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W
I T H I N  T H I S  C E N T U R Y ,  A V E R A G E  L IF E  E X P E C T A N C Y  
has increased from approximately 45 to 75 years for citizens 
of industrial countries, an improvement assumed by many 
to be largely the result of advances in the content and distribution of 
medical care. This assumption has been called into question by a num 

ber of observers, however (Carlson 1975; Illich 1976; McKinlay and 
McKinlay 1977; McKeown 1979); others have argued for the good medi
cine does, in most instances unsupported by measurements of benefits 
(McDermott 1978; Beeson 1980; Levine, Feldman, and Elinson 1983; 
Anderson and Morrison 1989) and, in one instance, reporting that lower 
regional death rates were associated with higher Medicare expenditures 
(Hadley 1982). Today most observers would agree that the causes of 
increased longevity are several, including improvements in nutrition, 
housing, sanitation, occupational hazards, and lifestyle, in addition to 
medical care. In order to identify the separate contribution of medical 
care, we have chosen to estimate the contributions of individual medical 
interventions to life expectancy and quality of life, and from these to 
create an inventory of the benefits to health of medical care.
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Estimates of changes in life expectancy were made possible by the 
wealth of condition-specific mortality data and their changes over time, 
which have become available primarily from the National Center for 
Health Statistics, and by the rapidly growing body of evidence regarding 
the efficacy of clinical preventive and curative interventions.

The conditions for analysis were chosen on the following basis: For the 
life expectancy analyses, we have chosen conditions that fulfilled all 
three of the following criteria:

1. Death rates for the condition have fallen (National Center for
Health Statistics 1992).

2. Relevant treatment has been shown, usually in randomized clinical
trials, to be efficacious.

3. The prevalence of the condition, together with the first two crite
ria, creates a notable impact on life expectancy when the effect is
spread across the entire U.S. population.

Developing estimates of the effects of medical care on quality of life 
is more difficult than calculating their impact on life expectancy. For our 
present purposes, we take quality of life to be roughly the same as the 
state captured by the terms “health status” and “well-being. ” The diffi
culty in measuring the effects of medical care on quality of life persists 
despite improvements in definitions, the development of measuring in
struments directed at both generic and condition-specific attributes of 
quality of life, and an enlarging base of relevant data. We focus atten
tion on quality of life because increasingly medical care is sought and de
livered in the expectation that it will improve not life expectancy, but 
rather the quality of that life. The conditions to evaluate were chosen 
primarily from the most recent estimates in the National Health Inter
view Survey listing of chronic conditions (Adams and Benson 1991); they 
were selected on the basis of incidence and prevalence, and of efficacious 
treatment, the evidence for which was strong but usually not based on 
randomized trials.

By organizing outcomes in this way, we have developed an inventory 
of medical services that are currently provided in an industrial country 
and that make a large contribution to life expectancy and offer much to 
the quality of life of the population. Our purpose is to inform decision 
makers of outcomes that have been achieved. The inventory also identi
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fies health-related problems amenable to additional gains on the basis of 
present knowledge.

Accuracy of Life Expectancy and 
Quality-of-Life Calculations
Several approaches were used to estimate gains in life expectancy. The 
reader who is primarily concerned with the results does not necessarily 
want to know all about the methods, important though they might be. 
Consequently, for the interested reader, we discuss the methods and 
some of their limitations in an appendix.

Some discussion may be helpful about our intent and the accuracy of 
the results we provide on extension of life, number of people involved, 
and benefits received by the population. The reader will appreciate that 
estimating the number of people affected by a disease or symptom al
ready has many uncertainties. Diagnoses can be mistaken and methods 
of gathering data are often inadequate in spite of decades of effort, na
tional and international, to improve such statistics. Similar issues con
fuse information about relief of symptoms, cure of disease, and cause of 
death. W hen we produce the numbers of people benefiting from proce
dures, we must combine these uncertain figures in ways that are bound 
to lead to considerable uncertainty in the final numbers. It will help if 
the reader keeps in mind that we are trying to produce rough approxi
mations for the U.S. population affected favorably by specific medical 
services.

We are especially sensitive to the point that at some stage in many as
sessments we have to estimate — guess — the fraction of an improvement 
or benefit that emerges from various changes in society, as opposed to 
that achieved by medical care. These choices have been made as best 
guesses, not as conservative or liberal estimates, and other students, dif
ferently informed, might make substantially different estimates. Best 
guess may not mean good guess, and so the reader then may want to 
think how interpretations might change if the findings were altered in 
either direction by 10 or 20 percent. Such uncertainties seem to be in
herent in this kind of work.

We have not tried to develop formal methods of assessing uncertainty 
in our estimates, but we are familiar with unpublished evidence (Alpert
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and Raiffa 1969) showing that people who make these kinds of estimates 
are usually much too confident about their accuracy.

The Role o f Medical Care in Extending 
Life: Clinical Preventive Services
Our plan is to present a few examples of treatments or procedures so that 
the reader can appreciate how we went about the work, and then to il
lustrate in tabular form the results of similar efforts on other diseases or 
conditions. Space limitations preclude full treatment of each disease or 
procedure here. A more complete description appears elsewhere (Bun
ker, Frazier, and Mosteller 1994).

The U.S.Preventive Services Task Force (1989). in its report to the 
Secretary of Health and Human Services entitled Guide to Clinical Pre
ventive Services, reviewed the evidence for the efficacy of screening for 
47 medical conditions, as well as counseling to prevent disease or pro
mote health, childhood and adult immunizations, and postmenopausal 
estrogen replacement. Limiting its recommendations to those services for 
which clear experimental evidence of efficacy had been published, the 
task force was able to recommend routine screening for only six condi
tions, plus administration of childhood immunizations and counseling 
to prevent tobacco use.

Aspirin has been reported to reduce heart attacks in males strikingly, 
but the evidence is conflicting and no similar studies in females are avail
able. The possibility of a positive effect of aspirin treatment makes it 
urgent to further investigate prophylactic effects in both sexes (Henne- 
kens et al. 1988; Steering Committee of the Physicians’ Health Study 
Research Group 1989).

Screening
O f the conditions for which the task force recommended screening, we 
estimate that only screening for hypertension and cervical cancer will 
lead to an increase in life expectancy for the entire population.

Screening fo r Hypertension. The task force recommends that blood 
pressure “be measured regularly in all persons aged 3 and above.” The 
efficacy of treating moderate and severe hypertension is well established; 
the efficacy of screening for hypertension will, however, depend also on 
correct prescription of treatment and on the patient’s compliance with
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correctly prescribed therapy. Hypertension may occur in as many as 58 
million Americans, of whom an estimated 10 million adults are moder
ate or severe hypertensives. We estimate that an increase in life expec
tancy of five to six months since 1950 can be attributed to the treatment 
of hypertension. It is unclear how much of this gain should be credited 
to population screening rather than to incidental case finding during ex
amination and treatment of other medical conditions; we tentatively 
credit one and a half to two months, or about a third of the gain, to 
population screening (table 1), and we ascribe three and a half to four 
months to incidental case finding (table 2).

Screening fo r  Cervical Cancer. The task force recommends Papanico 
laou testing for cervical cancer every 1 to 3 years with the onset of sexual 
activity. For the estimated 1.4 percent of women destined to develop 
cancer of the uterine cervix, Papanicolaou testing every 3 years beginning 
at age 20, with appropriate curative treatment at the time of diagnosis, 
is estimated to increase their life expectancy by 10 to 15 years. For all 
women, beginning at age 20, it is estimated that screening for cervical 
cancer every 3 years increases life expectancy by 96 days (Eddy 1990). 
With 60 to 90 percent of women reported to have been screened within 
the past 3 years (Muller et al. 1990), we estimate that two-thirds of this 
potential has been achieved for an increase in women's life expectancy of 
two months; we credit half to screening (table 1) and half to treatment 
(table 2).

Subsequent to publication of the Guide to Clinical Preventive Services, 
the efficacy of screening for colorectal cancer has been reported in a ran
domized study of fecal occult-blood testing (Mandel et al. 1993). Annual 
testing of 50- to 80-year-old men and women was found to decrease the 
13-year cumulative mortality from colorectal cancer by 33 percent. Re
ducing by a third the age-adjusted death rate attributed to colorectal 
cancer, 13.6 per 100,000 in 1989, would amount to an increase in life 
expectancy of about a month. Several other trials are in progress; until 
their results are available, we credit annual screening with the potential 
to increase life expectancy by two weeks, and we assign half of this in
crease to clinical preventive services and half to clinical curative services.

Immunizations
Infectious disease, the most common cause of death in childhood at the 
beginning of the century, has become a rare cause of death today. In
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1900 the annual death rates for diphtheria, measles, and pertussis were 
40, 13, and 12 per 100,000, respectively, whereas by I960 there were no 
deaths reported for diphtheria, and only 2 and 1 per 100,000 for measles 
and pertussis. Most of the fall in death rates from measles and pertussis 
occurred before the introduction of their respective vaccines or the avail
ability of antibiotics (McKeown 1979), and we can only credit the intro
duction of diphtheria antitoxin and subsequent immunization for the 
observed fall in mortality, equivalent to an increase in life expectancy of 
approximately 10 months.

Death rates from poliomyelitis and tetanus before the introduction 
of immunization against each were less than for measles, diphtheria, 
and pertussis; the rate for poliomyelitis varied between 0.4 and 1.8 per
100,000 in the 1920s, 1930s, and 1940s; and that for tetanus, between
0.7 and 1.7 in the 1920s and 1930s. Their virtual elimination following 
the achievement of nearly universal immunization represents an increase 
in life expectancy of about three weeks for both combined.

What conclusions can we draw regarding the contribution of immuni
zation practices to health today? Measles offers a case in point. Although 
death attributed to measles is rare in the United States, the recendy re
ported marked upsurge in cases of measles in unvaccinated, preschool 
children in the inner city raises the possibility of the return of measles- 
related death, deafness, and mental retardation (Hersh et al. 1992), as 
we discuss elsewhere (Bunker, Frazier, and Mosteller 1994). A waning 
appreciation for the importance of, and declining confidence in, immu
nization gives added cause for concern. Koplan et al. (1979) have ex
plored the potential effect that curtailment of pertussis vaccination 
might produce. Using decision analysis, he and his colleagues predicted 
that there would be a 71-fold increase in numbers of cases and an almost 
4-fold increase in deaths were pertussis immunization to be discon
tinued.

Summary o f  Contributions o f  
Clinical Preventive Services 
to Life Expectancy
Table 1 shows the contribution to the national life expectancy of the 
clinical preventive services, both those described above and others we 
have evaluated. The last two columns suggest that the current gain is a 
year and a half, when averaged over the whole population, with the po
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tential for an additional seven or eight months. We call attention to the 
substantial gain from diphtheria immunization.

The Role o f Medical Care in Extending 
Life: Clinical Curative Services
Cancer is a major cause of death in the United States, and although 
there have been dramatic improvements in the mortality statistics for a 
small number of individual malignancies, current data provide no evi
dence that medical care has reduced mortality when all cancers are added 
together. Only for colorectal and cervical cancers were we able to con
clude that medical care has resulted in an improvement large enough to 
yield an increase in population life expectancy.

Colorectal cancer had a fall in age-adjusted death rates from 19.0 per
100,000 resident population in 1950 to 13.6 in 1989, equivalent to an 
increase in life expectancy of one month. This is roughly the level of 
improvement that has been reported in randomized trials of radiother
apy and adjuvant chemotherapy, but there is considerable disagreement 
about the interpretation of the trials (Sleven and Gray 1991; Taylor and 
Northover 1990), and much of the improvement is thought to be due to 
changes in diet. We credit medical care with half of the improved sur
vival, and assign two weeks of increased life expectancy for the popula
tion as a whole, with the potential for an additional two weeks, one of 
which was assigned to screening in the previous section and in table 1.

In contrast to cancer, there have been dramatic improvements in sur
vival of patients suffering from heart disease. Goldman and Cook (1984) 
have reviewed evidence of the efficacy of medical interventions that 
might contribute to the fall in cardiac deaths, and they estimate that 40 
percent of the reported decline in the years between 1968 and 1976 
could be attributed to medical care, chiefly coronary care units, treat
ment of hypertension, and medical treatment of ischemic heart disease.

Goldman and Cook’s analysis was based on the improvement ob
served over an eight-year period. Cardiac mortality had fallen in the pre
vious years and has continued to fall subsequently. The National Center 
for Health Statistics reports a fall in annual age-adjusted death rates for 
diseases of the heart from 307.2 per 100,000 resident population in 1950 
to 155.9 in 1989- If 40 percent of this fall were the result of medical in
tervention, it would represent an increase in population life expectancy
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of nearly a year and a half (see the appendix for calculation of life expec
tancy in heart disease).

The age-adjusted death rate for cerebrovascular disease fell from 88.6 
per 100,000 in 1950 to 28.0 in 1989, representing an increase in life ex
pectancy for the whole population of about a year and a third. Marked 
increase in medical control of hypertension during this period, from less 
than 10 percent to approximately 50 percent (Dridz, Dannenberg, and 
Engle 1986), and a 42 percent reduction in stroke observed in random
ized trials of antihypertensive drugs (MacMahon et al. 1990; Collins et al. 
1990) could explain as much as 15 to 20 percent of the reduction in 
stroke mortality, with an increase in life expectancy of from two and a 
half to three months, about half of the net effect assigned to screening 
and treatment in tables 1 and 2.

Among the most spectacular recent advances in medicine has been the 
treatment of kidney failure or end-stage renal disease by hemodialysis and 
kidney transplant. Prior to the introduction of these treatments and the 
funding of their cost under Medicare, chronic renal failure was uniformly 
fatal. Today the life expectancy of a 40-year-old suffering end-stage renal 
disease is 8.8 years, that of a 59-year-old, 4.2 years (United States Renal 
Data System 1991), advances that have added an estimated two to three 
months to the life expectancy of the population.

The discovery and introduction of insulin in 1921 brought about an 
abrupt decrease in the death rate from diabetes among Massachusetts 
residents 19 years old and younger. Scaled up to the size of the U.S. 
population today, insulin saves approximately 5,000 lives annually in 
this age group alone (Hamblen and Joslin 1927). The life expectancy of 
a patient with newly diagnosed diabetes meilitus prior to the introduc
tion of treatment with insulin was less than two years, with all but 5 per
cent dead by the end of 10 years (Krolewski, Warram, and Chrisdieb 
1985); the life expectancy of diabetics today is estimated to be shortened 
by approximately 12 years (National Center for Health Statistics. Curtin 
and Armstrong 1988), with the juvenile diabetic surviving on average to 
50-55 years and the adult onset diabetic, to 60-70 years. The gain in life 
expectancy at birth in excess of 50 years for the juvenile diabetic must 
be considered as primarily the result of the discovery and introduction of 
insulin, but the introduction of antibiotics, the management of hyper
tension, and other improvements in dealing with the complications of 
diabetes have also contributed. O f the approximately 5.5 million diabet
ics in the United States, 0.5 to 1 million are juvenile and insulin depen
dent, and we estimate that almost all are alive today because of the
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advances in medical care of this century. It is considerably more difficult 
to estimate the gain in life expectancy for the larger numbers of non- 
insulin-dependent diabetics because there are no reliable baseline data 
on their prognosis prior to the introduction of relevant therapeutic mea
sures. Our best estimate, given this caveat, is that diabetics gain, on 
average, 25 years of additional life from medical care, and that the pop
ulation as a whole gains six months in life expectancy.

The importance of the introduction of streptomycin in 1948 to treat 
pulmonary tuberculosis, followed by other effective antitubercular 
drugs, has been been minimized by McKeown and others who point out 
that the mortality rate from tuberculosis had already fallen by 90 percent 
at the time when effective treatment was introduced (McKeown 1979)- 
Pulmonary tuberculosis was still a major cause of death, killing an esti
mated 40,000 each year in the United States. The introduction of effec
tive treatment was followed by a greatly accelerated further decline, to 
the point where tuberculosis had, until recently, nearly disappeared as a 
cause of death. Assuming that the mortality attributed to tuberculosis 
would have continued to fall without treatment, McKeown calculated 
that 51 percent of the subsequent decline could be attributed to treat
ment. We accept his estimate, and assign an improvement in life expec
tancy of three months to medical care.

Maternal deaths during this century have fallen from 27 per 100,000 
women in 1900 to 5.4 per 100,000 in 1940 and to 2 per 1 million in
1987. This represents an increase in life expectancy for women of about 
six months during the century and of five or six weeks since 1940. Im
proved social conditions may have been responsible for much of the de
cline in maternal mortality early in the century. The introduction of 
antibiotics, the ready availability of blood transfusions by the middle 
of the century, and an overall improvement in obstetric and anesthetic 
care must be considered largely responsible for the continuing decline in 
mortality up to the present. We assign one month of the gain for women 
in life expectancy since 1940 to improvement in medical care.

Summary of Estimated Increase in Life 
Expectancy for the Population from 
Clinical Preventive and Curative Services
Table 2 shows the gains estimated from some curative services, both those 
described above and others that we have evaluated. They add some three
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and a half to four years to life expectancy. The year and a half gain in 
heart disease comes from a collection of technologies (such as treatments 
of ischemic heart disease and hypertension) rather than from a single 
treatment such as immunization against diphtheria (see table 1). W ithin 
the framework of medicine as now practiced, we estimate that an addi
tional one to one and a half years might be added by extending the use 
of current services to more people. Table 2 indicates that the field of 
trauma is a promising subject for further investigation.

All told, then, tables 1 and 2 illustrate an estimated current gain in 
life expectancy of about five years and a potential for adding one and a 
half or two more years, all derived from therapies already known to be 
efficacious.

The curative services seem to be making the larger contribution to 
length of life. In looking for potential sources of errors, one might ask 
whether we have undervalued the number of years of life gained from 
immunization or other clinical preventive services, or whether we are 
overcounting the number saved in curative services. We do not consider 
costs in this article, but it would be instructive to compare the cost effec
tiveness of preventive and curative services.

The Role of Medical Care in Improving 
Health Status and Well-Being or 
Quality of Life
The quality of life of individuals is influenced by social, environmental, 
economic, and occupational factors, as well as by health status. Health 
status is in turn influenced by medical care. Among the components of 
quality of life, morbidity and disability provide a measurable connection 
between medical care and quality of life.

From data collected by the National Health Interview Survey, exclud
ing those individuals in nursing homes, it is estimated that, in 1990. be
tween 33 and 34 million people had some degree of activity limitation 
due to chronic conditions, of whom nearly 23 million suffered limitation 
in major activity (Adams and Benson 1991)- Data from the Survey of 
Income and Program Participation, which included information on func
tional limitations, work limitations, and receipt of Social Security or vet
erans disability benefits, indicate that there are “about 46 million people 
with some type of work or functional limitation” (quoted in Pope and
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Tarlov 1991, 75). Only limited data are available to indicate the magni
tude of the individual causes of disability, and we have few quantitative 
data on the potential role of medical care in ameliorating the national 
burden of disability. Indeed, most data suggest that the numbers of dis
abled persons are increasing; only in 1993 has evidence been presented 
that the prevalence and incidence of chronic disability have begun to de
cline (Manton, Corder, and Stallard 1993).

The role of medical care in improving the quality of life consists pri
marily in relief of pain and suffering and of physical, social, and mental 
dysfunction. The pain and dysfunction suffered by individuals are usu
ally specific, or even unique, to a particular medical condition. Hence, 
to estimate the contribution of medical care to the improvement in the 
quality of life of the population, we consider the effects of specific treat
ments for each particular illness or condition. In doing so, we are adopt
ing the same approach used in our forgoing estimates of the effects on 
life expectancy of individual treatments for individual conditions.

The application of formal, quantitative, condition-specific quality-of- 
life measurement methods is in an early stage of development, but there 
is abundant qualitative evidence of the role of medical care in improving 
function and in relieving the suffering of patients afflicted with particular 
illnesses. The formal studies already performed address the poor quality 
of life experienced in chronic illness (e.g., depression, AIDS, arthritis); 
the impact of some therapies in improving quality of life (e.g., the relief 
of angina pectoris by coronary bypass surgery, the improvement of func
tion and relief of pain by hip replacement) at the risk of reduced life ex
pectancy.

Impaired functional status, mental health, and perceived bodily pain 
of patients suffering from nine common medical conditions were docu
mented in the Medical Outcomes Study. Each condition reflected a unique 
profile among the several indices of quality of life measured (Stewart et al. 
1989; Tarlov et al. 1989). Hypertension had the least overall impact; 
congestive heart failure, myocardial infarction, and gastrointestinal dis
orders had the greatest. Depression, in a separate analysis, was found to 
have an associated worsening of function comparable with, or worse than, 
that of the other eight (Wells et al. 1989).

Impaired functional status, mental health, and bodily pain are the 
major complaints for which individuals seek relief by medical care. The 
severe pain of acute illnesses such as appendicitis, myocardial infarct, re
nal colic, and serious injury is relieved when successful treatment is fol
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lowed by recovery. It is the pain and suffering of chronic illness with 
which the medical professions are increasingly concerned; and it is the 
success in their relief for which documentation is needed and is currently 
being developed. We present two examples of areas where medical care 
has profoundly improved the quality of life: unipolar depression and the 
chronic pain of osteoarthritis and migraine. We also present the correc
tion of refractive errors in vision as an example of a relatively inexpensive 
and simple medical contribution to the quality of life whose value is of
ten overlooked.

Unipolar Depression
Unipolar depression (to be distinguished from bipolar, or so-called manic, 
depression) is a condition with high prevalence, high morbidity, and 
high aggregate cost. It affects an estimated 10.5 million adults at any 
one time, and 8 to 12 percent of males and 20 to 26 percent of females 
sometime during their lives. Half of those who have an initial episode of 
major depressive disorder from which they have recovered will experi
ence at least one recurrence. An episode of major depression typically 
lasts six months or more in the absence of therapy. Effective treatment 
with antidepressive drugs, psychotherapy, or electroconvulsive therapy 
is, in principle, readily available and is effective in 70 to 80 percent of 
patients, but more than half of all persons with major depressive disor
der are not brought into treatment, and roughly half of those who re
ceive treatment do not get it in effective amounts (Leaf et al. 1985; NIH 
Consensus Development Panel on Depression in Late Life 1992; Frazier 
1993).

Osteoarthritis
Osteoarthritis, a chronic illness of growing prevalence in the elderly, oc
curs in an estimated 6 percent of the population, as detected by radio- 
logic examination, and in 0.5 percent of the population is accompanied 
by severe pain and physical dysfunction (Lawrence et al. 1989). The de
velopment and widespread use of total joint replacement to relieve pain 
and restore function has been one of the great success stories of medical 
care today. In 1989 there were 86,000 total or partial hip replacements 
and 41,000 knee replacements performed on American men and women 
aged 65 and over, at rates of 2.8 and 1.3 per thousand, respectively, in
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that age group. With a life expectancy of 17 years at age 65, 3 to 4 per
cent of individuals over 65 will undergo replacement of one or both hips, 
and 1.5 to 2 percent will undergo replacement of one or both knees. 
More than a million men and women have undergone total hip or knee 
replacement; relief of pain has been achieved in 85 to 90 percent, and 
functional improvement has been seen in 70 to 80 percent (Liang, Cul
len, and Poss 1982).

We are aware of the use of a number of anti-inflammatory agents for 
the amelioration of joint pains caused by osteoarthritis. In addition, a 
number of meta-analyses have been done of the effects of various drugs 
on the symptoms of rheumatoid arthritis. The latter reports include one 
kind of symptomatology, counts of tender joints, as an outcome vari
able. Another outcome variable relates to function: grip strength. In 
general, however, there is a paucity of information about the quantita
tive effects of drug treatment on pain or function, such as the activities 
of daily living, for patients suffering from rheumatoid or osteoarthritis, 
or for the whole population. For these reasons, we have elected not to in
clude the general problem of the management of arthritis in our discus
sion of quality of life.

Migraine
Migraine, a disorder that presents itself in many different forms besides 
headache, can be profoundly disabling and is poorly understood, yet can 
often yield to medical care. Sacks states that “headache is the common
est complaint that patients bring to physicians, and migraine is the com
monest functional disorder by which patients are afflicted.” (1985, 31). 
He estimates that “common migraine” headache occurs in between 5 and 
20 percent of the population, and that 1 or 2 percent suffer the more 
debilitating classical migraine. A mail survey by Stewart et al. led to the 
projection of “ 18 million females and 5.6 million males currently suffer
ing from severe migraine headaches. A total of 8.7 million females and
2.6 million males suffer from moderate to severe disabling headaches. 
O f these, 3.4 million females and 1.1 million males experience one or 
more attacks per m onth” (1992, 69). The effective use of a wide spec
trum of medications, tailored to the response of individual patients, to
gether with a variety of supportive therapies, has allowed the majority to 
engage in their personal and work activities largely free of pain.



J.P. Bunker, H.S. Frazier, and F. Mosteller141
Refractive Errors o f  Vision
Among the many benefits that medical innovations have conferred, few 
have made as substantial and broad a contribution as eyeglasses and con
tact lenses. The major refractive errors are easily diagnosed and relatively 
inexpensively ameliorated. The contributions of eyeglasses and contact 
lenses are often undocumented and unappreciated. They have become 
benefits largely taken for granted by those who use them, which is almost 
all of the population at one time or another during their lives. W ithout 
them, millions would not be able to read, drive a car, or participate in 
many occupations and recreations.

Summary of Contributions of Medical 
Care to Quality o f Life
Table 3 gives some notion of the numbers of people in the United States 
associated with a substantial set of improvements in quality of life, both 
for the illnesses mentioned and for others we have reviewed. The 
strength of the table lies in the evidence that millions of people have ex
perienced relief of pain and improvement of function from the use of 
therapeutic drugs, surgery, medical management, and medical devices. 
These cures and ameliorations represent much of what we buy with our 
medical budget. A person who has not experienced a handicap or limi
tation of activity that hampers someone else may underestimate its im
portance to the afflicted person. But the miseries of depression, shortness 
of breath, angina, creaky and painful joints, severe pain, disabling head
aches, major indigestion, urinary difficulties, toothache and sore gums, 
fuzzy vision, faulty hearing, paralysis, and broken bones would add up 
to a national disaster without the relief we are able to document.

As the final column of table 3 indicates, we are uncertain about the 
extent of application of these aids. How much relief can be given and at 
what additional cost must be left for future inquiry. But we anticipate 
much room for improvement. The main point is that much effective care 
can be and is being given.

The data we present in table 3 are measures of functional status and 
well-being that are specific to each diagnosis or condition. They do not 
lend themselves easily to a summary measure that would allow us to con
struct an inventory on a single outcome variable similar to the inventory
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of condition-specific improvements in life expectancy charted in tables 1 
and 2. The methodology to approach this, however, is available in ge
neric measures of quality of life for each component, such as functional 
status, mental health, and perceived bodily pain. Baseline measurements 
for a number of diagnoses and conditions have already been reported 
from the Medical Outcomes Study (Stewart et al. 1989; Tarlov et al. 
1989). We look forward to future reports that include generic as well as 
condition-specific measures of improvement in the quality of life as af
fected by medical care.

Trade-Offs between Quality 
and Length o f Life
Much of surgery is intended primarily or partly to improve the quality of 
life: orthopedic joint replacement is intended to relieve pain and improve 
function; intraocular lenses are implanted to improve vision; hysterec
tomy is performed to relieve severe dysmenorrhea; and cochlear implants 
are done to improve hearing. Whether successful or not, all surgery, to
gether with the necessary anesthetic, entails some risk of death or com
plication. In many, perhaps most, cases the risk is small, the anticipated 
benefit is relatively large, and the trade-off is therefore usually a favor
able one: a potentially large improvement in the quality of life in ex
change for a small loss in life expectancy. Alternatively, the risks may be 
large, and the benefits may or may not be sufficient to justify the risks. 
To make this judgment, that is, to make a risk-benefit assessment, it is 
essential that benefits, as well as risks, be accurately known.

Discussion and Conclusions
We have several objectives in describing this study. First, we want to il
lustrate a method for quantifying the improvement in life expectancy re
sulting from the application of one or a package of interventions to a 
particular condition. The method is dependent upon the prior collection 
of accurate information on the efficacy of the interventions, a require
ment that cannot yet be met in the case of some important conditions 
and treatments. We call attention here to several circumstances that af
fect the validity and precision of our estimates. For example, the prolon
gation of life resulting from the treatment of hypertension can be
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initiated by active screening programs to discover hypertensives, on the 
one hand, or by incidental discovery of hypertension in the course of 
managing unrelated complaints, on the other. The assignment of medi
cal benefit to either method of case finding is somewhat arbitrary, al
though the overall incidence of hypertension, however discovered, has a 
more secure empirical basis.

Another source of approximation in the assignment of benefits stems 
from the interactions among different conditions and treatments. For ex
ample, the discovery and treatment of hypertension is reflected in a de
cline in cerebrovascular and kidney diseases. More frequent discovery 
and management of hypertension also reduce the burden of heart dis
ease, but estimates of just how much are confounded by concurrent im
provements due to better diet and more exercise.

We also note that we have not included in our estimates of the bene
fits of preventive services those due to lifestyle changes that depend on 
individual initiative rather than on interventions by credentialed caregiv
ers. We omit these important lifestyle changes in order to avoid giving 
medical care credit for improvements that can be availed of outside the 
system for professional medical care. We have chosen to restrict our ap
plication to conditions of high prevalence that carry a risk of fatal out
come, and that have a treatment of proven efficacy for a component of 
the U.S. population.

Our second objective is to discover what the results of the method can 
tell us about the problems in, or opportunities for, the deployment of 
resources to improve health. W hat do the results tell us about successful 
programs, unm et needs, and unrealized potential? Several points de
serve emphasis.

We stress once again the critical importance of the results of system
atic, ongoing assessment of medical technology, where technology is used 
in the broadest sense. Knowledge of efficacy, effectiveness, cost, and im
pact are not the sole determinants of policy decisions, but they power
fully inform our choices.

Our results in tables 1 and 2 show some unanticipated effects. The 
current effects of preventive measures on life expectancy (roughly 18-19 
months) are less than half as great as the prolongation of life from cura
tive measures (roughly 44-45 months). We do not argue for de-emphasis 
of preventive interventions simply because their impact is less; rather, we 
urge that curative interventions not be ignored in competition with pre
vention for available resources. Studies of the cost-effectiveness of a port
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folio of preventive, compared with curative, services would be especially 
useful here.

We note the unrealized potential for preventive services in the cases 
of hypertension (estimated at 1.5-2 months from programmatic screen
ing), counseling regarding smoking cessation (1 month, but possibly 
much more), and immunization against pneumococcal pneumonia (1.5 
months).

The unrealized potential of curative interventions includes packages 
of services for heart disease as noted above (6-8 months), treatment of 
hypertension in reducing stroke (1-1.5 months), and treatment for 
trauma (3-4 months).

Our third objective is to support the growing recognition that health 
care recipients value health status and well-being, or quality of life, re
garding it as having an importance at least equal to life expectancy. Our 
analysis both of life expectancy and of quality of life is anchored in an 
approach through individual conditions, the effects of which are then 
aggregated. In the case of life expectancy, the aggregation may confront 
problems of data quality, but because the aggregation occurs on a single 
outcome variable, many problems are simplified.

Assessing quality of life is substantially more complicated. Two de
cades of work by others have done much to define and organize a set of 
basic components of global quality of life in the realm of social function
ing, physical mobility, capacity for self-care, mental health, and pain. 
These generic measures permit some comparisons of quality of life across 
condition-intervention pairs, or the gain in generic measures with time 
after intervention. Where more specificity is required, condition-specific 
measures may be added in what amounts to a trade-off between aggre
gation and generality, on the one hand, and sensitivity and relevance, 
on the other. Our belief is that recourse to either generic or condition- 
specific measures should be determined by the purpose of the descrip
tion, and that both types of measures have an important place.

In table 3, for example, comparisons across conditions require a 
method for weighting the impact on quality of life of repeated, short ep
isodes of disability, as in asthma, or with chronic, unremitting pain, as 
in metastatic cancer. That decided, the investigator may design a data- 
acquisition system to capture the time/intensity measure and the quali
tative generic measure. In the case of chronic conditions, the choice of a 
generic measure would be influenced by the condition-intervention pair 
under study and the purpose of the study. For example, the generic
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measure of performance in social role could be used across the conditions 
of unipolar depression and terminal cancer in studying treatment with 
mood-elevating drugs. Table 3 identifies large groups in need of treat
ment who are receiving it, but also indicates that many are not.

Our fourth objective is to point out that the need for information 
on the outcome variables of efficacy and effectiveness, and measures of 
altered quality of life, can only increase as resources become more con
strained, technology proliferates, and health care emphasizes functional 
status and well-being over simple survival. Organizing the relevant infor
mation for the use of physicians and their patients could be achieved by 
developing and routinely updating an inventory of condition-intervention 
pairs such as we have illustrated here. Such data might most appropriately 
be incorporated into the routinely published reports of the U.S. Public 
Health Service. An inventory of this type is urgently needed to assist 
social institutions (such as the Oregon Medicaid project) in making the 
value judgments involved in setting priorities and allocating resources.
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Appendix: Estimating Gains 
in Life Expectancy
In estimating the gains in life expectancy for a specific disease and pre
ventive or curative service, we used several approaches. In some in
stances, we could base our estimates on governmental investigations of 
the anticipated effect of eliminating a disease altogether. This approach 
pays attention to the process of the disease as it attacks a cohort year by 
year. For several conditions (heart disease, cerebrovascular disease, pneu
monia), we extrapolated from National Center for Health Statistics 
(NCHS) estimates of gains in “expectation of life due to elimination of 
specified causes of death” (National Center for Health Statistics, Curtin 
and Armstrong 1988). More precise estimates could be made for heart
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disease and cerebrovascular disease by adjusting the 1988 life table for 
the age-specific 40-year decline in mortality published in Health, U nited  
States 1991 (National Center for Health Statistics 1992).

Adjusting the Standard Life Table 
for Heart Disease
For heart disease and cerebrovascular disease, Health, U nited States, 
1991 provides age-specific death rates per 100,000 resident population 
by 10-year intervals for selected years beginning with 1950 (National 
Center for Health Statistics 1992). Table 33 (pages 163-4) provides these 
for “diseases of the heart, according to sex, race, and age.” The abridged 
life table for 1988 (U.S. Department of Health and Human Services
1991) gives the number of deaths from all causes of a cohort “of 100,000 
born alive” by 5-year age intervals and the number remaining alive at 
the beginning of each age interval. To the deaths for each 5-year interval 
we added the additional deaths from diseases of the heart that would 
have occurred in 1989 had the death rate from heart disease remained 
unchanged from that of 1950. These additional deaths were calculated 
on the basis of the 39-year fall in death rate for each 10-year age interval, 
adjusted for the fall in numbers of survivors at the beginning of the in
terval. The adjusted numbers of individuals living at the beginning of 
each 5-year interval were then converted to the “stationary population” 
on which the life expectancy estimate is based.

Using this procedure, we calculated that the fall in death rate for dis
eases of the heart that occurred between 1950 and 1989 was responsible 
for an increase in life expectancy of approximately 3.49 years. 40 percent 
of which is distributed between treatment of ischemic heart disease and 
screening and treatment of hypertension shown in tables 1 and 2.

Estimating Life Expectancy from  
Age-Adjusted Death Kates
For most diagnoses, death rates from 1950 to 1989 ate given by a single, 
age-adjusted number. To test the reliability of limiting the basis on 
which to estimate changes in life expectancy to age-adjusted, rather than 
age-specific, death rates, we compared this approach with the results of 
the life-table-based calculation. The age-adjusted death rate for all 
causes fell from 840.5 per 100,000 in 1950 to 523.0 in 1989, a drop of 
317.5; that for diseases of the heart fell from 307.2 to 155.9, a drop of
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151.3. Life expectancy for the same years rose 7.1 years. The fall in age- 
adjusted death rate for diseases of the heart contributed just under half 
of the fall in the death rate for all causes (151.3/317.5 =  .48), which, 
multiplied by 7.1, yields 3.38 years as an approximation of the increase 
in life expectancy attributable to diseases of the heart.

Estimating from U. S. Life Tables 
“Eliminating Certain Causes o f Death”
A second approximation of gain in life expectancy from the fall in death 
rates attributable to heart disease was made by extrapolating the National 
Center for Health Statistics projections for the gain in life expectancy 
that would occur by “eliminating specified causes of death” (National 
Center for Health Statistics, Curtin and Armstrong 1988). Elimination 
of all “diseases of the heart” from the 1979-81 life table was estimated 
to increase life expectancy by 5.79 years. The age-adjusted mortality 
from diseases of the heart was 202.0 per 100,000 resident population at 
that time; it fell to 155.9 in 1989, a fall of just under 25 percent. If 
eliminating all deaths from heart disease at a time when the death rate 
was 202.0 would increase life expectancy by 5.79 years, then a fall of
151.3 (307.2 in 1950 to 155.9 in 1989) should increase life expectancy 
by 3/4 x  5.79 =  4.34 years (or, more precisely, 155.9/202.0 X 5.79 =  
4.47). Thus, the approximations are seen to change estimates in life ex
pectancy by 10 or 20 percent.

For projections of increase in life expectancy accompanying the fall in 
the rate of death caused by cerebrovascular disease, we were able to con
struct a life table from age-specific death rates similar to that described 
above for heart disease, and also to use both of the approximations; for 
pneumonia and influenza, both approximations; for colorectal disease, 
the approximation based on the fall in age-adjusted death rate; and for 
duodenal ulcer, extrapolation from the 1979-81 life tables eliminating 
specified causes of death.

For a few conditions we had no such basis available. For two of these 
conditions (screening for cervical cancer, hormone replacement therapy) 
we accepted estimates of improvements in life expectancy as presented 
in the relevant publication. Sources of available data are listed together 
with the tables.

The reader should recognize that in our estimates of improvements in 
life expectancy we have accepted different baselines for different condi
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tions and treatments, with the choice of baseline depending on when an 
effective treatment became available or, in several cases, when reliable 
data became available. Thus, the improvement in life expectancy attrib
utable to smallpox vaccination could be traced to the middle of the 19th 
century; to appendectomy, to the beginning of the present century; to 
the treatment of diabetes, to the introduction of insulin in 1921; and for 
the sharp decline in maternal mortality, to the introduction of antibiot
ics and availability of blood transfusions. Estimates for increases in life 
expectancy for patients with heart disease, hypertension and pneumonia, 
on the other hand, were made on the basis of the availability of mortal
ity data from 1950 to the present, and earlier gains that may have been 
achieved were therefore missed.

Some of the conditions for which we have estimated increases in life 
expectancy are not independent of each other: for example, the treat
ment of hypertension may achieve some of the gain we attribute to the 
medical treatment of ischemic heart disease and diabetes. Weaker inter
actions may occur between less obviously related conditions: the patient 
who is spared from death of heart disease may be at increased risk of 
death from other causes. These “competing risks” are a problem that a 
deeper analysis based on better data might try to address.


