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Abstract

Diagnostic accuracy is the ability of a test to 
discriminate between the target condition and 
health; it  can be quantitated using diagnostic 
accuracy measures such as sensitivity, specificity, 
positive and negative predictive values, positive 
and negative likelihood ratios, the area under 
the ROC curve, odds ratio of the diagnosis and 
Youden index. The  diagnostic accuracy measures 
are related to the different aspects of the diagnostic 
procedure. Some measures are used to evaluate the 
discriminative property of the test, while others 
are used to assess its predictive ability. Diagnostic 
accuracy measures are not fixed indicators of a test 
performance; some are very sensitive to disease 
prevalence, while others are sensitive to disease 
spectrum and definition. This review described the 
definitions and characteristics of diagnostic accuracy 
measures used in cardiovascular research.

Introduction

The accuracy of a diagnostic test shows how this 
test correctly discriminates two conditions of interest: 
health and disease. This discriminative capacity can 
be quantified through diagnostic accuracy measures: 
sensitivity and specificity, Positive and Negative 
predictive values (PPV and NPV), Positive  and 
Negative Likelihood Ratio (PLR and NLR), area 
under the ROC curve (AUC), the Youden index and 
the diagnostic odds ratio (DOR).1-14

Sensitivity and specificity

A perfect diagnostic test has the potential to 
adequately discriminate between patients with and 
without disease. Unfortunately, diagnostic procedures 
can only make a partial distinction between individuals 
with present or absent disease. The values of a diagnostic 
test that are greater than or equal to the cutoff indicate 
the presence of disease, while values below the cutoff 
rule out the disease.15

The values above the cutoff are not always indicative 
of a disease, as healthy individuals may also sometimes 
have higher values. Such elevated values of a given 
parameter of interest are called false-positive (FP) values. 
On the other hand, values below the cutoff are mainly 
found in individuals without the disease, but some 
individuals with the disease may also show them, being 
called false-negative (FN) values.15

The cutoff value divides the population of assessed 
individuals with and without the disease into four 
subgroups, considering the values of the parameters 
of interest:

•	 A – True positive (TP): patients with the disease and 
the value of a parameter of interest greater than or 
equal to the cutoff.

•	 B – FP: patients without the disease and the value 
of a parameter of interest greater than or equal to 
the cutoff.

•	 C – True-negative (TN): patients without the 
disease and the value of a parameter of interest 
below the cutoff.

•	 D – FN: patients with the disease and the value of a 
parameter of interest below the cutoff.

The method for performing the calculation of 
diagnostic accuracy is performed using a 2x2 table, with 
groups of individuals divided according to the gold 
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standard or reference method in columns and categories, 
according to the test result (Table 1).15

Sensitivity is expressed in percentage and defined as 
the probability of obtaining a positive result in patients 
with the disease (TP / TP + FN). Specificity is defined 
as the probability of obtaining a negative result in 
individuals without the disease (TN / TN + FP).15

Neither sensitivity nor specificity is influenced by 
the disease prevalence. This means that the results 
of a study can be easily transferred to another 
environment with different prevalence of the disease 
in the population. However, sensitivity and specificity 
may vary widely depending on the disease spectrum 
in the studied group.15

SnNOut is used to indicate when a sign/test or 
symptom = has a negative (N) result in a highly 
sensitive test (Sn), which excludes the diagnosis (Out). 

SpPIn indicates when a sign/test or symptom has 

a positive (P) result in a highly specific test (Sp), 

confirming the diagnosis (In).11,12

The pretest odds are the chance of an individual 

having the target disease before the test is performed. 

The post-test odds are the chance that a patient 

has the target disease after the test is performed. 

The pretest probability (prevalence) is the probability 

that an individual has the target disease before the 

test is performed and the post-test probability is the 

probability that an individual with a specific test 

result has the target disease.11,12

Predictive values 

The PPV defines the probability of having the disease 

of interest in an individual with a positive  result. 

Table 1
Diagnostic accuracy measures

Target disorder

Total

Present Absent

Diagnostic test result

Positive A(TP) B(FP) a+b

Negative C(FN) D(TN) c+d

Total a+c b+d a+b+c+d

Sensitivity= a/(a+c) 

Specificity = d/(b+d) 

PLR = sensitivity/(1-specificity) 

NLR = (1-sensitivity)/specificity 

Positive predictive value = a/(a+b) 

Negative predictive value = d/(c+d) 

Pretest probability (prevalence) = (a+c)/(a+b+c+d) 

Odds = probability/( 1- probability)

Pretest Odds = prevalence/(1-prevalência)

Post-test Odds = pretest odds x LR

Probability = odds/ (odds + 1)

Post-test probability = post-test odds /( post-test odds +1)

Accuracy = (PV + NV)/(PV + FP + NV + FN)

TPF - total of positive tests in individuals with the disease

FPF - total of positive tests in individuals without the disease

Diagnostic Odds Ratio: PLR/NLR = (TP/FN)/(FP/TN)

DE = (TP + TN/ (TP + TN + FP + FN)

Youden index: (sensitivity + specificity) - 1

TP: true-positive; FP: false positive; FN: false-negative; TN: true-negative; PLR: positive likelihood ratio; NLR: negative likelihood ratio; TPF: true‑positive 
fraction; FPF: false-positive fraction; DE: diagnostic efficacy.
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The  PPV represents a proportion of patients with 
a positive test result in a total of individuals with 
positive results (TP / TP + FP).15,16

The NPV describes the probability of not having a 
disease in an individual with a negative result. The NPV 
is defined as a proportion of individuals without the 
disease with a negative result in a total of individuals 
with negative results (TN / TN + FN).15,16

Unlike sensitivity and specificity, PPV and NPV are 
largely dependent on the prevalence of disease in the 
studied population. Therefore, the predictive value of a 
study should not be transferred to another population 
with different disease prevalence. Prevalence affects PPV 
and NPV differently. The PPV is increases, while the 
NPV decreases with the increase in disease prevalence 
in the population.15,16

Likelihood ratio

LR is a very useful measure in diagnostic accuracy, 
being defined as the ratio of the expected test result 
in individuals with a certain disease to individuals 
without the disease. Simply put, the LR says how 
much more likely it is to have the particular test result 
in individuals with the disease than in those without 
it. When both likelihoods are equal, such test is of no 
value and its LR = 1. The LR for tests with positive 
results (PLR) indicate how much more likely a test 
with a positive result will occur in individuals with 
the disease, compared to those without the disease 
(PLR = sensitivity / (1-specificity). PLR is generally 
greater than 1, because it is more likely that a positive 
test result will occur in individuals with the disease 
than in subjects without the disease. The greater the 
PLR, the more the test is indicative of disease. Good 
diagnostic tests have a PLR > 10 and its positive result 
brings a significant contribution to diagnosis.

A NLR is the ratio of the likelihood of a negative 
result occurs in individuals with the disease to the 
likelihood that the same result occurs in individuals 
without the disease (LR = (1-sensitivity) / specificity). 
The NLR shows how much less likely a negative test 
result will occur in a patient than in an individual 
without the disease.

The NLR is generally less than 1, because it is 
less likely that the negative test result will occur in 
individuals with than in individuals without disease. 
Good diagnostic tests have NLR < 0.1.

Both sensitivity and specificity are used to calculate the 
likelihood rate and it is evident that neither PLR nor NLR 
depend on disease prevalence in the assessed groups.

Therefore, the likelihood ratios from a study 
are applicable to any other clinical setting, as long 
as disease definition is not changed. If the disease 
definition varies, none of the measured and calculated 
options should be applied to another clinical context.

The ROC curve

There is a pair of diagnostic sensitivity and specificity 
for each of the individual’s cutoffs. To construct a 
Receiver Operating Characteristic (ROC) Curve chart, 
one uses these pairs of values in the chart as 1-specificity 
on the x axis and sensitivity on the y axis (Figure 1).15,17

The shape of a ROC curve and the AUC helps to 
verify the discriminative power of a test. The closer the 
curve is located to the top left corner and the larger the 
ROC AUC, the better the test is to discriminate between 
patients and non-patients. The AUC may have any value 
between zero and 1 and that is a test quality indicator. 
A perfect diagnostic test has an AUC = 1.17

We consider a non-discriminating test when it has 
an AUC of 0.5. Usually it can be said that the ratio 
between the AUC and the diagnostic accuracy applies 
as described in Table 2.7

AUC is a global measure of diagnostic accuracy. 
It discloses nothing about the patient’s parameters, 
such as sensitivity and specificity. By comparing the 
two areas under the ROC curves, one can estimate 
which one of the two tests is more adequate to 
differentiate health from disease or any other two 
conditions of interest.17

Diagnostic odds ratio

The diagnostic odds ratio (DOR) is also a global 
measure of diagnostic accuracy, used to generate 
the estimate the discrimination power of diagnostic 
procedures and to compare diagnostic accuracies 
between two or more diagnostic tests. The DOR of a test 
is the ratio of the odds of positivity in patients with the 
disease, compared to the odds in individuals without the 
disease [DOR = (TP/FN) / (FP/TN)].18

The DOR depends significantly on the sensitivity and 
specificity of a test. In a test with high specificity and 
low sensitivity, the FP and FN rates have a high DOR. 
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Figure 1
ROC curve depiction.

Table 2
Association between the area under the ROC curve and diagnostic accuracy

Area Diagnostic accuracy 

0.9 - 1.0 Excellent

0.8 - 0.9 Very good

0.7 - 0.8 Good

0.6 - 0.7 Fair

0.5 - 0.6 Poor

< 0.5 Do not use the test

With the same test sensitivity, the DOR increases with 
increasing test specificity.18

Diagnostic efficacy

The diagnostic efficacy (ED) is a global measure 
of diagnostic accuracy, expressed as a proportion of 
individuals correctly classified among all [DE = (TP + 
TN / (TP + TN + FP + FN)]. It is affected by the 
prevalence of the disease. With the same sensitivity and 

specificity, the diagnostic accuracy of a certain disease 
increases as the prevalence of the disease decreases.15

Youden index 

The Youden index is one of the oldest diagnostic 
accuracy measures. This is a test performance measure. 
It is used to assess the overall discriminating power of 
a diagnostic procedure and to compare that test with 
other tests. The Youden index is calculated by subtracting 
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1 from the sum of sensitivity and specificity of the test 
and it is not expressed as a percentage, but as part of a 
whole number: (sensitivity + specificity) – 1.19

For a test with poor diagnostic accuracy, the 
Youden index is zero, whereas in a perfect test, 
the Youden index is equal to 1. The Youden index 
is not sensitive to differences in test sensitivity 
and specificity, which is its main disadvantage. 
The Youden index is not affected by the prevalence 
of the disease, but by disease spectrum, as well as the 
specificity of sensitivity, LR and DOR. 19

Conclusion

Decision-making in cardiovascular practice is often 
based on complex, however, incomplete evidence. 
The accuracy measures of a diagnostic test represent 
a tool to improve cardiovascular decision-making and 
patient care.
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