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Screening             Diagnostic TestingScreening             Diagnostic Testing

Population is tested in 
order to identify those 
with asymptomatic 
disease or having a 
higher probability of 
developing a disease.

Testing a patient with 
complaint or signs and 
symptoms of Disease 
in order to establish a 
diagnosis.



Goals of ScreeningGoals of Screening

Begin early treatment assuming one is 
available and is worth giving. Secondary 
Prevention.
Prognostic considerations.
Test is effective in identifying those with 
and without disease i.e. sensitivity, 
specificity, PPV, NPV?



Natural History of Disease in a Natural History of Disease in a 
PatientPatient

Seeks/
Medical Care Treatment

Preclinical Phase Clinical PhasePre-Disease

Pathologic 
Evidence

Disease Onset

Signs/
Symptoms

Biologic Onset Cure/
DeathDiagnosis



Sensitivity and SpecificitySensitivity and Specificity
Proportion of those with the 
disease who have a positive test. 
True Positives Rate.
Sensitivity is the ability of the 
test to find people who have the 
disease (i.e., new test is positive 
when gold standard is positive).
Probability of a positive test 
among patients with disease.
Ability to R/O Disease
SnOut - highly Sensitive test, a 
Negative test rules out the 
disease.

Proportion of those without the 
disease who have a negative
test. True Negative Rate.
Specificity is the ability of the 
test to identify people who do 
not have the disease (i.e., the 
new test is negative when the 
gold standard is negative).
Probability of a negative test 
among patients without disease
Ability to R/I  Disease
SpIn - highly Specific test, a 
Positive test rules in the disease



Sensitivity and Specificity

Disease
Present D+
(Gold 
Standard)   

Disease
Absent D-
(Gold 
Standard)

Positive Test 
T+

a b a+b

Negative 
Test T-

c d c+d

a+c b+d a+b+c+d
Population



Sensitivity and Specificity
Disease
Present 
(Gold 
Standard 
Truth?)   

Disease
Absent 
(Gold 
Standard 
Truth?)

Positive 
Test

a True 
Positive 

(TP)

b False 
Positive 

(FP)      

a+b

Negative 
Test

c False 
Negative 

(FN)

d True 
Negative 

(TN)

c+d

a+c b+d a+b+c+d
Population

Sensitivity

Specificity



Sensitivity        SpecificitySensitivity        Specificity
Sensitivity = Pr(T+D+)                         
a/(a+c) =
TP/(TP+FN) =                                  
1 - FNR =
1 – c/(a+c)
False negative rate = 
Proportion of those with 
the disease who have a 
negative test.
FNR = c/(a+c) = Pr(T-D+)              
FN/(FN+TN)=                                         
1 - Sensitivity =
1 – a/(a+c)
Lower Sensitivity -> More 
false negatives. 
Greater Sensitivity -> Less 
false negatives.

Specificity = Pr(T-D-)          
d/(b+d) =  
TN/(TN+FP)                           
1 - FPR =                                       
1 - b/(b+d) =
False positive rate = 
Proportion of those 
without the disease who 
have a positive test.
FPR= b/(b+d) = Pr(T+D-) 
FP/(FP+TN)                               
1-Specificity =
1-d/(b+d)
Lower Specificity -> More 
false positives.
Greater Specificity -> 
Less false positives.



How big are the holes in your fishing net?How big are the holes in your fishing net?



Disease ThresholdDisease Threshold

TN

TP
FP
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Proportion
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Example                          Example                          
Specificity/SensitivitySpecificity/Sensitivity

Disease
Present 
(Gold 
Standard)   

Absent 
(Gold 
Standard)

Disease

Positive 
Test

18 49 67

Negative 
Test

2 931 933

20 980 1000



Sensitivity and Specificity

Sensitivity = a/(a+c) = 18/20 Sensitivity = a/(a+c) = 18/20 
= .9 or 90%= .9 or 90%

Specificity = d/(b+d) =Specificity = d/(b+d) =
931/980 931/980 
= .95 or 95%= .95 or 95%



Positive and NegativePositive and Negative
Predictive ValuePredictive Value

Disease
Present 
(Gold 
Standard 
Truth?)   

Disease
Absent 
(Gold 
Standard 
Truth?)

Positive 
Test

a-True 
Positives 

(TP)

b-False 
Positives 

(FP)

a+b

Negative 
Test

c-False 
Negatives 

(FN)

d-True 
Negatives 

(TN)

c+d

a+c b+d a+b+c+d
Population

PPV

NPV



Tests Predictive ValueTests Predictive Value

Positive Predictive 
Value (PPV)
The proportion of 
those who test positive 
who do have the 
disease.
PPV = Pr(D+T+)            
a/(a+b) =         
TP/(TP+FP)

Negative Predictive 
Value (NPV)
The proportion who 
those who test 
negative who do not
have the disease.
NPV = Pr(D-T-)             
d/(c+d) =  
TN(TN+FN)



Example                    Example                    
Positive and Negative Predictive Positive and Negative Predictive 

ValueValue
Disease
Present     

Disease
Absent    

Positive 
Test

18 49 67

Negative 
Test

2 931 933

20 980 1000



Positive and Negative
Predictive Value

PPV = a/(a+b) = 18/67 PPV = a/(a+b) = 18/67 
= .27 or 27%= .27 or 27%

NPV = d/(c+d) = 931/933 NPV = d/(c+d) = 931/933 
= .998 or 99.8%= .998 or 99.8%
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TN
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Example 1Example 1

Population = N = 100,000Population = N = 100,000

Prevalence = 0.50 or 50%Prevalence = 0.50 or 50%

Diseased                    Diseased                    NondiseasedNondiseased
50,000                          50,00050,000                          50,000

Test 1 Test 1 
SensSens.= 0.85                                                   Spec. .= 0.85                                                   Spec. = 0.95= 0.95

True Positives  False Negatives  True Negatives  False PositivesTrue Positives  False Negatives  True Negatives  False Positives
42500       7500                            47500      250042500       7500                            47500      2500

PPV = TP/Total Positives  = 0.9444             PPV = TP/Total Positives  = 0.9444             
NPV = TN/Total Negatives= 0.8636NPV = TN/Total Negatives= 0.8636



Example 2Example 2

Population = N = 100,000Population = N = 100,000

Prevalence = 0.05 or 5%Prevalence = 0.05 or 5%

Diseased                    Diseased                    NondiseasedNondiseased
5,000                          95,0005,000                          95,000

Test 1 Test 1 

SensSens.= 0.85                                                   Spec. .= 0.85                                                   Spec. = 0.95= 0.95

True Positives  False Negatives    True Negatives    False PositTrue Positives  False Negatives    True Negatives    False Positivesives
4250              750               90250                   47504250              750               90250                   4750

PPV = TP/Total Positives  = 0.4722 (PPV = TP/Total Positives  = 0.4722 (prevprev = .9444)= .9444)
NPV = TN/Total Negatives= 0.9918 (NPV = TN/Total Negatives= 0.9918 (prevprev.=.8636).=.8636)



Example 3Example 3

Population = N = 100,000Population = N = 100,000

Prevalence = 0.01 or 1%Prevalence = 0.01 or 1%

Diseased                    Diseased                    NondiseasedNondiseased
1000                          990001000                          99000

Test 1 Test 1 
SensSens.= 0.85                                                   Spec. .= 0.85                                                   Spec. = 0.95= 0.95

True Positives  False Negatives  True Negatives    False PositivTrue Positives  False Negatives  True Negatives    False Positiveses
850                150                      94050           850                150                      94050           49504950

PPV = TP/Total Positives  = 0.1466 (init. =.9444)            PPV = TP/Total Positives  = 0.1466 (init. =.9444)            
NPV = TN/Total Negatives= 0.9984(init. =.8636)NPV = TN/Total Negatives= 0.9984(init. =.8636)



Example 4Example 4

Population = N = 100,000Population = N = 100,000

Prevalence = 0.0001 or 0.01%Prevalence = 0.0001 or 0.01%

Diseased                    Diseased                    NondiseasedNondiseased
12                              9998812                              99988

Test 1 Test 1 

SensSens.= 0.995                                                   Spec..= 0.995                                                   Spec. = 0.996= 0.996

True Positives  False Negatives    True Negatives    False PositTrue Positives  False Negatives    True Negatives    False Positivesives
12                     0                      99588         12                     0                      99588         400400

PPV = TP/Total Positives  = 0.029 (init. = .9444)PPV = TP/Total Positives  = 0.029 (init. = .9444)
NPV = TN/Total Negatives = 1 (init. = .8636)NPV = TN/Total Negatives = 1 (init. = .8636)



Example 5Example 5

Population = N = 100,000Population = N = 100,000

Prevalence = 0.0001 or 0.01%Prevalence = 0.0001 or 0.01%

Diseased                    Diseased                    NondiseasedNondiseased
12                              9998812                              99988

Test 1 Test 1 
SensSens.= 0.955                                                   Spec..= 0.955                                                   Spec. = 0.907= 0.907

True Positives  False Negatives    True Negatives    False PositTrue Positives  False Negatives    True Negatives    False Positivesives
11                   1                      90689              11                   1                      90689              9299  9299  

PPV = TP/Total Positives  = 0.0012             PPV = TP/Total Positives  = 0.0012             
NPV = TN/Total Negatives=      1NPV = TN/Total Negatives=      1



Effect of Prevalence Effect of Prevalence 

Increased Prevalence
Increased PPV
Decrease NPV
Increased false 
positives
Decreased false 
negatives
SnOut, NPV

Decreased Prevalence
Decreased PPV
Increased NPV
Decreased false 
positives
Increased false 
negatives
SpIn, PPV



Pre and Post Test probabilityPre and Post Test probability

Pre-test Probability = Prevalence
Post-test Probability of a + test = Probability of 
having the disease after having a positive test 
PPV.
Post-test Probability of a - test = Probability of 
having the disease after having a negative test (1-
NPV) =?
Post-test Odds + =  Pre-test Odds*LR+
Post-test Odds - =  Pre-test Odds*LR -



Likelihood Ratio LRLikelihood Ratio LR

A Probability Ratio like the Odds p/q or p/(1-p) 
(ratio of the probability of success over the 
probability of failure, ratio of the probabilty of 
event occuring over the probability of the event 
not occuring).
Pre-test Probability = Prevalence (relative)
Post-test Probability = Pre-Test Odds * LR
High LR = Strong Evidence to R/I Disease
Low LR = Strong Evidence to R/O Disease



Odds and Odds RatioOdds and Odds Ratio

p/q = p/(1-p) = a/(a+b) / b/(a+b) = a/b
p/q = p/(1-p) = c/(c+d) / d/(c+d) = c/d
OR = a/b / c/d = ad/bc
p/q = p/(1-p) = a/(a+c) / c/(a+c) = a/c
p/q = p/(1-p) = b/(a+d) / d/(a+d) = b/d
OR = a/c / b/d = ad/bc



Odds and Odds RatioOdds and Odds Ratio

One die
p = 1/6, q=5/6
p/q = 1/6 / 5/6 = 1/5
p/(1-p) = 1/6 / (1-1/6) = 1/6 / 5/6 = 1/5
p = odds/ 1+odds = 1/5 / (1+1/5) =           
1/5 / 6/5 = 1/6



Likelihood RatioLikelihood Ratio

 Probability of patient with disease having a 
given test result

 Probability of patient without disease 
having a given test result



Positive Likelihood Ratio Positive Likelihood Ratio 
(LR+)(LR+)

 Probability of patient with disease having a 
positive test result

 Probability of patient without disease 
having a positive test result



Negative Likelihood Ratio (LRNegative Likelihood Ratio (LR--))

 Probability of patient with disease having a 
negative test result

 Probability of patient without disease 
having a negative test result



Likelihood RatiosLikelihood Ratios

LR+

 sensitivity
 1 - specificity

LR-

 1-sensitivity
 specificity

TPR

FPR

FNR

TNR

a/(a+c) 1-a/(a+c) = c/(a+c)

1-d/(b+d) = b/(b+d) d/(b+d)



Sensitivity Specificity and LRSensitivity Specificity and LR

As sensitivity increases LR- decreases and NPV 
increases (SnOut)
As specificity increases LR+ increases and PPV 
increases (SpIn)



LetLet’’s say you have 2 testss say you have 2 tests

You can do 2 tests to screen your patients: 
FBS (sens 95%, spec 60%), HbA1C (sen
75%, spec 75%) and 3-hr OGTT (sen 60%, 
spec 95%). Which of the following would 
you use in which sequence?

A. HbA1c then FBS      C. OGTT then FBS
B. FBS then HbA1C      D. FBS then OGTT



Kappa statisticKappa statistic
Percent agreement between independent observers solely as a function of 
chance.
To what extent would they agree beyond that would be expected by chance 
alone?
Kappa = 
(Percent agreement observed) – (Percent agreement expected by chance alone)

100% - (Percent agreement expected by chance alone)

Kappa >.75 = excellent agreement
Kappa <.40 = poor agreement



Observer 1
Positive Negative

a b

c d

Positive

Observer 2
Negative

Percent agreement = 
a + d/ (a+b+c+d)



Observer 1

41
26.4

3
17.6

44
58.7%

4
18.6

27
12.4

31
41.3%

30
40%

45
60%

75
100%

Positive Negative

Positive

Observer 2

Negative



Reject The Null

True Positive
False Positive
Type 1 Error

alpha

False 
Negative 

Type 2 Error
beta

True Negative

No Yes

True

Null

False



Calculate KappaCalculate Kappa

Percent observed agreement = a+d / (a+b+c+d) = 
(41+27)/75 * 100 = 68/75 * 100 = 90.7%
Percent agreement by chance alone = 
26.4/75 + 12.4/75 = 38.8/75 = 51.7%
Kappa = (90.7-51.7) / (100-51.7) = 0.81



Validity and ReliabilityValidity and Reliability

True value True value True value



Accuracy and PrecisionAccuracy and Precision



Examples Examples SensSens./Spec. USPSTF ./Spec. USPSTF 
datadata

Colonoscopy 75-90% sensitivity
Mammography (<50) 51-83%, PPV = 2-4%
Pap sens. = 85%, spec. =60%,                 
NPV = 99% 
Exercise stress testing Sens=40-62%, PPV 6 
- 48%, (- Sx), 40-80% (+Sx)
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