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Synopsis ....................................

The measure of the effectiveness of health promo-
tion and disease prevention activities is the impact of

prevention policies, programs, and practices on
public health and clinical medicine. Assessing pre-
vention effectiveness involves continuing quantitative
analysis of health outcomes resulting from prevention
practices. Additionally, assessment involves evalua-
tion of disease- and injury-prevention activities,
including their medical, legal, ethical, and economic
impacts. Although assessing the effectiveness of
prevention activities involves measuring efficacy,
safety, and cost, the primary criterion is to improve
health at a reasonable cost, not merely to contain
costs.

Policy makers can use the results of assessments to
set priorities in public health. The authors use case
studies to illustrate various approaches to evaluating
prevention programs, including school health-
education programs, and programs for preventing
measles, breast cancer, and diabetic retinopathy.
Rigorous evaluation of the effectiveness of prevention
activities is essential to the wide acceptance of
preventive interventions and the willingness to pay
for them.

HEALTH PROMOTION AND DISEASE PREVENTION
goals are defined national health priorities (1, 2), with
funding included in Federal budgets (3). However,
public health program decision makers cannot expect
those who fund public health to accept on faith the
value of prevention activities. To convince policy
makers to fund prevention programs, we need a
comprehensive system for assessing the value of
those programs.

In 1976, the Congress' Office of Technology As-
sessment listed the general principles for technology
assessment (4). In 1990, the Agency for Health Care
Policy and Research, of the Public Health Service,
began a program to assess the effectiveness of
medical treatments (5). No approach to evaluating
prevention activities has been accepted widely, how-

ever, and evaluations have not resulted in significant
coverage of preventive services by health care
insurers.

Advocates may consider the value of prevention
activities to be obvious. However, only 3 percent of
health expenditures are dedicated to prevention, and
efforts to encourage preventive practices often fall
short. We illustrate the importance of evaluating
prevention activity by providing successful and cost-
effective examples of primary, secondary, and tertiary
prevention (see table) (6). The examples show how
results of evaluations can be used to establish,
modify, or justify a particular prevention program and
to identify information still needed by decision
makers. We discuss evaluations of school health-
education programs, as well as remaining challenges
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Selected examples of prevention-effectiveness assessment

Annual national Percent
Undesired incidence without effectiveness of Percent of persons at risk

Prevention type' outcome intervention Prevention method method Economic analysis covered by prevention method

Primary .... Measles 4,000,000 Vaccination 95-98 $16.85 per case By age 2 years,50-80
prevented By age 6 years, 98

Secondary . . Breast 50,000 Mammography: 20-70 $45,000-$165,000 15-38
cancer screening per year
deaths women age > of life saved

40 years
Tertiary .... Blindness 24,000 Retinal 50 $100 per year 60-80

from screening, of vision saved
diabetes treatment

'Primary prevention is defined as the protection of health by personal or
community-wide efforts. Secondary prevention refers to methods for early
detection and effective intervention to correct departures from good health.

in prevention and public health and recommend ways
to overcome barriers to the appropriate use of
assessment data.

Assessing Effectiveness

Prevention effectiveness is assessed by measuring
the impact that prevention policies, programs, or
practices have on public health or clinical preventive
practices. Assessment needs to be an ongoing pro-
cess. Health care technologies, including drugs,
devices, and procedures that may be curative,
diagnostic, or preventive, as well as the programs to
implement the technologies, need to be evaluated at
all levels of the health system (7). Assessing
prevention effectiveness involves quantitatively ana-
lyzing the impact of prevention on health outcomes
and examining the societal consequences of disease-
and injury-prevention activities, including any medi-
cal, legal, ethical, or economic factors (8). The
underlying principle is that a procedure, drug, or
practice needs to be evaluated for its benefits
compared with its risks and costs, and its safety
compared with its efficacy, and so forth. The
diffusion of prevention technologies and the preva-
lence and distribution of their use in the population
can be evaluated as well. Assessment results can be
used by clinicians to manage patients and by policy
makers to set priorities in public health.
The steps in the assessment process are to (a)

identify the technologies to be assessed, (b) select an
assessment method, (c) conduct the assessment and
analyze data, (d) use the conclusions to implement
programs, (e) monitor the use and impact of the
technologies, and (f) periodically reassess. Next,
select the appropriate method for assessing the
effectiveness, safety, and cost of alternative preven-
tion strategies or technologies. The validity and
usefulness of the result of the analysis can be

Tertiary prevention includes methods to reduce or eliminate long-term
impairments and disabilities (reference 5).

improved by integrating other factors into the
analyses, such as social acceptability, political reality,
ethical implications, and quality of life issues.

Case Study Examples
Primary prevention: measles vaccination. Before
measles vaccine was licensed in 1963, childhood
measles infection was universal. In the United States,
thousands of deaths from measles were recorded
annually, reaching a peak of more than 10,000 deaths
in 1923. In the preantibiotic era, much of the
mortality resulted from superimposed bacterial pneu-
monia (9). Even with antibiotics, however, about 500
measles deaths were documented each year. In 1966,
a campaign was begun to eradicate measles (10), and
during the next quarter-century there was a dramatic
decline in incidence. The annual average number of
reported measles cases decreased from more than
500,000 to 1,497 in 1983. Cases of complications
from measles (including pneumonia and otitis media)
and substantial health care and other costs attributable
to measles decreased as well (11).

Analyses of the benefits and costs of measles
immunization programs have shown ratios ranging
upward from 5:1, depending on the techniques and
assumptions used (12-14). Such results contributed
strongly to the formulation in 1979 of a national
policy for measles elimination. A 1985 analysis of
the use of a combination measles-mumps-rubella
vaccine showed a benefit-to-cost ratio of 14:1,
highlighting the advantages of combined vaccines in
an immunization program (15). On the basis of that
analysis, we estimated that the cost per case
prevented was $16.85.

Recently, however, a series of developments has
undermined the assumptions and estimates used in
previous analyses of programs to vaccinate children
against measles. Continued sporadic outbreaks among
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schoolchildren in 1989 led to a reassessment of the
national vaccine strategy and to recommendations for
a second dose of measles vaccine for all school-age
children (16). For reasons that remain unclear, 2 to 5
percent of children were not fully protected by the
first dose of measles vaccine; the second dose was
intended to provide protection for the small propor-
tion of unprotected children. Thus far, no one has
evaluated the cost effectiveness of a second dose of
measles vaccine.

Despite the proven success of measles vaccine and
the demonstrated cost effectiveness of that primary
prevention technique, measles remains a public health
problem. Public health surveillance systems show that
measles cases have risen from a low of 1,497 cases in
1983 to 18,193 in 1989, and to 27,786 in 1990, fall-
ing to 9,643 in 1991 and 2,237 in 1992 (17).
Although 97 percent of children are vaccinated
against measles by the time they enter school, the
proportion of vaccinated poor, inner-city preschoolers
may be substantially lower, which suggests a failure
of vaccine-delivery systems (18).

Finally, social and ethical issues may prevent
vaccine delivery from being totally effective. Such
issues include concerns about adverse reactions to
vaccine, limited access to health care, religious
exemptions from vaccination requirements, socioeco-
nomic circumstances, and personal perceptions and
values. One person's exercise of their right to decline
vaccination can place many others at increased risk
for illness, thus creating an ethical dilemma for local
public health officials.

Measles vaccination is an example of effective
technology with a dramatic impact on disease, but it
has fallen short of its anticipated effect. The
challenge remaining is to extend that preventive
technique to all children at the recommended age of
12-15 months (15). Although the benefit-to-cost ratio
for the one-dose program using 1985 data and as-
sumptions was high, we cannot assume it remains
high for a two-dose program in 1993. Because of the
additional cost, a formal evaluation of the cost
effectiveness of the two-dose program is warranted. If
the benefit-to-cost ratio for the two-dose program is
lower than that for the one-dose program, policy
makers must consider factors other than cost effec-
tiveness (for example, parental concern) when making
decisions about vaccination programs.

Secondary prevention: screening for breast cancer.
In 1991, about 175,000 women developed breast
cancer and 44,800 died from the disease (19). A
woman's risk of developing breast cancer in her
lifetime is 9.3 percent (20). The evidence is strong

that mammographic screening for women older than
50 years can reduce mortality from breast cancer (21-
23). Some trials of biennial screening have shown
mortality reduced as much as 20 to 70 percent (20).
The American College of Physicians, the American
Cancer Society, the National Cancer Institute, and
other organizations recommend annual screening for
women 50 years and older; the American Cancer
Society recommends screening every 1 to 2 years for
women ages 40-49 years (24). Evidence that women
younger than 50 years benefit from screening is
controversial (25, 26).

In 1987, 38 percent of women 40 years or older
reported having had at least one mammogram; 15
percent had a mammogram in the year preceding the
interview (27). The proportion of women who ever
had a mammogram increased with age among women
40 to 54 years, peaking at 45 percent for the 50-54-
year age group, but falling to less than 30 percent for
women 70 years or older. Surveys of women 50-74
years of age in seven communities showed that the
least educated and the poorest were least likely to be
screened (28).
The price of a mammogram averages $100 to $125

and ranges from $25 to $250 (29). The costs are a
barrier to establishing policy recommendations about
breast cancer screening, to convincing physicians and
insurers that mammography is cost effective for the
patients, and to providing access to mammography
services for persons without health insurance. By
1990, about 10,000 mammography units had been
installed. However, only 2,600 units would be needed
if the health care delivery system were even
moderately efficient in distributing facilities and
services (30).
The cost effectiveness of breast cancer screening

can vary according to the delivery strategies chosen
and the risk levels of the groups screened. Analysts
have estimated that if all women 50 years or older
were screened annually by breast physical examina-
tion alone, 4,280 lives would be saved and the cost of
saving an additional year of life would be from
$10,000 to $15,000 (20). If mammography were
combined with breast physical examination, more
lives would be saved, but the cost of an additional
year of life would be $30,000 to $105,000. If annual
screening by breast physical examination and mam-
mography were extended to all women 40 years or
older, the cost of an additional year of life would be
$45,000 to $165,000.
To achieve the greatest health effects for a given

cost, we must assess a range of delivery strategies.
One health maintenance organization evaluated
women's risks before screening, invited women for
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screening regimens that varied according to pre-
screening results, and created a special clinic for
breast cancer screening (31). Dutch investigators
modeled benefits and costs of four breast cancer
screening programs in The Netherlands and found
that biennial screening for women 50 to 70 years of
age was the most cost-effective policy (32). They
estimated that the program would cost $4,850 per
year of life saved and $50,000 per death averted.

In summary, although the efficacy of mam-
mographic screening is evident, the effectiveness of
screening programs must be increased and the costs
decreased. To accomplish those goals, screening
guidelines must be systematically implemented, deliv-
ery must be made effective and efficient, technology
distribution must improve, and data systems used for
screening and implementing followup must be more
centralized. Future assessment of the effectiveness of
breast cancer screening should include economic
analyses of mammography programs, diagnostic
testing, followup treatment, and management. Those
performing assessments need to consider changes in
the average stage at which breast cancer is diagnosed
and changes in mortality, as well as variations in
breast cancer rates within racial, ethnic, and socioeco-
nomic subgroups.

Tertiary prevention: screening for retinal com-
plications of diabetes. Each year, 12,000 to 24,000
people have significant or severe visual loss as a
result of diabetes (33). Among the 14 million persons
with known or undiagnosed diabetes mellitus, the
estimated prevalence of retinal disease is 17 percent
among those with disease for fewer than 5 years and
97.5 percent among those with the disease for 15 or
more years, if the diabetes was diagnosed before age
30 years (34-36).
Through retinal screening, health care givers can

detect complications from diabetes early in the
disease and improve the likelihood of preventing or
minimizing vision impairment. The basic components
of the current program include identifying a person
with diabetes mellitus, screening for retinal disease,
and using photocoagulation to slow the rate of
progression for those with significant retinal disease.
Future programs may include more efforts at rigorous
control of blood glucose levels.

Researchers have found evidence that among
persons with onset of diabetes at a young age,
screening for retinal complications 5 or 10 years after
diagnosis is more effective than screening earlier
(37). However, persons who develop diabetes late in
life should be screened shortly after diagnosis (35,
38).

Various methods of retinal photography and
ophthalmoscopy are effective screening techniques.
Some study results suggest that a variety of medical
personnel, including opticians, optometrists, and
ophthalmologists, can screen satisfactorily. If true,
those results suggest that screening could be made
widely available at relatively low cost (39, 40). Other
study results suggest, however, that the ability to
detect retinal disease varies by the type of medical
specialty; if so, patient access to screening would be
reduced and screening costs increased, particularly in
rural areas (38, 41).
The overall effectiveness of screening for retinal

problems depends on the efficacy of treatment. In a
carefully designed and managed trial, researchers
found that panretinal coagulation reduced the risk of
severe vision loss during a 5-year period by 50
percent or more (42, 43). In studies of followup rates
after screening, a research group found that, in a
general population, more than 80 percent of those
screened and needing treatment were treated (44);
another group found that, in an 87-percent minority
population in Texas, more than 85 percent of those
needing treatment were treated or scheduled for
treatment (45).

Results of a cost-effectiveness analysis showed that
the costs of screening programs were recovered by
avoiding the costs of blindness in the population
subgroups that took insulin; this was not true for the
subgroup of persons who developed diabetes late in
life and did not take insulin (46).

Scottish investigators estimated a benefit-to-cost
ratio for screening for retinal problems of 3.3:1 (47).
Other investigators predicted that a program of
screening would cost $966 per person-year of vision
saved from proliferative retinopathy and $1,118 per
person-year of central acuity saved from macular
edema. This is only one-sixth to one-seventh of the
$6,900 average cost of 1 year of Social Security
disability payments for those disabled by vision loss
(48). Thus, screening for retinal problems in associa-
tion with diabetes appears to be a cost-effective
approach to maintaining vision and preventing
blindness. Nevertheless, the cost-effectiveness anal-
ysis of a screening program must consider the
number of people to be screened and the prevalence
of the disease in the population.

National goals for prevention of blindness have
been established on the basis of assessment of
effectiveness (2), and professional organizations have
disseminated data-driven recommendations for clini-
cians. What remains is to translate the results of those
studies and demonstration projects into a coordinated
public health program, to monitor the use and impact
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of program interventions, and to evaluate rigorously
the costs and benefits of such programs.

Applying assessment techniques: a school health-
education program. Health education programs in
schools are designed to influence children's decision
making and behavioral patterns later in life. They
teach children healthful practices during the ages that
they are most amenable to acquiring knowledge and
forming attitudes. Although the programs vary in
purpose, they seek to dissuade students from engag-
ing in behaviors that increase health risk. Among
those behaviors are alcohol or other substance abuse,
smoking, not using automobile seat belts, unhealthy
dietary choices, sedentary lifestyles, and unsafe
sexual practices.
Comprehensive school health education programs

generally have characteristics in common. They
include a documented, planned, and sequential
curriculum for all students in grades kindergarten
through 12; specially trained teachers; and materials
that are integrated into many parts of the school
curriculum. Such programs emphasize developing the
children's decision-making skills and address a wide
range of health problems, such as those listed.
The Youth Risk Behavior Surveillance System

(YRBSS) was developed by the Centers for Disease
Control and Prevention to track behaviors covered in
school health education programs (49). YRBSS
monitors six health risks: (a) tobacco use, (b) alcohol
and drug use, (c) unhealthy sexual behaviors, (d)
dietary patterns that result in disease, (e) lack of
physical activity, and (f) behaviors that result in
intentional or unintentional injuries. The YRBSS
single-survey instrument is an anonymous question-
naire, administered in the classroom at 2-year
intervals, that asks young people to report their
behaviors in the six risk areas. The survey permits us
to monitor trends in risk behaviors, relate trends to
health education programs, assess the extent to which
those behaviors are interrelated, and to compare
health education programs among the States.

Analysts have published many evaluations of
school health-education programs, including programs
with specific curriculums, such as Growing Healthy,
Teenage Health Teaching Modules, and more exten-
sive programs, such as Know Your Body, which
includes physiologic tests (50). The following exam-
ples of the effectiveness of school health-education
programs show the diversity of approaches, results,
and methodologic issues.
A 3-year study of 4 health instruction programs

involving 30,000 students in 1,000 fourth through
seventh grade classrooms in 20 States showed that

substantial improvements can be achieved in students'
knowledge, attitudes, and self-reported practices. For
example, among seventh grade students who received
a particular curriculum of health education, 40
percent fewer reported that they smoked cigarettes
than students who received no health education.
Programs with trained teachers, with materials
integrated into regular classroom activities, that
continued through several grades, and that focused on
basic health education have been found to be more
effective than programs on categorical health prob-
lems begun in later grades (51).
To evaluate the effectiveness of the Know Your

Body Program, analysts used physiologic measure-
ments, such as blood pressure, triceps skin fold
thickness, pulse recovery rate, serum cholesterol, and
serum thiocyanate. They found "significant net
favorable changes," among participants, including a
14-percent increase in health knowledge, a 5-percent
reduction in total serum cholesterol levels, and a 73-
percent reduction in the rate of initiation of cigarette
use (52-54).

There are few data on the cost effectiveness of
health education in schools. However, a crude cost-
effectiveness analysis of health education in Tasma-
nian schools showed that the best possible outcome
(minimum cost, maximum benefits) of a 3-year
program would be a cost-effectiveness ratio of
A$6,301 (Australian dollars) (about US$7,875) per
year of life saved. The worst possible outcome
(maximum cost, minimum benefits) would cost
A$75,032 (about US$93,750) per year of life saved
(50).

Assessing the effectiveness of health education in
schools presents unique challenges, such as separating
the outside influences of family and community,
identifying effective components crucial to the
program, determining the best ways of measuring
outcomes, controlling for secular trends, determining
economic value, and determining the effectiveness of
programs for various subpopulations (55). Further
complicating the task of implementing health educa-
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tion in schools and assessing its effectiveness is the
ethical and societal debate about what subjects are
appropriate to teach in schools. Nonetheless, we must
continually reassess the effectiveness of health
education in schools in the effort to help prevent
many of today's major public health problems.

Discussion

Assessing the effectiveness and cost of prevention
is not a new idea (56). As evidenced in the case
studies, researchers have spent considerable effort
assessing some preventive health practices, and the
results have had an impact on clinical practice and
public policy. That success was achieved despite
limited resources and some disagreement about
methods of evaluation.

Still, our knowledge about the effectiveness of
prevention efforts has many gaps. We want to fill
those gaps quickly to help prevent unnecessary
morbidity, mortality, and disability. We cannot work
quickly, however, if we follow the traditional method
of testing an intervention, sometimes for years, in a
small, high-risk population. While we are testing,
many people in the large low-risk population are
denied access to the intervention. To resolve that
problem, we must establish public policy on the basis
of the best available scientific evidence, responding
to the societal demand for that intervention (57).
We need continual monitoring, not only of adverse

outcomes to be prevented, but of the effectiveness of
delivering preventive technologies to persons at risk
for disease or injury. Moreover, each case study
shows the need for continuously reassessing tech-
nologies and programs as populations, disease pat-
terns, and social mores evolve (58). To assess the
effectiveness of preventive efforts in a timely manner,
we need inexpensive and practical data-gathering
systems to track the technical methods used in
prevention. The information gathered should be made
available quickly to prevention practitioners (59, 60).

Assessing prevention effectiveness involves weigh-
ing risks and costs against benefits. The case studies
illustrate several issues related to risk. Measles
vaccination is complicated by self-limited febrile
illness in 5 to 15 percent of nonimmune vaccinees,
but severe reactions are rare. Mammography causes
some discomfort and involves a slight risk from
radiation exposure. The major concern, however, is
false positivity, which leads to followup when no
disease is present (28). Unnecessary followup efforts
result in direct costs for mammography, sonography,
and biopsy, and indirect costs for complications
resulting from those procedures and from emotional

distress associated with unnecessary fears of cancer
among patients.

For health education in schools to succeed, we
must resolve concerns about cost, acceptance by
teachers and parents, and the undocumented assertion
that children will be harmed by learning about sexual
practices, substance abuse, and violence.

Assessing the effectiveness of health technology
used in prevention poses unique methodologic chal-
lenges. For example, population-based studies of
programs to prevent such chronic conditions as breast
cancer or diabetic retinopathy require a large number
of subjects who must be followed for many years to
observe changes in disease incidence or outcomes.
Such studies are expensive and complicated meth-
odologically by confounding variables and secular
trends that may obscure the impact of the intervention
being assessed (61).

Prevention assessment requires standard measure-
ments of an intervention's effectiveness and cost, yet
there is no consensus on their appropriate uses in
prevention. For example, should the assessment of
program effectiveness take into account both the
efficacy of a single technology and the proportion of
the population that uses that technology appropri-
ately? That proportion is termed the prevented
fraction. Should a single standard measurement of
outcome be used as a proxy for a range of outcomes
that are difficult to measure? Specifically, should a
measurement, such as quality-adjusted life years, be
used to assess a person's degree of autonomy in
terms of physical and social function, mental health,
perception of overall health, and pain intensity (62-
64). We need broader definitions of health and of
active life expectancy beyond mere reductions in
morbidity and mortality.

In prevention, we need to develop assessment
techniques that account for the many interventions
aimed at achieving lifelong adherence to a behavioral
pattern, rather than interventions that require behavior
to change only once or infrequently. For example,
altering nutritional practices requires sustained be-
havioral changes, whereas getting vaccinations or
mammographic examination requires infrequent be-
haviors. Similarly, seatbelt use requires decision
making every time a person enters a motor vehicle.

Consideration of societal values is essential in
decisions involving public policy. People's perception
of the risk and benefit of a particular preventive
activity and their willingness to avoid risks influence
the likelihood that an intervention will be successful.
For example, the benefit from secondary prevention
of breast cancer has been established. As a result,
some women have shown their willingness to pay for
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screening mammograms. However, we have not
established how much risk reduction women are
willing to pay for, or how breast cancer screening
programs can be made more systematic, efficient, or
effective, all at reasonable cost.

It is critical to understand that although assessing
the effectiveness of prevention activities takes into
account efflciency, safety, and cost, the primary goal
is to improve health status at a reasonable cost, not
simply to contain cost. Although disease and injury
prevention is cost effective in many cases, we must
not assume that prevention will necessarily save
money.

Currently, demand is increasing for assessments of
medical and surgical procedures that usually have
been introduced on the basis of clinical perceptions of
utility. In response to that demand, the Agency for
Health Care Policy and Research (5) and the Health
Care Financing Administration (65), have established
programs that emphasize evaluating outcomes for
individual patients. But, prevention activities
(especially population-based programs) have long
been scrutinized vigorously for evidence of cost
effectiveness (66). Today, the public health com-
munity must continue to lead the way in initiating
and refining effective and efficient interventions. The
processes we describe can help us achieve a more
systematic approach toward assessing the effective-
ness of our prevention programs.
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