2,297 169,653
1997 .... 169,653 5,362 3,206 2,156 171,809
1998 .... 171,809 5,363 3,292 2,071 173,880
1999 .... 173,880 5,362 3,379 1,983 175,863
2000 .... 175,863 5,362 3,460 1,902 177,765

tive position on the income scale yields a projection
of $58.9 billion in year 2000 prices, or $25.0 billion
in 1975 prices for dental expenditures. This cost
figure is computed by using the same method that
was used for physicians. Continuous compounding
of the 6.2 percent average annual growth rate in
income per capita yields a number to be multipled
by the estimated number of dentists in year 2000 to
obtain total dental care expenditures in year 2000.

Other professional services. This category of direct
health services includes a wide variety of self-em-
ployed health professionals and independent services.
Private duty registered and practical nurses
Chiropracters
Birth control clinics
Blood banks
Blood donor stations
Chiropodists
Christian Science practitioners
Dieticians
Dispensaries not operated by hospitals or by groups of physicians
Medical photography
Midwives
Naturopaths
Nutritionists
Occupational therapeutics
Outpatient treatment clinics for alcoholism
Oxygen tent services
Physiotherapy
Podiatrists
Psychiatric clinics
Their diversity makes estimation of future health

expenditures for these services extremely difficult.
The major unifying thread seems to be that most of
their services will be used because of a physician
referral. Historically, expenditures for other health
professionals have averaged approximately 10 percent
of the expenditures for physician services. We there-
fore assumed that this relationship would continue
and took 10 percent of the year 2000 physician ex-
penditures to make the following (in billions) esti-
mates:

Projection
Pure supply projection ...............
Pure demand projection .............
National health insurance, with 75

percent of physician visits covered ..

Year
2000
prices

$21.8
16.1

20.9

1975 prices

$9.2
6.8

8.9

Future drug expenditures. In the future, a number
of factors will impact on the use rates and prices of
drugs. Most important are changes in the age-sex
composition of the population, changes in the method
of payment, governmental utilization review, and
price controls.
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The elderly represent only 10 percent of the pop-
ulation, yet they account for 25 percent of total drug
expenditures (45). Persons over age 65 have nearly
three times as many prescriptions and refills as the
rest of the population (46). Although the aged have
better health insurance coverage than the rest of the
population for out-of-hospital drugs, they pay 80 per-
cent of drug expenses out of their own pockets (45).
As the proportion of the elderly in the population
rises, it is likely that drug use rates and expenditures
will also rise.
Women, who have drug expenditures one-third

greater than males (46), will also comprise an increas-
ing proportion of the population.

Since 78 percent of drug expenditures are for
prescription drugs, the physician plays a major role
in determining total drug expenditures (47). There
are approximately 1.6 prescriptions issued per out-
patient physician visit (45); over time, if physician
visits per capita rise, so should total drug expendi-
tures.
Perhaps the most important factor that may influ-

ence future drug expenditures is drug coverage in
national health insurance. In general, prescription
drug use is perceived as an inelastic involuntary de-
mand, but the demand for hospital care was so per-
ceived before the advent of Medicare. The basic issue
is whether there are significant numbers of persons
with an unmet need for prescription drugs. Accom-
panying issues are whether the number of unneces-
sary prescriptions written each year will increase and
the degree to which higher priced prescription drugs
will be substituted for over-the-counter drugs not
covered by insurance.
Undue use will be moderated if increased drug

coverage under national health insurance is accom-
panied by utilization review and the prescribing of
generic drugs listed on compulsory formularies. The
authors of one study have suggested that utilization
review might reduce irrational prescribing below cur-
rent levels. It has been estimated that almost 25
percent of prescriptions are unnecessary or have no
proven efficacy (45). Compulsory formularies of ge-
neric drug equivalents that must be substituted for
higher cost brand name drugs combined with price
controls on drugs without unpatented generic sub-
stitues would certainly slow increases in average drug
prices. DHEW's Task Force on Prescription Drugs
has even projected a decrease in average prescription
prices under these conditions. Although the projec-
tion is perhaps a bit optimistic, if drug price in-

creases can be held to their present rate, it will be a
large offset to increases in utilization. Over 1965-75,
the price index for drug and drug sundries has risen
at the rate of 1.7 percent a year while the entire
medical care price index has gone up 6.3 percent a
year.
Estimated drug expenditures, year 2000. One of the
simplest ways to estimate drug expenditures is to take
expenditures in 1975 for various age groups and
multiply by the projected population in each group
for year 2000. This procedure will account for in-
creases in expenditures due to the larger proportion
of aged in the population and will also make partial
allowance for the increasing ratio of females to
males. As the percentage of the population over 65
rises, so will the percentage of the population which
is female under existing mortality conditions. Also,
since the elderly have approximately 20 percent of
their drug expenditures covered by third-party pay-
ments as compared with 14 percent for the rest of
the population, this procedure implicitly adjusts for
some increase in total third-party payments.
This procedure was applied to recent Social Se-

curity Administration estimates of expenditures on
drugs and drug sundries for those under 19 years,
19 to 64 years, and 65 and over. Simulation of future
drug expenditures to reflect the year 2000 age dis-
tribution produces a total drug expenditures of $16.6
billion ($13.4 billion in 1975 dollars, or $11.9 billion
in 1972 dollars).
A means of validating this estimate is to project

physician visits by a similar procedure and estimate
drug expenditures from that number. Health Inter-
view Survey data on physician visits per capita in
1975 for 12 age-sex groups were multipled by year
2000 population estimates for each group. The total
physician visits were then multiplied by the average
number of prescriptions per physician visit in 1975.
This estimate of year 2000 prescriptions was in turn
multiplied by the average 1975 prescription price.
Finally, this sum was adjusted by approximately 20
percent to account for nonprescription drug expendi-
tures. The result, when rounded, is an estimate of
$11.9 billion in 1972 dollars, a figure that matches
the estimate of $11.9 billion described previously.
Although the methods are different in concept and
basic data sources, they tend to validate one another
with respect to the factors each takes into account.
To obtain a more comprehensive estimate of drug

expenditures, a simple expenditure model was de-
veloped. The statistical estimation over 1950-76 was
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based on a multiple regression equation. The inter-
mediate variable, physician visits per capita, was
eliminated in favor of the basic variables percent of
the population over 50 and the percent of the pop-
ulation that is female.

DREXPC = 122.019 + 0.119 THIRD + 30.947FEM
- (1.51) (3.24)

0.480 FIFTY + 0.636 RYPC
(0.50) (2.37)
R2 = .99
where
DREXPC = drug expenditures per capita
THIRD = third-party payments
FEM = percent of females in the population
FIFTY = percent of population over 50
RYPC = real income per capita.

In prediction, as opposed to hypothesis testing, the
objective is to maximize the squared correlation co-
efficient. Thus, as suggested earlier, we should not be
concerned with the inappropriate sign attached to
FIFTY. The odd result is due to high multicolline-
arity in the regression, especially between FEM and
FIFTY for the reasons described previously. Never-
theless, a variable should not be excluded from the
regression if there are theoretical grounds for inclu-
sion. The high R2 attached to the theoretically cor-
rect equation indicates that its value in prediction
is relatively high.

Forecasting the year 2000 involves plugging in the
projected values for the independent variables and
multiplying the resulting drug expenditures per cap-
ita by the projected population. The values for the
two variables FEM and FIFTY, 51.38 and 34.93, re-
spectively, were derived from population projections.
The estimated per capita personal income is that
used in the hospital bed projections. The projected
third-party payment variable is based on a series of
different assumptions. The first assumes that third-
party coverage for drugs will remain constant in the
1976 proportion of 15.6 percent. Under these condi-
tions, per capita drug expenditures in constant dol-
lars would rise 33 percent to $57.86 by 2000. Multi-
plying by the projected population in that year pro-
duces total year 2000 drug expenditures of $15.1
billion in 1972 dollars. Note that this total is 25
percent larger than the estimates by the age/physi-
cian methods; presumably this represents the effect
of increases in real per capita income not explicitly
considered in the other prediction methods.
A second and third set of assumptions about third-

party payments are based on the extension of Medi-
care part A to cover out-of-hospital drugs and, alter-
natively, mandatory coverage of the entire popula-
tion for prescription drugs. It was assumed that,
under either alternative, there would be a consumer
co-payment of 20 percent, an assumption consistent
with the 18 percent rate implied by a $1 deductible
per prescription when the average price of a pre-
scription is $5.60.

If utilization review keeps the proportion of pre-
scription drugs as a percent of total drug sales rela-
tively constant at 78 percent, then compulsory cov-
erage of the entire population for prescription drugs
at a copayment rate of 20 percent would imply third-
party payments for about 62.4 percent of total drug
expenditures. Such coverage would increase per cap-
ita expenditures to $68.25 in 1972 dollars, almost 18
percent higher than the estimate of $57.86 produced
when third-party payments are assumed to remain
constant. Total drug expenditures will rise to $17.8
billion in 1972 prices. The relative magnitude of
this increase is consistent with estimates by the
DHEW Task Force on Prescription Drugs on the
impact of extended third-party coverage. The Task
Force's basic estimate of the increased use by bene-
ficiaries was 15 percent, although the variability of
such estimates can be seen by noting that, in a set of
alternative cost estimates, the same group estimated
that a 25 to 40 percent increase in utilization was at-
tributable to extended third-party coverage (46).
The second set of assumptions about health insur-

ance assumes extension to a more limited group-
the aged currently covered under Medicare, part A.
If 80 percent of prescription drugs are covered for
this population group and a relatively constant
share of total drug expenditures are accounted for
by the aged, the aggregate third-party coverage will
rise to 26.2 percent. Under this more limited cover-
age, total drug expenditures in 1972 dollars would
rise to $16.0 billion. This sum is 6.4 percent larger
than the estimated total if third-party coverage is
held constant at 15.6 percent.
The final set of estimates, which yields the largest

projected drug expenditures, makes an adjustment
for the impact of national health insurance on physi-
cian visits. Newhouse and co-workers have estimated,
as indicated earlier, that 25 percent co-insurance of
physician visits would raise the total number of visits
by 30 percent.
Based on our estimate of physician visits for year

2000, a 30 percent increase would add 482,775,300
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physician visits to the estimated total of 1,609,251,-
000 visits in year 2000. If all other factors are held
constant, the impact of this change would yield an
additional 772 million prescriptions at a cost of $3.6
billion in 1972 prices. This would boost total drug
expenditures under national health insurance cover-
ing the entire population to $21.3 billion in 1972
dollars (table 24).

Price adjustment. Historically, the drug industry has
been characterized by high, but relatively stable,
prices. From 1950 to 1975, the implicit price deflator
for drugs rose 36 percent from 82.8 to 112.5 while
the GNP price deflator rose 137 percent from 53.6 to
127.2. As discussed previously there is reason to be-
lieve that this relative stability will continue if util-
ization review and the use of recommended or com-
pulsory formularies is incorporated in the legislation
for national insurance. On this assumption, we have
used a simple log linear regression, over the period
1950-76, to estimate drug prices in year 2000.
LDRUGPD = 3.37716 + 0.27327LGNPPD
R2 = .792

where
LDRUGPD = natural log of the implicit price de-

flator for drugs and drug sundries
LGNPPD = natural log of the implicit price de-

flator for GNP.
Using this estimating equation and the predicted
GNP price deflator from the MPS model produces
an estimated price deflator for drugs in year 2000 of
130.19. Inflating the 1972 estimates by this index in-
creases year 2000 drug expenditures with full cover-
age to $29.7 billion.
Table 24. Drug expenditures using various estimation

models, in billions of dollars, year 2000
2000 2000

dollars dollars
(drug (overall

1975 price price
Estimation model dollars deflator) deflator)

Projected age distribution ... $13.4 $16.6 $31.6
Projected physician visits

without national health
insurance .13.4 16.6 31.6

Regression model:
Constant third-party
coverage .16.9 21.0 39.9
Extension to Medicare
population .18.0 22.3 42.4
Total population coverage
(drugs only) .20.0 24.7 47.2
Total population coverage

(drugs and physician
visits) ................. 24.0 29.7 56.6

Since rapid technological change in drugs may
cause drug price indices to underestimate the true
rate of drug price increase, alternative projec-
tions were made. It was assumed that drug prices
would increase at the same rate as the overall
GNP pIrice deflator. Under this assumption, year
2000 drug expenditures would range from $31.6
to $56.6 billion in year 2000 dollars.

Eyeglasses and appliances. Statistically, the only fac-
tor which is consistently a good predictor of eyeglass
and appliance expenditures is personal income per
capita. Fluctuations in real expenditures on eyeglasses
and appliances are correlated with the business cycle.
During periods of depression in personal income,
replacements of durable goods, such as eyeglasses, are
probably postponed until the household economic
outlook improves.
One would expect eyeglass expenditures to be sta-

tistically related to age of the population and the
extent of third-party payments. As it turns out, how-
ever, regressions, including these variables and per
capita income, perform poorly. The probable ex-
planation for the poor performance of these other
variables is multicollinearity and in the case of third-
party payments for eyeglasses and appliances, a very
poor data base.
The estimating equation for eyeglasses and appli-

ances was the following double log regression equa-
tion estimated over the period 1950 to 1976.
LEYEPC = -6.36 + 1.056 LRYPC
R2 = .88

where
LEYEPC = natural log of real expenditures per

capita on eyeglasses and appliances
LRYPC = natural log of real personal income per

capita
Applying our projected value for real per capita per-
personal income in year 2000 yields an estimated year
2000 expenditure on eyeglasses and appliances of $4.5
billion in 1972 prices, or $5.4 billion in 1975 dollars.
To convert this sum to year 2000 dollars, we again

used a double log regression of the GNP price de-
flator for eyeglasses and appliances on the total GNP
price deflator-1950 to 1975.
LEYED = 0.47 + 0.892 LGNPP
R2 =.99

where
LEYED = natural log of the implicit price deflator

for ophthalmological products and or-
thopedic devices
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LGNPP = natural log of the total GNP implicit
price deflators.

Using this equation produces a year 2000 price index
of 260.10 and a projected eyeglass and appliance
expenditure of $11.7 billion in year 2000 dollars.

Alternatively, if instead of lagging behind the
general price level, it is assumed that eyeglasses
and appliance prices rise at the rate of the over-
all price deflator, eyeglass and appliance expendi-
tures in year 2000 dollars would be $12.7 billion.

Nursing home expenditures. Expenditures for nurs-
ing home care are projected to the year 2000 by

Table 25. Age distribution of the residents of nursing
homes in 1974 and year 2000 forecast

Percent Populatlon
Nursing of 1974 forecast, Nursing
home population year 2000 home

residents, in nursing (in residents,
Sex and age group 1974 homes thousands) 2000

Males:
Under 45

years .... 12,600 .017 87,119 14,810
45-54 ..... 12,600 .110 17,448 19,193
55-64 ..... 27,200 .295 10,912 32,190
65-69 ..... 28,700 .826 4,021 33,213
70-74 ..... 36,500 1.514 3,368 50,992
75-79 ..... 47,200 3.043 2,375 72,271
80-84 ..... 55,100 5.776 1,383 79,882
85 years

and over . 98,300 17.036 894 152,302

Total
males ... 318,100 ... ... 454,854

Females:
Under 45

years .... 10,900 .015 86,095 12,914
45-54 ..... 15,700 .128 18,294 23,416
55-64 ..... 35,300 .266 12,025 31,986
65-69 ..... 36,100 .828 5,002 41,417
70-74 ..... 61,900 1.881 4,688 88,181
75-79 ..... 115,500 4.857 3,849 186,946
80-84 ..... 167,000 10.109 2,697 272,640
85 years

and over . 315,300 27.041 2,323 628,162

Total
Females ... 757,700 ... ... 1,285,663

Total pop-
ulation ... 1,075,800 ... ... 1,740,517

Data sources: Nursing home population from "Utilization of Nursing
Homes, United States: National Nursing Home Survey August 1973-AprIl
1974." National Center for Health Statistics, 13 Number 28, DHEW Pub-
lication No. (HRA) 77-1779, July 1977. Population is Census estimate of
the popuation as of July 1, 1974, and the 2000 projection is from
Census Series II projections.

applying use rates by age and sex to forecast a pre-
liminary figure. The preliminary projection is then
adjusted by the partial impacts attributed to non-
demographic factors, such as the change in average
income level, the transfer of mental health patients
to nursing homes, and decreasing availability of un-
employed housewives for the home care of relatives.
Annual data on nursing home beds are not avail-

able, but estimates of nursing home expenditures
are published by the Social Security Administration.
The first step in forecasting nursing home expendi-

tures to the year 2000 is to estimate the impact of the
changing population on their use. Data from the
National Nursing Home Survey conducted in 1973-
74 indicate, as expected, that the probability of resid-
ing in a nursing home is strongly dependent on the
person's age (48). The percent of population resident
in nursing homes by age and sex is indicated in table
25. The impact of increasing age on the probability
of residing in a nursing home is apparent. Notably,
the probability of residing in a nursing home is about
equal for men and women until age 70, after which
age the probability for women increases much faster
than for men.
Table 25 also contains the Census Series II popu-

lation forecasts for 2000 along with a set of corre-
sponding forecasts of the number of nursing home
residents. The forecasts of residents are based on the
assumption that the same percentage of each age
group would be in nursing homes in 1974 and 2000.
In 1974, $7,450 million was spent on nursing home
care. If real expenditures per nursing home resident
remain constant until the year 2000, this would imply
a total expenditure in 2000 of $13.2 billion in 1975
prices. In year 2000 prices, this amount corresponds
to $31.2 billion.
The second step in this process of forecasting nurs-

ing home expenditures is to adjust these preliminary
totals for other anticipated changes in society by 2000.
However, the Social Security Administration has cal-
culated annual data on nursing home expenditures
since 1948, based on the periodic surveys of nursing
home populations conducted by the National Center
for Health Statistics (NCHS) and trends in economic
and other data in the intervening years (49). We
postulate the following model to explain changes in
these expenditures over the 1948-75 period.
NUEX = f(Y, POP, PCOLD, FLFPR, PSYCH,

MEDICA)
where
NUEX - nursing home expenditures
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Y = real per capita personal income
POP = total population
PCOLD = percent of population over 65 years of

age
FLFPR = female labor force participation rate
PSYCH = number of psychiatric hospital beds in

the United States per 1,000
MEDICA = a dummy variable =1 for 1968 and

later years to capture the impact of
Medicare and Medicaid on nursing
home expenditures.

The variables in this equation were selected be-
cause they capture the major factors believed to have
impacted on trends in nursing home expenditures in
the past, and reasonable estimates of the level of these
variables are available for the year 2000. Two varia-
bles merit further explanation. FLFPR was selected
because as women leave the home for paid employ-
ment, it seems likely that they will be less able to
care for ailing older relatives in their homes. PSYCH
is thought to be important because of the rapid de-
institutionalization of psychiatric hospital inmates
over the last decade and the transfer of large num-
bers of these patients to nursing home care. To obtain
unbiased estimates of the partial impact of these
variables as well as of income, it is necessary to con-
trol for such important factors as the size and aging
of the population.

All independent variables in the equation are de-
mand factors. An underlying assumption is that the
supply of beds will adjust in the long run to meet
the demand. The validity of this assumption may be
questioned in light of the fact that 72 percent of all
nursing homes maintained waiting lists in 1973-74.
However, there were also about 100,000 vacant beds,
the people on waiting lists totalled less than 15 per-
cent of all those in nursing homes, and the number
on waiting lists may include considerable double-
counting. In light of the rapid increases in demand
factors, such as Federal Government financing of
Medicaid and Medicare and the transfer of large
numbers of former mental patients to nursing homes,
it seems reasonable to assume that current waiting
lists are a short-term phenomena.

The equation previously specified was estimated
on national time series data for the years 1948-75 in
the double logarithmic form. The estimated co-
efficients and t-statistics corrected for autocorrelation
are:

NUEX = -79.086 + .286 FLFPR + 1.5033 Y +

(0.162) (1.959)
6.8172 POP - 3.624 PCOLD
(3.712) (1.685)

-1.3537 PSYCH + .294 MEDICA
(6.077) (3.132)

R2 = .993
F = 518
The equation performs very well. Ninety-nine per-

cent of the variation in the dependent variable is
accounted for by the explanatory variables, all but
one of which have the expected sign and three of
which are significantly different from zero.

The next step is to use the coefficients as estimates
of the partial impact of each independent variable
on nursing home expenditures to adjust our prelimi-
nary total expenditure figure. Multiplying the differ-
ence in the natural logarithms of the 1975 and 2000
values of the independent variables by their corre-
spondingr coefficients yields the appropriate correc-
tion. This process is illustrated in table 26 for three
variables. We do not adjust for the number of old
people because that was previously incorporated in
the first step. The final step in the adjustment process
is to sum the figures in the bottom row of table 26,
add the sum to the natural logarithm of the prelimi-
nary forecast of nursing home expenditures in the
year 2000 illustrated previously and take the antilog
of the total.
These calculations result in a projected nursing

home expenditure of $56.9 billion in the year 2000

Table 26. Computation of nursing home expenditures, using
as the preliminary estimate of expenditure $13.2 billion

in 1975 prices and $31.2 billion in year 2000 prices

Additlonal factors affecting nursing
home expenditures

Item Income per Female Psychiatric
capita labor force beds

(dollars) participation per 1,000
(percent)

1975 values ......... $3,630 45.8 1.5
Estimated 2000 values. 7,345 55.0 1.0

Computations
Regression

coefficient ........ 1.50 .286 -1.4
Ln (natural log) 1975

values ............ 8.2 3.8 .44
Ln (natural log) 2000
values ........... 8.9 4.0 .0034

Difference 2000-1975
Ln values times re-
gression coefficient . +1.06 +.05 +.59
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in year 2000 prices, or $24.1 billion in 1975 prices, a
sum about 2.6 times the corresponding expenditures
in 1975.

The difference between the $24.1 billion and the
preliminary projection of $13.2 billion can, in theory,
be decomposed into an income component, a compo-
nent due to changing female work patterns, and a
component due to the transfer of psychiatric inpa-
tients to nursing homes. However, a component not
explicitly controlled in the equation, namely, changes
in nursing home prices, is correlated with trends in
all three of these independent variables. Because of
our inability to separate out price and quantity
trends in historical data, the price impact is neces-
sarily confounded with other effects. Thus, we inter-
pret the increments to the preliminary forecast as also
capturing the impact of past trends in nursing home
prices. On balance, it does seem reasonable for future
increases in income and social changes, such as in-
creased participation in the labor market by adult
women and transfer of psychiatric patients to nurs-
ing homes, along with relative price increases in the
nursing home sector, to result in greater nursing
home expenditures than would be expected as a
result of increases in numbers of aged in the popula-
tion. However, other factors, such as enlarged home
care programs, hospices, and enlarged housing facili-
ties for the aged, may reduce nursing home care.

Prepayment and administration. In 1975, the admin-
istrative cost of the prepayment and private health
insurance coverage of health expenditures was $5.95
billion, or approximately 5 percent of total health
expenditures. This sum is a small portion of the total
expenditures, the projection of which must be sub-
ject to considerable uncertainty because of the diver-
gent impact of alternative national health expendi-
ture plans on the private insurance industry.
Somewhat arbitrarily, we project that the percentage
of total health expenditures accounted for by this
category will decline to from 3.6 to 4.8 percent of the
total because of economies of scale. This calculation
implies that prepayment and administration costs for
the year 2000 would lie between $36.8 and $48.3 bil-
lion in year 2000 dollars, or $15.6 to $20.5 billion in
1975 dollars.

Comparison of Projections Used in the
Aggregate and Disaggregate Approaches
As mentioned at the beginning of this chapter, these
projections are intended to illustrate the magnitudes

involved under various assumptions about the future
course of economic events. The advent of national
health insurance, or a policy change to control the
medical care cost inflation, will have a significant
impact on the projections.

Tables 27 and 28 illustrate projections from the
aggregate model assuming insurance coverage of 75
percent and projections from the disaggregated ap-
proach. The disaggregated approach generally yields
lower estimates. The major reason for this difference
rests in the nature of the assumptions employed in
constructing the two projections. The tables help to
underscore how the projections can vary under dif-
ferent reasonable assumptions about the future direc-
tion of health care.
The range for the total cost of health expenditures

in year 2000 prices is from $709.8 billion to $1,086.7
billion (table 28), but these sums should not be con-

Table 27. Projections of national health expenditures, by
class of service, for year 2000, using the aggregate and
disaggregated models, 1975 prices in billions of dollars

(using GNP deflator)

Aggregate model, Estimates
assuming obtained
insurance from the
coverage of disaggregated

Type of health service 75 percent model

Percent of GNP. 9.3-11.8 7.8-11.1
Total ......... 1$362.1-460.9 $301.1-429.9

Personal health care
expenses ........ 312.9-398.3 256.4-372.6
Hospital care .... 143.9-183.2 2115.0-180.5
Physicians'

services ....... 68.8-87.6 68.2-92.4
Dentists' services. 21.9-27.9 25.0
Other professional

services ....... 6.3-7.5 6.8-9.2
Drug and drug

sundries ...... 28.2-35.8 13.4-24.0
Eyeglasses and
appliances .... 6.3-7.5 5.4

Nursing-home
care .......... 28.2-35.8 13.2-24.1

Other health
services ....... 9.4-12.0 39.4-12.0

Prepayment and
administration 18.1-23.0 15.6-20.5

Government public
health activities 7.3-9.2 37.3-9.2

Research .......... 7.3-9.2 37.3-9.2
Construction ....... 14.5-18.4 3 14.5-18.4

1 The range is due to various assumptions about the growth in health
care providers. Numbers may not add up to totals due to rounding.

2 Low number assumes that hospital prices rise 1.2 percent more per
year than the general rate of inflation, high number assumes 3 percent
more.

3 Disaggregated estimates were not made for this class of expenditure.
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sidered excessive. In 1970, Rice and McGee (50),
using a methodolgy suggested by Klarman and co-
workers (51) projected national health expenditures
for 1980. If their estimated growth rate in expendi-
tures over the 1975-80 period is used for a year
2000 projection, expenditures range from a low of
$529 billion to a high of $1,015 billion, a variation of
almost 2 to 1. Anderson projected health expendi-
tures to be 9 percent of the GNP through 2020 (52).
Correspondence with Professor Anderson revealed
that he now believes health expenditures will rise

Table 28. Projections of national health expenditures, by
class of service, for year 2000 using the aggregate and
disaggregated models, year 2000 prices, in billions of dollars

Aggregate model,
assuming Estimates
insurance obtained from

coverage of the disaggregated
Type ot health service 75 percent model

Percent of GNP. 9.3-11.8 7.8-11.1
Total ......... $853.8-1,086.7 $709.8-1,013.6

Personal health care
expenses ........ 737.8-939.1 604.4-878.5
Hospital care .... 339.3-432.0 2271.1-425.6
Physicians'

services ....... 162.2-206.5 160.8-217.9
Dentists' services. 51.6-65.8 58.9
Other professional

services ....... 14.9-17.7 16.0-21.7
Drug and drug

sundries ...... 66.5-84.4 31.6-56.6
Eyeglasses and

appliances .... 14.9-17.7 12.7
Nursing-home

care .......... 66.5-84.4 31.1-56.8
Other health

services ....... 22.2-28.3 322.2-28.3
Prepayment and

administration .... 42.7-54.2 36.8-48.3
Government public

health activities 17.2-21.7 317.2-21.7
Research .......... 17.2-21.7 317.2-21.7
Construction ....... 34.2-43.4 334.2-43.4

1 The range is due to various assumptions about the growth in health
care providers. Numbers may not add up to totals due to rounding.

2 Low number assumes that hospital prices rise 1.2 percent more per
year than the general rate of inflation, high number assumes 3 percent
more.

3 Disaggregated estimates were not made for this class of expendi-
ture.

above 9 percent, perhaps even higher than 12 per-
cent.

Turning solely to the disaggregated estimates, fig-
ure 8 illustrates the growth in hospital expenditures
relative to physicians' services over the century. In
1930, physicians' fees exceeded hospital costs, but by
1975 hospital expenditures were more than twice
those for physicians. Depending on which assump-
tion regarding hospital price inflation is used, the
difference between hospital and physician expendi-
tures will stabilize or fall, and other types of health
service expenditures will fall relative to physicians'
services.

The estimates of national health expenditures, as
indicated previously in this chapter, are based on a
number of assumptions about demography including
population growth, health care, the use of health
services, and methods of providing care. Less than
complete coverage of health services is built into the
estimates as is the assumption of no great advances
in the prevention of major diseases.

Figure 8. Expenditures for health care 1900-2000, relative to
the cost of physicians' services

-D q4u -w tou
Selected fiscal years

I Dotted line assumes hospital prices rise 3 percent more per year than general
prices.

2 Dashed line assumes 1.2 percent faster.
3Year 2000 estimates are made assuming enactment of national health insur-
ance.

546 Public Health Reports



PART III. INDIRECT COST OF ILLNESS
Chapter 6. Indirect Costs: Mortality
Losses in the Year 2000
Major contributors to Part 111 were Selma J.
Mushkin, Aviva Berk, and Cynthia Resnick.

Indirect costs to the economy attributable to pre-
mature death represent the years of productive time
lost valued in terms of the earnings lost. Premature
death for these purposes is defined as death that re-
duces years of attachment to the labor force for male
workers. For women, the years that are counted in-
clude years of unpaid work in the household.

Dollar costs of premature death are presented
both in terms of the work time and in earnings that
are lost by death during the single year 2000, and in
terms of the asset value of those earnings, taking into
account the continuing loss of work time based on
life expectancies and the economic product from that
work in the years following the year 2000. In addi-
tion, the costs are shown in nondollar terms as years
of life that are lost and also as years of productive
life lost. The estimates of years of life that are lost
help to define the magnitude of mortality losses with-
out regard to the immediate role of the individual
as a producer in the economy. In many ways these
figures come closer to reflecting the value of the in-
dividual in society than do other counts of mortality
losses.
The methods of preparing the estimates of the

cost of premature death for year 2000 and the as-
sumptions on which these estimates are based are
outlined in the sections that follow.

Projected Deaths
The 2.6 million deaths projected in the year 2000
occur in a population expected by the Bureau of the
Census to reach 263 million (3). More than half of
those dying will be males. Interestingly, circulatory
diseases are expected to cause less than half of all
deaths of men but more than 60 percent of all deaths
of women. This difference reflects the predictions of
heart disease experts that the death rates for women
will not decline as rapidly as for men (53).
The second most prevalent cause of death is ex-

pected to be cancer. It is projected to cause about 18
percent of all deaths. Accidents, poisonings, and vio-
lence rank third as the cause of all deaths, but cause
disproportionately more deaths among males (133,000)

than among females (56,000). Diseases of the respira-
tory system rank fourth, causing 6 percent of all
deaths (table 29).

If we assume that these deaths occur evenly
throughout the year, the person-years lost will aver-
age half the number of deaths, or 1.3 million. How-
ever, not all these years would have been productive
years. The number of productive years lost we esti-
mate at 800,000. This number is derived by applying
age and sex specific labor force participation rates
to one-half the numbers of deaths. (The number of
deaths is divided by 2 since deaths are assumed to
occur evenly throughout the year and the loss in a
single year is only one-half the months of the year.)
Two sources were used to project the number of

deaths by age, sex, and diagnosis in the year 2000.
The first source comprised a set of projections made
by experts using a Delphi approach and described
more fully elsewhere (54). Seven diseases, which are
major killers today, were selected and experts in each
disease were asked to estimate specific disease death
rates by age and sex in 2000. These rates were ap-
plied to the census projections of year 2000 popula-
tion. The source of the projected number of deaths
due to diseases of the respiratory system was the
Delphi study. Projected deaths due to diseases of the
digestive system include the Delphi projections for
both digestive system diseases and cirrhosis of the
liver. Malignant neoplasm deaths were also derived
from the Delphi study as were the deaths caused by
circulatory diseases. (The Delphi category includes
vascular diseases as well as diseases of the heart.) The
category of endocrine, nutritional, and metabolic
diseases includes diabetes mellitus for which Delphi
projections were available. It was assumed that the
changes projected for diabetes would also apply to
the other diseases in the category.
A second source, estimates developed by the Office

of the Actuary of the Social Security Administration
(2), was used to project deaths in all other disease
categories. To the extent that the disease categories
used by the Office of the Actuary corresponded to ours,
the death rates estimated by the actuaries (multiplied

September-Octobr 1978, Vol. 93, No. 5 547



PART Ill. INDIRECT COST OF ILLNESS

Table 29. Number and percentage distribution of deaths in year 2000, by age, sex, and cause

Total Males Females
males
and Under 65 Under 65

Disease category females All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 and over

Number of deaths

Infective and
parasitic
diseases 20,856

Neoplasms ...... 467,040
Endocrine, nu-

tritional and
metabolic
diseases. 57,672

Diseases of the
blood and
blood-forming
organs .7,271

Mental disorders 13,268
Diseases of the

nervous system
and sense
organs.. 22,736

Diseases of the
circulatory
system ....1...1,438,349

Diseases of the
respiratory
system. 166,082

Diseases of the
digestive
system, oral
cavity, salivary
glands, and
Jaws .95,054

Diseases of the
genitourinary
system .38,558

Complications of
pregnancy,
childbirth, and
puerperlum 566

Diseases of the
skin and subcu-
taneous tissue 3,014

Diseases of the
musculoskeletal
system and con-
nective tissue 6,975

Congenital
anomalies and
certain causes
of perinatal
mortality 38,519

Symptoms and
ill-defined
conditions 41,805

Accidents,
poisonings, and
violence ...... 189,345

10,829 2,145 1,145 2,744 4,795 10,027 1,709 1,073 1,918 5,327
255,769 2,365 11,150 86,281 155,973 211,271 1,753 11,963 67,750 129,805

23,343 584 1,313 5,523 15,923

3,155 424 342 672 1,717
8,506 774 2,479 3,283 1,970

11,696 2,659

659,713 2,049

98,471 3,095

54,176 937

17,285 387

1,053 51

1,658 2,961 4,418

20,185 151,311 486,168

2,710 17,940 74,726

7,967 23,562 21,710

989 3,097 12,832

34,329 405 1,143 5,538 27,243

4,116 335 371 728 2,682
4,762 205 962 1,277 2,318

11,040 1,612 1,442 2,877 5,109

778,636 1,616 9,341 70,602 697,077

67,591 2,302 1,996 9,306 53,987

40,878 717 4,440 12,596 23,125

21,273 279 1,276 3,375 16,343

568 164 397

76 244 682 1,961 40 129

2,035 77 205 648 1,105

21,717 20,151

22,968 5,357

5

252 1,540

4,940 141 587 1,272 2,940

581 583 402 16,802 15,249 500 558 495

3,351 5,937 8,323 18,837 3,121 2,253 3,345 10,118

133,142 37,378 46,040 30,439 19,285 56,203 11,960 14,018 12,259 17,966

Total. 2,607,090 1,323,858 78,413 100,191 335,225 810,029 1,283,232 41,808 51,891 193,658 996,075
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Table 29. (continued) Numnber and percentage distribution of deaths in year 2000, by age, sex, and cause

Total Males Females
males
and Under 65 Under 65

Disease category females All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 and over

Percentage distribution

Infective and
parasitic
diseases .....

Neoplasms ......

Endocrine, nu-
tritional and
metabolic
diseases ......

Diseases of the
blood and
blood-forming
organs .......

Mental disorders
Diseases of the

nervous system
and sense
organs .......

Diseases of the
circulatory
system .......

Diseases of the
respiratory
system .......

Diseases of the
digestive
system, oral
cavity, salivary
glands, and
Jaws .........

Diseases of the
genitourinary
system .....

Complications of
pregnancy,
childbirth, and
puerperium ...

Diseases of the
skin and subcu-
taneous tissue

Diseases of the
musculoskeletal
system and con-
nective tissue

Congenital
anomalies and
certain causes
of perinatal
mortality .....

Symptoms and
ill-defined
conditions ....

Accidents,
poisonings, and
violence ......

0.8
17.9

0.1

0.2 0.1

0.8 2.7 1.1 0.8 0.5

19.3 3.0 11.1 25.7 19.2
0.7 4.1 2.0

16.4 4.2 23.0

2.2 1.7 0.7 1.3 1.6 1.9 2.6 0.9 2.2

0.2 0.2 0.5 0.3 0.2 0.2 0.3 0.8 0.7
0.5 0.6 0.9 2.4 0.9 0.2 0.3 0.4 1.8

0.8 0.8 3.3 1.6 0.8 0.5 0.8 3.8 2.7

55.1 49.8 2.6 20.1 45.1 60.0 60.6 3.8 18.0

6.3 7.4 3.9 2.7 5.3 9.2 5.2 5.5 3.8

3.6 4.0 1.1 7.9 7.0 2.6 3.1 1.7 8.5

1.4 1.3 0.4 0.9 0.9 1.5 1.6 0.6 2.4

0.9 0.5
34.9 13.0

2.8 2.7

0.3 0.2
0.6 0.2

1.4 0.5

36.4 69.9

4.8 5.4

6.5 2.3

1.7 1.6

0.3 0.7

0.1 0.2 0.1 0.1

0.2 0.1 0.1 0.3 0.3 1.1

1.4 1.6 25.6 0.5 0.1 0.0 1.3 36.6 0.9

1.6 1.7 6.8 3.3 1.7 1.0 1.4 7.5 4.3

7.2 10.0 47.6 45.9 9.0 2.3 4.3 28.7 27.0
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0.6 0.2

0.2 1

1.7 1.0

6.3 1.8

Total 2 ..... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 Less than 0.1 percent. 2 Totals may not add up due to truncation of numbers.



PART Ill. INDIRECT COST OF ILLNESS

by the projected year 2000 population) were em-
ployed. Accidents, poisonings, and violence-caused
deaths were derived from the Office of the Actuary
estimates, as was the category comprising certain
causes of perinatal morbidity and mortality and con-
genital anomalies. The remaining disease categories
were included as a miscellaneous group in the Office
of Actuary estimates. These remaining disease cate-
gories were:

Infective and parasitic diseases
Blood diseases
Mental disorders
Nervous system diseases
Genitourinary diseases
Complications of pregnancy
Skin diseases
Musculoskeletal diseases
Symptoms and ill-defined conditions

To arrive at an estimate of death rates for these nine
remaining disease categories, the following procedure
was used:

1. The total number of 1975 deaths in these disease
categories was obtained.

2. The percentage distribution of this total by age,
sex, and diagnosis was calculated.

3. The death rates for the whole miscellaneous
group as one category were multiplied by year 2000
population projections to compute the number of
deaths for this "umbrella category."

4. The percentage distribution by age, sex, and
diagnosis as calculated in step 2 was applied to the
total deaths as described in step 3 in order to obtain
the number of deaths by age and sex in the nine
categories. This procedure assumes a constant rela-
tionship among these nine categories between 1975
and 2000.

Labor Force Participation
In one illustration, the "constant rate" projection, it
was assumed that the year 2000 rates would be the
same as those observed in 1975. This rate was ad-
justed to full employment (defined at 5 percent un-
employment). Using coefficients computed by Rosen-
blum, an economist with the National Commission
on Employment and Unemployment, that updated
a model of Tella's (28), we raised the labor force par-
ticipation rates of some segments of the population
who would have entered the labor force if unem-
ployment had been kept at 5 percent. (Alternative
projections of labor force participation were also
computed.)

It -should also be noted- that our source for the

1975 rates, "The Employment and Training Report
of the President, 1976" (26), excluded the institu-
tional population. Our 1975 rates were adjusted to
include this population. This adjustment was made
using Johnson's Special Labor Force Report, "The
U.S. Labor Force: Projections to 1990" (27).
As indicated in Chapter 2, different estimates of

labor force participation rates are entirely within
the prospects of the years ahead. Especially uncertain
are the work patterns of men 45 years of age and
older and the response of women to paid employ-
ment.
The last 25 years have witnessed a marked change

in labor force participation of women and of men 45
and older. The percentages of men follow:

45-54
Year years

1950 ..................... 95.8
1975 ..................... 92.1
2000 low ................. 88.3
2000 high ................. 92.7

1 Age group 65-74 years.

55-64
years
86.9
75.8
65.0
80.7

65 and older

45.8
21.7

1 9.3
1 37.5

In 1950, men were in the labor force in larger pro-
portions than they are today. Social Security pro-
tections and new lifestyles have contributed to the
changes. But the costs of large numbers of persons
in the older age groups who fail to work and thus
fail to produce goods and services, coupled with the
large transfer costs for retirement benefits, point to
economic and financial difficulties ahead that could
jar the nation into reconsideration of attitudes to-
ward work and retirement. At the same time the
move toward equal rights for women has enlarged
their labor force participation rates. Illustrative is
the experience of women 35 to 44 years of age. The
percentage of females in two age groups in the labor
force follows:

16 years
Year and older 35-44 years
1950 ......... 33.9 39.1
1975 ......... 46.4 55.8
2000, low rate ... .. .... 57.3
2000, high rate ... .. .... 67.9

Will these trends continue or be reversed in the
future? We show high and low participation rates
for the male age groups of particular concern and
for women at a selected age that is generally repre-
sentative of the work experience. If labor force par-
ticipation of both men and women increases, the
labor force in year 2000 would be 10 million larger
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than at constant labor force rates. The difference is
about 8 percent in numbers in the labor force and
in the potential cost of loss of earnings due to pre-
mature death.
One alternative to the constant rate is based on

projections developed by Fullerton (29); it has been
described in chapter 4. Another set of projections
for the year 2000 was also made. Fullerton shows
that if the trend observed in the past 20 years were
to continue, most male age groups, and particularly
those 45 and older, would show lower labor force
participation rates at the end of the century than
they did in 1950. This smaller labor force participa-
ton is likely to strain the economy, as indicated
earlier. Thus for our third set of labor force partici-
pation rates, it was assumed that by the year 2000,
the rates prevalent in 1947 would be observed for
adult male workers. The source for the 1947 labor
force participation rates was, again, the "Employ-
ment and Training Report of the President, 1976"
(26).
Note that this third set of rates is projected only

for males. Fullerton projected female labor force
participation rates to be increased by the year 2000.
Therefore, for both our "decreasing" and "increas-
ing" labor force participation rates for males, female
labor force participation rates are shown to be on
the increase.
With all three sets of labor force participation

rates, the problem of the substantial number of
females who "keep house" and are not in the labor
force had to be considered. Losses due to premature
mortality or morbidity among housewives are very
real, but would equal zero in our calculations if only
females in the labor force (as defined by the Bureau
of Labor Statistics) were included. Therefore, still
another series was constructed-the K or keeping
house series. This series is based on data published
by the Bureau of Labor Statistics since 1959 on the
number of women by age not in the labor force
because they are "keeping house." It was assumed
that the proportion of women not in the labor force
who "kept house" would remain constant on aver-
age. Thus, a ratio of women keeping house to
women in the labor force was computed for the years
between 1959 and 1975. This ratio was used to con-
struct the alternative keeping house rate for the
year 2000. For the rate we have defined as constant,
the housekeeping rates observed in 1975 were used,
derived from the Bureau of Labor Statistics' publi-
cation, "Employment and Earnings" (55).

Table 30 shows the productive years lost in the
study year by disease categories. It should be noted
that females lose many more years than men because
their years of productivity include housekeeping
years for which we have little data for men. We
have computed and have available estimates showing
loss of productive years in the study year due to
premature mortality based on alternative assump-
tions about labor force participation rates and house-
keeping rates.

Value of Productive Time Lost
When we ask how much these productive years lost
would cost the economy in terms of foregone output,
the problem of what earnings to attribute to house-
hold work is significant, particularly for women.
Rice, in her 1966 report, "Estimating the Cost of
Illness" (15), assumed that the value of household
work was equal to the wages of a domestic worker.
In updating Rice's study, Cooper (56), used a differ-
ent approach based on the work of Brody, "Eco-
nomic Value of a Housewife" (57). Essentially, Brody
assumed that the time spent in various household
tasks should be remunerated on the same basis as
such time in the marketplace. For example, if child
care costs $2.35 an hour, this rate should be applied
to the hours spent by the housewife in child care,
and so forth. The time use in households has been
described by Walker and Gauger from a study they
had conducted in New York State. Walker and
Gauger (58) computed the dollar value of household
work, and found that the most relevant variables
were number of children and age of the youngest
child.

Brody, using census data, divided the female popu-
lation not in the labor force into groups by the age
and number of their children. She then computed
what she termed the market cost approach to the
value of household work for all women in the
United States who were not in the labor force in
1971.
We have extended the idea that the value of un-

paid work done at home should be taken into ac-
count when computing the present value of future
earnings. Thus, for women not in the labor force
whose main work is keeping house, we computed
"household earnings" data, following the Brody ap-
proach. We also computed "household earnings"
for women in the labor force with household re-
sponsibilities and added the "household earnings"
to the mavketplace earnings provided by BLS.
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PART Ill. INDIRECT COST OF ILLNESS

Table 30. Productive years lost in the single year 2000, assuming constant labor force participation rates

Total Males Females
males
and Under 65 Under 65

Disease category tamales All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 and over

Number of years

Infective and
parasitic
diseases ..... 6,027 2,188 94 544 1,149 400 3,839

Neoplasms ..... 150,740 55,481 440 5,313 35,300 14,427 95,260
Endocrine, nu-

tritional, and
metabolic
diseases ..... 19,252 4,248 40 626 2,281 1,302 15,004

Diseases of the
blood and
blood-forming
organs ....... 2,340 617 51 162 278 126 1,722

Mental disorders 5,163 3,014 250 1,178 1,404 182 2,149
Diseases of the

nervous system
and sense
organs ....... 7,233 2,790 348 788 1,242 413 4,443

Diseases of the
circulatory
system ....... 444,044 107,432 389 9,626 62,525 34,892 336,612

Diseases of the
respiratory
system ....... 43,139 14,435 220 1,290 7,284 5,641 28,703

Diseases of the
digestive sys-
tem, oral
cavity, salivary
glands, and
jaws ......... 34,159 15,806 95 3,798 9,946 1,968 18,353

Diseases of the
genitourinary
system ....... 12,014 2,683 71 470 1,280 862 9,331

Complications of
pregnancy,
childbirth, and
puerperium . .. 264 - - 264

Diseases of the
skin and sub-
cuaneous tissue 1,042 190 4 36 102 48 852

Diseases of the
musculoskeletal
system and
connective
tissue ........ 2,694 482 18 98 270 96 2,213

Congenital
anomalies and
certain causes
of perinatal
mortality ..... 1,538 688 125 276 248 39 851

Symptoms and
ill-defined
conditions .... 12,576 5,327 558 1,592 2,491 686 7,249

Accidents,
poisonings, and
violence ...... 70,703 47,188 10,645 21,834 13,063 1,647 23,515

91 527 933 2,287
316 5,879 32,925 56,140

35 562 2,689 11,718

36 182 354 1,150
63 473 622 992

125 709 1,399 2,209

323 4,591 34,268 297,430

158 981 4,519 23,046

99 2,182 6,127 9,945

55 627 1,640 7,009

67 195 2

9 63 123 657

39 288 618 1,267

118 246 271 215

185 1,107 1,627 4,330

2,950 6,889 5,968 7,707

Total ...... 812,928 262,570 13,348 47,630 138,862 62,730 550,358 4,669 25,502 94,084 426,102
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Table 30. (continued) Productive years lost in the single year 2000, assuming constant labor force participation rates

Total Males Females
males
and Under 65 Under 65

Disease category females All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 and over

Percentage distribution

Infective and
parasitic
diseases .....

Neoplasms .....
Etidocrine, nu-

tritional and
metabolic
diseases .....

Diseases of the
blood and
blood-forming
organs .......

Mental disorders
Diseases of the

nervous system
and sense
organs .......

Diseases of the
circulatory
system .......

Diseases of the
respiratory
system .......

Diseases of the
digestive sys-
tem, oral cavity,
salivary glands,
and jaws.

Diseases of the
genitourinary
system .......

Complications of
pregnancy,
childbirth, and
puerperium ...

Diseases of the
skin and sub-
cutaneous
tissue ........

Diseases of the
musculoskeletal
system and
connective
tissue ........

Congenital
anomalies and
certain causes
of perinatal
mortality.

Symptoms and
ill-defined
conditions ....

Accidents,
poisonings and
violence ......

0.7
18.5

0.8 0.7 1.1 0.8 0.6
21.1 3.2 11.1 25.4 22.9

2.3 1.6 0.2 1.3 1.6 2.0

0.6 1.9 2.0
17.3 6.7 23.0

2.7 0.7 2.2

0.2 0.2 0.3 0.3 0.2 0.2 0.3 0.7 0.7
0.6 1.1 1.8 2.4 1.0 0.2 0.3 1.3 1.8

0.8

54.6

1.0 2.6 1.6 0.8 0.6 0.8 2.6 2.7

40.9 2.9 20.2 45.0 55.6 61.1 6.9 18.0 36.4 69.8

5.3 5.4 1.6 2.7 5.2 8.9 5.2 3.3 3.8

4.2 6.0 0.7 7.9 7.1 3.1 3.3 2.1 8.5

1.4 1.0 0.5 0.9 0.9 1.3 1.6 1.1 2.4

1.4 0.7

0.1 0.1 0.1 0.2

0.3 0.1 0.1 0.2 0.1 0.1 0.4 0.8 1.1

0.1 0.2 0.9 0.5 0.1 1

1.5 2.0 4.1 3.3 1.7 1.0

8.6 17.9 79.7 45.8 9.4 2.6

0.1 2.5 0.9

1.3 3.9 4.3

4.2 63.1 27.0

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

I Less than 0.1 percent. 2 Totals may not add up due to truncation of numbers.
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0.9 0.5
34.9 13.1

2.8 2.7

0.3 0.2
0.6 0.2

1.4 0.5

4.8 5.4

6.5 2.3

1.7 1.6

Total 2 ......

0.1 0.1

0.6 0.2

0.2 1

1.7 1.0
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PART 111. INDIRECT COST OF ILLNESS

Further, we computed "household earnings" for men,
placing a value on the activities of married men in
household chores, and added those to the BLS data.

For women not in the labor force, "household
earnings" were computed in the following manner:
from 1970 census data we computed ratios

Wijk
Wi
where

Wi = number of women in age group i
I = number of children
k = the age of the youngest child

These ratios were then multiplied by the yearly dol-
lar value of household work for women not in the
labor force as computed by Walker and Gauger,
taking account of the number of children and age
of the youngest, adjusted for the change in the con-
sumer price index between 1971 and 1975. A similar
procedure was used for employed women.

Similarly, for men, ratios were computed for all
husbands by age of husband and number of children
under 18 to all household heads in that age group.
These data were derived from the Census Bureau's
Current Population Reports, "Household and Fam-
ily Characteristics" (59). Walker and Gauger pro-
vided the dollar value of time contributed by hus-
bands according to number of children in the
household and the employment status of the wife.
These values were adjusted for the change in CPI
between 1971 and 1975. Using data on employment
of wives by number of children, provided by Walker
and Woods' "Time Use: A Measure of Household
Production of Goods" (60), it was possible to obtain
weighted averages of dollar value of time contributed
by husbands in 1975, by number of children. These
were then multiplied by the ratios of husbands in
each age group by number of children to total hus-
bands in each age group, derived from the Current
Poulation Reports (59), to obtain weighted averages
of the dollar value of household work for male heads
of households by age group.

Brody did not impute household values to single
women on the theory that "if a woman keeps house
for herself alone, then her death or disability is not
only a loss of her services, but a loss of the demand
for her services as well. Therefore, the net economic
effect on society is nil" (57). This argument, how-

ever, implies that an allowance for consumption is
taken out of the earnings of single women but not
from any other group in the population. The prob-
lem, however, is academic since Walker and Gauger
did not study any "single" households and we, there-
fore, have no data on which to base household value
for people living alone. We thus imputed zero house-
hold value to people living alone, rather than make
arbitrary assumptions concerning their household
production. Thus, for men, only married men with
spouses present were imputed a household value; for
women, all women ever married were imputed
household value until age 65; beyond age 65, only
women with spouses present and female heads of
household were given earnings.

The sources for these figures were the Census
Bureau's "U.S. Detailed Characteristics of the Pop-
ulation" (61) and the Current Population Reports,
"Household and Family Characteristics" (59). The
imputed household values were then added to the
BLS earnings to give total earnings. These total
earnings were a basis for computing the present
value of lifetime earnings. It should be noted that
there is only one component to the "earnings" of
women out of the labor force, that is their imputed
income for household work, while for both men and
women in the labor force, their earnings include
both marketplace earnings and imputed household
earnings.

Determining earnings is important because earn-
ings are assumed to be a good measure of the value
of production. Or to put it differently, the assump-
tion is made that workers are paid the value of
their incremental or marginal product. The prob-
lems inherent in this assumption are manifold. For
example, to the extent that certain subgroups of
the population may be paid less than the value of
their incremental or marginal product because of
discrimination and other institutional barriers, we
may be biasing economic costs. However, as yet
this approach is the only one providing consistent
and meaningful results in measuring production
loss.

Adjustment for Year 2000 Values
The marketplace earnings attributed to *the popu-
lation in the year 2000 are based on the observed
earnings of the population in 1975. Thus, the esti-
mates in table 31 assume the same pattern of earnings
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distribution over the life cycle as was observed in
1975 from cross-sectional data. The peak-earnings
age in 1975 is assumed to be the peak in the year
2000. Further, men are assumed to earn more than
women in the year 2000 as they did in 1975, and
wage supplements are assumed to be of the same
relative importance in year 2000 as in 1975.

The 1975 earnings are derived from unpublished
data provided by the Bureau of Labor Statistics'
Office of Current Employment Analysis. The data
on average earnings by age group provided by the
Bureau include more part-year workers than do the
labor force projections to the year 2000. Since part-
year workers earn less than full-year workers, the
average earnings for all workers is somewhat re-
duced. The result is that the total market earnings
lost due to mortality (and morbidity) are conserv-
ative estimates of the true values. The bias appears
to be approximately 5 percent or less. This dis-
crepancy occurs because the most detailed labor
force projections project the labor force at an
instant in time, while the most detailed data on
earnings report earnings for all persons within an
age-sex category who had any work experience
during the calendar year. Where the age groups
that we needed differed from those of the Bureau,
the ratios of those who worked were used as a
weighting factor. To all our 1975 earnings data, a
constant factor of 12.6 percent was applied to adjust
earnings for wage supplements. This constant was
derived from the U.S. Commerce Department's
"Survey of Current Business" published in January
1976 (62).

Keeping earnings in year 2000 in 1975 prices as-
sumes that any productivity increases will show up
in the earnings rise. The rise of output per manhour
in the last quarter of this century is that projected
by the MPS economic model, reproduced as follows:

Annual growth rate

GNP deflator,
Output base year

Period per hour 1 1972 *
1977-80 ........................ 2.7 5.4
1980-85 ......................... 1.8 4.2
1985-90 .2.2 3.2
1990-95 .2.1 2.6
1995-2000 .2.1 2.0

1 Private nonfarm business economy.
2 Prices excluding net exports.

When these growth rates are applied to 1975
earnings, we obtain year 2000 earnings in 1975
dollars. It should be noted that we have no real
information on which to base the rise in output
per manhour for household services. Therefore, the
rates for the economy as a whole were used for
these services. Furthermore, distribution of house-
hold work between men and women may very well
change in the last quarter of this century. However,
we make no assumptions about this change and
assume only that the distribution of household work
among men and women observed in the Walker and
Gauger study (58) will remain constant. Table 31
shows earnings including and excluding imputed
household earnings for males and females.

To transform the real earnings into nominal
earnings, that is, into year 2000 dollars, annual
growth rates in prices based on the GNP deflator
of the basic economic model were assumed. The
results of our calculations of the imputed value of
work time lost in the single year 2000 due to prema-
ture deaths in that year are $9,166,000 in 1975
dollars and $21,484,000 in year 2000 dollars.

Tables 32 and 33 show the distribution by age,
sex, and diagnosis of single-year earnings loss due
to mortality in the year 2000. Clearly, tables 32 and
33 are very similar, but in table 33 all numbers in
1975 dollars have been raised by the projected GNP
price deflator to obtain year 2000 dollars.

Year 2000 Earnings Loss Due to Premature
Death, Single Year Estimate

To estimate losses by age and sex attributable to
premature death, single-year earnings for year 2000,
in both current and 1975 prices, were multiplied
by the estimated number of deaths of those who are
expected to be in the labor force and those women
who are assumed to be housewives only.

In tables 32 and 33, the earnings figures are
computed on the basis of an assumed constant labor
force participation rate. Increasing the labor force
participation implies more time lost during the year
because of premature death. Decreases in labor force
participation among males, as past trends suggest,
yield less time lost due to death and a lower cost of
death.
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PART Ill. INDIRECT COST OF ILLNESS

Table 31. Average earnings by age group for 1975 and year 2000

Males Females in labor force

Year 20003 Year 2000 3
Year 2000 2 (In year Year 2000 2 (In year
(In 1975 2000 (In 1975 2000

Age group 1975 dollars) (dollars) 1975 ' dollars) dollars)

Including household values 4
15-24 ........................... $ 5,135 $ 9,028 $21,281 $ 4,105 $ 7,171 $16,903
25-34 ........................... 14,004 24,330 57,342 10,587 18,373 43,312
35-44 ........................... 16,747 29,062 68,446 10,957 19,011 44,814
45-54 ........................... 17,746 30,791 72,532 10,962 18,165 42,821
55-64 ........................... 15,551 26,825 63,183 9,918 17,075 40,251
65-74 ........................... 8,525 14,873 35,059 5,591 9,710 22,891
75-84 ........................... 7,206 12,471 29,398 4,519 7,841 18,484
85 and older .6,042 10,486 24,714 3,867 6,650 15,676
Excluding household valuess
15-24 ........................... 4,789 8,415 19,838 3,286 5,737 13,525
25-34 ........................... 12,792 22,227 52,396 6,453 11,199 26,401
35-44 ........................... 15,489 26,882 63,309 6,322 10,975 25,871
45-54 ........................... 16,517 28,658 67,494 6,878 11,938 28,141
55-64 ........................... 14,460 24,939 58,794 6,595 11,440 26,968
65-74 ........................... 7,559 13,172 31,051 3,553 6,167 14,538
75-84 ........................... 6,425 11,117 26,207 3,469 6,022 14,197
85 and older .5,561 9,656 22,762 3,398 5,897 13,900

1 Earnings for males and females in the labor force are average Sources: Average market place earnings derived from BLS unpub-
earnings for all full-time and part-time employed in 1975, disregarding lished data, adjusted by wage supplements (12.6002 percent), derived
duration of employment. from U.S. Department of Commerce, Survey of Current Business,

February 1976; household values derived from Walker and Gauger,2 Earnings adjusted for productivity. Dollar Value of Household Work; U.S. Census 1970, Employment Status
3Earnings adjusted for both productivity and inflation. and Work Experience, Table 13; U.S. Census 1970, Detalled Character-

4Average market place earnings plus household values. istics, Table 203. Method is adaptation of W. Brody, Economic Value
5Average market place earnings only. of a Housewife.

Table 32. Single year earnings loss for year 2000 mortality, assuming constant labor force participation rates and
including household values, in millions of 1975 dollars

Total Males Females

Disease category

males
and

females I
Under

All ages 25 25-44
65

45-64 and over All ages

Millions of 1975 dollars

Under
25

65 and
25-44 45-64 over

Infective and parasitic
diseases ............

Neoplasms ............
Endocrine, nutritional, and

metabolic diseases ...

Diseases of the blood and
blood-forming organs .

Mental disorders .......
Diseases of the nervous

system and sense
organs ..............

Diseases of the circula-
tory system ..........

Diseases of the respir-
atory system .........

Diseases of the digestive
system, oral cavity,
salivary glands and
jaws ................

Diseases of the genitouri-
nary system .........

Complications of preg-
nancy, childbirth, and
puerperium ..........

Diseases of the skin and
subcutaneous tissue

$ 83
2,092

$ 54
1,361

181 101

2 $ 14 $ 33 $ 5 $ 28 2 $ 8 $ 12 $ 6
3 149 1,000 207 730 2 97 446 183

2 17 65 18 79

25 14 2 4 7 1 11 2 3 4 3
97 78 2 32 41 2 19 2 7 8 2

105 66 3 21 35 5 39 1 11 19 7

3,800 2,554 3 274 1,786 490 1,245 2 75 453 713

455 322 1 35 205 79 132 1 16 60 54

575 425 2 109 288 28 150 2 36 84 28

114 62 13 36 12 52 2 10 22 19

3 - - 3

9 4 2 2 4

3 2

1 1 1

9 35 34
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Table 32. (continued) Single year earnings loss for year 2000 mortality, assuming constant labor force participation rates
and including household values, in millions of 1975 dollars

Total Males Females
males
and Under 65 Under 65 and

Disease category lemales I All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Millions of 1975 dollars

Diseases of tthe musculo-
skeletal system and
connective tissue ..... 29 11 2 2

Congenital anomalies and
certain causes of
perinatal mortality .... 26 16 1 7

Symptoms and Ill-defined
conditions ........... 183 130 5 43

Accidents, poisonings and
violence ............. 1,332 1,087 96 583

Total 1 ............ 9,116 6,293 120 1,308

7 1 17 2 4 8 3

7 2 9 1 4 3 2

72 9 53 1 18 22 10

384 23 244 25 114 83 20

3,975 888 2,823 40 422 1,269 1,091

Percentage distribution

Infective and parasitic
diseases ............ 0.9 0.8 0.7

Neoplasms ............ 22.9 21.6 3.2
Endocrine, nutritional, and

metabolic diseases ... 1.9 1.6 0.2
Diseases of the blood and

blood-forming organs . 0.2 0.2 0.3
Mental disorders ....... 1.0 1.2 1.8
Diseases of the nervous

system and sense
organs .............. 1.1 1.0 2.6

Diseases of the circula-
tory system .......... 41.6 40.5 2.9

Diseases of the respir-
atory system ......... 4.9 5.1 1.6

Diseases of the digestive
system, oral cavity,
salivary glands and
jaws ........... I .... 6.3 6.7 0.7

Diseases of the genitouri-
nary system ......... 1.2 0.9 0.5

Complications of preg-
nancy, childbirth, and
puerperium .......... 3

Diseases of the skin and
subcutaneous tissue 3 3 3

Diseases of the musculo-
skeletal system and
connective tissue ..... 0.3 0.1 0.1

Congenital anomalies and
certain causes of
perinatal mortality .... 0.2 0.2 0.9

Symptoms and ill-defined
conditions ........... 2.0 2.0 4.1

Accidents, poisonings and
violence ............. 14.6 17.2 79.7

1.1
11.4

1.3

0.3
2.4

1.6

20.9

2.7

0.8 0.6
25.1 23.3

1.6 2.0

0.1 0.1
1.0 0.2

0.9 0.6

44.9 55.2

5.1 8.9

8.2 7.2 3.1

0.9 0.9 1.3

1.0 1.9 2.0 1.0 0.5
25.8 6.7 23.0 35.2 16.8

2.8 0.7 2.2 2.8 3.1

0.3 0.7 0.7 0.3 0.2
0.6 1.3 1.8 0.6 0.2

1.3 2.6 2.7 1.5 0.6

44.1 6.9 17.9 35.7 65.3

4.7 3.3 3.8 4.7 6.0

5.3 2.1 8.5 6.6 2.6

1.8 1.1 2.4 1.7 1.7

- - 0.1 1.4 0.7

3 3 3 0.1 0.1 0.2

0.2 0.1 0.1

0.5

3.3

44.5

0.1 3

1.8 1.1

9.8 2.6

3

0.1 0.1

0.6 0.8 1.1 0.6 0.3

0.3 2.5 0.9 0.2 3

1.8 3.9 4.3 1.7 0.9

8.6 63.1 27.0 6.6 1.9

Total 1 .. 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

I Totals may not add up due to truncation of numbors.
2Loe than $1.0 million.
3 Less than 0.1 percent.
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PART Ill. INDIRECT COST OF ILLNESS

Total person years of time lost due to premature
death, with alternate assumptions about constant
rate of work force participation, follow:

Assumption

Decreasing labor force participation .......

Increasing labor force participation .......

Person years lost

755,000
835,000

The difference between high and low estimates is
10.6 percent, with constant rates yielding an inter-
mediate number of person years lost.

In the calculation of single-year losses, females
account for only 31 percent of the total loss because
they earn less than males in the market place. Also,
note that, although the disease categories of loss are
ranked in the same order for both males and fe-
males, accidents, poisonings, and violence, which
rank third greatest for both sexes, account for
17 percent of males' loss but only 9 percent of
females' loss. Circulatory diseases, which rank first,
contribute 44 percent of females' loss compared to
41 percent for males. Neoplasms contribute 26 per-

Table 33. Single year earnings loss for year 2000 mortality ssuming constant labor force participation rates and including
household values, in millions of year 2000 dollars

Males Females

Total
ma.es
and

Disease category females I All ages
Under
25

65
25-44 45-64 and over

Under
All ages 25

Infective and parasitic
diseases ............

Neoplasms ............
Endocrine, nutritional, and

metabolic diseases ...
Diseases of the blood and

blood-forming organs
Mental disorders .......
Diseases of the nervous
system and sense
organs ..............

Diseases of the circula-
tory system ..........

Diseases of the respir-
atory system .........

Diseases of the digestive
system, oral cavity,
salivary glands, and
jaws ...............

Diseases of the genitouri-
nary system .........

Complications of preg-
nancy, childbirth and
puerperium ..........

Diseases of the skin and
subcutaneous tissue

Diseases of the musculo-
skeleral system and
connective tissue .....

Congenital anomalies and
certain causes of peri-
natal mortality .......

Symptoms and ill-defined
conditions ..........

Accidents, poisonings,
and violence .........

$ 197 $ 129
4,930 3,207

$ 2
9

$ 35
353

$ 78 $ 13 $ 68
2,357 488 1,723

$ 2 $ 20 $ 30
6 229 1,054

427 239 1 41 153 43 188 1 22 84 81

61 34 1 10 19 4 26 1 7 11 7
230 184 5 75 96 6 46 1 18 20 5

249 156 7 50 84 14 92 2 28 46 17

8,956 6,019

1,073

8 645 4,208 1,157 2,936 7 179 1,070 1,681

760 4 84 483 188 313 3 38 142 129

1,357 1,002

269 146

2 253 681 67 354 2 84 200 67

1 31 86 28 122 1 24 52 45

9 - 9 1 7

21 11

69 28

2 7 1 10 2 2 4 4

6 18 3 41 1 11 20 8

61 38 2 17 17 1 22 2 10 8 2

432 306 11 102 170 23 125 4 43 53 25

3,139 2,561 226 1,374 905 55 577 61 269 198

14,826 284 3,083 9,364 2,094 6,658 96 995 2,994 2,572

1 Totals may not add up due to truncation of numbers.
2 Less than $1 million.

558 Public Health Reports

25-44 45-64
65 and
over

$ 14
433

Total 1 ............ 21,484
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cent of the loss for females compared to 22 percent
for the males.

Asset Losses of Year 2000 Deaths
Our discussion of mortality losses in the year 2000
has so far concentrated on the person years of work
lost and the imputed value of those losses incurred
during the year 2000. In Chapter 7, these losses will
be compared to morbidity losses. However, a per-
son's death deprives the economy of his output not
only in the year of his death but also in subsequent
years in which he could have been expected to con-
tinue to produce. Thus, mortality losses should in-
clude a calculation of total years lost-the years lost
when average remaining years of life are applied
to death, by age and sex, of the prematurely
deceased.

Two procedures have been followed in making
such computations. In the first procedure, computa-
tion of the remaining years of life lost is based on
current survival and life expectancy tables. The
result of these calculations is shown in table 34.
These calculations rely only on assumptions of life
expectancy derived from unpublished projected life
tables for the year 2000 sent to us by the Office of
the Actuary, Social Security Administration.

The projections in the table vary neither by labor
force participation rates nor by earnings. Again,
circulatory diseases contribute the most years lost (39
percent); neoplasms rank second (18 percent); and
accidents, poisonings, and violence rank third (16
percent). Though the rankings are the same, the
relative size of the contribution of each disease cate-
gory is somewhat different than in the previous
calculations.

In the second procedure, account is taken of the
losses of production in the economy. A calculation
of total productive years lost shows that of the 41
million aggregate years of life lost by the deaths
projected for year 2000, 27.6 million years would
have been productive if labor force participation
rates were constant. If the participation rate assump-
tion is changed, the following estimates are derived.

Years of
productive life

Assumption lost

Decreasing labor force participation rates.
Increasing labor force participation rates .....

23,700,000
28,500,000

Table 35 gives the distribution by disease category
of productive years lost. Disease rankings are
changed somewhat. For males, circulatory diseases
cause 25 percent of the years lost; accidents, poison-
ings, and violence cause 31 percent; and neoplasms
14 percent. For females, diseases of the circulatory
system cause 43 percent of the loss, neoplasms cause
20 percent; and accidents, poisonings, and violence
10 percent.

The present value of future earnings is used to
measure the dollar loss due to premature mortality.
This human capital approach, used by the Public
Services Laboratory in earlier reports, was used
extensively by Rice and Cooper (56). It is based on
an analogy with physical capital, suggesting that
people, not unlike machines, provide a stream of
services during the years of productive life. The value
of these services is measured by discounting to the
present the stream of marginal earnings that would
have been generated if the person had not died
prematurely.

Other approaches (63-66) to the valuation of life
include Schelling's "willingness-to-pay" approach
and Rosen and Thaler's examination of the extra
compensation for job-entailed risks.

Table 36 shows the present value of future earn-
ings, assuming constant labor force participation
rates by age and sex, with 2.5 percent and 10 percent
interest rates. (Both rates have been adjusted for
a yearly growth in productivity of approximate 2
percent). We show computations in constant 1975
dollars and in current year 2000 dollars and include
household values.

Assumptions of increasing or decreasing work
force participation yield different estimates of the
present value of future earnings. The differences
(in thousands of dollars) are summarized for two
age groups of males:

Age groups

Interest rate of
10 percent

1975 Year 2000
dollars dollars

Decreasing
participation:

25-34 years ...... $304
55-64 years ....... 90

Increasing
participation:

25-34 years ...... 317
55-64 years ...... 126

Interest rate of
2.5 percent

1975 Year 2000
dollars dollars

$717 $721 $1,700
212 96 226

747 795 1,874
297 150 354
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Table 34. Total years lost because of premature mortality, in thousands of years

Total Males Females
males
and Under 65 Under 65 and

Dlsease category females, All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Thousands of years

Infective and parasitic
diseases .

Neoplasms .

Endocrine, nutritional and
metabolic diseases.

Diseases of the blood and
blood-forming organs

Mental disorders.
Diseases of the nervous

system and sense organs.
Diseases of the circulatory
system

Diseases of the respiratory
system .

Diseases of the digestive
system, oral cavity,
salivary glands and jaws..

Diseases of the genitourinary
system .

Complications of pregnancy,
childbirth and puerperium.

Diseases of the skin and
subcutaneous tissue.

Diseases of the musculos-
keletal system and con-
nective tissue.

Congenital anomalies and
certain causes of perinatal
mortality.

Symptoms and ill-defined

556 283 1
7,455 3,679 1

816 331

150 66
332 223

636 327 1

15,883 7,774 1

2,200 1,262 2

1,837 1,040

529 219

28

44 16

131 35

2,644 1,430 1,%

142 42 58 40 273 126
136 395 1,747 1,400 3,775 115

36 46 114 134 484 28

26 12 13 13 83 23
41 92 72 17 108 12

163 61 63 39 308 115

120 705 3,128 3,819 8,109 108

201 97 357 604 938 169

59 280 508 191 796 50

21 36 64 97 310 18

_ - - _- 28 9

3 2 5 5 27 2

46 51 49
500 1,786 1,372

48 141 265

16 19 24
40 35 19

61 77 53

391 1,794 5,815

85 239 444

186 340 219

53 88 149

18 2 -

5 6 12

4 7 13 9 96 8 25 33 28

392

conditions ... .......... 1,170 665 344
Accidents, poisonings and

violence ............... 6,553 4,657 2,048

21 12 3 1,214 1,171

125 126 69 504 232

1,764 678 164 1,896 773

22 15 5

96 90 85

620 339 162

Total 1 ............... 40,971 22,014 4,743 3,692 6,965 6,612 18,956 2,967 2,218 5,059 8,710

Percentage distrlbution

Infective and parasitic
diseases ...............

Neoplasms ...............
Endocrine, nutritional and

metabolic diseases ......
Diseases of the blood and

blood-forming organs ....

Mental disorders ..........
Diseases of the nervous

system and sense organs
Diseases of the circulatory
system ................

Diseases of the respiratory
system ................

Diseases of the digestive
system, oral cavity,
salivary glands and jaws..

Diseases of the genitourlnary
system ................

Complications of pregnancy,
childbirth and puerperium.
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1.3 1.2 3.0
18.1 16.7 2.8

1.9 1.5 0.7

0.3 0.3 0.5
0.8 1.0 0.8

1.5 1.4 3.4

38.7 35.3 2.5

5.3 5.7 4.2

1.1
10.7

1.2

0.3
2.4

1.6

19.0

2.6

0.8 0.6 1.4
25.0 21.1 19.9

1.6 2.0 2.5

0.1 0.2 0.4
1.0 0.2 0.5

0.9 0.6 1.6

44.9 57.7 42.7

5.1 9.1 4.9

4.4 4.7 1.2 7.6 7.3 2.8 4.2

1.2 0.9 0.4 0.9 0.9 1.4 1.6

3 - 0.1

4.2 2.0 1.0
3.9 22.5 35.3

0.9 2.1 2.8

0.7 0.7 0.3
0.4 1.8 0.6

3.8 2.7 1.5

3.6 17.6 35.4

5.7 3.8 4.7

1.7 8.4 6.7

0.6 2.4 1.7

0.3 0.8 3

0.5
15.7

3.0

0.2
0.2

0.6

66.7

5.1

2.5

1.7



Table 34. (continued) Total years lost because of premature mortality, in thousands of years

Total Males Females
males
and Under 65 Under 65 and

Disease category females ' All ages 25 25-44 45-64 and over All ages 25 25-44 45-84 over

Percentage distribution

Diseases of the skin and
subcutaneous tissue .....

Diseases of the musculo-
skeletal system and con-
nective tissue ...........

Congenital anomalies and
certain causes of perinatal
rr

Syn
cl

Acc
vi

0.1 3

0.3 0.1

3 0.1 s 0.2 0.1

3 0.2 0.1

0.1

0.1 0.5 0.2 1.1 0.6 0.3

iortality ............... 6.4 6.4 29.3 0.5 0.1 3 6.4 39.4 1.0 0.2 3
nptoms and ill-defined
onditions .............. 2.8 3.0 7.2 3.3 1.8 1.0 2.6 7.8 4.3 1.7 0.9
:idents, poisonings and
iolence ............... 15.9 21.1 43.1 47.7 9.7 2.4 10.0 26.0 27.9 6.7 1.8

Total 1 ............... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

1 Totals may not add up due to truncatiof of numbers.
2 Less than 1,000 years.

3 Less than 0.1 percent.

Table 35. Total productive years lost because of premature mortality, assuming constant labor force participation rates

Males Females

Total
males
and Under 65 Under 65 and

Dlsease category females' All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Thousands of years

Infective and parasitic
diseases ...............

Neoplasms ...............
Endocrine, nutritional and

metabolic diseases ......
Diseases of the blood and

blood-forming organs ....
Mental disorders ..........
Diseases of the nervous
system and sense organs.

Diseases of the circulatory
system ................

Diseases of the respiratory
system ................

Diseases of the digestive
system, oral cavity,
salivary glands, and jaws.

Diseases of the genitourinary
system ................

Complications of preg-
nancy, childbirth, and
puerperium ............

Diseases of the skin and
subcutaneous tissue .....

Diseases of the musculoske-
letal system and con-
nective tissue ...........

402 163 95 31 30 5 238 102 44 48 43
4,930 1,454 103 292 856 202 3,476 103 481 1,680 1,210

574 135 26 34 57 18 438 24 46 133 234

112 37 18 9 6 1 75 20 15 18 21
245 143 32 69 39 2 101 1 1 39 33 17

478 201 117 46 32 5 276 96 59 73 47

9,919 2,662 89 518 1,569 485 7,256 95 377 1,683 5,100

1,292 460 137 72 171 78 831 137 81 224 387

1,278 543 41 207 267

369 86 15 26 32

27

33 7 2 2

27 735

1 1 282

42 179 320 192

16 51 82 131

27 9 17

2 2 25 2 5 6 11

106 17 3 5 6 1 89 8 24 31 25
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Table 35. (continued) Total productive years lost because of premature mortality, assuming constant labor force parti-
cipation rates

Total Males Females
males
and Under 65 Under 65 and

Disease category females ' All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Thousands of years

Congenital anomalies and
certain causes of perinatal
mortality ...............

Symptoms and ill-defined
conditions .............

Accidents, poisonings, and
violence ...............

Total I ..............

Infective and parasitic
diseases ...............

Neoplasms ...............

Endocrine, nutritional and
metabolic diseases ......

Diseases of the blood and
blood-forming organs ....

Mental disorders ..........

Diseases of the nervous
system and sense organs.

Diseases of the circulatory
system ................

Diseases of the respiratory
system ................

Diseases of the digestive
system, oral cavity,
salivary glands, and jaws.

Diseases of the genitourinary
system ................

Complications of preg-
nancy, childbirth, and
puerperium ............

Diseases of the skin and
subcutaneous tissue .....

Diseases of the musculoske-
letal system and con-
nective tissue ...........

Congenital anomalies and
certain causes of perinatal
mortality ...............

Symptoms and ill-defined
conditions .............

Accidents, poisonings, and
violence ...............

Total ' ...............

1,891 930 906 16 6

845 406 236 94 65

5,090 3,328 1,595 1,340 368

2 960 919 21 14 4

9 439 187 92 85 74

23 1,762 700 598 320 141

27,598 10,581 3,422 2,768 3,514 875 17,017 2,479 2,136 4,756 7,644

Percentage distribution

1.4

17.8

2.0

0.4

0.8

1.7

35.9

4.6

1.5 2.8

13.7 3.0

1.2 0.7

0.3 0.5
1.3 0.9

1.9 3.4

25.1 2.6

4.3 4.0

4.6 5.1 1.2

1.3 0.8 0.4

3

0.1 3 3

1.1

10.5

1.2

0.3

2.5

1.6

18.7

2.6

0.8
24.3

1.6

0.1
1.1

0.9

44.6

4.8

0.6
23.1

2.0

0.1
0.2

0.6

55.4

8.9

1.4

20.4

2.5

0.4

0.5

1.6

42.6

4.8

4.1
4.1

0.9

0.8
0.4

3.8

3.8

5.5

2.0
22.5

2.1

0.7
1.8

2.7

17.6

3.8

1.0
35.3

2.7

0.3
0.7

1.5

35.3

4.7

0.5
15.8

3.0

0.2
0.2

0.6

66.7

5.0

7.4 7.6 3.1 4.3 1.7 8.4 6.7 2.5

0.9 0.9 1.3 1.6 0.6 2.4 1.7 1.7

0.1 0.3 0.8 3 -

3 3 3 0.1 3 0.2 0.1 0.1

0.3 0.1 3 0.2 0.1 0.1 0.5 0.3 1.1 0.6 0.3

6.8 8.7 26.4

3.0 3.8 6.9

0.6 0.1

3.4 1.8

3 5.6 37.0

1.1 2.5 7.5

1.0 0.3

4.3 1.7 0.9

18.4 31.4 46.6 48.4 10.4 2.6 10.3 28.2 28.0 6.7 1.8

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

I Totals may not add up due to truncation of numbers.
2 Less than 1,000 years.
3 Less than 0.1 percent.
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Estimating techniques and problems: present value
of future earnings. To compute the present value
of future earnings, we used the following formula,
closely following Rice. Va is the present value of
future earnings of a male at age a such that

85+XXWPXn WnPa
V1975a =

n=a (1+ j)n-a

where 1975 is our base year

a is mid-year age per a given cohort

Xn = annual mean earnings of all males with earnings
in an age group where the midpoint is age n

i = discount rate

WnPa = number of labor force years per person in
an age group

t+r-1
= E LjWI

j=t

where
j = specific age group under consideration

t = beginning of age group

r = number of years in this age group

Lj = number of males surviving toj out of a cohort of
100,000 male births

Wi = age group work-experience rate

La = number of males living at mid-year age a for
given subgroup out of a cohort of 100,000 live
male births

For females, our computations differed slightly to take
into account those women who were keeping house
and not otherwise employed. Thus, our computations
had two components.

85+ Xn, WnPan
Va E=

n=a (1 + i)n-a
85+ X kK p n

+ zn- +i)nn an=a (1±j)I

where
85+ XnWnPan

(1 + j)n-a
is simliar to the formula used

for males and
854-- XrkK.Pan differs from the previous for-
n=a (1 + j)n-a

mula in that

X,1k = inputed household value for women otherwise
not in labor force, and

Kn = average keeping house participation rate in the
age group with midpoint n.

Methodological problems inherent in this approach
include the treatment of consumption and the ap-
propriate discount rate to be used in converting the
flow of future production to its present asset value.
The appropriate discount rate has been discussed
in Chapter 3. Muclh has been written on the ques-
tion of whether an individual's consumption should
be subtracted from hiis or her economic value.

It has been argued that the loss society incurs
when a person dies is equal to his production minus
consumption and, tlherefore, one should view the
social loss as the individual's net output (18). How-
ever, such a methodology deals with the individual
person in a way that challenges our basic values of

Table 36. Present value of future earnings, assuming con-
stant rates of labor force participation and including house-

hold values, in thousands of dollars

Interest rate= Interest rate=
10 percent 2.5 percent

Age group 1975 Year 2000 1975 Year 2000
(years) dollars dollars dollars dollars

Males:
0-1 ....... $ 55 $130 $796 $1,874
1-4 ....... 55 131 802 2,070
5-14 ...... 120 283 847 1,993

15-24 ...... 228 536 863 2,034
25-34 ...... 313 738 776 1,829
35-44 ...... 302 709 573 1,350
45-54 ...... 229 540 340 800
55-64 ...... 116 275 135 320
65-74 ...... 24 56 27 63
75-84 ...... 5 13 6 14
85 and over. 1 2 1 2

Females:
0-1 ....... 43 100 552 1,301
1-4 ....... 43 101 555 1,310
5-14 ...... 94 220 585 1,381
15-24 ...... 165 391 581 1,371
25-34 ...... 199 468 493 1,163
35-44 ...... 175 412 359 845
45-54 ...... 135 319 226 531
55-64 ...... 85 201 116 274
65-74 ...... 29 70 37 89
75-84 ...... 11 26 12 29
85 and over. 4 9 4 9

September-October 1978, Vol. 93, No. 5 563



PART 111. INDIRECT COST OF ILLNESS

individual worth. Those concerned with valuations
of an individlual human life would scarcely consider
a net computation appropriate in developed soci-
eties. Thus, we decided to make no allowance for
consumption.

We should also note that certain economists have
rejected the human capital approaclh; they are criti-
cal because the only value attached to an individual
is the output he or she produces. Due to the dis-
counting process, children whose participation in the
labor force will not begin for several years, and
those who are not actively contributing to the GNP
have a low value placed on their lives. Neither the
individual's value of his or her own life is con-
sidered in the human capital approach nor are any
values of the person by his family and friends.

Application. Applying present value of future earn-
ings to year 2000 deatlhs, we obtained the following
mortality losses in billions of dollars:

Interest rate 1975 dollars

2.5 percent. ...... $303.5
10 percent ...... 151.3

Year 2000
dollars

$715.2
356.4

Tables 37 and 38 show these mortality losses by
age, sex, and cause when the interest rate is 2.5
percent, while tables 39 and 40 show their distribu-
tion with an interest rate at 10 percent. The differ-
ence between these tables showing losses in constant
dollars and those showing losses in year 2000 dollars
lies only in the magnitude of the GNP deflator.

With the interest rate set at 2.5 percent, accidents,
poisonings, and violence cause the greatest loss (28
percent) followed by circulatory diseases (25 percent),
and neoplasms (16 percent). With a 10 percent rate,
the major causes of mortality are the same, although
there is a change in the ordering of disease cate-
gories. Circulatory diseases cause the greatest losses
(35 percent) followed by accidents, poisonings, and
violence (22 percent), and neoplasms (21 percent).
The ranking for females is somewhat different; neo-
plasms are more important than accidents, poison-
ings, and violence. If these results are compared with
those obtained with the discount rate of 2.5 percent,
the rankings of disease categories are the same, but,
with the 10 percent discount rate, the magnitudes are
substantially different. Circulatory diseases caused
25 percent of all mortality loss with the discount
rate of 2.5 percent, but with the discount rate at

10 percent, circulatory diseases caused 35 percent of
all loss. When the discount rate was set at 2.5 per-
cent, accidents, poisonings, and violence caused 28
percent of all loss, but at 10 percent, the figure drops
to 22 percent. Neoplasms caused 16 percent of losses
when the interest rate is assumed to be 2.5 percent;
at 10 percent, neoplasms caused 21 percent of all
losses.

Clearly, the choice of interest rate affects the rela-
tive proportions of losses attributable to specific
diseases. The higlher the interest rate, the lower the
present value of future earnings, particularly chil-
dren's future earnings. Those in older age groups
are more likely to die of circulatory diseases than
are younger persons. Therefore, because the present
value of their earnings is relatively higher at the
10 percent rate than the 2.5 percent rate, circula-
tory diseases will become relatively more important
as causes of mortality loss as the discount rate in-
creases. Similarly, neoplasms will increase in rela-
tive importance with an increase in the discount
rate. However, accidents, poisonings, and violence
will decrease with increasing discount rates, since
these are causes of mortality loss primarily among
younger age groups.

The costs of premature death in the year 2000
measured by the total loss in production over the
expected years of normal working life vary accord-
ing to the assumption of work force participation.
For those in the work force (that is excluding im-
puted value of household services) the range in costs
between increasing and decreasing work force parti-
cipation is 13.7 percent when costs are calculated at
the 10 percent discount rate and 16.0 percent when
costs are calculated at the 2.5 percent discount rate.
Mortality losses in year 2000, as measured by the
present value of lost future earnings, can range from
$151.3 billion to $303.5 billion in constant 1975 dol-
lars and from $356.4 billion to $715.2 billion in year
2000 dollars, depending on the discount rate used to
calculate these losses. The figures in this chapter are
based on the assumptions of constant labor force par-
ticipation rates and the inclusion of household
values .Other calculations for different assumptions
about labor force participation rates were also made.
Of all assumptions presented in this chapter, the one
that affects these magnitudes most is the interest
rate, although others are also significant as infer-
ences are drawn by age, sex, and cause.
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Table 37. Lost future earnings in millions of 1975 dollars discounted at 2.5 percent, assuming constant labor force par-
ticipation rates and including household values

Total Males Females
males
and Under 65 and Under 65

Disease category females' All ages 25 25-44 45-64 over All ages 25 25-44 45-64 and over

Millions of 1975 dollars

Infective and
parasitic
diseases ...... $ 4,974 $ 3,174 $ 1,737 $ 731 $ 637 $ 66 $ 1,800 $ 957 $ 426 $ 327 $ 89

Neoplasms ...... 48,319 28,983 2,005 680 17,733 2,438 19,336 1,013 4,569 11,059 2,694
Endocrine, nutri-

tional and meta-
bolic diseases 4,706 2,694 483 801 1,193 216 2,012 230 441 850 491

Diseases of the
blood and
blood-forming
organs ....... 1,250 743 351 224 145 20 507 190 152 122 43

Mental disorders 3,909 3,148 664 1,610 842 31 760 118 378 229 34
Diseases of the

nervous system
and sense
organs ....... 6,133 4,050 2,210 1,077 692 69 2,083 913 570 494 104

Diseases of the
circulatory
system ....... 77,042 52,319 1,721 12,091 32,814 5,691 24,724 925 3,582 10,650 9,565

Diseases of the
respiratory
system ....... 12,923 8,669 2,519 1,692 3,533 924 4,253 1,289 785 1,439 737

Diseases of the
digestive sys-
tem, oral cavity,
salivary glands,
and jaws ..... 16,299 11,618 768 4,827 5,689 333 4,680 405 1,707 2,161 407

Diseases of the
genitourinary
system ....... 3,201 1,744 307 625 671 139 1,457 160 491 539 266

Complications of
pregnancy,
childbirth and
puerperium ... 270 - - - 270 95 174 1

Diseases of the
skin and sub-
cutaneous
tissue ........ 292 154 41 49 55 7 138 22 51 43 21

Diseases of the
musculoskeletal
system and
connective
tissue ........ 937 357 65 129 146 16 580 81 232 211 54

Congenital ano-
malies and cer-
tain causes of
perinatal
mortality ..... 25,372 16,612 16,073 385 146 6 8,759 8,442 209 97 11

Symptoms and
ill-defined
conditions .... 11,423 8,072 4,374 2,190 1,392 115 3,350 1,741 886 572 149

Accidents, poi-
sonings, and
violence ...... 86,485 71,230 31,962 31,047 7,944 276 15,254 6,902 5,843 2,217 290

Total 1 ...... 303,542 213,573 65,288 64,291 73,641 10,353 89,968 23,490 20,499 31,017 14,960
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Table 37. (continued) Lost future earnings in millions of 1975 dollars discounted at 2.5 percent, assuming constant labor
force participation rates and including household values

Total
males
and Under

Disease category females All ages 25

Males Females

65 and Under
25-44 45-64 over All ages 25 25-44 45-64

Percentage distribution

Infective and
parasitic
d iseases ...... 1.6

Neoplasms ...... 15.9
Endocrine, nutri-

tional and meta-
bolic diseases 1.5

Diseases of the
blood and
blood-forming
organs ....... 0.4

Mental disorders 1.2
Diseases of the

nervous system
and sense
organs ....... 2.0

Diseases of the
circulatory
system ....... 25.3

Diseases of the

1.4 2.6 1.1 0.8 0.6
13.5 3.0 10.5 24.0 23.5

2.0 4.0 2.0 1.0 0.5
21.4 4.3 22.2 35.6 18.0

1.2 0.7 1.2 1.6 2.0 2.2 0.9 2.1 2.7 3.2

0.3 0.5 0.3 0.1 0.1 0.5 0.8 0.7 0.3 0.2
1.4 1.0 2.5 1.1 0.2 0.8 0.5 1.8 0.7 0.2

1.8 3.3 1.6 0.9 0.6 2.3 3.8 2.7 1.5 0.7

24.5 2.6 18.8 44.5 54.9 27.4 3.9 17.4 34.3 63.9

respiratory
system ....... 4.2 4.0 3.8

Diseases of the
digestive sys-
tem, oral cavity,
salivary glands,
and jaws ..... 5.3 5.4 1.1

Diseases of the
genitourinary
system ....... 1.0 0.8 0.4

Complications of
pregnancy,
childbirth and
puerperium ... 2

Diseases of the
skin and sub-
cutaneous
tissue ........ 2 2 2

Diseases of the
musculoskeletal
system and
connective
tissue ........ 0.3 0.1 0.1

Congenital ano-
malies and cer-
tain causes of
perinatal
mortality ..... 8.3 7.7 24.6

Symptoms and
ill-defined
conditions .... 3.7 3.7 6.6

2.6 4.7 8.9 4.7 5.4 3.8 4.6 4.9

7.5 7.7 3.2 5.2 1.7 8.3 6.9 2.7

0.9 0.9 1.3 1.6 0.6 2.3 1.7 1.7

- -- 0.3 0.4 0.8 2 2

0.1 0.2 0.1 0.1

0.2 0.2 0.1 0.6 0.3 1.1 0.6 0.3

0.5 0.1

Accidents, poi-
sonings, and
violence ...... 28.4 33.3 48.9 48.2 10.7

9.7 35.9 1.0 0.3 2

3.4 1.8 1.1 3.7 7.4 4.3 1.8 0.9

2.6 16.9 29.3 28.4 7.1 1.9

Total I ...... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

I Totals may not add up due to truncation of numbers.
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Table 38. Lost future earnings, in millions of year 2000 dollars discounted at 2.5 percent, assuming constant labor force
participation rates and including household values

Total Males Females
males
and Under 65 Under 65 and

Disease category females' All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Infective and
parasitic
diseases ...... $ 11,721 $ 7,477 $ 4,093 $ 1,724 $ 1,501 $ 157 $ 4,244 $ 2,256 $ 1,005 $ 771 $ 211

Neoplasms ...... 113,858 68,270 4,724 16,028 41,775 5,742 45,588 2,389 10,769 26,075 6,352
Endocrine, nutri-

tional, and
diseases ...... 11,089 6,346 1,138 1,888 2,811 509 4,744 542 1,039 2,004 1,158

Diseases of the
blood and
blood-forming
organs ....... 2,947 1,750 828 529 343

Mental disorders. 9,210 7,417 1,566 3,793 1,985
Diseases of the
nervous system
and sense

48 1,197 449 358 288 102
72 1,793 279 890 541 81

organs ....... 14,451 9,540 5,209 2,537 1,630 164 4,910 2,153 1,344 1,166 247
Diseases of the

circulatory
system ....... 181,564 123,236 4,055 28,481 77,300 13,400 58,328 2,182 8,444 25,114 22,587

Diseases of the
respiratory
system ....... 30,452 20,422 5,935 3,986 8,324 2,175 10,030 3,040 1,852 3,394 1,743

Diseases of the
digestive sys-
tem, oral
cavity, salivary
glands, and
jaws ......... 38,404 27,370 1,810 11,370 13,403 785 11,034 954 4,024 5,095 959

Diseases of the
genitourinary
system ....... 7,545 4,108 725 1,473 1,582 327 3,436 377 1,157 1,271 630

Complications of
pregnancy,
childbirth, and
puerperium ... 637

Diseases of the
skin and subcu-
taneous tissue . 690 363

637 225 409

98 117 129
Diseases of the

musculoskeletal
system and con-
nective tissue. . 2,210 842 153 306 345

Congenital anoma-
lies and certain
causes of peri-
natal mortality. . 59,784 39,134 37,866 907 346

18 327

2

53 120 102 50

38 1,368 193 547 499 129

16 20,649 19,900 494 228 27

Symptoms and
ill-defined
conditions .... 26,915 19,017 10,306 5,160 3,280 271 7,898 4,105 2,090 1,351 351

Accidents,
poisonings, and
violence ...... 203,757 167,796 75,299 73,130 18,715 651 35,961 16,271 13,774 5,229 687

Total 1...... 715,239 503,093 153,808 151,434 173,474 24,377 212,146 55,374 48,322 73,132 35,317

' Totals may not add up due to truncation of numbers.
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Table 39. Lost future earnings, in millions of 1975 dollars discounted at 10 percent, assuming constant labor force
participation rates and including household values

Total Males Females
males
and Under 65 Under 65 and

Disease category females' All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Millions of 1975 dollars

Infective and
parasitic
diseases ...... $ 1,642 $ 1,052 $ 177 $ 349 $ 466 $ 60 $ 589 $ 109 $ 195 $ 202 $ 73

Neoplasms ...... 31,091 19,340 387 3,382 13,379 2,188 11,750 202 2,144 7,215 2,188
Endocrine, nutri-

tional, and
diseases ...... 2,752 1,545 63 398 888 194 1,207 33 205 564 403

Diseases of the
blood and
blood-forming
organs ....... 496 284 52 104 108 18 212 29 68 79 35

Mental disorders. 1,927 1,550 162 757 289 27 377 28 174 145 28

Diseases of the
nervous system
and sense
organs ....... 2,210 1,420 345 506 505 62 790 125 261 317 85

Diseases of the
circulatory
system ....... 52,997 35,978 317 6,109 24,413 5,137 17,019 180 1,677 7,118 8,043

Diseases of the
respiratory
system ....... 6,739 4,648 292 824 2,697 833 2,091 155 361 954 619

Diseases of the
digestive sys-
tem, oral
cavity, salivary
glands, and
jaws ......... 9,522 6,937 102 2,414 4,121 299 2,584 62 797 1,389 334

Diseases of the
genitourinary
system ....... 1,819 983 56 301 499 125 835 31 229 354 220

Complications of
pregnancy,
childbirth, and
puerperium ... 102 - - 102 27 74 - -

Diseases of the
skin and subcu-
taneous tissue 149 75 4 23 40 7 73 4 23 27 17

Diseases of the
musculoskeletal
system and con-
nective tissue . 506 198 13 62 107 14 308 19 106 137 44

Congenital anoma-
lies and certain
causes of peri-
natal mortality. 2,348 1,478 1,189 178 105 5 869 705 92 62 9

Symptoms and
ill-defined
conditions .... 3,806 2,710 565 1,025 1,015 103 1,095 194 408 368 123

Accidents,
poisonings, and
violence ...... 33,136 27,381 7,338 14,142 5,651 248 5,755 1,512 2,597 1,404 240

Total ' ...... 151,250 105,586 11,071 30,580 54,606 9,328 45,664 3,423 9,419 20,351 12,469
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Table 39. (continued) Lost future earnings, in millions of 1975 dollars discounted at 10 percent, assuming constant labor
force participation rates and includirng household values

Total Males Females
males
and Under 65 Under 65 and

Disease category females I All ages 25 25-44 45-64 and over All ages 25 26-44 45-64 over

Percentage distribution

Infective and
parasitic
diseases ...... 1.0 0.9

Neoplasms ...... 20.5 18.3
Endocrine, nutri-

tional, and
diseases ...... 1.8 1.4

Diseases of the
blood and
blood-forming
organs ....... 0.3 0.2

Mental disorders. 1.2 1.4
Diseases of the

nervous system
and sense
organs ....... 1.4 1.3

Diseases of the
circulatory
system ....... 35.0 34.0

Diseases of the
respiratory
system ....... 4.4 4.4

Diseases of the
digestive sys-
tem, oral
cavity, salivary
glands, and
jaws ......... 6.2 6.5

Diseases of the
genitourinary
system ....... 1.2 0.9

Complications of
pregnancy,
childbirth, and
puerperium ... 2

Diseases of the
skin and subcu-
taneous tissue 2 2 2

Diseases of the
musculoskeletal
system and con-
nective tissue . 0.3 0.1 0.1

Congenital anoma-
lies and certain
causes of peri-
natal mortality. . 1.5 1.4 10.7

Symptoms and
ill-defined
conditions .... 2.5 2.5 5.1

Accidents,
poisonings, and
violence ...... 21.9 25.9 66.2

1.6 1.1 0.8 0.6 1.2
3.5 11.0 24.5 23.4 25.7

3.2 2.0 1.0 0.5
5.9 22.7 35.4 17.5

0.5 1.3 1.6 2.0 2.6 0.9 2.1 2.7 3.2

0.4 0.3 0.1 0.1
1.4 2.4 1.1 0.2

3.1 1.6 0.9 0.6

2.8 19.9 44.7 55.0 2

2.6 2.6 4.9 8.9

0.9 7.8 7.5 3.2

0.4
0.8

0.8 0.7 0.3
0.8 1.8 0.7

0.2
0.2

1.7 3.6 2.7 1.5 0.6

37.2 5.2 17.8 34.9 64.5

4.5 4.5 3.8 4.6 4.9

5.6 1.8 8.4 6.8 2.6

0.5 0.9 0.9 1.3 1.8 0.9 2.4 1.7 1.7

- - - - 0.2 0.7 0.7

2 0.1 0.1 0.2 0.1 0.1

0.2 0.1 0.1 0.6 0.5

0.5 0.1 2

3.3 1.8 1.1

1.1 0.6 0.3

1.9 20.6 0.9 0.3 2

2.3 5.6

46.2 10.3 2.6 12.6 44.1

4.3 1.8 0.9

27.5 6.9 1.9

Total 1 ...... 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

'Totals may not add up due to truncation of numbers. 2 Less than 0.1 percent.
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Table 40. Lost future earnings, in millions of year 2000 dollars discounted at 10 percent, assuming constant labor force
participation rates and including household values

Total Males Females
males
and Under 65 Under 65 and

Disease category temales' All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Infective and
parasitic
diseases ...... $ 3,871 $ 2,481 $ 418 $ 823 $ 1,098 $ 141 $ 1,389 $ 259 $ 460 $ 496 $ 174

Neoplasms ...... 73,264 45,563 914 7,967 31,524 5,159 27,700 477 5,055 17,006 5,159
Endocrine, nutri-

tional and
metabolic
diseases ...... 6,486 3,640 150 938 2,093 458 2,845

Diseases of the
blood and
blood-forming
organs ....... 1,171 670 125 246 255

Mental disorders. 4,542 3,652 383 1,785 1,417
Diseases of the

nervous system

78 485 1,331 951

44 500 68 161 186
65 889 68 410 343

84
67

and sense
organs ....... 5,209 3,345 813 1,194 1,190 147 1,863 296 617 749 201

Diseases of the
circulatory
system ....... 124,877 84,758 747 14,391 57,509 12,111 40,118 425 3,953 16,780 18,959

Diseases of the
respiratory
system ....... 15,880 10,951 688 1,941 6,355 1,965 4,929 365 853 2,250 1,460

Diseases of the
digestive sys-
tem, oral
cavity, salivary
glands, and
jaws ......... 22,435 16,342 241 5,687 9,708 705 6,092 148 1,881 3,276 787

Diseases of the
genitourinary
system ....... 4,286 2,276 134 709 1,177 296 1,969

Complications of
pregnancy,
childbirth, and
puerperium ... 241

74 540 835 520

- - -- - 241 64 177
Diseases of the

skin and subcu-
taneous tissue. 352 178 11 55 95

Diseases of the
muscu loskeletal
system and con-
nective tissue. . 1,193 467 32 147 253

Congenital anoma-
lies and certain
causes of peri-
natal mortality.. 5,534 3,484 2,802 419 248

1

16 173 10 55 65 42

34 726 46 251 323 105

14 2,050 1,664 219 146 22

Symptoms and
ill-defined
conditions .... 8,968 6,385 1,333 2,415 2,392 243 2,582 459 963 868 292

Accidents,
poisonings, and
violence ...... 78,073 64,506 17,292 33,315 13,313 585 13,567 3,565 6,122 3,312 567

Total I...... 356,376 248,734 26,087 72,035 128,632 21,980 107,642 8,070 22,206 47,974 29,388

'Totals may not add up due to truncation of numbers.

570 Public Health Reports



Chapter 7. Economic Costs of Disability,
Year 2000

In economic terms, disability is measured by the
loss of working time during the year and the re-
duced production as a consequence of the reduced
working time. Sickness also causes debility, which,
while not reducing work hours, diminishes produc-
tivity. In this report we do not consider the costs of
debility.
We ask, first, what is the likely extent of disability

in the year 2000? The extent of disability is esti-
mated separately for four subgroups of the popula-
tion, and then the costs are added together to derive
an aggregate. The four subgroups are (a) the cur-
rently employed population; (b) persons keeping
house; (c) the noninstitutionalized people who are
not in the labor force due to disease or disability;
and (d) the population residing in institutions for
the sick or disabled.
We estimate the economic costs of morbidity

(exclusive of debility cost) for fiscal year 2000 at
$366.1 billion at year 2000 prices and $155.4 billion
at 1975 prices, using the projected GNP deflator
for the price adjustment. In 1975, the estimated
costs of morbidity were $57.8 billion. An estimate
of the loss in production time attributable to mor-
bidity alone amounts to about 9.4 million produc-
tive years lost.
The value of the lost work time and productivity

in the economy is divided among the population
subgroups as follows:

Subgroup
Total .................

Cost of disability, as defined, is far higher than the
cost of premature death when cost of death is
counted only for the single year-over 15 times as
large. But disability costs are lower, about one-half
the cost of deatlh, when account is taken of the
stream of earnings lost over time (fig. 9).
By disease category, the changes in the relative

cost of disability between 1975 and the year 2000
are, on the whole, relatively small. Respiratory dis-
eases, diseases of the musculoskeletal system, circula-
tory diseases, mental disorders, and accidents, poi-
soning, and violence account for about two-thirds of
the total costs of disability in both years. Costs of
mental disorders and of circulatory diseases are esti-
mated to be about 2 percent lower in 2000 than in
1975. Respiratory diseases, largely due to a projected
increase in the number of women smokers, are up 1

Figure 9. Cost of mortality and disability for 1975 and
year 2000, in billions of dollars

co

V0

1975 prices 1 2000 prices 1 cn
c
0*- $155.4 $366.1 mT

In work force ..................
Keeping house .................
Not in work force ..............
In institutions .................

' In billions of dollars.

More detailed information is provided in tables 41
and 42.
These economic costs, defined as losses in earn-

ings attributable to disability, represent 6 percent of
year 2000 earnings and 4 percent of year 2000 GNP.

Cost of death: Cost of death: Cost of
Single year Present value of disability
earnings loss future earnings

loss discounted
at 2.5 percent
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PART Ill. INDIRECT COST OF ILLNESS

percent and so is the accidents, poisoning, and
violence category.
Among those in the work force, respiratory dis-

eases are estimated to continue, even by year 2000,
to accounit for the greatest losses in working time
and earnings. Accidents, poisonings, and violence
are expected to rank second and diseases of the
musculoskeletal system and connective tissue third
(tables 43 and 44).

Diseases that are expected to be most important
in keeping women from doing their household work
are respiratory diseases, diseases of the circulatory
system, and diseases of the musculoskeletal system
and connective tissue (tables 45 and 46).

For persons not in the labor market because of
ill health but not institutionalized, diseases of the
circulatory system are expected to rank first, followed
by diseases of the nervous system and sense organs
(tables 41, 42).

Mental disorders are expected to account for the
largest share of morbidity costs of the institution-
alized population despite the progress made toward
deinstitutionalization of the mentally ill. Diseases
of the circulatory system are expected to rank second
(tables 47 and 48).
For the four subgroups of the disabled popula-

tion, the diseases categories that are most important
differ. For workers, diseases of the respiratory system
and accidents account for almost half the total costs.
For those not in the work force due to disability,
cost is high for circulatory diseases, diseases of the
nervous system, and diseases of the musculoskeletal
system. Together, these three disease categories
account for more than 50 percent of the cost. Mental
disorders alone account for over half the disability
cost of the institutional population (table 41).

Estimating the Numbers of Disabled
and Loss in Working Time

Currently employed. For the currently employed
population, work-loss years in the year 2000 were
estimated. The estimates assume that the work-loss
experience of 1975 by age and sex would be modified
only by the extent of illness by disease category in
the population. The extent of illness, in turn, is
determined for the year 2000 on the assumption that
disability rates by age and sex would change pro-
portionately to death rates. The assumption of a link
between death rates and cases of sickness is far from
unfamiliar, but there are reasons to question seri-

ously whether, over time, improvements in sickness
rates are uniformly linked to improvements in mor-
tality.
The assumption that the number of deaths and

the number of work-loss years by condition, age,
and sex would move proportionately is open to many
reasonable objections. Yet a close examination of
the responses of experts questioned in the PSL
Delphi study predicting death rates in the year 2000
revealed that their general opinion concurred with
the previotus assumption (53, 54). In any case, infor-
mation was not at hand that would permit an adjust-
ment by disease category especially appropriate for
each disease.
*To obtain an estimate of the cost of disability

loss among the currently employed, the following
procedure was adopted. Estimates of the number
of work-loss years by condition, age, and sex had
been derived from unpublished NCHS data for our
report "Costs of Illness and Disease, Fiscal Year 1975"
(67). A ratio of death rates in the year 2000 to death
rates in 1974 by condition, age, and sex was applied
to these estimates to project work-loss years in the
year 2000.
The average number of work-loss years per em-

ployed person in 1974 as modified by our death rate
index by age, sex, and condition was applied to the
estimate of the labor force in the year 2000. This esti-
mate was obtained by applying 1975 labor force
participation rates to the projected year 2000 popu-
lation by age and sex. Two other assumptions on
labor force participation rates were also used, namely,
a continuing reduction in labor force participation
of men aged 45 and older, and a return to earlier
experience in which a larger proportion of men 45
years and older were working full-time than more
recent data show. Labor force participation rates
were discussed in detail in Chapter 6.

The differences in labor force participation rates
for the year 2000 under the three assumptions con-
cerning the rates for selected age groups are sum-
marized in table 49.

Clearly, the costs of loss of productivity as a con-
sequence of work loss attributable to diseases and
injury are a function of the numbers of workers, or
the proportions of persons by age and sex who have
an active attachment to jobs or the job market. At
constant labor force participation rates, almost half
of the total cost of disability among males in the
work force is the cost for those 45 years and older
(table 43). Given decreasing labor force participation
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rates, these costs would be lower, and at increasing
labor force participation rates, they would be sub-
stantially higher.

The large difference in rates of labor force par-
ticipation, especially the decreasing rates of men 65
to 74 years old, means a major set of social costs.
If improvement in mortality enlarges the worker
pool in the upper age groups, there may be costs in
lowered productivity attributable to sickness. How-
ever, the size of such economic costs depends upon
work force participation. A small increase in the
average participation rates changes the costs of dis-
ability. (We would be remiss if we did not point out
that it also enlarges the size of the dependent popu-
lation, increases the tax burden of the Social Security
programs, and has feedback effects on the incentives
of the economic system.)

Individuals keeping house. For the second sub-
group, individuals keeping house, loss of house-
keeping services due to illness is estimated on the
assumption that the best indicator of loss of capacity
to function in a household is days of bed disability.

Estimates of the number of bed-disability days by
age and diagnosis had been derived from unpub-
lished NCHS data for our 1975 report (67).
As with work-loss years, these estimates were modi-
fied by the same death-rate index to reflect changes
in the prevalence of diseases by age. An average
number of bed-disability days per housewife as modi-
fied by the death-rate index was then obtained. This
average was applied to the number of housewives
projected for the year 2000.
Two projections of number of housewives by age

were made based on differences in housekeeping
rates. In one estimate, work force participation rates
were left constant; it was assumed that the same pro-
portion of women would keep house as in 1975. An
alternative computation assumes that the labor force
participation rate of women would increase and the
numbers of women keeping house and not working
would accordingly go down.
The percentages of the population keeping house

under these two assumptions follow:

Increasing
rate of

Constant labor force
Age group rates participation
25-34 years ....................... 41 29
35-44 years ....................... 41 31
45-54 years ....................... 42 34
55-64 years ....................... 56 54

For females under age 65 keeping house, respira-
tory diseases are the most costly in terms of dis-
ability. For those under 25, respiratory diseases
account for about one-third of the disability costs.
The relative importance of the respiratory diseases
drops off progressively with age (table 45). This is
in marked contrast to the distribution of costs for
male workers. Among them, the proportion of dis-
ability costs attributable to respiratory diseases is
somewhat hiigher for those 65 years of age than for
the youniger age groups (table 43).

Noninstitutionalized population unable to work.
The numbers involved in a third subgroup, namely
the disabled not in the labor force and not in insti-
tutions were estimated, using 1975 experience as a
benchmark. Data on the proportion of the total
population unable to work in 1975 because of ill
health, by age and sex, were derived from the BLS
report, "Employment and Earnings," issued in Jan-
uary 1976 (55) and from the Census Bureau's "House-
hold and Family Characteristics" (59). These propor-
tions were then applied to the projected year 2000
population by age and sex to obtain the numbers
unable to work in the year 2000. The assumption
was made, accordingly, that in the year 2000, those
in each age-sex group in the population who are
not in the labor force due to ill health would
approximate the current experience, except as modi-
fied to take account of actual labor force participa-
tion rates by age and sex and numbers in the work-
ing population.

Institutional population. The latest available data
on the institutional population, the fourth sub-
group, are from the 1970 Census. During 1970,
approximately 1.7 million persons were residing in
institutions because of illness. The institutional
population in the year 2000 was assumed to be 15
percent less in each category than it had been in
1970. The reduction reflects the actions being taken
to assure facilities and services that would facilitate
deinstitutionalization; this assumes the widely held
view that institutionalization is not beneficial to most
patients.
We did not, in making the estimates of disability

costs of the institutional population, take full ac-
count of the shifts in hospital patient loads. The
disability costs attributable to mental hospitals may
be unduly high, but there would be offsetting in-
creases in costs of mental disorders for the noninsti-
tutional population unless a preventive for mental
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Table 41. Morbidity losses in year 2000, in millions of 1975 dollars, assuming constant labor force participation rates and
including household values

Noninstitutional

Disease category Total Total Currently employed Keeping house Unable to work Institutional

Millions of dollars

Infective and parasitic diseases . . $ 5,090 $ 4,358 $ 2,697 $ 1,039 $ 622 $ 732
Neoplasms ................... 3,221 3,080 1,161 986 933 141
Endocrine, nutritional and

metabolic diseases ...... ..... 3,916 3,533 603 487 2,443 383
Diseases of the blood and

blood-forming organs ........ 823 782 226 245 311 41
Mental disorders ....... ....... 20,209 8,854 2,007 975 5,872 11,355
Diseases of the nervous system
and sense organs ...... ...... 14,181 13,516 2,575 1,459 9,462 665

Diseases of the circulatory
system ..................... 20,506 17,634 3,844 2,461 11,329 2,872

Diseases of the respiratory
system ..................... 24,528 24,347 15,523 5,032 3,792 181

Diseases of the digestive system,
oral cavity, salivary glands, and
jaws ....................... 9,455 9,239 4,992 1,493 2,754 216

Diseases of the genitourinary
system ..................... 6,177 6,100 3,265 2,005 830 77

Complications of pregnancy,
childbirth, and puerperium .... 966 966 113 853

Diseases of the skin and
subcutaneous tissue ......... 1,306 1,296 797 240 259 10

Diseases of the musculoskeletal
system and connective tissue 19,747 19,116 7,242 2,642 9,202 631

Congenital anomalies and certain
causes of perinatal mortality 1,090 1,069 186 157 726 21

Symptoms and ill-defined
conditions .................. 4,710 3,769 2,669 1,101 - 941

Accidents, poisonings, and
violence .................... 17,130 16,839 13,025 2,149 1,665 291

Other ........................ 2,285 1,665 1,665 620

Total 1 .....................

Infective and parasitic diseases . .

Neoplasms ..................
Endocrine, nutritional and

metabolic diseases ..........
Diseases of the blood and

blood-forming organs ........
Mental disorders ..............
Diseases of the nervous system
and sense organs ............

Diseases of the circulatory
system .....................

Diseases of the respiratory
system .....................

Diseases of the digestive system,
oral cavity, salivary glands,
and jaws ..................

Diseases of the genitourinary
system .....................

Complications of pregnancy,
childbirth, and puerperium ....

Diseases of the skin and
subcutaneous tissue .........
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155,374 136,189 60,983 23,331 51,875 19,185

Percentage distribution

3.33.2 4.4 4.5 1.2 3.8~~~~~~~~~~~~~~~~~~~~~~~~

3.3 3.2 4.4 4.5 1.2 3.8
2.1 2.3 1.9 4.2 1.8 0.7

2.5 2.6 1.0 2.1 4.7 1.9

0.5 0.6 0.4 1.1 0.6 0.2
13.0 6.5 3.3 4.2 11.3 59.2

9.1 9.9 4.3 6.3 18.2 3.4

13.2 13.0 6.3 10.5 21.8 14.9

15.8 17.9 25.5 21.6 7.3 0.9

6.1 6.8 8.2 6.4 5.3 1.1

4.0 4.5 5.4 8.6 1.6 0.4

0.6 0.7 0.2 3.7 2

0.8 1.0 1.3 1.0 0.5 3.2



Table 41. (continued) Morbidity losses in year 2000, in millions of 1975 dollars, assuming constant labor force partici-
pation rates and including household values

Noninstitutional

Disease category Total Total Currently employed Keeping house Unable to work Institutional

Percentage distribution

Diseases of the musculoskeletal
system and connective tissue 12.7 14.0 11.9 11.3 17.7 0.1

Congenital anomalies and certain
causes of perinatal mortality 0.7 0.8 0.3 0.7 1.4 4.9

Symptoms and ill-defined
conditions .......... ....... 3.0 2.8 4.4 4.7 1.5

Accidents, poisonings, and
violence .................... 11.0 12.4 21.4 9.2 3.2 3.2

Other ........................ 1.5 1.2 - 3.2

Total 1 ..................... 100.0 100.0 100.0 100.0 100.0 100.0

I Totals may not add up due to truncation of numbers.
2 Less than 0.1 percent.

Table 42. Total morbidity losses in year 2000, in millions of year 2000 dollars, assuming constant labor force participation
rates and including household values

Noninstitutional

Disease category Total Total Currently employed Keeping house Unable to work Institutional

Infective and parasitic diseases. $ 11,998 $ 10,274 $ 6,358 $ 2,450 $ 1,466 $ 1,724
Neoplasms .................. 7,590 7,260 2,737 2,324 2,199 330
Endocrine, nutritional and

metabolic diseases .. ...... 9,225 8,327 1,422 1,149 5,756 898
Diseases of the blood and

blood-forming organs ....... 1,943 1,845 533 579 733 98
Mental disorders ...... ....... 47,618 20,864 4,732 2,298 13,834 26,754
Diseases of the nervous system

and sense organs .......... 33,410 31,849 6,118 3,440 22,291 1,561
Diseases of the circulatory
system .................... 48,287 41,554 9,062 5,801 26,691 6,733

Diseases of the respiratory
system .................... 57,817 57,391 36,596 11,862 8,933 426

Diseases of the digestive system,
oral cavity, salivary glands,
and jaws .................. 22,286 21,779 11,769 3,521 6,489 507

Diseases of the genitourinary
system .................... 14,560 14,379 7,695 4,727 1,955 181

Complications of pregnancy,
childbirth, and puerperium ... 2,279 2,279 266 2,013 - -

Diseases of the skin and
subcutaneous tissue ........ 3,079 3,056 1,879 566 611 23

Diseases of the musculoskeletal
system and connective
tissue ..................... 46,534 45,052 17,144 6,228 21,680 1,482

Congenital anomalies and certain
causes of perinatal mortality 2,570 2,520 439 371 1,710 50

Symptoms and ill-defined
conditions .... 11,097 8,887 6,292 2,595 - 2,210

Accidents, poisonings, and
violence .................. 40,378 39,697 30,707 5,067 3,923 681

Other ....................... 5,385 3,923 3,923 1,462

Total I .................... 366,108 320,979 143,769 54,999 122,211 45,129

l Totals may not add up due to truncation of numbers.
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Table 43. Morbidity losses in year 2000 for the currently employed, in millions of 1975 dollars, assuming constant labor
force participation rates and including household values

Total Males Females
males
and Under 65 Under 65

Disease category females All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 and over

Millions of 1975 dollars

Infective and
parasitic
diseases ...... $ 2,697 $ 1,471 $ 271 $ 858 $ 248 $ 91 $ 1,225 $ 192 $ 640 $ 338 $ 54

Neoplasms ..... 1,161 580 1 75 444 60 581 53 292 190 39
Endocrine, nutri-

tional, and
metabolic
diseases ...... 603 399 10 104 280 4 204 1 109 95

Diseases of the
blood and
blood-forming
organs ....... 226 103 50 27 21 4 122 10 112 1 1

Mental disorders 2,007 1,157 26 406 704 20 850 83 301 465
Diseases of the

nervous system
and sense
organs ....... 2,595 1,333 166 477 654 33 1,262 99 696 452 13

Diseases of the
circulatory
system ....... 3,844 2,125 12 543 1,436 133 1,719 1,008 199 497 12

Diseases of the
respiratory
system ....... 15,523 9,856 944 4,607 3,908 395 5,667 169 3,268 2,163 66

Diseases of the
digestive sys-
tem, oral cavity,
salivary glands,
and jaws ..... 4,992 3,526 68 1,571 1,768 118 1,465 241 628 543 52

Diseases of the
genitourinary
system ....... 3,265 1,582 12 925 607 37 1,682 130 1,026 525 1

Complications of
pregnancy,
childbirth, and
puerperium ... 113 - - 113 63 50 1

Diseases of the
skin and sub-
cutaneous
tissue ........ 797 433 158 134 82 58 363 89 201 72 1

Diseases of the
musculoskeletal
system and
connective
tissue ........ 7.272 4,888 158 1,970 2,566 192 2,384 5 1,012 1,308 58

Congenital
anomalies and
certain causes
of perinatal
mortality ..... 186 130 1 61 69 1 55 1 53

Symptoms and ill-
defined condi-

tions ....... 2,669 1,444 137 574 672 60 1,225 47 541 623 13
Accidents, poison-

ings, and
violence ...... 13,025 10,436 1,301 4,460 4,544 129 2,588 461 1,516 603 7

Total 2 ...... 60,983 39,468 3,319 16,798 18,011 1,339 21,514 2,656 10,659 7,880 318
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Table 43. (continued) Morbidity losses in year 2000 for the currently employed, in millions of 1975 dollars, assuming
constant labor force participation rates and including household values

Total Males Females
males
and Under 65 Under 65 and

Disease category females All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

Percentage distribution

Infective and
parasitic
diseases ..... 4.4 3.7

Neoplasms ...... 1.9 1.5
Endocrine, nutri-

tional and me-
tabolic diseases 1.0 1.0

Diseases of the
blood and
blood-forming
organs ....... 0.4 0.3

Mental disorders 3.3 2.9
Diseases of the

nervous system
and sense
organs ....... 4.3 3.4

Diseases of the
circulatory
system ...... 6.3 5.4

Diseases of the
respiratory
system ....... 25.5 25.0

Diseases of the
digestive sys-
tem, oral cavity,
salivary glands,
and jaws ..... 8.2 8.9

Diseases of the
genitourinary
system ...... 5.4 4.0

Complications of
pregnancy,
childbirth, and
puerperium ... 0.2

Diseases of the
skin and subcu-
taneous tissue 1.3 1.1

Diseases of the
musculoskeletal
system and
connective
tissue 11.9 12.4

Congenital
anomalies and
certain causes
of perinatal
mortality ..... 0.3 0.3

Symptoms and
ill-defined
conditions .... 4.4 3.7

Accidents, poi-
sonings, and
violence ...... 21.4 26.4

8.2 5.1 1.4 6.8
3 0.4 2.5 4.5

5.7 7.2 6.0
2.7 2.0 2.7

0.3 0.6 1.6 0.3 0.9

1.5 0.2
0.8 2.4

5.0 2.8

0.4 3.2

4.3 17.0
2.4 12.3

1.0 1.2

0.1 0.3 0.6 0.4 1.1 3

3.9 1.5 4.0 3.1 2.8 5.9

3.6 2.5

8.0 9.9

28.4 27.4 21.7 29.5

2.0 9.4 9.8 8.8

0.4 5.5 3.4 2.8

5

3

5.9 3.7 6.5 5.7 4.1

8.0 38.0 1.9 6.3 3.8

26.3 6.4 30.7 27.4 20.8

6.8 9.1 5.9 6.9 16.4

7.8 4.9 9.6 6.7 3

- - - - 0.5 2.4 0.5

4.8 0.8 0.5 4.3

4.8 11.7 14.2 14.3

3 0.4 0.4 3

4.1 3.4 3.7 4.5

39.2 26.6 25.2 9.6

1.7 3.4 1.9 0.9 3

11.1 0.2 9.5 16.6 18.2

0.3 0.5 3 3

5.7 1.8 5.1 7.9 4.1

12.0 17.4 14.2 7.9 2.2

Total 2 ...... 100.0 100.0 100.0 100.0 100.0 100.0 100.00 100.0 100.0 100.0 100.0

' Less than $1 million.
2 Totals may not add due to truncation of numbers.
3 Less than 0.1 percent.
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Table 44. Morbidity losses in year 2000 for the currently employed, in millions of year 2000 dollars, assuming constant
labor force participation rates and including household values

Disease category

Infective and parasitic
diseases ................

Neoplasms ................

Endocrine, nutritional and
metabolic diseases .......

Diseases of the blood and
blood-forming organs.

Mental disorders ...........

Diseases of the nervous sys-
tem and sense organs ....

Diseases of the circulatory
system ..................

Diseases of the respiratory
system ..................

Diseases of the digestive
system, oral cavity, salivary
glands, and jaws .........

Diseases of the genitourinary
system ..................

Complications of pregnancy,
childbirth, and puerperium.

Diseases of the skin and
subcutaneous tissue ......

Diseases of the musculos-
keletal system and con-
nective tissue ............

Congenital anomalies and
certain causes of perinatal
mortality ................

Symptoms and ill-defined
conditions ...............

Accidents, poisonings, and
violence ................

Males Females
Total
males 65
and Under 65 Under and

females All ages 25 25-44 45-64 and over All ages 25 25-44 45-64 over

$6,358

2,737

1,422

533

4,732

6,118

9,062

36,596

11,769

7,697

266

1,879

$3,468

1,367

941

243

2,728

3,143

5,010

23,236

8,313

3,730

1,021

17,144 11,524

439

6,292

306

3,404

30,707 24,603

Total 2 ................. 143,769 93,047

$ 639

24

118

61

391

28

2,226

$2,023

177

245

64

957

1,125

1,280

10,861

$ 585

1,047

660

50

1,660

1,542

3,385

9,213

$ 215

141

9

9

47

78

314

931

$2,888

1,370

481

288

2,004

2,975

4,053

13,360

$ 458

125

24

196

233

2,376

398

160 3,704 4,168 278 3,454 568

28 2,181 1,431 87 3,965 306

266 149

372 316 193 137 856 210

$1,509

688

257

264

710

1,641

469

7,704

1,481

2,419

118

474 170

372 4,644 6,049 453 5,620 12 2,386 3,084 137

1 144 163

323 1,353 1,584

3,067 10,515 10,713

7,825 39,602 42,462

1 130

141 2,888

304 6,101

$127

92

31

28

156

123

$ 797

448

224

1,096

1,066

1,172

5,099

1,280

1,238

1 125

111 1,275

1,087 3,574

1,469

1,422

31

17

750

I Less than $1.0 million. 2 Totals may !not add up due to truncation of numbers.

578 Public Health Reports

3,157 50,720 6,262 25,129 18,577



Table 45. Morbidity losses in year 2000 for females keeping house, in millions of 1975 dollars, assuming constant labor
force participation rates

Disease category Total Under25 25-44 45-64 65 and over

Millions of 1975 dollars

Infective and parasitic diseases ..........

Neoplasms ............................

Endocrine, nutritional and metabolic
diseases ............................

Diseases of the blood and blood-forming
organs ..............................

Mental disorders .......................

Diseases of the nervous system and sense

organs ..............................

Diseases of the circulatory system ........

Diseases of the respiratory system ........

Diseases of the digestive system, oral cavity,
salivary glands, and jaws ..............

Diseases of the genitourinary system ......

Complications of pregnancy, childbirth, and
puerperium ..........................

Diseases of the skin and subcutaneous
tissue ...............................

Diseases of the musculoskeletal system and
connective tissue .....................

Congenital anomalies and certain causes of
perinatal mortality ...................

Symptoms and ill-defined conditions ......

Accidents, poisonings, and violence ......

$ 1,039
986

487

245
975

1,459
2,461
5,032

1,493
2,005

853

240

2,642

157
1,100
2,149

$ 320
62

$ 461
326

209

34
101

136
47

1,251

249
354

440

26

139

41
176
425

100
370

627
638

2,088

636
1,042

$ 221
547

202

92
410

493
1,273
1,397

478
537

$ 36
50

75

17
92

202
502
295

129
71

413

136

1,278

107
448

1,067

60

1,178

342
532

17

46

8
133
123

Total 1 ...........................

Infective and parasitic diseases ..........

Neoplasms ............................
Endocrine, nutritional and metabolic
diseases ............................

Diseases of the blood and blood-forming
organs ..............................

Mental disorders .......................
Diseases of the nervous system and sense
organs ..............................

Diseases of the circulatory system ........

Diseases of the respiratory system .......

Diseases of the digestive system, oral cavity,
salivary glands, and jaws ..............

Diseases of the genitourinary system ......

Complications of pregnancy, childbirth, and
puerperium ..........................

Diseases of the skin and subcutaneous
tissue ...............................

Diseases of the musculoskeletal system and
connective tissue .....................

Congenital anomalies and certain causes of
perinatal mortality ....................

Symptoms and ill-defined conditions ......

Accidents, poisonings, and violence .......

Total 1 ...........................

23,331 3,807 9,951 7,767 1,803

Percentage distribution

4.5 8.4 4.6 2.8 2.0
4.2 1.6 3.3 7.0 2.8

2.1 2.1 2.6 4.2

1.1 0.9 1.0 1.2 1.0
4.2 2.7 3.7 5.3 5.2

6.3 3.6 6.3 6.4 11.2
10.5 1.2 6.4 16.4 27.8
21.6 32.9 21.0 18.0 16.4

6.4 6.5 6.4 6.2 7.2
8.6 9.3 10.5 6.9 4.0

3.7 11.6 4.2

1.0 0.7 1.4 0.8 1.0

11.3 3.7 12.8 15.2 2.6

0.7 1.1 1.1 - 0.5
4.7 4.6 4.5 4.4 7.4
9.2 11.2 10.7 6.9 6.9

100.0 100.0 100.0 100.0 100.0

I Totals may not add due to truncation of numbers.
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Table 46. Morbidity losses in year 2000 for females keeping house, in millions of year 2000 dollars, assuming constant
labor force participation rates

Disease category Total Under 25 25-44 45-64 65 and over

Infective and parasitic diseases ..... ...... $2,449 $ 756 $1,087 $ 521 $ 85
Neoplasms ............. ............... 2,324 147 769 1,290 118
Endocrine, nutritional and metabolic

diseases ............. ............... 1,149 493 477 178
Diseases of the blood and blood-forming

organs .............................. 579 82 236 218 42
Mental disorders ......... .............. 2,298 238 873 967 219
Diseases of the nervous system and sense
organs .............................. 3,440 320 1,480 1,162 476

Diseases of the circulatory system ........ 5,801 110 1,505 3,001 1,183
Diseases of the respiratory system ..... ... 11,862 2,949 4,922 3,294 696
Diseases of the digestive system, oral

cavity, salivary glands, and jaws ........ 3,521 587 1,500 1,128 305
Diseases of the genitourinary system ...... 4,727 835 2,456 1,267 168
Complications of pregnancy, childbirth and

puerperium ........... ............... 2,013 1,039 973
Diseases of the skin and subcutaneous

tissue ................................ 566 61 321 141 41
Diseases of the musculoskeletal system and

connective tissue ......... ............. 6,228 329 3,012 2,776 109
Congenital anomalies and certain causes

of perinatal mortality ...... ............ 371 98 253 19
Symptomns and ill-defined conditions ...... 2,595 416 1,056 806 315
Accidents, poisonings, and violence ....... 5,067 1,004 2,516 1,254 291

Total 1 ............. ............... 54,999 8,977 23,459 18,309 4,252

Totals may not add due to truncation of numbers.

disorders is found. Similarly, in these indirect cost
estimates we have attributed disability costs to
patients in tuberculosis hospitals. Earlier in Chapter
5, we assumed the acceleration in tuberculosis hospi-
tal closings would mean the closing of almost all
tuberculosis hospitals by the year 2000. However,
some patients who get tuberculosis, who earlier went
to tuberculosis hospitals, would show up in the insti-
tutional population and incur a disability cost.

We made the assumption that those in institutions
would have been expected to have had the same
labor force and housekeeping experiences as the
civilian noninstitutionalized population. The follow-
ing steps were thus taken to estimate the morbidity
costs for this subgroup.
The population residing in institutions was

classified by age, sex, and type of institution from
census data. The same rates were applied to year
2000 population, except as indicated earlier, for an
assumed 15 percent reduction across-the-board.

To each of these age, sex, and institution groups
was applied age- and sex-specific work experience
and housekeeping rates.

Productivity Loss Due to Illness and Disability
The dollar costs attributable to illness and disability
require quantification of the value of time lost from
work as the value of loss in production of goods
and services per unit of time. In making these esti-
mates, average earnings projected by the MPS model
for the year 2000 were used as a proxy for marginal
product.

Earnings, both average and full-time, in the year
2000 were estimated, taking account of the average
earnings gain over the period 1975-2000, on the
assumption that there would be a proportionate gain
for each age-sex group.

Estimated average earnings in the year 2000 are
summarized for selected male age groups in both
1975 and year 2000 prices (see table 9 for additional
data).

Average earnings
(dollars)

Age groups 1975

25-34 years .................... $24,330
35-44 years ..................... 29,062
45-54 years .................... 30,791
55-64 years .................... 26,825

Year 2VVU

$57,342
68,446
72,532
63,183
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As a step toward the computation of productivity
and earnings loss, sickness days lost from work and
bed disability days were converted to aggregate days
of activity lost to the economy during a year. The
number of work-loss days was divided by 245 to
arrive at an estimate of the number of work-loss
years. For bed days used to estimate annual loss of
hiousekeeping services, 365 days a year were used as
the conversion factor; that is, the number of poten-
tial days of housekeeping services during a year.

In addition to loss of earnings in the market
place, the imputed value of services in the house-
hold during the year 2000 is estimated so that the
economic cost of illness and injury includes these
imputed values. Earnings, as usually defined, include
market place earnings only. Such market place-
determined earnings exclude the value of the work
that is done in the household, although the house-
hold may be viewed as a production unit.
We have extended the idea that the value of

unpaid work done at home should be counted when
computing the value of lost production. A detailed
discussion of home production values is presented
in Chapter 6. Thus, for women not in the labor
force whose main work is keeping house, we com-
puted "earnings" data, following Brody (57). Table
50 presents the average market place earnings of
men and women in the labor force and the values
computed for their unpaid work done in the home.

In addition to the average earnings, we also used
full-time market place earnings to compute the value
of lost production of those people currently em-
ployed. Following is a representative sample of full-
time market place earnings of males and females for
the year 2000.

Age group
(years)

25-34 .........
35-44 .........
45-54 .........
55-64 .........

1975 dollars

Males Females

$25,349 $16,715
30,656 16,382
31,656 16,597
28,621 15,808

Year 2000 dollars

Males Females

$59,742 $39,403
72,243 38,618
73,924 39,124
67,426 37,268

Essentially, given the method of estimating male-
female earnings and productivity, sex differences in
earnings are assumed to continue, despite affirma-
tive action to equalize wages. This assumption needs
to be kept in mind as a qualification of the estimated
value of work loss due to illness and injury. In-
creasingly, as occupations are opened to women and
within occupations affirmative action is taken on
opportunities for promotion, women will be work-

ing in jobs with higher productivity and earnings
and, accordingly, differentials may be expected to
decrease.

Morbidity Costs by Disease Category

Time lost from work and the value of that working
time for each group in the population was estimated
by disease category, using 17 major categories of the
ICDA codes.

For those in the work force, data for 1975 from
the NCHS on work-loss days, by illness condition,
age, sex, and diagnosis were used. Since any parti-
cular day of disability may be associated with more
than one condition, the sum of days for conditions
may add to more than the total number of person
days of work loss. Prior to making the adjustment in
current experience to reflect projected changes by
age and sex in mortality, we scaled down the number
of condition days by a constant in order to equal
the number of person days of work loss. This meant
scaling down the number of work-loss condition days
for each disease by the same constant. However, some
diseases are more likely than others to be the primary
reason for the work loss, and thus there may be some
bias due to the use of a constant factor in scaling.

From the work-loss days derived (converted to an
annual basis), when multiplied by age- and sex-
specific full-time earnings, the estimates of cost by
disease and age- and sex-group were obtained. By
aggregating the value or cost data, we were able to
estimate total morbidity costs by diseases among the
currently employed population.

For the subgroup of those keeping house, much
the same estimating procedure was followed. The
data on number of bed-disability condition days for
women were available by age and diagnosis from
1974 unpublished NCHS data. These condition days
were adjusted to total bed-disability days to avoid
duplication. After converting days to an annual basis,
age-specific housekeeping rates and the value of
housewives' services were applied to the number of
bed-disability years by illness.

Source material by disease on the subgroup of
noninstitutionalized population unable to work was
not available. The Bureau of Labor Statistics and
the U.S. Bureau of the Census do not report num-
bers of persons not in the labor force due to illness
by specific illness. The National Center for Health
Statistics advised us that its data base was not large
enough to provide accurate estimates of the distribu-
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Table 47. Morbidity losses in year 2000 for the institutional population, in millions of 1975 dollars, assuming constant labor
force participation rates and including household values of work

Homes for
Homes for the mentally

Chronic the blind handicapped Homes for the
Nursing disease Homes for and the and mental Tuberculosis physically

Disease category Total 1 homes hospitals the aged deaf hospitals hospitals handicapped

Millions of dollars

Infective and
parasitic
diseases

Neoplasms .....

Endocrine, nutri-
tional and
metabolic
diseases .....

Diseases of the
blood and
blood-forming
organs .......

Mental disorders
Diseases of the

nervous system
and sense
organs .......

Diseases of the
circulatory
system .......

Diseases of the
respiratory
system .......

Diseases of the
digestive system,

oral cavity,
salivary glands
and jaws.

Diseases of the
genitourinary
system .......

Complications of
pregnancy,
childbirth, and
puerperium ...

Diseases of the
skin and subcu-
taneous tissue

Diseases of the
musculoskeletal
system and
connective
tissue ........

Congenital
anomalies and
certain causes
of perinatal
mortality .....

Symptoms and
ill-defined
conditions ....

Accidents, poi-
sonings and
violence ......

Other ..........

$ 732
141

383

41
11,355

665

2,872

181

216

77

10

631

21

941

291
620

$ 51 $ 24
41 20

93 44

7
157

$ 337
79

245

3
76

131 63

704 340

31

38

21

6

104

4

15

18

10

_ $319

30
950

416

$10,171

$53

1,827

134

159

45

3

50

2

159 77

93
13

44
6

429 - - $46

15

704

153
600

802 6,129 53 10,171Total l ...... 19,185
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Table 47. (continued) Morbidity losses in year 2000 for the institutional population, in millions of 1975 dollars, assuming
constant labor force participation rates and including household values of work

Homes for
Homes for the mentally

Chronic the blind handicapped Homes for the
Nursing disease Homes for and the and mental Tuberculosis physically

Disease category Total homes hospitals the aged deaf hospitals hospitals handicapped

Percentage distribution

Infective and
parasitic
diseases .....

Neoplasms .....

Endocrine, nutri-
tional and
metabolic
diseases

Diseases of the
blood and
blood-forming
organs .......

Mental disorders
Diseases of the

nervous system
and sense
organs .......

Diseases of the
circulatory
system .......

Diseases of the
respiratory
system .......

Diseases of the
digestive system,

oral cavity,
salivary glands
and jaws.

Diseases of the
genitourinary
system .......

Complications of
pregnancy,
childbirth, and
puerperium ...

Diseases of the
skin and subcu-
taneous tissue

Diseases of the
musculoskeletal
system and
connective
tissue ........

Congenital
anomalies and
certain causes
of perinatal
mortality

Symptoms and
ill-defined
conditions ....

Accidents, poi-
sonings and
violence ......

Other ..........

3.8
0.7

1.9

0.2
59.2

3.4

14.9

0.9

1.1

0.4

3.0 3.0
2.4 2.4

5.5 5.6

0.4 0.4
9.4 9.4

7.8 7.8

42.4 42.3

1.8 1.8

2.3 2.2

1.2 1.2

0.4 0.3

3.2

0.1

4.9

1.5
3.2

6.3 6.2

0.2 0.2

9.5 9.5

5.5 5.6
0.8 0.7

5.5
1.2

3.9

0.4
15.5

6.8 100.0

29.8

2.1

2.6 -

0.7

2 -

2

7.0

0.2

11.5

2.5
9.8

100.0

100.0

100.0

100.0 100.0 100.0 100.0 100.0

1 Totals may not add up due to truncation of numbers. 2 Less than 0.1 percent.
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PART III. INDIRECT COST OF ILLNESS

Table 48. Morbidity losses in year 2000 for the institutional population, in millions of year 2000 dollars, assuming con-
stant labor force participation rates and including household values of work

Homes for
Homes for the mentally

Chronic the blind handicapped Homes for the
Nursing disease Homes for and the and mental Tuberculosis physically

Disease category Total 1 homes hospitals the aged deaf hospitals hospitals handicapped

Infective and
parasitic
diseases ......

Neoplasms ......
Endocrine, nutri-

tional and
metabolic
diseases ......

Diseases of the
blood and
blood-forming
organs .......

Mental disorders
Diseases of the

nervous system
and sense
organs .......

Diseases of the
circulatory
system .......

Diseases of the
respiratory
system .......

Diseases of the
digestive sys-
tem, oral cavity,
salivary glands
and jaws .....

Diseases of the
genitourinary
system .......

Complications of
pregnancy,
childbirth and
puerperium ...

Diseases of the
skin and subcu-
taneous tissue

Diseases of the
musculoskeletal
system and
connective
tissue ........

Congenital
anomalies and
certain causes
of perinatal
mortality .....

Symptoms and
ill-defined
conditions ....

Accidents, poi-
sonings, and
violence ......

Other ..........

$ 1 ,724
330

898

98
26,754

1,561

6,733

426

507

181

23

1,482

50

2,210

681
1,462

$ 121
97

$ 55
45

219 101

18
371

$ 794
187

577

8 70
171 2,239

309 142

1,660

74

90

765

34

41

50 23

16

- $752

$23,971

982 $127

4,306

317

375

106

7

247 113 1,011

9 4

- - $109

36

375 173 1,661

219
32

101
14

361
1,415

Total I ...... 45,129 3,915 1,805 127 23,971

I Totals may not add up due to truncation of numbers.
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tion of illness among the population who was un-
able to work. For year 2000 we used the distribution
of costs by disease category employed by Cooper and
Rice (56).
For the institutional population, the allocation of

costs by disease was determined by the type of insti-
tution. All morbidity losses for those in mental insti-
tutions and in homes and schools for the mentally
handicapped were allocated to mental disorders.
Losses for those in institutions for the blind and
deaf went to diseases of the nervous system and
sense organs, and those losses for the physically
handicapped institutionalized population were allo-
cated to diseases of the bones and organs of move-
ment. Morbidity costs for residents of general chronic
disease hospitals and nursing homes were classified
by diagnosis on the basis of NCHS data, which show
the number of residents in homes with intensive and
limited nursing care, by diagnosis. Morbidity losses
for residents in homes for the aged were allocated
by disease category on the basis of NCHS data,
which also showed the numbers in homes providing
personal care and those in homes not giving such
care.
The percentage distributions of patients were

applied to the estimated aggregate morbidity costs
to allocate costs by disease category.
A conceptual difference exists between morbidity

and mortality losses. The loss to society of an indi-
vidual's production by death was counted only in
the year in which that death is projected to occur,
the year 2000, either by counting the loss of pro-
duction due to death that year or, more properly,
by discounting the future losses in earnings as well
as that year's present loss.

Table 49. Labor force participation rates, year 2000, under
three assumptions

Selected
age

groups Constant rates Increasing rates Decreasing rates

Males:
35-44 ...... .96 .96 .93
45-54 ...... .92 .93 .88
55-64 ...... .77 .81 .65
65-74 ...... .30 .38 .09

Females:
35-44 ...... .57 .68 .68
45-54 ...... .56 .64 .64
55-64 ...... .40 .42 .42
65-74 ...... .15 .13 .13

Lack of data prevented us, in other reports as
well as in this one, from counting future produc-
tivity losses due to morbidity as we did mortality
losses. Some illnesses with onset in the year that
we study are expected to have an economic impact
extending into future years. Calculations of future
losses due to morbidity in the study year require
information on the incidence of new cases of a
disease, the expected duration, and the consequent
reductions in earnings. Although information on the
incidence of new cases is currently available for a
number of diseases, there is not much data on
expected courses of illnesses and the impact on
earnings. Therefore, in this report as in the others,
we have concentrated on estimating morbidity losses
occurring during the year and have used prevalence
rather than incidence rates.

Some Qualifications
The estimates presented are subject to many uncer-
tainties. Perhaps the largest unknown is the progress
that will be made by the year 2000 toward the re-
duction of disease in the population. Will scientific
advances wipe out or provide cures for diseases that
now cause long-term impairment such as diabetes?
Or will additional scientific progress be reflected in
additional lengthened, but impaired lives and in
more, rather than less, sickness?

Table 50. Average earnings in the market place and home
production values for the employed, year 2000, by age group

Market place average Home production values
earnings for employed

Age group Year 2000 Year 2000
(years) 1975 dollars dollars 1975 dollars dollars

Males:
15-24 ... $ 8,415 $19,838 $ 613 $ 1,443
25-34 ... 22,227 52,396 2,103 4,946
35-44 ... 26,882 63,309 2,180 5,137
45-54 ... 28,658 67,494 2,133 5,038
55-64 ... 24,939 58,794 1,886 4,389
65-74 ... 13,172 31,051 1,701 4,008
75-84 ... 11,117 26,207 1,354 3,191
85 or older 9,656 22,762 830 1,952
Females:
15-24 ... 5,737 13,525 1,434 3,378
25-34 ... 11,199 26,401 7,174 16,911
35-44 ... 10,975 25,871 8,036 18,943
45-54 ... 11,938 28,141 6,227 14,680
55-64 ... 11,440 26,968 5,635 13,283
65-74 ... 6,167 14,538 3,543 8,353
75-84 ... 6,022 14,197 1,819 4,287
85 or older 5,897 13,900 753 1,776
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Labor force participation, particularly of men
older than 45 years, is also uncertain. Since the count
of costs of morbidity is restricted to the loss of out-
put of those who, in the absence of disease or injury
would have been working, the extent of active labor
force participation is an important cost determinant.
We show optional estimates that are dependent
upon the extent of labor force participation.
The ways in which household services will develop

and how they will relate to the monetary economy
are most indefinite. Over the past decades, as work
hours per week decreased and prices of household
service climbed, there have been substantial increases
in do-it-yourself activities. The use of leisure time for
such pursuits has had much impact on the tradeoff
between work and leisure and the valuation of such
leisure hours. Add to the now historic growth in
do-it-yourself activities, the new move towards equal-
ity of the sexes, and the emergence of the house-
husband, and there is a range of values or costs that
could be counted. How these factors work and over
what period alters the balance.

Prospects
The future outlook, as the projected population ages,
is essentially more illness in the population. Older
persons have higher rates of illness for many cate-
gories of disease including heart disease, cancer, and
diabetes. Only for the acute illnesses, such as respira-
tory conditions, do the rates decline with age.
We may expect the higher rates of illness to be

reflected in increased work loss in the economy. How-
ever, the higher rates are tempered by the economic
conditions that have reduced work force participa-
tion rates of older men. A continuation or accelera-
tion ofT trends toward reduced work participation
lowers the projected economic costs, but the real
costs of sickness tend upward unless breakthroughs
are made toward disease prevention and control.
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