[bookmark: _8856]1. Introduction
[bookmark: _3273]Screening is the application of a test to detect a potential disease or condition in a person who has no known signs of that disease or condition. So notes Dr. David Eddy in his chapter “How to think About Screening” in Screening for Diseases, Prevention in Primary Care. “There are two main purposes for screening,” he continues. “One is to detect a disease early in its natural history when treatment might be more effective, less expensive, or both. The other purpose is to detect risk factors that put a person at a higher than average risk for developing a disease, with the goal of modifying the risk factor or factors to prevent the disease.” 
[bookmark: _6284]Patients who have symptoms of a disease, or have signs of a disease on physical examination, have a “work-up” for the disease to detect its presence or absence. This is not screening. An example of a work-up would be a 55 year-old male complaining of substernal chest pain, or a woman presenting to the physician with a new breast lump.
[bookmark: _5410]2. Screening Levels of Prevention
· Primary: To prevent the disease from occurring; Example: cholesterol screening to prevent heart disease. 
· Secondary: To reduce the impact of a disease; Example: mammogram screening to identify patients at an early stage of breast cancer that may be favorably altered. 
· Tertiary: To improve the quality of life associated with a disease; Example: Metastatic bone screen in certain cancers to prevent pathologic fractures.
[bookmark: _8157]3. Some Goals of Screening Programs
[bookmark: _1830]3.1. Exclusionary 
[bookmark: _1162]Examples: Military; sport physicals; pilot license
[bookmark: _5916]3.2. Societal Protection
[bookmark: _7605]Examples: TB; eye test for driver's license; pilot license
[bookmark: _7468]3.3. Prevention and Control of Disease
[bookmark: _7872]Examples: Diabetes Mellitus; Hemophilia; Sickle-Cell Disease 
[bookmark: _1800]3.4. Surveillance and Monitoring
[bookmark: _5589]Examples: HIV status in high risk groups; Hepatitis B status in IV drug abusers
[bookmark: _3761]


4. Diseases Appropriate for Screening
· Serious Diseases 
· [bookmark: _8843]Treatment begun before symptoms develop should be more beneficial than treatment begun after symptoms develop. 
	Natural History of Disease


· [bookmark: _5730]_____a_______b___________c__________d____
· [bookmark: _8709]a: disease begins b: disease detectable by screening c. symptoms develop d: outcome
· Prevalence of disease should warrant testing.
[bookmark: _9204]5. Examples of screening programs in primary care medicine
· Pap smears re cervical cancer (Primary and Secondary) 
· Blood sugars re diabetes mellitus (Secondary) 
· Mammograms re breast cancer (Secondary) 
· Sigmoidoscopies re colo-rectal cancer (Secondary) 
· Cholesterol re vascular disease (Primary and Secondary) 
· PKU blood testing in newborns (Secondary) 
· Blood pressure re vascular disease (Primary and Secondary)
[bookmark: _6057]6. Diseases not routinely screened in primary care medicine
· Coronary artery disease in young adults 
· Degenerative joint disease in the elderly
[bookmark: _7893]










[bookmark: _2221]7. Criteria for Test Selection
· Available 
· Inexpensive 
· Cost Benefit Analysis: Total costs saved as a result of the screening process divided by the total costs of the screening program 
· Cost Effective Analysis: a.)Total cost of screening program per diagnosis, or b.) Total cost of the screening program per life year saved, or c.) Total cost of the screening program divided by the quality adjusted life year saved.
· Low Risk 
· Easily performed 
· Reliable: results reproducible
· Accurate: results are correct
[bookmark: _4618]Various groups, such as the American Cancer Society or the American College of Cardiology, publish screening recommendations. Sometimes there are different recommendations from different groups. Ideally, such decisions are based on evidence supported by studies. Dr. Eddy points out that RCTs to determine the benefits of a screening program can be subject to dilution bias, patients offered the screening test don’t receive it, and contamination bias, patients not offered the screening test receive it anyway. In addition to these potential internal validity biases, trials done in an experimental setting might not reflect what would happen in actual practice, an external validity concern.
[bookmark: _6883]Another issue to consider is lead time bias. Because the screening process has presumably identified a disease earlier in its natural history, it might appear that patients live longer than they would have had they not had a screening test. “Because of this,” Dr. Eddy cautions, “a comparison of survival rates in screened or unscreened populations can be misleading.”












[bookmark: _3241]8. Measures of Test Performance
[bookmark: _7506]8.1. Sensitivity:
[bookmark: _8752]Given the disease is present, the likelihood of testing positive.
[bookmark: _3622]Example: 100 people are known to have AIDS. A new HIV test done on these people says 90 are positive and 10 are negative. The sensitivity is 90/100 = 90%. The 90 patients are true positives because they really have the disease. The other 10 patients who test negative are false negatives because they were incorrectly called negative for the disease.
	[bookmark: _6322]
	Disease Positive

	Test Positive
	90 (True Positives)

	Test Negative
	10 (False Negatives)

	Total
	100


[bookmark: _6922]Sensitivity = 90 / [ 90 + 10 ] = 90%
	[bookmark: _3227]
	= TP/ [ TP + FN ]


[bookmark: _3059]8.2. Specificity:
[bookmark: _3635]Given the disease is not present, the likelihood of testing negative.
[bookmark: _5400]Example: 200 people are known to be fully healthy. A screening VDRL indicates 190 are negative while 10 have latent syphilis. The specificity is 190 / 200 = 95%
	[bookmark: _6788]
	Disease Negative

	Test Positive 
	10 (False Positives)

	Test Negative
	190 (True Negatives)

	Total 
	200


[bookmark: _3585]Specificity = 190 / [ 190 + 10 ] = 95%
	[bookmark: _1213]
	= TN / [ TN + FP ]


[bookmark: _5256]Further Examples: 80 people are known to have alcoholic hepatitis and 60 people are known not to have alcoholic hepatitis. The sensitivity of serum SGOT for alcoholic hepatitis is 90% and its specificity is 70%. How many true positives and false positives were identified?
	[bookmark: _8605]
	Disease Positive
	Disease Negative

	SGOT Positive 
	(80) (0.9) = 72
	(60) - (42) = 18

	SGOT Negative
	(80) - (72) = 8
	(60) (0.7) = 42


[bookmark: _8303]TP = 72; FN = 8; TN = 42; FP = 18
[bookmark: _5635]9. Interpreting Test Results
[bookmark: _5359]9.1. Predictive Value Positive:
[bookmark: _9161]Given a test is positive, the likelihood disease is present.
[bookmark: _7195]Example: 60 patients with a positive exercise stress test are referred for coronary artery angiography (cardiac catheterization) that showed 10 of them had coronary artery disease (CAD) and 50 did not. What was the predictive value positive of the stress test for CAD?
	[bookmark: _2888]
	CAD Positive 
	CAD Negative

	Stress Test Positive
	10 (True Positives)
	50 (False Positives)


[bookmark: _1562]PV+ = 10 / [ 10 + 50 ] = 10/60 = 16.7%
	[bookmark: _2712]
	= TP / [ TP + FP ]


[bookmark: _1513]9.2. Predictive Value Negative:
[bookmark: _5629]Given a test is negative, the likelihood disease is not present.
[bookmark: _1349]Example: 250 people have a negative lung scan for pulmonary embolus (PE). After undergoing a pulmonary artery angiography, 25 of them are shown to have a pulmonary embolus (PE). What was the predictive value negative of the lung scan for PE? (Note: A lung scan is not a screening test as defined in this lecture. Rather, it is part of a work-up when a concern has been raised. However, the concept as it pertains to predictive values is the same as it is for screening tests.)
	[bookmark: _9423]
	PE Positive 
	PE Negative

	Lung Scan Negative 
	25 (False Negatives)
	225 (True Negatives)


[bookmark: _1568]PV (-) = 225 / [ 225 + 25 ] = 225/250 = 90%
	[bookmark: _2513]
	= TN / [ TN + FN ]














[bookmark: _1354][bookmark: _5558]10.Combines the sensitivity and specificity of a given test with the disease prevalence of a tested group to determine predictive values.
[bookmark: _6301]Example: An HIV test has 90% sensitivity and 95% specificity. Researchers test 1000 high-school students with an HIV+ prevalence of 1%. What are the predictive values?
	[bookmark: _6362]
	HIV Positive 
	HIV Negative

	Test Positive 
	(10) (0.90) = 9
	(990) - (941) = 49

	Test Negative 
	(10) - (9) = 1 
	(990) (0.95) = 941

	Total
	(1000) (0.01) = 10
	(1000) - (10) = 990


[bookmark: _2764]PV(+) = 9/58 = 15.5% 
PV(-) = 941/942 = 99.9%

The researchers then test 1200 IV drug abusers with an HIV+ prevalence of 40%. What are the predictive values with this group
	[bookmark: _5758]
	HIV Positive
	HIV Negative

	Test Positive 
	(480) (0.90) = 432
	(720) - (684) = 36

	Test Negative
	(480) - (432) = 48
	(720) (0.95) = 684

	Total
	(1200) (0.40) = 480
	(1200) - (480) = 720


[bookmark: _2310]PV(+) = 432/468 = 92.3% 
PV(-) = 684/732 = 93.4%
[bookmark: _9293]As the prevalence of HIV(+) increased from the high-school students to the IV drug abusers, the PV(+) increased from 15.5% to 92.3% while the PV(-) decreased from 99.9% to 93.4%. This change had nothing to do with the test's sensitivity and/or specificity that did not change. These results demonstrate why it may not be beneficial to test low prevalence groups for a disease, no matter how well the screening test itself performs.
[bookmark: _3445]Note: As the prevalence increases, the predictive value positive increases and the predictive value negative decreases. Conversely, as the prevalence decreases, the predictive value negative increases and the predictive value positive decreases.






[bookmark: _8362]Following is a diagram that may help you to remember how to calculate sensitivity, specificity and the predictive values.
[bookmark: _7232][image: Predictive Value]
http://ocw.tufts.edu/Content/1/readings/193327
















Clinical Epidemiology & Evidence-Based Medicine Glossary:
Terminology Specific to Clinical Testing
A. Test: A test is anything that produces evidence from a patient at any stage in the clinical process, based on which a different clinical course will be taken depending on the different possible test outcomes (positive or negative, normal or abnormal, present or absent, high or low, ...). From the lay perspective, a laboratory test performed on a specimen (feces, urine, blood, CSF, biopsy, ...) from a patient. From the clinical epidemiology perspective, the following are examples of a "test": history taking (presence or absence of a component), clinical exam results (presence or absence of a sign), imaging findings (presence or absence of a feature on a radiograph), or response to therapy (as anticipated or not). Few if any tests in medicine are perfect; that is, produce results that can always be interpreted with absolute certainty on every patient to which the test is applied. The performance of tests can be compared objectively (e.g., two clinicians (the "tests") can be compared in their ability to detect a particular clinical sign in each of a group of patients). 
1. Sensitive Test: In a diagnostic sense, a higher proportion of the individuals with the disease will test positive than with a less sensitive test.
2. Specific Test: In a diagnostic sense, a higher proportion of the individuals without the disease will test negative than with a less specific test.
3. Screening Test: A test applied to individuals without observed signs of disease and in which differential diagnoses of the disease of interest or clinically similar diseases have not been established. That is, the population being tested is comprised predominately of normal individuals that have not been identified as possibly having a clinical case of the disease. Thus, the probability that such an individual has the disease is the prevalence of the disease in the population being screened. Because the disease manifestations are likely minimal in affected individuals, the spectrum of disease is generally less severe in a screening than in a diagnostic setting.






4. Diagnostic Test: A test used in the clinical environment on individuals with clinical signs or other clinical information consistent with the presence of the condition. The presence of disease has been recognized and the disease of interest is one of the differential diagnoses. This fact raises the expected prevalence (the clinician’s estimate of the probability that the individual has the disease based on what the clinician knows to that point) prior to performing the test and thus changes the test performance considerably compared to the situation when the same test is used as a screening test (the probability that a randomly selected individual has the disease is the prevalence of the disease in that population). Affected individuals are more likely to have more prominent disease manifestations in the clinical setting, meaning that the spectrum of disease is generally more severe for in a diagnostic than in a screening setting.
5. "Gold" Standard Reference (Definitive) Test: The tests and procedures necessary to definitively establish to a high level of certainty the presence or absence of the disease in an individual. The reference standard usually requires death (necropsy examination) or is too expensive, too risky, or too slow to be used regularly in the clinical setting. For inevitably progressive, chronic conditions, the "gold standard" may be prolonged follow-up. Note that the standard test, the current most widely accepted test used day-to-day, is often not the "gold" standard test and using it as such may be a serious (but not uncommon) mistake.











B. Accuracy: Accuracy is the degree to which, on average, a test represents the true value (that is, is unbiased). Accuracy is insufficient for describing the performance of medical tests and deciding when to use what because accuracy has two separate components (see Se, Sp below) and is dependent on the prevalence of the condition for which the test is appropriate.
C. Precision: Precision is the inverse of the influence of random or chance error on a measurement, with the less the error the greater the precision. When testing an individual, repeating the measurements and using a summary value increases precision. When testing individuals to learn more about a group, precision is increased by increasing the number of individuals tested (i.e., increasing sample size) and increases as the reciprocal of the square root of the number tested. However, precise measurements may still deviate systematically from the true value and thus be biased or invalid, a problem that can’t be reduced by repeating the measurements on an individual or testing more individuals in a group. 

F. Test Performance Measures:
1. False Negative (Fn): An individual that is test negative but is disease positive (equivalent to a type II error in statistics, governed by Beta). False negatives are undesirable test outcomes as such individuals are missclassified.
2. False Positive (Fp): An individual that is test positive but is disease negative (equivalent to a type I error in statistics, governed by alpha). False positives are undesirable test outcomes as such individuals are missclassified.
3. True Negative (Tn): An individual that is both test negative and disease negative.
4. True Positive (Tp): An individual that is both test positive and disease positive.
5. Diagnostic Sensitivity (Se): Given that an individual has the disease, sensitivity is the probability (between 0 and 1.0) that the individual will test positive. For groups, sensitivity is the proportion of diseased individuals that will test positive. Sensitivity is mathematically equivalent to Tp / (Tp + Fn). Raising a test’s Se by changing its cutoff lowers the test’s specificity. Note that although many mistakenly view this value as fixed, Se depends on the spectrum of the target disease that is present in the group or conceptual population that the test is being applied to.
6. Analytical Sensitivity: Analytical sensitivity is the ability of a test to detect the target analyte, such as an antibody or antigen, and usually expressed as the minimum concentration of the analyte that can be detected. Analytical sensitivity is related to the sensitivity above but is not a probability. 

7. Diagnostic Specificity (Sp): Given that an individual does not have the disease, specificity is the probability that the individual will test negative. For groups, specificity is the proportion of non-diseased individuals that will test negative. Specificity is mathematically equivalent to Tn / (Tn + Fp). Raising a test’s Sp by changing its cutoff lowers the test’s Se. Note that although many mistakenly view this value as fixed, for diagnostic tests Sp depends on the disease spectrum of the competing diseases in the conceptual population that the test is being applied to. The competing diseases are often different for individuals in different regions and different circumstances.
8. Negative Predictive Value (Pvn): Given a negative test result (the clinician’s perspective), negative predictive value is the probability that the individual does not have the disease. Negative predictive value is the proportion of individuals without the disease that are correctly diagnosed. Negative predictive value is mathematically equivalent to Tn / (Tn + Fn). Note that for a given Se and Sp, this value changes depending on the disease prevalence estimate prior to the testing being done.
9. Positive Predictive Value (Pvp): Given a positive test result (the clinician’s perspective), positive predictive value is the probability that the individual actually has the disease. Positive predictive value is the proportion of individuals with the disease that are correctly diagnosed. Positive predictive value is mathematically equivalent to Tp / (Tp + Fp). Note that for a given Se and Sp, this value changes depending on the disease prevalence estimate prior to the testing being done.
10. Receiver Operator Characteristic (ROC) Curve: Plot of Sensitivity vs. (1 - Specificity) for different test cutoff values, which is used to establish the "best" cutoff for a test with variable parameters. The optimum cutoff depends on the relative costs of false-positives and false-negatives.
11. Apparent Prevalence (Test Prevalence): The proportion of test positives in the population tested. Note that apparent prevalence is equivalent to disease prevalence under most circumstances only if a perfect test (no false negatives or false positives) is used.







G. Information Gain: Having done a test, the amount of information the clinician gained about the probability that the individual has the disease. This is the difference between the clinician’s estimate of the probability that an individual has the disease before the test is done and the probability that the individual has the disease after the test result is known. Depending on the test’s Se and Sp values, on the pre-test probability, and in a relationship that is defined by Baye’s Theorem, the information gain from a positive test is usually different from the information gain from a negative test. 
Negative Likelihood Ratio: The number of times more likely that a negative test comes from an individual with the disease rather than from an individual without the disease. Equivalent to (1 - Se) / Sp.
            Positive Likelihood Ratio: The number of times more likely that a positive test                   
            comes from an individual with the disease rather than from an individual without               
             the disease. Equivalent to Se / (1 - Sp).

H. Reproducibility (Repeatability, Consistency): The degree to which a test yields the same results when repeated under identical conditions on identical specimens.
I. Reliability: How good is a procedure when applied by different users. The degree to which different clinicians (observers) applying the procedure classify diseased individuals into the same diagnostic, prognostic or treatment categories. 
http://www.vetmed.wsu.edu/courses-jmgay/GlossTesting.htm


Mortality Statistics 
http://apps.who.int/ghodata/?vid=720
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