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Abstract

Life-effectiveness analysis is a technique that uses
the relationship between family income and mortality
to develop a cost-benefit procedure that trades off
clinical life-years saved and societal life-years lost. In
this study, life-effectiveness analysis was applied to
three procedures: (1) screening women in their forties
for breast cancer, (2) screening a cohort of men aged
60 to 80 years for abdominal aortic aneurysm, and
(3) the prostate specific antigen test as a screen for
prostate cancer for men aged 50 to 75 years. Data
on mortality as a function of family income were
obtained from the U.S. National Longitudinal Study,
conducted by the National Institutes .of Health. Age
distributions came from census data, and family
income distributions were obtained from federal
government data. NEVADA simulation was used to
calculate the number of societal life-years lost from
a healthcare expenditure. The cost was distributed
equally among families. The LIFESPANS algorithm was
used to generate life expectancy and survival distri-
butions. This study found that, in 1995 dollars, each
$68,300 spent will result in a reduction of 1 societal
life-year. Therefore, in order for a therapy to be
life-effective, the cost per clinical life-year saved must
be less than $68,300. Applying this method to breast
cancer screening for women in their forties shows
that, whereas screening saves 2,016 clinical life-years,
it results in a loss of 8,917 societal life-years, for a
net loss of 6,901 life-years. Prostate specific antigen
test screening for prostate cancer also results in more
life-years lost than gained. Screening men aged 60 to
80 years for abdominal aortic aneurysms adds more
life-years than are lost. Life-effectiveness analysis
reinforces the philosophy of cost-effectiveness analy-
sis, which states that society should be willing to limit
the amount that it spends to increase longevity because
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such spending can result in a reduction in societal
longevity. By assessing the trade-off of life for life,
the analytic technique of life-effectiveness eliminates
the value judgment that one can trade off money and
life. Thus, in this study, neither breast cancer screening
for women in their forties nor prostate specific antigen
screening are life-effective, because each procedure
results in a net reduction of life-years. However,
screening men aged 60 to 80 years for abdominal
aortic aneurysms was found to be life-effective.
(Am | Man Care 1995;1:237-244)

ost-effectiveness analysis is a tool for evaluat-
‘ ing the comparative efficacy of medical tests,

treatments, therapies, and other interven-
tions.""” League tables’ rank interventions with the
idea that interventions with a low cost per life-year
saved should be funded prior to interventions with a
higher cost per life-year saved. At some cutoff point,
the cost per year of life saved becomes so high that the
Intervention ceases to be worth funding. Cost-benefit
analysis is similar to cost-effectiveness except that an
explicit dollar amount is equated to a life-year and the
costs and benefits are put into the same units. The
controversy over cost-effectiveness analysis centers
around the argument of whether it is possible to trade
human lives for money.*” Although this analytic tech-
nique has been accepted to a certain degree in acade-
mia, the general public remains skeptical.

Some of this skepticism is the result of confu-
sion about the term cost-effectiveness. Clinical cost-
effectiveness is different from traditional financial
cost-effectiveness, which looks purely at cash flow
and uses such measures as net present value, pay-back
period, and rate of return as decision criteria. Simply
stated, a judgment of financial cost-effectiveness
means that the chosen alternative is the cheaper of the
two, whereas a judgment of clinical cost-effectiveness
means that substantial health benefic is received for
the money spent. The level of public skepticism might
be reduced if a label of clinical cost-effectiveness for
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an intervention was understood to mean something
other than the notion that the intervention will “pay
for itself.”

Some of the other techniques for evaluating cost-
mortality trade-offs include the willingness-to-pay
and human capital methods."®® The human capital
technique measures one’s ability to produce goods for
the society and employs this information as justifica-
tion of the efficacy of medical intervention. Willing-
ness-to-pay elicits direct patient preferences to
determine how much an individual would be willing
to spend to reduce their risk of mortality. The trade-
offs involved in both of these methods are stuongly
dependent on either the individual’s ability to pay or
ability to earn money to justify medical expense. This
link between an individual’s earnings and whether a
medical treatment is justified only heightens the pub-
lic’s concerns over evaluation of medical treatment.

To assist the effort of making medical treatment
economic evaluation more acceptable, we introduce
life-effectiveness analysis, not only as a justification
of the tenets of clinical cost-effectiveness analysis, but
also to minimize the confusion arising from the term
cost-effective. Life-effectiveness calculates the num-
ber of nonmedical life-years lost from the reduction in
societal wealth resulting from a healthcare expense;
to make this determination, the technique uses the
fact that mortality increases as family income de-
creases.”” With this technique, we can calculate
whether the number of clinical life-years saved by
administering a medical treatment outweighs the so-
cietal life-years lost from the expense. We use both
the data showing that mortality increases with de-
creasing income levels and age and income distribu-
tions to demonstrate the amount, in societal life-years,
that a medical expenditure will cost. To perform the
calculation, we use the LIFESPANS survival distribu-

tion and life expectancy algorithm in the software
package, CONTINUOUS RISK™.

- METHODS -

CONTINUOUS RISK and LIFESPANS
CONTINUOUS RISK is an interpreted probabilistic
programming language in which mixtures of continu-
ous probability distributions, called “continuous
trees,” are used to model the variables. The functions
of these independent or dependent probability distri-
butions are calculated with Nevada simulation, a
quadrature (mathemartical integration) technique.
LIFESPANS is an empirical approach that calculates
survival distributions and life expectancy.” The prob-
ability of surviving year n is equal to the product of
surviving age and disease-specific causes for year n. If
a disease has a nonconstant survival rate, then it is
modeled with a survival table. Mathematical interpo-
lation is used to infer values that are not listed explic-
itly in the table. After the survival function has been
developed, itis modeled with a continuous tree. If the
survival distribution is multimodal, the survival distri-
bution is partitioned around each mode and then is
modeled with a continuous probability distribution.

The Mathematical Model

We started with the fact that mortality increases
with decreasing family income.”’ We used this rela-
tionship to plot a histogram of mortality as a function
of family income and to fit a smooth, continuous curve
to the histogram (Figure 1). Because the increase in
mortality means that life expectancy decreases with
decreasing wealth, we then calculated life expectancy

for men as a function of family income, translated into
1995 dollars (Figure 2).

Figure 2. Male Life Expectancy versus Family Income
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Figure 3. Probability Tree of a Societal Life-Expectancy
Calculation at Current Family Income Levels

Figure 4. Probability Tree of a Societal Life-Expectancy
Calculation at Family Income Reduced by $1,000/Year
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Figures 3 and 4 give a probability tree illustrative
of the technique to calculate societal life expectancy.
For these two figures, the distribution of age and the
distribution of family income was approximated with
a 3-point Gauss-Hermite discrete probability distri-
bution.”” For each combination of age and family
income, the mortality multiplier was estimated, and
the life expectancy for US males was calculated using
the LIFESPANS algorithm. Figure 4 repeats the exer-
cise but reduces family income by $1,000. We see that
this $1,000 annual family income reduction reduces
average life-expectancy from 41.45 years to 41.26
years, a0.19 year reduction. T'he analysis in this manu-
script employed a larger and more accurate approxi-
mation technique, but this probability tree illustrates
the method.

For the next part of the analysis, we assumed that,
given the curtent insurance structure in the United
States, a medical expenditure ultimately will be borne
equally by all members of society. We consider this
assumption to be valid because most Medicare, Medi-
caid, and insurance payments are either from tax dol-
lars that have been raised from the entire population
or from premiums collected from a large portion of the

population. Thus, a medical expenditure, borne by all
members of society, will have the effect of decreasing
family income, increasing the mortality rate, and,
ultimately, decreasing life expectancy. The analysis
then sought to estimate the magnitude of this de-
creased life expectancy per dollar expended.
Because the mortality information was in the form
of annual income data, and medical expenditures
typically are a one-time cost, we used discounted
cash-flow analysis to estimate the reduction in family
income occurring as a result of a medical expenditure.
To conduct this analysis, we amortized the medical
expenditure over the life expectancy of the patients
undergoing the medical treatment, at an appropriate
discount rate. Cutrent fixed-rate mortgage interest
rates are good estimators for a personal discount rate,
as the frame of reference for this analysis is the indi-
vidual. For our analysis, we used a 9% interest rate.
To account for variations in age and income level,
we integrated the life expectancy over the range of
values, using a Nevada simulation. Appendix 1 shows
the input and output files used in CONTINUOUS RISK
to generate the results. Notice that age and income
are probability distributions, and that the costs are
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given in thousands of dollars. The input data were run
twice, once for men and once for women, and the two
dollar amounts were averaged.

Screening Practices Analyzed

. We applied life-effectiveness evaluation to three
controversial screening practices: (1) mammography
screening for all women in their forties, (2) screening
a cohort of men for abdominal aortic aneurysm, and

(3) prostate specific antigen (PSA) test screening of

men aged 50 to 75 years for prostate cancer. We used
published data on the net cost of the procedures and
on the net gain in clinical life expectancy resulting
from their use.

-+ RESULTS -

Adjusting for inflation to 1995 dollars and averag-
ing costs for men and women, an expenditure of
$68,300 was found to reduce societal life expectancy
by 1 year. This calculated expenditure was relatively
insensitive to age and gender but was sensitive to the
interest rate. With a lower interest rate, of 8%, the
calculated expenditure necessary to reduce societal
life expectancy by 1 year increases to $76,100. With a
higher, 10% interest rate, it decreases to $63,600.
Discounting life expectancy substantially increased
the sensitivity of the calculated expenditure sensitive
to age, but not to gender. Because a discounted life
expectancy was a strong function of age, buta nondis-

counted life expectancy was not a strong function of

age, we used a nondiscounted life expectancy in our
analysis.

Breast Cancer Screening

Screening asymptomatic women in their forties for
breast cancer has been the subject of controversy.%z8
Eddy et al** estimated that implementing a breast
cancer screening program for 25% of asymptomatic
women in this age cohort would cost $406 million per
year (1984 dollars), or $609 million in 1995 dollars.
They further estimated that this screening program
would save 2,016 life-years per year. According to
life-effectiveness calculations ($609 million/$68,300),
8,917 societal life-years would be lost as a result of the
ensuing reduced societal wealth, for a net loss of life
of 6,901 vyears. If we assume that we are willing to
exchange 1 clinical life-year for 1 societal life-year,
then screening women in their forties for breast can-
cer would not be considered life-effective. The cost
of the screening does not even figure into this judg-
ment except to determine the reduction in life expec-
tancy resulting from the financial expenditure.

Abdominal Aortic Aneurysm Screening

Screening for abdominal aortic aneurysm is an-
other controversial subject. The following methods
can be used to locate abdominal aortic aneurysms:
treat emergent cases, with no screening; screen with
palpation, with follow-up ultrasonography as neces-
sary; and screen with abdominal ultrasound.

Frame et al investigated the cost-effectiveness of
these methods.” For a cohort of 10,000 men, aged 60
to 80 years, they found that emergency surgery with-
out scieening yielded 116 incremental life-years
gained, at a cost of $1.8 million. This strategy gener-
ated the additional clinical life-years at a cost of 26
societal life-years, for a net gain of 90 life-years per
10,000 men screened. Screening with palpation and
ultrasonography produced 57 clinical life-years at a
cost of $2.4 million dollars (35 societal life-years), for
a net gain of 22 life-years. Repeat ultrasonography 5
years later resulted in 1 clinical life-year saved ata cost
of $0.9 million (13 societal life-years), for a net loss of
12 life-years.

Approximately 15 million men are in the age range
of 60 to 80 years. Therefore, to determine the overall
net gain or loss for the population from these screen-
ing procedures, the numbers in the calculations pre-
sented here should be multiplied accordingly. On the
basis of this computation, a palpation and follow-up
ultrasonography screening program for 25% of men
aged 60 to 80 years would save 21,375 life-years
([0.25%15 million]/[10,000%116]), but 9,750 life-
years would be lost ([0.25%15 million]/[10,000%26]),
for a net savings of 11,625 life-years.

Frame et al judged the first two strategies, but not
repeat screening, to be marginally cost-effective.
Life-effectiveness analysis reinforces their conclusions.

Prostate Cancer Screening

Numerous analyses have been performed on the
expected cost and benefit of screening for prostate
cancer. Optenberg and Thompson™ showed that the
first year of screening for prostate cancer would cost
$27.9 billion. Dorr etal”® and Kramer et al” found that
screening for prostate cancer would cost approxi-
mately $12 billion for the first year. The expected
annual mortality from prostate cancer therapy is 2,000
to 5,500 deaths. If screening and therapy reduce mor-
rality by 20%, then 6,800 lives will be saved. After
therapy, there is a net of 1,300 to 4,800 lives gained
per year. With a 30% improvement in mortality result-
ing from screening and therapy, 2,000 to 5,500 lives
are saved.’’

Application of life-effectiveness analysis to pros-
tate cancer scieening shows that the expenditure of
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$12billion resultsin aloss to society of approximately
176,000 life-years. This number greatly exceeds the
number of lives gained, as one would have to attain
an average of 25 to 40 years of additional life after
therapy in order for screening for prostate cancer to
be life-effective. Another way to look at this trade-off
is to consider that a 30% improvement in mortality
increases life expectancy by 2.5 to 3.5 years. Thus,
with a loss of 176,000 societal life-years, only 12,000
to 28,000 clinical life-years would be gained.

Data supporting the hypothesis that therapy for
prostate cancer reduces total mortality are scaice.
Therefore, in addition to the loss of societal life-years
resulting from screening for and treating prostate can-
cer, a possible outcome of therapy could include a loss
of clinical life-years.

The table summarizes the three life-effectiveness
analyses presented in this study. Note that the crite-
rion for life-effectiveness is a greater number of clini-
cal lives saved than societal lives lost.

-+ DISCUSSION -

Efficient allocation of medical resources is becom-
ing increasingly important in the current healthcare
environment. Many practitioners in the healthcare
field and the public remain skeptical of cost-benefit
and cost-effectiveness analysis because of concerns
that this technique relies on the equation of life with
money. Life-effectiveness analysis demonstrates that
allocation of medical resources is not a question of life
versus money, but rather, one of life versus life. De-
creasing individual and family incomes negatively
affect longevity. Because most healthcare expendi-
tures are paid out of common funds (eg, private insut-
ance, Medicare, or Medicaid), increased utilization of
resources for medical practices on the margin might
increase longevity for an individual but will affect the
population adversely.

Screening for rare chronic diseases is an example
of a medical practice that has potential for large im-
provements in life expectancy for individuals who

have the disease, but that provides little benefit for
those without it. The many individuals who do not
have the rare disease must pay for the screening
procedure and for any follow-up therapy required by
anabnormal screening test. This cost, then, decreases
disposable income for a large majority of the popula-
tion, with large benefit flowing to only a few members
of that population. The purpose of life-effectiveness
analysis is to provide the framework for weighing the
small loss to many people and the large benefit to a
few.

Prostate cancer screening and breast cancer
screening in young women appear to be examples of
this situation. In both cases, although lives are saved
through case finding and treatment, significant finan-
cial costs are incurred by many. These costs ulti-
mately decrease societal life expectancy by reducing
overall disposable income. The net number of lives
lost as a result of decreased income exceeds the
number of clinical lives saved as a result of screening
for and treating breast cancer in young women and
prostate cancer.

Screening for abdominal aortic aneurysm in men
aged 60 to 80 years does appear to be life-effective,
at least with respect to the initial screening examina-
tion, because the costs per clinical life saved are much
lower than for the other two procedures. The netlives
lost from decreased income do not exceed the clinical
lives saved through scteening and treatment. Repeat
screening 5 years later is not life-effective, however.

Study Limitations

This study is limited by its assumptions, the most
important of which is that one is willing to trade 1
clinical life-year for 1 societal life-year. The argument
against this assumption is that, although it is possible
to identify the people whose clinical life-years are
increased, the people whose societal life-years are
lost remain anonymous. We cannot identify by name
an individual who has suffered in this way as a result
of an excessive medical expenditure. In litigious cir-
cles, the motivations to show causal liability are

Table. Summary of Life-Effectiveness Analyses

Life-Years Annual Life-Years Net Life-
Screening Test Age Range Gained Cost ($M) Lost Life-Years Effective?
25% Breast Cancer Mammography 40-50 2,016 609 8,917 -6,901 No
25% Abdominal Aortic Aneurysm 60-80 21,375 675 9,750 +11,625 Yes
Ultrasonography
100% PSA for Prostate Cancer 50-75 <28,000 12,000 176,000 -148,000 No
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the motivations to show causal liability are stronger
than those showing provision of overall benefit.

The second assumption in this study is that money
is unimportant in life-effective analysis, as the only
measure considered is the number of life-years gained
or lost. In reality, because financial resources are ex-
pended, the dollar amounts are unlikely to be ignored.
However, we are attempting to establish a framework
that makes clinical evaluations acceptable to a wide
audience. The ability to state that “screening for
breast cancer for women in their forties is not life-ef-
fective” is more useful than the ability to state that
this technique is not “cost-effective,” particularly be-
cause of the extent of confusion between the concepts
of financial cost-effectiveness and clinical cost-effec-
tiveness.

The final assumption is that all medical expendi-
tures are borne equally by members of society. It
would be more cotrect to state that medical expendi-
tures are borne by insured members of society and
those who pay taxes. Because a loss of family income
has a stronger effect on people who have lower family
income than on those with higher family income, a
shift of the medical expense burden to higher income
levels will tend to reduce the number of life-years lost
as a result of an expenditure. In fact, because a reduc-
tion in income causes a greater life reduction at low
income levels than at high income levels, the number
of life-years lost from an expenditure would be more
than cut in half if the insurance burden were a con-
stant fraction of family income, rather than a constant
rate.

- CONCLUSION -~

Life-effectiveness analysis demonstrates that
health expenditures probably have an overall effect
on both clinical life-years gained and societal life years
lost due to decreased income. At an interest rate of 9%
and an expenditure of $68,300, 1 clinical life-year
gained equals 1 societal life-year. Therefore, life-ef-
fectiveness analysis demonstrates that screening for
breast cancer in women younger than age 50 and
screening for prostate cancer in men produces a net
loss in life expectancy, because the gain in life-expec-
tancy from case finding and treatment is less than the
loss to society from reduced income. Initial screening
for abdominal aortic aneurysms in men aged 60 to 80
years is life-effective, but repeat screening 5 years
later is not.

APPENDIX. CONTINUOUS RISK Input and Output File

242 THE AMERICAN JOURNAL OF MANAGED CARE

NOVEMBER/DECEMBER 1995



-+ LIFE-EFFECTIVENESS ANALYSIS -

++ REFERENCES -

1. Barnett DB. Assessment of quality of life. Am | Cardiol
1991,67:41C-44C

2. La-Puma}, Lawlor EF. Quality-adjusted life-years
Ethical implications for physicians and policymakers.
JAMA 1990;263:2502-2504

3. Robinson R. Cost-utility analysis. Br Med | 1993;307:
859-862

4. Gafni A, Birch S Guidelines for the adoption of new
technologies: A prescription for uncontrolled growth in
expenditures and how to avoid the problem. Can Med
Assoc [ 1993;148:913-917

5. Naylor CD, Williams JI, Basinski A, Goel V. Technology
assessment and cost-effectiveness analysis: Misguided
guidelines? Can Med Assoc / 1993;148:921-924

6. Laupacis A, Feeny D, Detsky AS, Tugwell PX. How
attractive does a new technology have to be to warrant
adoption and utilization? Tentative guidelines for using
clinical and economic evaluations. Can Med Assoc |
1993;146:473-481

7.  Drummond M, Torrance G, Mason }. Cost-effectiveness
league tables: More harm than good? Soc Sci Med 1993;
37:33-40.

8. Kievit ], Van-de-Velde CJ. Utility and cost of carcino-
embryonic antigen monitoring in colon cancer follow-up
evaluation ‘A Markov analysis. Cancer 1990;65:2580-2587.
9. Kuppermann M, Luce BR, McGovern B, et al. An analy-
sis of the cost effectiveness of the implantable defibrilfator
Circulation 1990;81:91-100

10. Hogenhuis W, Stevens SK, Wang P, et al Cost-effec-
tiveness of radiofrequency ablation compared with other
strategies in Wolff-Parkinson-White syndrome. Circulation
1993;88:11-437-11-446

11. Hay jW, Wittels EH, Gotto AM. An economic evalu-
ation of lovastatin for cholesterol lowering and coronary ar-
tery disease reduction Am J Cardiol 1991:67:789-796

12. Cheung AP, Wren BG. A cost-effectiveness analysis of
hormone replacement therapy in the menopause. Med |
Aust 1992;145:312-316.

13. Ramsey SD, Nettleman MD. Cost-effectiveness of pro-
phylactic AZT following needlestick injury in health care
workers. Med Decis Mak 1992;12:142-148

14. Stock SR, Gafni A, Bloch RF. Universal precautions to
prevent HIV transmission to health care workers: An eco-
nomic analysis. Can Med Assoc | 1990;142:937-946

15. Hay JW, Robin ED Cost-effectiveness of alpha-1 an-
titrypsin replacement therapy in treatment of congenital
chronic obstructive pulmonary disease Am J Public

Health 1991;81:427-433

16. Cantor SB, Clover RD, Thompson RF. A decision-
analytic approach to postexposure rabies prophylaxis. Am

] Public Health 1994,;84:1144-1148

17. Cohen DJ, Breall JA, Ho KK, et al. Evaluating the poten-
tial cost-effectiveness of stenting as a treatment for sympto-
matic single vessel coronary disease. Use of a decision-
analytic model. Circulation 1994;89:1859-1874.

18. Landefeld ]S, Seskin EP. The Economic Value of Life:
Linking Theory to Practice. Am | Public Health 1982;72:
555-566.

19. Gafni A. Willingness-to-Pay as a Measure of Benefits:
Relevant Questions in the Context of Public Decisionmak-
ing About Health Care Programs. Med Care 1991;29:1246-
1252

VOL I, NO. 3 THE AMERICAN JOURNAL OF MANAGED CARE 243



-+ QUTCOMES MEASUREMENT - -

20. Robinson R Cost-benefit Analysis. Br Med / 1993;
307:924-926.

21. National institutes of Health. A mortality study of 1.3
million persons by demographic, social, and economic fac-
tors, 1979-1983 follow-up. U.S. National Longitudinal
Study. National Heart, Lung, and Blood Institute; july

1992, NIH publication no. 92-3297.

22. Bryg D). Continuous trees and Nevada simulation: A
quadrature technique for modeling continuous random
variables in decision analysis. Med Decis Mak 1995;15:
318-332

23. Bryg DJ, Bryg R). LIFESPANS: An empirical technique
for estimating survival distributions and life expectancy
Clin Res 1994;41:247A

24, Eddy DM, Hasselblad V, McGivney W, Hendee W
The value of mammography screening in women under
age 50 years. JAMA 1988;259:1512-1519,

25. Mushlin Al, Fintor L. Is screening for breast cancer cost-
effective? Cancer 1992;89:1957-1962.

26. Brown ML Sensitivity analysis in the cost-effectiveness

of breast cancer screening. Cancer 1992;89:1962-1967

27. Shapiro S, Venet W, Strax P, et al. Selection, follow-
up, and analysis in the Health Insurance Plan Study: A ran-
domized trial with breast cancer screening. | Natl Cancer
inst Monograph 1985;67:65-74

28. Fletcher SW, Black W, Harris R, et al. Report of the In-
ternational Workshop on Screening for Breast Cancer.

J Natl Cancer Inst 1993;20:1644-1656.

29. Frame PS, Fryback DG, Patterson C. Screening for ab-
dominal aortic aneurysm in men ages 60 to 80 years. A cost-
effectiveness analysis. Ann Intern Med 1993;119:411-416.

30. Optenberg SA, Thompson IM. Economics of screening
for carcinoma of the prostate. Urol Clin North Am
1990;17:699-708.

31. Dorr V], Williamson SK, Stephens RL. An evaluation of
prostate-specific antigen as a screening test for prostate
cancer. Arch Intern Med 1993;153:2529-2537

32. Kramer BS, Brown ML, Prorok PC, et al. Prostate can-
cer screening: What we know and what we need to know.
Ann Intern Med 1993;119:914-923,

244

THE AMERICAN JOURNAL OF MANAGED CARE

NOVEMBER/DECEMBER 1995



