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Obiectives 
• Phases

• Medical indicators of diagnostic efficacy

– Se, Sp, PPV, NPV, LR+, LR-, Accuracy

• Interpretations

– Statistical 

– Clinical 

• Fagan’s nomogram

• ROC curves. Comparison of ROC curve
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Research domain

Description of a new health phenomenon

Evaluation of a diagnostic procedure

Evaluation of a therapeutic procedure

Evaluation of a risk/ protective or prognostic factors
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Scenario – test (sign) diagnostic

• Alzheimer's disease - diagnosis is made at autopsy

A new diagnostic procedure – new diagnostic test

! The result is confirmed by 

comparison with the autopsy result



New diagnostic test

• Evaluation

– compare with “Gold standard” diagnostic method of a disease

• Evaluation

– advantages

– inconveniences
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• analytical study
• observational study



Phase I

• Establish normal values

• Validity

• Reliability

Phase II

• Establish the intrinsic quality of the test

• Case-control study

Phase III

• Establish the extrinsic quality of the test

• Cohort study

Phase IV

• Evaluation of long term cost-benefit

• Cohort studies
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Phase I
• Discover the new substance / test / method etc.

• Establish 

– Normal values

• study made only on healthy patients

– Validity

• the measuring instrument actually measures what it was built to measure

– Reliability

• intra-observer (or within observer) repeatability
– the degree to which measurements taken by the same observer are consistent 

• inter-observer (or between observers) repeatability
– the degree to which measurements taken by different observers are similar.
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Phase II

• Establish the intrinsic quality of the test

– Case-control study

• A study on two groups

– one with disease 

• Gold standard test positive

– one without disease

• Gold standard test positive
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Disease+ Disease-

Test+ TP FN

Test- FP TN

Total 
Disease+

Total 
Disease-

TP – True Positive, FN – Fals negative, FP – False 

positive, TN – True Negative



– TP – True Positive 

• Gold standard test Positive and New test Positive

– FN – Fals negative

• Gold standard test Negative and New test Positive

– FP – False positive 

• Gold standard test Positive and New test Negative

– TN – True Negative

• Gold standard test Negative and New test Negative
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Disease+ Disease-

Test+ TP FN

Test- FP TN

Total 
Disease+

Total 
Disease-



• Se – Sensitivity

– Probability of a diseased subject to test positive

– Proportion of subjects who tested positive among the diseased

• Sp – Specificity

– Probability of a non-diseased subject to test negative

– Proportion of subjects who tested negative among the non-diseased
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Disease+ Disease-

Test+ TP FN

Test- FP TN

Total 
Disease+

Total 
Disease-

𝑆𝑒 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁

𝑆𝑝 =
𝑇𝑁

𝑇𝑁 + 𝐹𝑃



• High sensitivity                 screening test

– if Se ≈ 100% and subject have negative test 

• near certainly the subject does not have the disease

• High specificity                 precision test

– if Sp ≈ 100% and subject have positive test 

• near certainly the subject has the disease
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• Sensitivity and Specificity 

– are used to evaluate the new test

• how well the test distinguishes between presence or absence of a disease 

• the overall accuracy

– did not change with the prevalence of the disease

• ex. prevalence can change from winter to spring in case of the flu

• ex. prevalence can change from a category of the population to another
– can be different base on 

» the age category

» gender
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• Youden index

J = Se +Sp -1

A test with Younden index higher is superior compare to a test 
with smaller Youden index

(how well the test distinguishes between presence or absence of 
a disease)
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Accuracy

𝐴𝑐𝑐 =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝐹𝑁 + 𝐹𝑃 + 𝑇𝑁
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Disease+ Disease-

Test+ TP FN

Test- FP TN

Total 
Disease+

Total 
Disease-



Likelihood ratio
Positive likelihood ratio LR+ - how many times a positive test result is more likely to 
appear in a diseased subject than in a non-diseased one

𝐿𝑅+ =
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑒𝑠𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑑

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑡𝑒𝑠𝑡 𝑡𝑜 𝑎 𝑛𝑜𝑛−𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑑
=

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚

𝟏−𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚
=

=
𝑇𝑃/(𝑇𝑃+𝐹𝑁)

𝐹𝑃/(𝐹𝑃+𝑇𝑁)

Negative likelihood ratio LR- - how many times a negative test result is more likely to 
appear in a diseased subject than in a non-diseased one

𝐿𝑅− =
𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑡𝑒𝑠𝑡 𝑎𝑡 𝑡ℎ𝑒 𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑑

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑡𝑒𝑠𝑡 𝑡𝑜 𝑎 𝑛𝑜𝑛 − 𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑑
=
𝟏 − 𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚

𝑺𝒑𝒆𝒄𝒊𝒇𝒊𝒄𝒊𝒕𝒚
=

=
𝐹𝑁/(𝑇𝑃 + 𝐹𝑁)

𝑇𝑁/(𝐹𝑃 + 𝑇𝑁)
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Post-test probability

• 𝑃𝑟𝑒 − 𝑡𝑒𝑠𝑡 𝑜𝑑𝑑𝑠 =
𝑃𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒

1−𝑃𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒

• 𝑃𝑜𝑠𝑡 − 𝑡𝑒𝑠𝑡 𝑜𝑑𝑑𝑠+ = 𝐿𝑅+ ∗ 𝑃𝑟𝑒 − 𝑡𝑒𝑠𝑡 𝑜𝑑𝑑𝑠

• 𝑃𝑜𝑠𝑡 − 𝑡𝑒𝑠𝑡 𝑜𝑑𝑑𝑠− = 𝐿𝑅− ∗ 𝑃𝑟𝑒 − 𝑡𝑒𝑠𝑡 𝑜𝑑𝑑𝑠

• 𝑃𝑜𝑠𝑡 − 𝑡𝑒𝑠𝑡 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦
+
=

𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝑂𝑑𝑑𝑠
+

1+𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝑂𝑑𝑑𝑠
+

• 𝑃𝑜𝑠𝑡 − 𝑡𝑒𝑠𝑡 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦
−
=

𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝑂𝑑𝑑𝑠
−

1+𝑃𝑜𝑠𝑡 𝑡𝑒𝑠𝑡 𝑂𝑑𝑑𝑠
−
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Probability post-test after positive test 

Prevalence = 10% 
of the patients had 
the disease

New test 
positive

Probability post-test 
positive = 90% 
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Se=99%, 
Sp=99%

𝐿𝑅+ =
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦

1 − 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦
=

0.99

1 − 0.99
= 99

𝐿𝑅− =
1 − 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦
=
0.01

0.99
= 0.01



Probability post-test after negative test
Prevalence = 10% of 
the patients had the 

disease

Se=99%, Sp=99%

New test negative

Post test probability 
=0.001
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𝐿𝑅+ =
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦

1 − 𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦
=

0.99

1 − 0.99
= 99

𝐿𝑅− =
1 − 𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦
=
0.01

0.99
= 0.01



• A total of 67 saliva samples were assessed which were 
obtained from 36 individuals in the healthy group, 31 
individuals in the gingivitis group.  From the saliva samples 
matrix metalloproteinases 8 (MMP-8) was determine. If MMP-
8 was high (above normal value) the patient was considered 
positive else was considered negative. The data collection of 
this study is
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Post-test probability

• Positive

– The probability of the disease after a positive test

• Negative

– The probability of the disease after a negative test

• Depend on 

– the prevalence of the disease

– on the accuracy of the test
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Fagan’s nomogram
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0.90

0.001

Prevalence 10%
LR+=99
LR-=0.01

Probability 

post test 

positive

Probability 

post test 

negative



Phase III

• Establish the extrinsic quality of the test

– cohort study

• A study on two groups

– one with new test positive 

– one with new test negative

24

Disease+ Disease-

Test+ TP FP Total Test+

Test- FN TN Total Test-



Phase III

• PPV – Positive predictive value

– Probability that a person who receives a positive test result actually has the 
disease

– Proportion of subjects who have the disease among the subjects who tested 
positive 

• NPV – Negative predictive value

– Probability that a person who receives a negative test result actually not having 
the disease

– Proportion of subjects without the disease among the subjects who tested 
negative 25

Disease+ Disease-

Test+ TP FP Total Test+

Test- FN TN Total Test-

𝑃𝑃𝑉 =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃

𝑁𝑃𝑉 =
𝑇𝑁

𝑇𝑁 + 𝐹𝑁



• PPV and NPV

– depend on

• Se, Sp and prevalence

– if population is different - if the patient from the office of medical 
doctor is from a group with a different prevalence than the group 
prevalence from the published study

• published PPV and NPV cannot be apply in the case of the patient
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Application of PPV and NPV

• if the patient from the office of medical doctor is from a group 
with a different prevalence than the group prevalence from the 
published study

– published PPV and NPV cannot be apply in the case of the patient

• PPV and NPV may be computed:
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𝑃𝑃𝑉 =
𝑆𝑒

𝑆𝑒 + 1 − 𝑆𝑝 ×
1 − 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒
𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒

𝑁𝑃𝑉 =
𝑆𝑝

𝑆𝑝 + 1 − 𝑆𝑒 ×
𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒

1 − 𝑝𝑟𝑒𝑣𝑎𝑙𝑒𝑛𝑐𝑒



Phase IV - Cohort studies
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Benefits

Efficiency

Impact on 
system

Cost

Side effects

Questions examples
• Does applying the test have 

an impact on 
• the mortality?
• the prevention?
• the medical system?



EXAMPLE

• 20% of the population suffers from depression

• Application of a new diagnostic test

• 1000 randomly selected subjects

• gold standard test for depression Patient Health Questionnaire 
(PHQ-9)

• new test: questionnaire High-Functioning Depression Test



Case-control study - Phase II

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 800 25 -

HFDT 
negative 200 975 -

Total 1000 1000 -

We select 2 groups of subjects
1000 with depression (with positive gold standard)
1000 without depression (with negative gold standard)



Case-control study

Disease
/ Test 

With 
depression

Without 
depressi

on
Total

HFDT 
positive 800 25 -

HFDT 
negative 200 975 -

Total 1000 1000 -

We select 2 groups of subjects
1000 with depression (with positive gold standard)
1000 without depression (with negative gold standard)

Se= 800/1000 =0.8

Sp = 975 / 1000 =0.975

LR+=0,8/(1-0.975)=32

LR-=(1-0.8)/0.975=0.205

prevalence = 1000/2000=50% – incorrect

VPP =  800/825=0.97 – incorrect

VPN = 975/1175=0.83 – incorrect

J=0.8+0.975-1=0.775

Acc=(800+975)/2000=0.888 – incorrect

we know the prevalence to be 0.2,

we can calculate:

P(T+)=8/(1+8)=0.89

P(T-)=0.051/(1-0.051)=0.054

PPV =0.89

NPV=0.95



Case-control study

Disease
/ Test 

With 
depression

Without 
depressi

on
Total

HFDT 
positive 800 25 -

HFDT 
negative 200 975 -

Total 1000 1000 -

We select 2 groups of subjects
1000 with depression (with positive gold standard)
1000 without depression (with negative gold standard)

Se= 800/1000 =0.8

Sp = 975 / 1000 =0.975

LR+=0,8/(1-0.975)=32

LR-=(1-0.8)/0.975=0.205

prevalence = 1000/2000=50% – incorrect

VPP =  800/825=0.97 – incorrect

VPN = 975/1175=0.83 – incorrect

J=0.8+0.975-1=0.775

Acc=(800+975)/2000=0.888

we know the prevalence to be 0.2,

we can calculate:

P(T+)=8/(1+8)=0.89

P(T-)=0.051/(1-0.051)=0.054

PPV =0.89

NPV=0.95

In case-control design, the following cannot be calculated:
prevalence
PPV
VPN
Post-test probability after pozitive / negative test
Accuracy



Cohort study – Phase III

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 888 112 1000

HFDT 
negative 49 951 1000

Total - - -

We select 2 groups of subjects
1000 with new test positive 
1000 with new test negative



Cohort study – Phase III

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 888 112 1000

HFDT 
negative 49 951 1000

Total - - -

We select 2 groups of subjects
1000 with new test positive 
1000 with new test negative

PPV=888/1000=0.89

NPV = 951 / 1000 = 0.95

Se= 888/937 =0.95 – incorrect

Sp = 951 / 1063 =0.90 – incorrect

LR+=0.948/(1-0.895)=9.02 – incorrect

LR-=(1-0.948)/0.895=0.058 – incorrect

prevalenta=937/2000=0,47 – incorrect

P(T+)=[0.47/(1-0,47)]*9.02/{1+ [0.47/(1-

0.47)]*9.02} =0.89 – incorrect

P(T-)=[0.47/(10.47)]*0.058/{1+[0.47/(1-

0,47)]*0.058} =0.048 – incorrect

J=0.948+0.895-1=0.843 – incorrect

Ac=(888+951)/2000=0.920 – incorrect

– incorrect



Cohort study – Phase III

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 888 112 1000

HFDT 
negative 49 951 1000

Total - - -

We select 2 groups of subjects
1000 with new test positive 
1000 with new test negative

VPP=888/1000=0.89

VPN = 951 / 1000 = 0.95

Se= 888/937 =0.95 – incorrect

Sp = 951 / 1063 =0.90 – incorrect

LR+=0.948/(1-0.895)=9.02 – incorrect

LR-=(1-0.948)/0.895=0.058 – incorrect

prevalenta=937/2000=0,47 – incorrect

P(T+)=[0.47/(1-0,47)]*9.02/{1+ [0.47/(1-

0.47)]*9.02} =0.89 – incorrect

P(T-)=[0.47/(10.47)]*0.058/{1+[0.47/(1-

0,47)]*0.058} =0.048 – incorrect

YI=0.948+0.895-1=0.843 – incorrect

Ac=(888+951)/2000=0.920 – incorrect

– incorrect

In cohort design, the following cannot be calculated:
prevalence
Se
Sp
LR+
LR-
Post-test probability after pozitive / negative test
J
ACC



Representative sample

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 160 20 180

HFDT 
negative 40 780 820

Total 200 800 1000

We select 1 group of subjects
1000 subjects



Representative sample

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 160 20 180

HFDT 
negative 40 780 820

Total 200 800 1000

We select 1 group of subjects
1000 subjects

Prevalenta=200/1000=0.2 Se= 160/200 =0.8

Sp = 780 / 800 =0.975

LR+=0,8/(1-0.975)=32

LR-=(1-0.8)/0.975=0,205

P(T+)=P(T+)=8/(1+8)=0.89

P(T-)=0.051/(1-0.051)=0.054

J=0.8+0.975-1=0.775

Acc=(160+780)/1000=0.94

PPV=160/180=0.888

NPV = 780 / 820 = 0.951



Representative sample

Disease
/ Test 

With 
depression

Without 
depression

Total

HFDT 
positive 160 20 180

HFDT 
negative 40 780 820

Total 200 800 1000

We select 1 group of subjects
1000 subjects

Prevalenta=200/1000=0.2 Se= 160/200 =0.8

Sp = 780 / 800 =0.975

LR+=0,8/(1-0.975)=32

LR-=(1-0.8)/0.975=0,205

P(T+)=P(T+)=8/(1+8)=0.89

P(T-)=0.051/(1-0.051)=0.054

J=0.8+0.975-1=0.775

Acc=(160+780)/1000=0.94

PPV=160/180=0.888

NPV = 780 / 820 = 0.9510.89

0.05



Diagnostic study - characteristics

• two medical doctors

– one evaluate the gold standard test

– one evaluate the new test

• The tests results interpretation

– should be performed without previous knowing about the results of 
the other test or of the gold test - blind

39



Clinical interpretation

≥ 95% desirable value for clinical use

90% - 95% good for clinical use, if desirable test are not available

80% - 90% acceptable for clinical use, if better tests are not 
available

60% - 80% little clinical value

50% - 60% no clinical value (like tossing a coin)
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Exemplu

Afecţiunea
/ Testul

Cu depresie
Fără 

depresie
Total

Scor 
chestionar 

pozitiv
160 (a) 20 (b) 180

Scor 
chestionar 

negativ
40 (c) 780 (d) 820

Total 200 800 1000

Prevalenta=(a+c)/n=?

https://app.wooclap.com/HANPLU?from=event-page

12 intrebari



Influence of prevalence on predictive value

42



Scenario

• a rapid test for Covid-19

• Se=0.67

• Sp=0.71

• we apply the test

• the test come positive: 

• what is its truth value?

• (how many of those who test positive have Covid-19?)

43



• we are conducting a study

• representative sample collection

• different times of the year

• summer – we do not have Covid-19 – prevalence 15%

• winter – we have a wave of Covid-19 epidemic – prevalence 
30%
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On the prospect

Prevalence = 0.15

45

Se=0.67 Sp=0.71



For 100 subjects

Prevalence = 0.15

46

(B+) (B-) Total

T+ 10 25 35

T- 5 60 65

Total 15 85 100

Se=10/15=0.67 Sp=60/85=0.71



VPP=10/35=0.29
VPN=60/65=0.92
Prevalence = 0.15
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(B+) (B-) Total

T+ 10 25 35

T- 5 60 65

Total 15 85 100

Se=10/15=0.67  Sp=60/85=0.71



Prevalence = 0.30
48Se=10/15=0.67               Sp=60/85=0.71

(B+) (B-) Total

T+ 20 20 40

T- 10 50 60

Total 30 70 100

Covid-19 in winter in full epidemics

We simulated the data with a prevalence of 0.3 
and the same Se and Sp



VPP=20/40=0.50
VPN=50/60=0.83
Prevalence = 0.30

49Se=10/15=0.67               Sp=60/85=0.71

(B+) (B-) Total

T+ 20 20 40

T- 10 50 60

Total 30 70 100

Covid-19 in winter in full epidemics



VPP=10/35=0,29
VPN=60/65=0,92
Prevalența = 0,15

VPP=20/40=0,50
VPN=50/60=0,83
Prevalența = 0,30
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(B+) (B-) Total

T+ 10 25 35

T- 5 60 65

Total 15 85 100

Se=10/15=0,67               Sp=60/85=0,71

(B+) (B-) Total

T+ 20 20 40

T- 10 50 60

Total 30 70 100

Covid-19 in summer - no epidemics

Covid-19 in winter in full epidemics



Efectul prevalentei asupra valorii predictive

Prevalența = 0,15

VPP=10/35=0,29
VPN=60/65=0,92

Prevalența = 0,30

VPP=20/40=0,50
VPN=50/60=0,83
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(B+) (B-) Total

T+ 10 25 35

T- 5 60 65

Total 15 85 100

Se=10/15=0,67               Sp=60/85=0,71

(B+) (B-) Total

T+ 20 20 40

T- 10 50 60

Total 30 70 100

Covid-19 vara – nu este epidemie

Covid-19 iarna în plin val de epidemii

Crește prevalența: 
• probabilitatea ca un test pozitiv să fie corect e mai 

mare – crește VPP
• probabilitatea ca un test negativ să fie corect e mai 

mică – scade VPN



rare disease example
HIV Test

• PPV=99/100=0.99

• NPV = 90899 / 90900 = 0.99

• Se= 99/100 =0.99

• Sp = 99980 / 99989 =0.99

• LR+=0.99/0.01=99.99

• LR-=0.01/0.99=0.01

• P(T+)=[0.001/(1-0.001)]*99.99/{1+[0.001/(1-

0.001)]*99.99}=0.09/(1+0.09)=0.083

• P(T-)= [0.001/(1-0.001)]*0.01/{1+[0.001/(1-

0.001)]*0.01} =0.00001/(1-0.00001)=0.000001

• Ac=(99+90899)/100000=0.91

With
HIV 
(B+)

Without 
HIV (B-)

Total

Test 
(T+)

99 1 100

Test 
(T-)

1 90.899 90.900

Total 100 90.900 100.000
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0.001)]*99.99}=0.09/(1+0.09)=0.083

• P(T-)= [0.001/(1-0.001)]*0.01/{1+[0.001/(1-

0.001)]*0.01} =0.00001/(1-0.00001)=0.000001

• Ac=(99+90899)/100000=0.91

Cu
HIV 
(B+)

Fără
HIV (B-)

Total

Test 
(T+)

99 1 100

Test 
(T-)

1 90.899 90.900

Total 100 90.900 100.000
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HIV Test
• PPV=99/100=0.99

• NPV = 90899 / 90900 = 0.99

• Se= 99/100 =0.99

• Sp = 99980 / 99989 =0.99

• LR+=0.99/0.01=99.99

• LR-=0.01/0.99=0.01

• P(T+)=[0.001/(1-0.001)]*99.99/{1+[0.001/(1-

0.001)]*99.99}=0.09/(1+0.09)=0.083

• P(T-)= [0.001/(1-0.001)]*0.01/{1+[0.001/(1-

0.001)]*0.01} =0.00001/(1-0.00001)=0.000001

• Ac=(99+90899)/100000=0.91

Cu
HIV 
(B+)

Fără
HIV (B-)

Total

Test 
(T+)

99 1 100

Test 
(T-)

1 90.899 90.900

Total 100 90.900 100.000
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Prevalence=100/100,000=0.001

Rare disease: no matter how sensitive the test is, the 

probability of a positive post-test is very small.

but

The test can be used as a screening test: if it comes out 

negative, the subject almost certainly does not have the 

disease: for example, 1 case in 90,900 negative cases is 

incorrect.



Scenario

• 110 diabetic patients

• standard neuropathy test nerve conduction velocity (NCV)

– positive versus negative

• new test – categorical variable

– MNSI - Michigan Neuropathy Screening Instrument - examination 
score 

• from 1 to 10 points

• a high score indicates neuropathy

55



With neuropathy Without 
neuropathy

Total

Test score = 0 1 15 16

Test score = 1 3 5 8

Test score = 2 4 4 8

Test score = 3 3 4 7

Test score = 4 4 2 6

Test score = 5 4 3 7

Test score = 6 5 2 7

Test score = 7 13 2 15

Test score = 8 18 1 19

Test score = 9 10 1 11

Test score = 10 5 1 6

Total 70 40 110
56



It is the new test a high-performant test?

• Se?

• Sp?

• PPV?

• NPV?

• 11 scores

• How to use the diagnostic test?
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Cut-off value

• a value to discriminate the diseased subjects from non-
diseased

• Optimum cut-off value

– a value that gives maximum of correct classified subjects in positive 
and negative

↔! minimum false positive + false negative

↔ maximum accuracy
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How to find the best cut-off value for the test?

• scores from 0 to 10

• we will calculate for each

– Se and Sp
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Algoritm
• score 1 

– those with a score below 1 are considered negative

– those with a score above or equal to 1 are considered positive

– what % of those with neuropathy are correctly diagnosed?

• calculate Se

– what % of those without neuropathy are correctly diagnosed?

• calculate Sp

60



Algoritm

• score 1

– Se=69/70=0.99

– Sp=15/40=0.38

61

Disease
/ Test

With 
neuropathy

Without 
neuropathy

Total

Score ≥1= 
pozitive 69 25 94

Score <1= 
negative 1 15 16

Total 70 40 110



Algoritm
• score 2

– those with a score below 2 are considered negative

– those with a score above or equal to 2 are considered positive

– what % of those with neuropathy are correctly diagnosed?

• calculate Se

– what % of those without neuropathy are correctly diagnosed?

• calculate Sp
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Algoritm

• score 2

– Se=66/70=0.94

– Sp=17/40=0.43

63

Disease
/ Test

With 
neuropathy

Without 
neuropathy

Total

Score ≥2= 
pozitive 66 23 99

Score <2= 
negative 4 17 21

Total 70 40 110



Algoritm

• score 3

– those with a score below 3 are 
considered negative

– those with a score above or equal 
to 3 are considered positive

– Se=62/70=0.89

– Sp=21/40=0.53
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Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥3= 
pozitive 62 19 2981

Score <3= 
negative 8 21 29

Total 70 40 110



Algoritm

• score 4

– those with a score below 4 are 
considered negative

– those with a score above or equal 
to 5 are considered positive

– Se=59/70=0.84

– Sp=25/40=0.63
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Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥4= 
pozitive 59 15 74

Score <4= 
negative 11 25 36

Total 70 40 110



Algoritm

• score 5

– those with a score below 5 are 
considered negative

– those with a score above or equal 
to 5 are considered positive

– Se=55/70=0.79

– Sp=33/40=0.75
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Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥5= 
pozitive 55 10 65

Score <5= 
negative 15 30 45

Total 70 40 110



Algoritm

• score 6

– those with a score below 6 are 
considered negative

– those with a score above or equal 
to 6 are considered positive

– Se=51/70=0.73

– Sp=33/40=0.83
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Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥6= 
pozitive 51 7 58

Score <6= 
negative 19 33 52

Total 70 40 110



Algoritm

• score 7

– those with a score below 7 are 
considered negative

– those with a score above or equal 
to 7 are considered positive

– Se=46/70=0.66

– Sp=35/40=0.88
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Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥7= 
pozitive 46 5 51

Score <7= 
negative 24 35 59

Total 70 40 110



Algoritm

• score 8

– those with a score below 8 are 
considered negative

– those with a score above or equal 
to 8 are considered positive

– Se=33/70=0.47

– Sp=37/40=0.93

69

Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥8= 
pozitive 33 3 36

Score <8= 
negative 37 37 74

Total 70 40 110



Algoritm

• score 9

– those with a score below 9 are 
considered negative

– those with a score above or equal 
to 9 are considered positive

– Se=15/70=0.21

– Sp=38/40=0.95

70

Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score ≥9= 
pozitive 15 2 17

Score <9= 
negative 55 38 93

Total 70 40 110



Algoritm

• score 10

– those with a score below 10 are 
considered negative

– those with a score above or equal 
to 10 are considered positive

– Se=15/70=0.07

– Sp=38/40=0.98
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Disease
/ Test

With 
neuropathy

Without 
neuropathy Total

Score 
≥10= 

pozitive
5 1 6

Score 
<10= 

negative
65 39 104

Total 70 40 110



Se Sp

Score 1 0.99 0.38

Score 2 0.94 0.43

Score 3 0.89 0.53

Score 4 0.84 0.63

Score 5 0.79 0.75

Score 6 0.73 0.83

Score 7 0.66 0.88

Score 8 0.47 0.93

Score 9 0.21 0.95

Score 10 0.07 0.98
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Choosing the optimum cut-off value

Se Sp J=Se+Sp-1

Score 1 0.99 0.38 0.36

Score 2 0.94 0.43 0.37

Score 3 0.89 0.53 0.41

Score 4 0.84 0.63 0.47

Score 5 0.79 0.75 0.54

Score 6 0.73 0.83 0.55

Score 7 0.66 0.88 0.53

Score 8 0.47 0.93 0.40

Score 9 0.21 0.95 0.16

Score 10 0.07 0.98 0.05
73

Maximum J
• those with a score below 6 

are considered negative

• those with a score above or 

equal to 6 are considered 

positive

! optimum = maximum of accuracy, 
maximum of correct classified 
subjects with and without disease

the best cut-off is 6



ROC curve – easy to appreciate the cut-off value
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Se Sp 1-Sp J=Se+Sp-1

Score 1 0.99 0.38 0.63 0.36

Score 2 0.94 0.43 0.58 0.37

Score 3 0.89 0.53 0.48 0.41

Score 4 0.84 0.63 0.38 0.47

Score 5 0.79 0.75 0.25 0.54

Score 6 0.73 0.83 0.18 0.55

Score 7 0.66 0.88 0.13 0.53

Score 8 0.47 0.93 0.08 0.40

Score 9 0.21 0.95 0.05 0.16

Score 10 0.07 0.98 0.03 0.05
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ROC curve 
– easy to appreciate the cut-off value
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Se 1-Sp

Score 1 0.99 0.63

Score 2 0.94 0.58

Score 3 0.89 0.48

Score 4 0.84 0.38

Score 5 0.79 0.25

Score 6 0.73 0.18

Score 7 0.66 0.13

Score 8 0.47 0.08

Score 9 0.21 0.05

Score 10 0.07 0.03
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ROC curve 

– the score nearest to the ideal point is the optimum cut-off 
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ROC curve 

– the score nearest to the ideal point is the optimum cut-off 
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Our interest
• to diagnose

– as many patients with neuropathy as possible

• a score with high Se
– FP to approach 0

• to exclude

– as many patients without neuropathy as possible

• a score with high Sp
– FN to approach 0

• Conclusion: both those with and those without neuropathy

– a score with high Sp and Se

• FP and FN to approach 0
78
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if FP and FN equally important
• optimal threshold:
• maximum Youden index= 

Se+Sp-1

if FP (high Se) more important 
than FN
• optimal threshold:
• maximum Se

if FN (high Sp) more important 
than FP
• optimal threshold:
• maximum Sp



ROC Curve 

• Receiver Operating Characteristic Curve

• historical

• World War II (1950 England):

• identifying enemy aircraft on radar in the presence of extraneous signals 
(e.g. geese)

– True Positives and True Negatives – good results

– False Positives – wasting resources on geese

– False Negatives – buildings and lives lost due to bombing
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• diagonal = random diagnostic

– ex. toss a coin

81

ROC curve



82Sp maximum

Se maximum new test

• the whole square

– AUC = 1

• under the diagonal

AUC = 0.5

diagonal

Area under the curve (AUC)



• !!! the bigger the AUC, the 
better the test

83

Se and Sp maximum

new test
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AUC for MDI better than 
AUC for GDS

MDI test have high accuracy 
than GDS



• 92 patients

• 3 test for periodontitis

• gold standard: CDC criteria
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Area under the ROC curve

Interpretation according to the traditional academic point 
system:

AUC between

0.90 – 1 = excellent test,

0.80–0.90 = good,

0.70–0.80 = fair,

0.60–0.70 = poor,

0.50–0.60 = failure
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Area under the ROC curve

• compare with the area under the diagonal = 0.5

• H0 (null hypothesis): AUC is not statistically significantly different from 0.5

• p<0.05 – AUC is significantly different 
from 0.5
– It can be said that the diagnostic test has 

statistically significantly better 
discriminatory power than the random test

• p≥0.05 – AUC does not differ significantly 
from 0.5
– It can be said that we fail to demonstrate that  

the diagnostic test have statistically 
significantly better discriminatory power than 
the random test
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Soft online - MedCalc

• https://www.medcalc.org/calc/diagnostic_test.php
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Soft online – Alan Schwartz

• http://araw.mede.uic.edu/cgi-bin/testcalc.pl
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Soft online - Evidence-Based Medicine Toolbox

• https://ebm-tools.knowledgetranslation.net/calculator/diagnostic/
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Reviews for diagnostic test

• https://www.thennt.com/home-lr/
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Knowledge about diagnostic tests

• http://getthediagnosis.org/
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Knowledge about diagnostic tests

• http://getthediagnosis.org/
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Thank you!
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