Screening in Public Health Practice

Transcript

Screening in Public Health Practice

Welcome to “Screening in Public Health Practice.” I'm
Victoria Holt, your narrator for this module. As a nurse,
I've worked in a variety of hospital and clinical practice
settings, including public health clinics in East Tennessee
and North Carolina. More recently, as an epidemiolo-
gist, I'm a faculty member at the Northwest Center for
Public Health Practice at the School of Public Health and
Community Medicine at the University of Washington in
Seattle.

Since 1993, | have also been a faculty member in
the Department of Epidemiology at the University of
Washington, where | currently teach courses in epidemio-
logic methods.

Victoria Holt, RN, MPH, PhD
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About This Module

About This Module
I'd like to mention a few points that may help make your ﬂ

learning experience more enjoyable. Intended audience
. . . . : People working in the field of public health who would like to increase
This module and others in the ep|dem|0|0gy series their understanding of the basic terms and concepts used in
. . idemiology.
from the Northwest Center for Public Health Practice epiemiongy
A X . ) X Recommended background
are mtended fOF people worklng n the fleld Of pUb[IC Familiarity with material presented in the following NWCPHP modules:
health who are not epidemiologists but who would like e o
. . L . . « Data Interpretation for Public Health Professionals
to increase their familiarity with and understanding of the + Study Types in Epidemiology
basic terms and concepts used in epidemiology. Before * Measuring Riskin Epidemiology

(See the Resources for links to these modules)

you go on with this module we recommend that you
become familiar, if you haven't already, with the back-
ground material presented in the following modules,
which you can find on the Center’s Web site or under the Resources link on the
attachments tab: What Is Epidemiology in Public Health? Data Interpretation
for Public Health Professionals; Study Types in Epidemiology; Measuring Risk in
Epidemiology.

We introduce a number of new terms in this module. If you want to review their
definitions at any time, the glossary in the attachments link at the top of the screen
may be useful.

Our glossary of epidemiologic terms may be useful.

o

Module Objectives

This course offers an overview of the concepts and use of screening for disease.
By the end of this module you should be able to define screening and describe
its role in the work of public health practitioners. You will also be able to use the
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definition of screening to determine diseases for which

it is appropriate to screen and to determine which tests
are appropriate to use for screening, based on the vari-
ous characteristics of a good screening test. You will learn
how to list and describe important factors to consider
when designing and evaluating screening programs. Finally,
you should be able to help clients interpret the results of
their screening tests through knowledge of the concept of

Module Objectives Q

By the end of this module you should be able to:

« Define screening and describe its role in public health work
« Determine diseases for which it is appropriate to screen

« Determine which tests are appropriate to use

« Describe important factors in the design and evaluation of
screening programs

« Help clients interpret results of screening tests

predictive value.
Let’s start this module by defining the word screening as
it’s used in public health.

A

What Is Screening? §

Using tests to detect the likely presence of diseases or conditions
before iliness or symptoms.

What Is Screening?

Screening essentially is using tests to detect the likely pres-
ence of diseases or conditions before they cause illness or
symptoms. According to the U.S. Commission on Chronic
lliness, “screening is the presumptive identification of
unrecognized disease or defect by the application of tests,
examinations, or other procedures that can be applied
rapidly.” One key aspect of this definition is the word
“presumptive.” Screening is not the same as diagnosis,
which is the definite identification of disease.

As shown in this diagram, screening is done on an
asymptomatic population, that is, people who show no -
evidence yet of the disease for which they are being
screened. The results of the screening test separate them into two categories—those
who are likely to have the disease, that is, they screened positive, and those who
screened negative and thus are unlikely to have the disease. Those who screen as
likely to have disease then undergo the definitive diagnostic tests that come after
and are separate from the screening process to determine whether they in fact have
the disease for which they have screened positive. Those who are determined by
screening to be unlikely to have the disease are not examined further as part of the
screening process.

Screening * diagnosis

disease
diagnostic
' tests <
no

} disease
likely to have

disease - ;

/ screening: the presumptive

identification of unrecognized
disease or defect by the
application of tests,
examinations, or other
procedures that can be
applied rapidly

screen asymptomatic

population unlikely to have

disease

Examples of Screening

Among many examples of screening currently used in public health settings are

the following: screening for breast cancer using mammographic radiologic exams;
screening newborns for pheynlketonuria, or PKU, a genetic abnormality that results
in an enzyme deficiency, using a heel stick to obtain a small sample of blood; and
using a single blood pressure measurement to screen for hypertension.
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A positive test by mammography screening typically
would be followed up by more invasive diagnostic tests Examples of Screening Q
for breast cancer, such as a biopsy of the breast. A posi-

tive screening test for PKU may be followed by confir- " Breastoancerscreening -+ PKUtesting

matory DNA testing for the disease. And an individual <
who screens positive for hypertension, that is, has a high {

blood pressure reading, may be followed up clinically mammography _ biopsy hool stick test  DNA fest

with repeat measurements of their blood pressure. So
. . . . « Hypertension screening
you can see that the diagnostic process following a posi-

tive screening test can have quite a range—from repeating %\ (%k & ‘
the screening test for confirmation to instituting different,

BP test BP test BP test

and often more elaborate or invasive testing procedures. DO
And here also you see that screening, though most often
performed in relation to a disease such as cancer or PKU, can also be done for a risk
factor for disease, such as hypertension, a known risk factor for stroke.

The Natural History of Disease
. The Natural History of Disease
To understand how screening operates and why we do Wﬂ
it, it may be helpful to think about the idea of the natu- : o
. i i R Most diseases follow patterns, or natural histories.
ral history of any disease. Most diseases follow certain
patterns, or natural histories, moving from the onset of the oo reete Pl e o Sonced  convelescent
disease process through a preclinical phase, and eventu- € @ @ B ®
. . screening (disease is detectable with tests)

ally on to the appearance of discernable signs and symp-
toms and advanced disease progression. Levels of prevention l

As we noted on the previous slide, screening is an activ- F F ] ]
. . primary secondary prevention tertiary
ity that occurs when there are no symptoms of the disease; prevention carly diagnosis _ disabilty prevention

H . health ifi d treat t limitati habilitati

asymptomatic people are the target of screening programs. | pomotn mesin o e
Screened individuals in whom the disease process had Qo

begun would be in the preclinical phase of that disease.

A basic assumption of screening is that in these individuals, while symptoms of the
disease do not yet exist, the presence of disease is detectable, through radiologic or
laboratory or other tests.

In public health we talk about three levels of disease prevention—primary,
secondary, and tertiary. In primary prevention, disease is prevented, through
general health promotion activities such as dietary advice, or through activities that
protect against specific diseases, such as immunization for measles. In the category
of secondary prevention, the disease process is not prevented, but the disease is
discovered and addressed early after the process begins. This is where screening
operates. The importance of screening in public health is that it provides an oppor-
tunity to intervene in the disease process at an early time—when such interven-
tion should be more successful, thus limiting illness and death. Just to complete the
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picture here, the final category of prevention is tertiary prevention, which occurs
after a disease has become clinically evident—it is defined as activities undertaken
to help one recover from the effects of the disease, such as rehabilitation after a

stroke.

Using Screening in Public Health Practice

. . .. . . Using Screening in Public Health Practice
Screening for disease is important in public health prac- H

tice for several reasons. Prevention is an essential and Screening is important in public health:
traditional activity of the pu blic health field, and screen- « As cornerstone of prevention orientation of public health
. . t f ti B d . d « Minimize burden of disease in the population
Ing IS a cornerstone o preven on. y lscoverlng an + Use health care resources cost-effectively
treating disease early, as noted on the previous slide, we « In screening for disease directly
undertake secondary prevention, minimizing the burden * Giving screening tests to individuals
. . . . « Interpretation of test results to screenees
of disease in the population and using our health care T ) ,
. ¢ In community-wide design and provision of prevention
resources more cost-effectively. activities
H I H + Det ine di f lection i i
Public health practitioners often screen for disease solociive soreening programe. oo
directly—giving specific screening tests to individual * Select best screening tools
clients. Later in this module we’ll talk about how to inter- &0

pret screening test results.

Finally, public health practitioners may design and provide prevention activities
on a community-wide basis. On this level, understanding screening tests and the
screening process can help practitioners determine diseases for inclusion in mass
screening or selective screening programs, and also select the best and most appro-
priate screening tools to use to implement these screening programs.

What Makes a Disease Appropriate for What Makes a Disease Appropriate for

Screening? Screening? g

How do public health practitioners go about determin-
ing which diseases are appropriate to screen for in their
communities?

There are several established guidelines. First, for a
disease to be a suitable target for a screening program, it
must be considered an important public health problem.
This is subjective and is usually based on the magnitude
or the seriousness of the disease or both. For instance, Factors Making Diseases Appropriate for Screening
diabetes is considered to be a disease suitable for screen-
ing because diabetes is common in our communities, and 2L
this disease has a serious long-term impact on health, including premature mortality.
On the other hand, one of the diseases for which we perform newborn screening,
pheynlketonuria, is quite uncommon. Nonetheless, this disease is a target of screen-
ing because of the likelihood of rapid mortality if it is not diagnosed and treated
extremely early in life.
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As we would predict from looking at the slide of the natural history of disease just
shown, to be suitable for a screening program, the disease must have a detectable
preclinical phase. Otherwise, all individuals in whom the disease process has begun
would be symptomatic and would seek diagnosis, and our screening program would
be unlikely to find many undiagnosed cases of the disease.

Additionally, it's necessary that, when untreated, the disease progresses to a
clinical disease phase rather than remaining indefinitely without signs, symptoms,
or effects. Screening for and ultimately detecting disease that would never have
progressed to the clinical phase is likely to be counterproductive—diagnosing and
treating those individuals would not decrease the burden of disease in the popula-
tion, in the sense of decreased health—but may very well increase the burden of
disease if the diagnostic process or subsequent treatment have adverse effects.

What Makes a Disease Appropriate for What Makes a Disease Appropriate for

Screening? (cont) Screening? (cont) g

To be an appropriate target of a screening program, it is
essential that the disease, whether chronic, infectious, or
genetic, is treatable. If nothing can be done to alter the
course of the disease, there’s no point in discovering and
diagnosing disease early in the disease process. Early diag-
nosis is likely to just increase distress among those diag-
nosed earlier and their families.

A related concept is the final one listed here. For a Factors Making Diseases Appropriate for Screening
disease to be a suitable candidate for screening, early @
detection and treatment of that disease must offer
improved survival likelihood or fewer long-term problems than late treatment does.
If these last two criteria are not met, the burden of disease will not be decreased as
a result of the screening program—in fact, just finding disease early in the disease
process, in the absence of effective early treatment, is likely to increase the preva-
lence of disease in your community. Let’s see how that

would h n. . .
ould appe What If a Disease Isn’t Treatable? g
M ’
What If a Dlsease Isn t Treatable? Early recognition can appear erroneously to improve
, . . . . . survival.
Here’s a situation in which we screen for a disease for B pathologic changs begins
which there is no effective treatment—so the outcome time of D usualtime of diagnosis
K . . k . screening X death from disease
of disease isn’t improved because the disease was discov- ® ® o x
ered by screening. I'll explain how early recognition of the ~ —
disease can appear erroneously to improve survival from survival time
. . . Di i d lier in di ke ival ti
that disease, an effect called lead time bias. o lonaon | or i CISGASS praceSs Gan Meks sVl ime
The disease process begins at time B. A person with this Prevalence of disease in community may increase
disease iS usually diagnosed ata point Somewhat later in Incorrect conclusion that screening has a good impact on survival
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time—time D, after symptoms appear. The time between D and X is the length of
time this person survives after being diagnosed with the disease if he or she is diag-
nosed as a result of seeking medical care after becoming symptomatic.

But if this person is screened for this disease, the discovery of disease and a diag-
nosis will come earlier, before symptoms appear. Even if there is no effective treat-
ment as a result of this early screening and diagnosis, it will appear that this person
survives longer with the disease. In reality, the amount of time from B, the beginning
of the disease process, to X, death from the disease hasn't actually changed. It is just
because the diagnosis is made earlier in the disease process and he or she lives more
time after the diagnosis is made that survival mistakenly appears longer.

This concept is important for two reasons. First, as noted previously, screening for
diseases for which there is no effective treatment may lead to increased prevalence
of those diseases, because diseased individuals have a longer time from diagnosis
to death and therefore are more likely to be in the population when the prevalence
is measured. Second, as we'll discuss later on, this perceived shift in survival time
could lead you to incorrectly conclude that your screening program has a beneficial
impact on survival.

What Is an Important Public Health What Is an Important Public Health
2 Problem?
Problem?

Deciding which diseases are important problems and
therefore should be included in screening programs is

Which diseases should be in screening programs?

What is the community’s mortality from a disease?

1in3

Heart disease deaths

the first step in program development. There are many Cancer 1 4 desthe
ways to determine which diseases are important prob- Stroke
. . Resp. disease
lems, and one that is commonly used is how much of the Acc. injury
community’s mortality is from that disease. Let’s consider Diapetes <1in 10 deaths each

Pneumonia

the major causes of death in the United States, shown Atzheimers ||
here. Coronary heart disease is responsible for the single Kidney dis.

largest fraction of mortality in our country, and it accounts ’ Percentage of al desths) ®
for almost one in three deaths overall. The second biggest
contributor is cancer of all types combined, accounting for nearly one in four deaths.
The other major players are much less common, accounting for fewer than 1 in 10
deaths each. Some of these causes of mortality are associated with substantial long-
term morbidity, however, and may deserve consideration for screening programs on
that basis.

Is the Disease an Important Problem?

Let’s talk a bit more about cancer, the second leading cause of death in the US, defi-
nitely an important public health problem. Consider the example of breast cancer to
explain why we screen women for this disease. We know about breast cancer inci-
dence from the National Cancer Institutes’ SEER (Surveillance, Epidemiology, and
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End Results program) population-based registries in several

locations around the US, covering over one-quarter of the Is the Disease an Important Problem? g
US population.

. . . . . Why screen women for breast cancer?
Here yOU see the lnC|dence Of Invasive breast cancer in Age-specific female breast cancer incidence rates, 2000-2005, SEER

|

women. Invasive means the cancer has spread from where

it started into surrounding, healthy tissue in the breast (and

sometimes into other parts of the body). The incidence is

low early in a woman’s life, and peaks at age 75-79, when

around 450 out of 100,000 women develop beast cancer

each year. Breast cancer incidence then drops off a bit—to

around 350 per 100,000 women per year from age 85 on. T e 5054 5550 o S 1018 T8I0 8004 (B
While 350 or 450 women out of 100,000 (or around 1 L

in 200) may not seem common, this is the most common

cancer in women, and there are nearly 200,000 new cases in the US each year.

Most people would consider a serious disease occurring this frequently to be an

important public health problem, particularly if it causes substantial mortality. Let’s

see what we know about the mortality of invasive breast cancer.

o
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New cases/100,000 women

Is the Disease an Important Problem? (cont) [Tisthe Disease an Important Problem?

. cont
We know about mortality from breast cancer among
women thrOUgh statistics gathered from US death certifi- Age-specific female breast cancer mortality rates, 2000-2005, US
cates. We see here that the rate of death from breast 200

[}
=]

cancer increases steadily with increasing age, with the

highest rate, nearly 200/100,000 in the oldest women,

those 85 years of age and above. There are approxi-

mately 40,000 deaths from breast cancer among American I

women each year, making this the second most common

cause of cancer death for females, after lung cancer. T e
Because breast cancer is the most commonly occurring Breast cancer s a likely candidate for a screening program.

cancer among US women, and the second most common &5

cause of cancer death, breast cancer would be a likely candidate for a public health

screening program, if there is a lengthy preclinical phase and effective treatment

is available, and if treatment works better when started earlier in the course of the

disease. Let’s talk a bit more about those issues.

N
=]

®
o

N
(=)

Deaths/100,000 women

L,

o

Is There a Preclinical Phase?

Is there a preclinical phase in female breast cancer, that is, a time during which the
disease process is already present but the disease is not yet apparent clinically?
Yes, there is. Breast cancer begins with a single cancerous cell, and then
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progresses gradually. The growth potential of a breast

cancer varies widely among patients, and it’s estimated Is There a Preclinical Phase?
that the preclinical phase lasts from two to eight years.

During thiS time, the disease can be detected Wlth a gOOd preclinical phase: time when disease is present, but not apparent

screening test for breast cancer. “no onset of preclinical discernable  advanced
This preclinical phase can include a time during which d'se.ase d'se.ase prgse S'gnS/sgnptoms d'se’ase

the cancer is in situ. In situ breast cancer is noninvasive; healthy ~ cancerous insitu invasive

it’s confined to the milk ducts or lobules in the breast and cell cancer cancer

has not spread to the surrounding tissues in the breast or
other parts of the body.

Better to Detect Breast Cancer Early? 0

As we've already noted, to be a suitable disease for
screening, discovering and treating the disease early in the Better to Detect Breast Cancer Early?
disease process must be better than late treatment. Better ﬂ
is defined as improved survival or decreased long-term precovery and teaiment early In the disease must be
effects of the disease.

Is it better to detect breast cancer early? Yes, it appears
to be. One hundred percent of women with in situ breast
cancer survive at least five years after diagnosis. Survival
is lower for invasive breast cancer, and it depends on the
extent of spread of the disease at the time of diagnosis. -l
Women diagnosed while the cancer is still confined to O onnvasive Localized  Regional _ Distant
the primary site (which we call localized) also have nearly |q Stages of Breast Cancer
100% five-year survival, while women diagnosed after the
cancer has spread to the regional lymph nodes or directly beyond the primary site
(that is, those with regional cancer) have somewhat lower survival—around 84%. For
the low number of women diagnosed after the cancer has already metastasized (that
is, those with cancer also at a distant site) only 27% survive for five or more years.

So we see that early discovery of breast cancer, while it remains noninvasive,
localized, or regional, is better than discovery late in the disease process. This infor-
mation tells us that breast cancer screening and early intervention are potentially
useful in decreasing mortality from this disease.

100%

80%

60%

40%

5- Year Survival

20%

-

Should We Screen for Breast Cancer?

In terms of whether we should screen for breast cancer, the US Preventive Services
Task Force recommends yes. This body recommends that we screen for breast cancer
with mammography, either with or without a clinical breast examination every one
or two years for women aged 40 or older.

They make this recommendation because it's been shown that having a mammo-
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gram every 12-33 months significantly reduces the risk of
death from breast cancer. This health benefit is particularly
evident in women between the ages of 50 and 69.

This recommendation has been made on the basis of

the importance of the disease that might be prevented
with screening, and also on the availability of a suitable
and effective screening test—in this case mammography.
Information about this and other screenable diseases and
screening test recommendations can be found on the US
Preventive Services Task Force Web site. After the upcom-
ing exercise we'll talk about what makes a good screening
test.

Now we’'ll pause for the first of several interactive exer-
cises about the material you have just covered. Please
note that the exercises sometimes take several seconds to
load.

Exercise 1

What Makes a Test Suitable for Screening?

For a screening test to be considered effective, it must be
reliable, applicable, acceptable, and valid, which includes
both sensitivity and specificity. We'll talk about each of
these characteristics in this next section moving forward.

Reliability

Reliability measures precision. Reliability is the ability of
the test to give consistent results across repeated trials. For
the breast cancer example, we would say that mammog-
raphy is a reliable screening test for breast cancer if there
are the same results (negative or positive) on the same
woman each time she gets a mammogram within a short
time period. This is an important aspect of a good screen-
ing test.

There are several different types of variations that can
affect a screening measure’s level of reliability. A screen-
ing test may not appear reliable if there is intra-individual
variation in the characteristic being measured, that is, an

Should We Screen for Breast Cancer? Q

* The US Preventive Services Task Force recommends
screening mammography:
< With or without clinical breast examination
« Every 1-2 years for women 40 and older
« Mammograms reduce risk of mortality from breast cancer
—evidence strongest in women ages 50-69.
+« Recommendation based on:

« Importance of disease
< Auvailability of suitable and effective test

US Preventive Services Task Force www.ahrg.gov/clinic/uspstfix.htm

A\

What Makes a Test Suitable for Screening? 9

* Reliable
« Applicable
* Acceptable

* Valid
« Sensitivity
« Specificity

A

Reliability 9
Measures precision—ability to give consistent
results repeatedly E E
+ Intra-individual variation
+ Inter-observer variation
+ Intra-observer variation
Screening test can be reliable yet inaccurate

2% IS, fo:

individual’s value on that characteristic varies. For example, blood pressure is subject
to intra-individual variation—a person’s blood pressure naturally varies somewhat
over even small periods of time. This doesn’t necessarily mean that a screening test
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is unreliable. The screening test gets different results because the characteristic being
measured differs from one time to the next, not because the test is wrong.

The next two issues have a greater effect on a test’s reliability. Inter-observer
variation occurs when two people interpreting the results of a screening test come
to different conclusions. For example, if one radiologist reads a mammogram and
calls it positive, while another reading the same mammogram calls it negative, the
reliability of a mammogram as a screening test is questionable. Intra-observer varia-
tion occurs when the same person reads that same mammogram differently on two
different readings.

Even if these variations are kept to a minimum and the screening measure has a
high level of reliability, that does not necessarily mean it’s accurate. Accuracy is a
different characteristic of any screening measure, and we'll talk about that when we
talk about validity in a minute.

Applicability

For a screening measure to be useful in public health, it Applicability

must also be applicable to the population. A screening test v

should be simple enough to be administered by health m counselors can

care personnel other than physicians. Ideally, it would aeminiter et
. . . . e bl id uic

provide rapid results and be inexpensive enough to use on S _rap' _ ine:penksive

a broad scale. - L (o blood work)

One example of an applicable test is the current o Bood toat

method for HIV screening with rapid HIV antibody tests Ascess to medical care affects abilty to get:
administered by counselors in clinical and non-clinical *Follow-up diagnostic tests ifindividual soreens positive
settings. In some settings antibody tests first are done on " Effectve medoal freatment ffollow-up tests confn cisease
oral fluid samples. These initial screening tests are simple, xo
quick, inexpensive and do not require blood to be drawn.

Another consideration is whether there’s a mechanism for the follow-up of posi-
tive test results. Access to medical care affects the ability to obtain follow-up diag-
nostic tests if individuals screen positive, and to obtain effective medical treatment if
follow-up tests confirm they have the disease. In situations in which follow-up test-
ing and care are not available to members of a certain population group, screening
tests are usually seen as not applicable for that group—as these individuals would
not themselves benefit from merely being screened.

For example, while rapid HIV tests usually are followed by confirmatory Western
blot blood tests as part of the screening procedure, it’s possible that some individu-
als who are confirmed positive do not have health care coverage and therefore
would not be able to obtain medical treatment to decrease their likelihood of future
morbidity and mortality from AIDS.
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Acceptability
The third characteristic that defines the usefulness of a Acceptabllltyﬂ
screening measure in public health is how acceptable the

measure is to the population being screened.

. . Informed Willingness Safety of Impact of

The population being screened must always under- consent foundergo  testassured incorrect

. . . test + Limted  screenin,

stand exactly what the measure is and what it’s designed | e el
to detect, and in most cases they should provide consent - e ' e
o T peey b

before testing is done. A current exception is HIV screen- ,~ - Painfu vs. il
. . . ’ [ , s Falses =

ing, which the CDC now recommends be considered a , - Unpleasant negatives

vs. no big deal _

routine part of medical care, to be performed unless the ' 7 e ;
cceptability

patient declines, without separate written consent for
testing. X

Once they understand the test, individuals must be will-
ing to undergo the required screening test, which can sometimes be fairly unpleas-
ant. For instance, oral rapid HIV tests are appealing because they do not require a
finger prick or blood draw, and they have increased willingness of individuals to be
screened.

Heel sticks are required to obtain blood for new born screening. Some parents
don’t want their newborn infants to undergo what might be their first painful proce-
dure since birth, but since this test is mandated by law, the choice is not theirs to
make. Some women, however, may choose not to undergo screening mammog-
raphy because of the pain associated with the procedure of compressing breast
tissue. And it’s certain that some people avoid screening colonoscopy because of
the unpleasantness of the procedure itself, or the bowel-cleansing preparation that is
required before the test. These are important issues to consider when contemplating
initiating mass screening programs.

To be an acceptable screening procedure the test also must be safe for the popu-
lation being screened, and perceived as such. This means that there should be no
adverse health effects from the screening test. Unsafe screening tests would include
those that expose the screenee to substantial radiation, for example.

Finally, screenees must clearly understand and accept the potential impact not
only of getting a positive diagnosis from the screening, but also the chances and the
possible implications of getting incorrect screening results. We'll talk more about
both false positives and false negatives later in the module. These risks must be
clearly communicated for a screening test to be acceptable.

Let’s pause now while you answer some questions on what you have just learned.

Exercise 2
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Validity

The final characteristic of an effective screening test is Validity Q
that it is valid. This speaks to the accuracy of the test, and -

Validity: accuracy of test
+ Determined by validity

helps you determine whether this test is a good one to use

in screening for a particular disease. sudies.
. . . . Evalua.tlons of long-term
The accuracy of a screening test is determined by stud- screening programs
. . . . . « Indicates whether the
ies designed just for this purpose, and also by evaluations fest is the best one to
. . i ing f

of the effect of large long term screening programs using A eongora
the test. No screening test is

100% sensitive and

Validity is composed of two separate measures, sensi- 100% specific.

tivity and specificity. Sensitivity is, in practical terms, the
likelihood that, among individuals who have the disease, \OE
the test will pick it up—that is, in what proportion will the

test come back positive? Ideally, a screening test you select would be 100% sensi-
tive—it would miss no individuals who are truly diseased. What do we use sensitivity
for? To help us answer the question of whether this is the best screening test to use
for a certain disease.

Specificity is the other side of that equation; the likelihood that, among individu-
als who don't have the disease, the test will come back negative. Ideally, a screening
test would also be 100% specific—it would return a positive result for no individuals
who are not truly diseased. The level of specificity is another part of how we deter-
mine whether a test is good at screening for a certain disease.

No screening test is both 100% sensitive and 100% specific. We'll look at some
typical ranges in a moment.

Sensitivity L
o ) Sensitivity
Before we calculate the level of sensitivity of a screening ﬂ
measure, let’s talk a bit about the terminology around test To determine accuracy of a test, screen and categorize
. . Il study subjects.

results. If we're doing a study to determine the accuracy of | & SHYSHRIees True di ot

. . rue disease status
a screening test, we would start by screening all the study Present Absent
subjects, categorizing them as test positive or test negative, Test result

. . . : ; Positive | T Tr_u_e Fa_ls_e
and then determine their true disease status using a diag- positive positive
nostic test, which we sometimes call the “gold standard.” Negative | | _False Trie
Then we can place them into the four boxes shown here, Pegative negative
based on their screening test results and their true disease Sensitivity — true positives
status ensitvity: = frue positives + false negatives
N0

If the disease is present and the screening test picks it
up, that’s known as a true positive. The other correct result is if the disease is not
present and the test result comes back negative, that’s known as a true negative. If
the disease is not present but the test comes back as positive, that’s classified as
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a false positive. And if the disease is present and the test doesn’t register that, it’s
known as a false negative.

To calculate sensitivity, we take the number of true positives and divide it by the
number of true positives added to the false negatives. A sensitive test is going to
have a high level of true positives and a low level of false negatives, that is, most of
the time if there is disease the screening test picks it up.

This module makes use of several formulas in both the content and in the quizzes.
You may want to access the formulas document available under the attachments tab
of this module for your ongoing reference.

Example: Screening for Colon Cancer

Let’s practice calculating sensitivity. Here’s a hypothetical ﬂExample: Screening for Colon Cancer

example of a study designed to test the validity of fecal Test the validity of fecal occult blood test (FOBT):
occult blood tests—stool guaiacs—to determine the pres- + 120 persons with colon cancer
ence Of cancer Of the CO|OI’]. « 580 persons who did not have colon cancer

Fecal occult blood test smears were taken from 120 « Tests read without knowledge of cancer status
persons who had proven cancer of the colon and from « Reported as sither positive (cancer) or negative
580 who did not have colon cancer. The smears were (no cancer)
then read by people with no knowledge of the cancer Of the samples taken, 200 were

. . rted positive, 90 of which

status of the subjects. They reported the smears as either from the broven cancer cases.

positive (cancer) or negative (no cancer).
Of the smears taken, 200 were reported positive, only &P
90 of which came from the proven colon cancer cases.
In this example, what is the sensitivity of the colon cancer screening test?

Example: Sensitivity of FOBT

Let’s go back and calculate the sensitivity by filling in the Example: Sensitivity of FOBT Q
table we introduced previously with the number of true
True colon cancer status

Present Absent Total

positives, true negatives, false positives, and false negatives.
We know that we have 120 subjects with colon cancer— Test result
this is the combined total of the true positives and the Positive
false negatives. We also know that 90 of the positive tests
were from subjects with colon cancer—these are the true

TP =90 FP =110 200

Negative FN =30 TN =470

positives. So by subtraction we have 30 people who are Total 120 580
false negatives—they truly have colon cancer, but they had Sensitivty = <ol e = ok = 13 = 75%
negative occult blood tests. Now we can fill in the rest of FOBT picks up the cancer 75% of the fime.

the table. We know that 200 subjects had positive occult O
blood tests—this is the combined total of the true positives

and the false positives. We already know that 90 people are true positives, so that
leaves 110 as false positives. And for the final cell of the table, we just subtract the
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110 false positives from the total of 580 subjects without colon cancer—leaving us
with 470 true negatives.

We know that sensitivity is defined as the number of true positives divided by the
number of true positives plus false negatives. For the fecal occult blood test example
shown here, sensitivity is calculated as the 90 true positives divided by the 90 true
positives plus the 30 false negatives—or 90 divided by 120—which equals 75%.
This means that, for people who have colon cancer, 75% will have positive fecal
occult blood test results when screened. The screening test picks up the cancer 75%
of the time. The higher the sensitivity, the less likely it is that there will be false nega-
tive tests.

Let’s pause now while you answer some questions on what you have just learned.

Exercise 3

Specificity
Now let’s take a look at the specificity of the screening
test. While sensitivity is looking for the number of true

Specificity
positives, specificity focuses on the number of true nega- ﬂ

tives. Specificity is calculated by dividing the number of True disease status
true negatives by the number of true negatives added to Testresuit __bresent Absent
e . " True False e
the number of false positives. The result of the calculation Positive Qosmve Foclilis Sensitivity
is the likelihood that a screening test will be negative if the
g. & Negative False True Specificity
person truly does not have the disease. negetive | \edeie
What do we use specificity for? Similar to sensitivity, we .
K R L. Specificity = true negatives
use it to help us determine whether this is a good test— PECHICY = true negatives + false positives
should we use this test to screen for a certain disease in U . .
) : sed to determine whether test is the most accurate
our population or might another test be more accurate? Qo

Let’s make this a little more practical by returning to our
colon cancer and fecal occult blood test example.

Example: Specificity of FOBT Example: Specificity of FOBT
Looking at this table of the test results that we filled in H

. e True colon cancer status
earlier, let’s calculate the specificity. There were 470 true

Present Absent
negatives, so we take that number and divide it by the Test result
combination of true negatives and false positives. This Posiive |08
leaves us with 470 divided by 580, or 81%. Our inter- Negative | FN=30 | TN =470
pretation of thi's is that for p'eople who do not have colon ota 20 50
cancer, 81% will have negative fecal occult blood test 470 470
results when screened. The higher the specificity, the Specificty = 470+110 = 580 - 81%
less likely it is that there will be false positive tests. High o oo faoqe Screening for dissase with costly,
5
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specificity might be particularly important when screening for a disease that requires
costly, invasive, or risky follow-up tests of individuals who screen positive—such as
colonoscopies to follow up for colon cancer. In that situation you might not want

to subject a large number of people without the disease (the false positives) to the
follow-up tests. Let’s pause now while you answer some questions on what you've

just learned.

Exercise 4

Predictive Value of a Positive Test

. . ) Predictive Value of a Positive Test
The final two characteristics of screening tests that we’'ll H

consider involve the test’s predictive value. The predictive Depends on how good the test is and how common the
. . disease is in the population.
value of a test depends on how good the test is (the sensi-

.. epe . . . Among all the people who test positive on the screening
tivity and specificity) and how common the disease being test, what proportion really have the disease?
screened fOl’ iS in the pOpu[atiOh being Screened, If | test positive on the screening test, what's the likelihood

, . . that | really have the disease?
Let’s start by talking about the predictive value of a
.. . . Predictive Value _ true positives
positive test. This answers the question—among all people Positive (PV+) frue positives + false positives

who test positive on the screening test, what proportion
really have the disease? Or, on an individual level: If | test
positive on the screening test, what'’s the likelihood that |
really have this disease? To calculate the positive predic- &g
tive value of a test, we divide the number of true positives by the number of true
positives combined with the number of false positives.

This concept is an important one for public health professionals designing screen-
ing programs, as we’ll discuss in a bit. It is helpful for deciding which subset of the
population should be screened, and knowing the predictive value in the population
that has been screened helps us interpret test results for screenees. For this is the
question that people who test positive on a screening test usually ask; for instance,
after being told of a positive Pap smear, a woman may ask “How likely is it that |
have cervical cancer?” The predictive value of a posi-

tive test answers that question. Let’s calculate the answer, Example: Positive Predictive Value
using our previous example. ﬂ

What is the predictive value of a positive FOBT for colon
cancer in this population?

Helps in deciding which subset of population should be
screened.

Helps clinicians interpret test results.

Example: Positive Predictive Value
True colon cancer status

Returning again to our example of fecal occult blood tests, Present  Absent  Total
.. . Test result

how would we calculate the predictive value of this test?
In the population in this example, there are 90 true

Positive TP =90 FP =110 200

positives—those who were correctly identified from the Negative | FN=30 | TN=470 | 500
screening test as having cancer, and 110 false positives—

those who were incorrectly identified from the screen- PV+= sordio = ooy = 45%

ing test as having cancer. The equation for the positive o)
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predictive value is 90 true positives divided by all those who tested positive—here
90 plus 110, or 200. Ninety divided by 200 is 45%. We would say, then, if someone
from this population tests positive, there is a 45% likelihood that they do have colon
cancer. This is quite high, for reasons we’ll cover in a moment. The positive predic-
tive value of a screening test is usually lower than this.
Let’s pause for a second while you practice calculating the positive predictive

value.

Exercise 5

Predictive Value of a Negative Test

Finally, predictive value can also refer to the predic-
tive value of a negative test. This answers the question—
among all the people who test negative on the screening
test, what proportion really don’t have the disease we're
screening for? And on the individual level “If | test nega-
tive on the screening test, what'’s the likelihood that |
really don’t have the disease?”

The predictive value of a negative test is calculated by
dividing the number of true negatives by the number of
true negatives added to the number of false negatives.

Predictive Value of a Negative Test 9

Among all the people who test negative on the screening test,
what proportion really don’t have the disease?

If | test negative on the screening test, what'’s the likelihood
that | really don’t have the disease?

Predictive Value _
Negative (PV-)

true negatives
true negatives + false negatives

A screening test is not the same as a diagnostic test.

Unless predictive value negative is 100%, some people who
screen negative have the disease.

A5

In contrast to those who screen positive, individuals who screen negative don’t
usually ask upon hearing their test results “How likely is it that | really don’t have
the disease you just screened me for?” We should remember that a screening test
is not the same as a diagnostic test. In screening for disease, we're only separating
out individuals with a high likelihood of disease from those with a low likelihood of
disease. Unless the predictive value of a negative test is 100%, some individuals who
screen negative truly are diseased. A negative screening test result is not equivalent
to the absence of disease unless the predictive value negative is 100%. While we

don’t want to alarm screenees, it is important that they
understand this distinction and are aware that there is a
slim chance that they may still have the disease.

Example: Negative Predictive Value

Returning to our fecal occult blood test and colon cancer
example again, let’s calculate the predictive value of a
negative test. In this population tested, there were 470
true negatives and 30 false negatives. The predictive value
is the 470 true negatives divided by all 500 negatives, or
94%. This means that 94% of those identified as negative
by the screening test in this population were in fact free

Example: Negative Predictive Value 9

True colon cancer status

Present Absent Total
Test result
Positive TP =90 FP =110 200
Negative FN =30 TN = 470 500
PV- = 470 - 470 _ 94%

470 + 30 500

An individual who screens negative has a 94% chance that
they do not have colon cancer.

A5
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of colon cancer. For an individual who screens negative then, there is a 94% chance
that they do not have colon cancer. Let’s pause for a minute while you practice

calculating the negative predictive value.

Exercise 6

Populations with High Disease Prevalence

Populations with High Disease Prevalence
Often, disease screening is done in populations with a ﬂ

relatively high prevalence of the disease for which the Screening is often done in populations with high
. , K prevalence of disease

test screens. In the recent exercises we’ve seen this exam- Disease
ple. This population has a fairly high prevalence of this ; Test P:e::(;“ A::::‘ ;‘;‘;‘:

! . ositive b ) y
unnamed disease—1650 out of every 100,000 people in Negative 410 94,416 04,826
the population have the disease. You might see disease Total 1,650 98,350 100,000
prevalence this high, for instance, in a population of “high
risk” individuals who are patients in a specialty clinic. Sensitivity = —— =75%  PV+= —— =24%

We haye 'already Calcu.l'ateo'l the.senS|t|V|ty, specificity, Specifcity - .

and predictive value positive in this population—they are o
shown here.

Populations with Low Disease Prevalence

) ) ) Populations with Low Disease Prevalence
This example is of the same screening test and the same ﬂ

disease as the previous slide, but the number of people in Disease
. . . . . Pi t Absent Total
the population with the disease is lower. This may repre- Test — = o
. " C iy . . Positive 124 3,993 4117
sent a population of “low risk” patients at a primary care Negative 41 95,842 95,883
clinic. Total 165 99,835 100,000
Let’s see what happens to the sensitivity, specificity, and
predictive value of the screening test when the prevalence Sensitivity = =% Pvrs =3.0%
. . . . H H If di i , th
of disease in the population is much lower—which is a Specificity = 6% Ikolhood tht an mavidualwho
more likely depiction of the general population prevalence e s e .
. Sensitivity ahal difiaity fshoufaritnati itive individual where th
of most diseases. temoporiation o popation. | Gsease s common.

We see that the sensitivity of this test is still 75%—
defined again as the number of diseased people who test positive divided by all
those who are diseased, or here 124/165. Sensitivity is an intrinsic aspect of the
test—measuring how good it is at picking up the disease when it’s there—and it
shouldn’t vary from population to population.

We can calculate the specificity also, the same way we did on the previous slide.
It's the number of disease-free people who test negative divided by all those who
are disease-free. And here that’s 95,842 divided by 99,835, or 96%. As on the
previous slide we would say that among individuals without the disease 96% will
screen negative. Specificity is also an intrinsic aspect of the test that doesn’t vary
from population to population.

w Northwest Center for Public Health Practice I |/



Screening in Public Health Practice

Transcript

In contrast, we see that the predictive value of a positive test is much lower here
than it was on the previous slide. Remember, we calculate the predictive value posi-
tive as the number of diseased people who test positive divided by all people who
test positive, or 124/4,117 in this example, or 3%. This illustrates an important fact.
If a disease is uncommon in a population, the likelihood that an individual from this
population who screens positive really has the disease is lower than it would be for
a screen-positive individual from a population in which the disease is common. This
is why clinicians who see mostly patients at high risk of disease often take more seri-
ously a positive screening test result for that disease—in their experience a positive
result is more likely to indicate disease than it is for the clinician who tests primarily
low risk patients.

This is also an important concept in designing screening programs. The amount of
the disease that is present in the population that you screen has a big impact on the
predictive value of the screening test. Because of this, you might want to focus on
high risk population subgroups to maximize the efficiency of your program.

Designing Screening Programs

) Designing Screening Programs
How do we actually use the screening test concepts we've ﬂ

just discussed in public health practice settings? Choose the test
Knowledge of the concepts of sensitivity and specific- o o o o000

ity helps us to determine which screening tests are more Determine the threshold

accurate, therefore helps us to choose the best tests to use * Screeners decide what constifutes a positive test

in public health screening programs. As we've discussed, veo o 333

sensitivity and specificity are attributes of a given test— >160/110 >130/80

that is, they do not vary depending on the population b vooe

that is tested. Several commonly used screening tests have poputon seee pomuaton ceee
<160/110 <130/80

sensitivities in the range of 70-95%, that is, if the disease
being screened for is present, it will be picked up 70-95%
of the time. Specificities are usually a bit higher, in the range of 90-95%. This means
that, if the disease being screened for is absent, the screening test will be negative
90-95% of the time.

Some screening tests do not give just a positive or negative result, but rather a
numeric value—such as blood pressure. In these circumstances it is up to the indi-
viduals providing the screening test to decide what constitutes a positive test for their
screening program. This decision is usually made after weighing the advantages of
capturing all the “true positives” against the disadvantages of including more “false
positives” in what you would consider to be a positive screening test result. For
example, if you're screening for hypertension, you might decide that you would
call everyone with a blood pressure of 160/110 or higher positive and refer them
to medical care for further diagnosis and possible treatment. While it’s likely that
most individuals with a one-time blood pressure measurement that high indeed are

@ actual hypertensive ~ @ actual non hypertensive
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hypertensive, it’s also likely that you would miss some hypertensives using a thresh-
old that high.

Alternatively, you might decide that in the interests of not missing any true hyper-
tensives your definition of a positive test—with subsequent referral for diagnosis and
treatment—might be 130/80. You would be more certain not to miss any true hyper-
tensives with this cut-off point, but there would likely be some individuals referred
for diagnosis and treatment who in fact did not have hypertension. Consideration of
the financial, emotional, and physical costs of setting a low threshold for a positive
screen, with consequent follow-up of a larger population, must be made.

Designing Screening Programs (cont)

i B Designing Screening Programs (cont)
Public health practitioners also need to choose the popu- H

l[ation to screen. CaICUIating the prediCtive value of a pOSi' Choose the population Age-specific fernale breast cancer incidence rates,
. . . . . . inti 2000-2005, SEER
tive test in your population will help determine whether Predictive value
K . . . « Entire population £ o B
screening the entire population, usually considered a low (low risk) q H
risk population, or certain subgroups—or high risk popu- : 2“b9r°‘]"’lf“'9:h e 1 11 H ,
. . + Counsel clients in A | | ‘
lations—is warranted. We have already seen that screen- _ : “ | I
X R . I'apld HIV test W46 5—49 50-54 5559 60?‘(\{55—679 70-74 75-79 80-¢ Et 85+
ing mammography is recommended by the Preventive sensitivity = 99.1%
Services Task Force for women only starting at age 40. specificity = 99.3%
This is because the occurrence of breast cancer is low in high risk population (10%): PV/+ = 94%

women before that age, therefore the predictive value low risk population (0.1%): PV = 12%
of a positive mammogram will be lower than it would be S0
among a population of older women—a higher risk population.
The concept of predictive value is also used by public health practitioners in help-
ing counsel individual clients about the meaning of positive or negative screening
tests. As we noted previously, individuals who screen positive usually want to know
how likely it is that they have the disease for which they were just screened—and
the predictive value positive answers this question. Because the predictive value
is a function of the accuracy of the test as well as how common the disease is in
the population screened, both of these statistics must be known or estimated. For
example, the sensitivity of the rapid HIV test we discussed earlier is 99.1%, and the
specificity is 99.3%. In a high risk population with an HIV+ prevalence of 10%, the
predictive value of a positive test would be 94%, while in a general population of
lower risk with an HIV prevalence of 0.1% the positive predictive value would be
only 12%.

Evaluating Screening Programs

A key component of any screening program is evaluation. An initial part of the evalu-
ation of a screening program might be process oriented—how many screening tests
were performed—as an indication of the need for the program. For example, the US
National Breast and Cervical Cancer Early Detection Program reports that between
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July 2002 and June 2007 1,785,597 mammograms were

provided to women who would have been unlikely to Evaluating Screening Programs S
obtain them otherwise.

Early Detection

Additional information about the utility of a screen- Program
ing program can come from calculation of the percent T s T TS

of screenees who test positive and the percent who are evalua"on 12.2% abromal

diagnosed with the disease for which they were screened. of screening 6.2 per 1000
. . program % screened who are disease positive mémmograms
In the Early Detection Program just noted, for the 2002— _
. . ival of dvs. d
2007 period, the screening mammograms of 217,887 bbbk
women were abnormal (12.2% of all mam mograms)/ and Survival comparison: mortality rate from disease in screened
. population compared to mortality rate from disease in unscreened
breast cancers were detected in 14,682 screened women, population
for a rate of 8.2/1000 mammograms. These statistics may o2,
be sufficient to indirectly evaluate the effect of screen-
ing programs on diseases for which the screening test has previously been shown
to capture disease early, if early treatment has been determined to improve disease
outcome.
The most accurate and powerful measure of a screening program'’s impact,
however, is to directly compare the survival of screened and unscreened popula-
tions. And the most accurate survival comparison is to determine the mortality
rate from the disease in the entire intended screened population and compare
it with the mortality rate from the disease in the entire unscreened population.
Unfortunately, this calculation is not possible when looking only at a screened popu-
lation in a screening program. Let’s take a look at an ideal situation and see how
we would conduct evaluations in situations where information is available on both
screened and unscreened populations.
What Else AffectS SUI‘VIval Of Screened What Else Affects Survival of Screened
Population? H’O yaton?
While the ideal situation in which to evaluate screening Referral bias Lead time bias
programs and compare the mortality rates of screened and Usual soreening program | deaness
oo . . . sooe &0 o
unscreened populations is a randomized trial, this is not eeee
. . . survival
the usual design used in screening programs. In a random- sece
. . . Length biased samplin
ized trial, the only difference between the screened and LT sooe g e ping
. o . 0000 eoo0e@ onset  preclinical
unscreened populations is likely to be the screening, and soreened  unscreened o—1 &
. . . ® likely to get d i
any differences in survival can be assumed to be due to © st tkely 10 oot scrooned agaressive
. . . o Survival rates may be high because a
that screening. However, usually in screening programs Sereened individuals may disease found by screening had better
o . > have lower survival because sunvival likelihood.
participants self-select for screening, and their risk of the they were at higher risk

disease for which they are screened (and therefore mortal-
ity from the disease) may be unusual. It may be that a woman decides to enter a
breast cancer screening program because of a strong family history of breast cancer.
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That would be called referral bias. In that circumstance screenees may have lower
survival, not because of the screening, but because they were at higher disease risk
to begin with.

We've already talked about another issue which can affect survival: lead time
bias. Screenees may appear to have a longer survival time from the disease, but it
may just be that their disease was found and diagnosed earlier in the disease process
than it was in non-screened individuals, and there was no real beneficial effect.

Finally, if a study compares the survival rates of individuals with disease found
through screening to survival rates of unscreened individuals, length-biased sampling
may occur because of differences in the length of the preclinical phase of the
disease in the two groups. Slow-growing, less aggressive disease is more likely to be
found by screening because those with more aggressive disease will have a shorter
preclinical phase. As a result, survival rates of those with disease found through
screening may be high in comparison to those of unscreened individuals—not
because screening improved survival but only because the disease found by screen-
ing was less aggressive and so had inherently better survival likelihood.

Keeping in mind these potential errors may help you evaluate studies of screening
program effectiveness, and help you decide which screening programs to implement.

Summary
L Summary

These completed course objectlves ShOUId now help you H
take screening into your day-to-day job. Depending on + Determine appropriate diseases to screen
your job role, you may be determining which diseases for * Burden of specific diseases in population

h. h P . d . . « Detectable preclinical phase progressing to clinical disease
which It is approprlate to screen, etermlnlng approprlate « Treatment more effective when begun earlier in disease process
screening tests, and designing and conducting screening - Determine which tests are appropriate to use
programs that can be evaluated appropriately. * Reliabilty and validity of available tests _

e . . « Acceptability and applicability to specific population
Knowledge of the burden of specific diseases in your . .
. . « Design, conduct, and evaluate screening programs
population—usually measured by mortality rates, but also + Appropriate diseases, tests, and populations
measured for chronic diseases by prevalence and likeli- : He'z\f"e"f: Lr\‘/terpfd results of screening tests
H . .. . . . + ani -

hood of causing substantial morbidity—is the starting
point for decisions about which diseases are appropriate &0

for screening in your population. A detectable preclinical phase, the existence of
progression from preclinical to clinical disease, and effective treatment that is more
effective when begun earlier in the disease process are also important attributes of
screenable diseases.

Consideration of which screening tests to use for important screenable diseases
in your population relies on knowledge of the reliability and validity of the available
screening tests for these diseases, as well as their acceptability and applicability to
your specific population.

The design and conduct of effective screening programs starts with the choice of
appropriate diseases, screening tests, and populations to screen. The evaluation of
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these programs may include process measures as well as outcome measures such as
disease-specific mortality rates in screened and unscreened populations.

And finally, you may be called upon to help your clients interpret the results of
screening tests. Predictive value of positive and negative tests are the concepts to

consider in the interpretation of individuals’ test results.

Resources

Resources
If you would like to learn more about the concepts in this ﬂ

Related online modules from the Northwest Center for Public

module, you might want to explore some of the resources Health Practice
listed here. Also included is the US Preventive Services - What Is Epidemiology in Public Health?
. . . . + Data Int tation for Public Health Professi I
Task Force website address. This site includes recommen- U —
- . Rk . « Study Types in Epidemiology
dations for appropriate targets for screening and summa- + Measuring Risk n Epidemiology
ries of sensitivity and specificity of those recommended Other useful resources for further study
tests N f ’ d ] t th f | Epidemiology for Public Health Practice, 3 edition. RH Friis and
ests. INow, IT you re ready, please go on to the fina TA Sellers. Jones and Bartlett Publishers, Sudbury, MA. 2004,
assessment. Essentials of Epidemiology in Public Health. A Ashengrau and

GR Seage ll. Jones and Bartlett Publishers, Sudbury, MA. 2003.
US Preventive Services Task Force www.ahrg.gov/clinic/uspstfix.htm

A
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