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PART 1
General Considerations in Clinical Medicine

Irrespective of the study design used to assess the effectiveness of
screening, it is critical that disease incidence or mortality is the primary endpoint rather than length of disease survival. This is important
because lead time bias and length time bias can create the appearance
of an improvement in disease survival from a screening test when there
is no actual effect. Lead time bias occurs because screening identifies
a case before it would have presented clinically, thereby creating the
perception that a patient lived longer after diagnosis simply by moving
the date of diagnosis earlier rather than the date of death later. Length
time bias occurs because screening is more likely to identify slowly
progressive disease than rapidly progressive disease. Thus, within a
fixed period of time, a screened population will have a greater proportion of these slowly progressive cases and will appear to have better
disease survival than an unscreened population.
A variety of endpoints are used to assess the potential gain from
screening and preventive interventions.
1. The absolute and relative impact of screening on disease incidence or
mortality. The absolute difference in disease incidence or mortality
between a screened and nonscreened group allows the comparison
of size of the benefit across preventive services. A meta-analysis of
Swedish mammography trials (ages 40–70) found that ~1.2 fewer
women per 1000 would die from breast cancer if they were screened
over a 12-year period. By comparison, ~3 lives per 1000 would be
saved from colon cancer in a population (ages 50–75) screened
with annual fecal occult blood testing (FOBT) over a 13-year
period. Based on this analysis, colon cancer screening may actually
save more women’s lives than does mammography. However, the
relative impact of FOBT (30% reduction in colon cancer death) is
similar to the relative impact of mammography (14–32% reduction
in breast cancer death), emphasizing the importance of both relative and absolute comparisons.
2. The number of subjects screened to prevent disease or death in one
individual. The inverse of the absolute difference in mortality is
the number of subjects who would need to be screened or receive
a preventive intervention to prevent one death. For example,
731 women ages 65–69 would need to be screened by dual-energy
x-ray absorptiometry (DEXA) (and treated appropriately) to prevent one hip fracture from osteoporosis.
3. Increase in average life expectancy for a population. Predicted
increases in life expectancy for various screening and preventive
interventions are listed in Table 4-3. It should be noted, however,
that the increase in life expectancy is an average that applies to a
population, not to an individual. In reality, the vast majority of
the population does not derive any benefit from a screening test
or preventive intervention. A small subset of patients, however,
will benefit greatly. For example, Pap smears do not benefit the
98% of women who never develop cancer of the cervix. However,
for the 2% who would have developed cervical cancer, Pap smears
may add as much as 25 years to their lives. Some studies suggest
that a 1-month gain of life expectancy is a reasonable goal for a
population-based screening or prevention strategy.
ASSESSINg THE HARMS oF SCREENINg ANd PREVENTIoN
Just as with most aspects of medical care, screening and preventive
interventions also incur the possibility of adverse outcomes. These
adverse outcomes include side effects from preventive medications and
vaccinations, false-positive screening tests, overdiagnosis of disease
from screening tests, anxiety, radiation exposure from some screening
tests, and discomfort from some interventions and screening tests.
The risk of side effects from preventive medications is analogous to
the use of medications in therapeutic settings and is considered in the
Food and Drug Administration (FDA) approval process. Side effects
from currently recommended vaccinations are primarily limited to
discomfort and minor immune reactions. However, the concern about
associations between vaccinations and serious adverse outcomes continues to limit the acceptance of many vaccinations despite the lack of
data supporting the causal nature of these associations.
The possibility of a false-positive test occurs with nearly all screening tests, although the definition of what constitutes a false-positive
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taBLe 4-3 estIMated averaGe InCrease In LIfe expeCtanCy
for a popuLatIon
Screening or Preventive Intervention
Mammography:
Women, 40–50 years
Women, 50–70 years
Pap smears, age 18–65
Getting a 35-year-old smoker to quit
Beginning regular exercise for a 40-year-old
man (30 min, 3 times a week)

Average Increase
0–5 days
1 month
2–3 months
3–5 years
9 months–2 years

result often varies across settings. For some tests such as screening
mammography and screening chest CT, a false-positive result occurs
when an abnormality is identified that is not malignant, requiring
either a biopsy diagnosis or short-term follow-up. For other tests
such as Pap smears, a false-positive result occurs because the test
identifies a wide range of potentially premalignant states, only a small
percentage of which would ever progress to an invasive cancer. This
risk is closely tied to the risk of overdiagnosis in which the screening
test identifies disease that would not have presented clinically in the
patient’s lifetime. Assessing the degree of overdiagnosis from a screening test is very difficult given the need for long-term follow-up of an
unscreened population to determine the true incidence of disease over
time. Recent estimates suggest that as much as 15–25% of breast cancers identified by mammography screening and 15–37% of prostate
cancers identified by prostate-specific antigen testing may never have
presented clinically. Screening tests also have the potential to create
unwarranted anxiety, particularly in conjunction with false-positive
findings. Although multiple studies have documented increased anxiety through the screening process, there are few data suggesting this
anxiety has long-term adverse consequences, including subsequent
screening behavior. Screening tests that involve radiation (e.g., mammography, chest CT) add to the cumulative radiation exposure for the
screened individual. The absolute amount of radiation is very small
from any of these tests, but the overall impact of repeated exposure
from multiple sources is still being determined. Some preventive interventions (e.g., vaccinations) and screening tests (e.g., mammography)
may lead to discomfort at the time of administration, but again, there
is little evidence of long-term adverse consequences.
WEIgHINg THE BENEFITS ANd HARMS
The decision to implement a population-based screening and prevention strategy requires weighing the benefits and harms, including
the economic impact of the strategy. The costs include not only the
expense of the intervention but also time away from work, downstream
costs from false-positive results or adverse events, and other potential
harms. Cost-effectiveness is typically assessed by calculating the cost
per year of life saved, with adjustment for the quality of life impact
of different interventions and disease states (i.e., quality-adjusted lifeyear). Typically, strategies that cost <$50,000 to $100,000 per qualityadjusted year of life saved are considered “cost-effective” (Chap. 3).
The U.S. Preventive Services Task Force (USPSTF) is an independent panel of experts in preventive care that provides evidence-based
recommendations for screening and preventive strategies based on an
assessment of the benefit-to-harm ratio (Tables 4-4 and 4-5). Because
there are multiple advisory organizations providing recommendations
for preventive services, the agreement among the organizations varies
across the different services. For example, all advisory groups support
screening for hyperlipidemia and colorectal cancer, whereas consensus
is lower for breast cancer screening among women in their 40s and
almost nonexistent for prostate cancer screening. Because the guidelines are only updated periodically, differences across advisory organizations may also reflect the data that were available when the guideline
was issued. For example, multiple organizations have recently issued
recommendations supporting lung cancer screening among heavy
smokers based on the results of the National Lung Screening Trial
(NLST) published in 2011, whereas the USPSTF did not review lung
cancer screening until 2014.
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