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Abstract : In the field of clinical medicine, diagnostic accuracy studies refer to the degree of agreement between the
index test and the reference standard for the discriminatory ability to identify a target disorder of interest in a patient.
The receiver operating characteristic (ROC) curve offers a graphical display the trade-off between sensitivity and
specificity at each cutoff for a diagnostic test and is useful in assigning the best cutoff for clinical use. In this end,
the ROC curve analysis is a useful tool for estimating and comparing the accuracy of competing diagnostic tests.
This paper reviews briefly the measures of diagnostic accuracy such as sensitivity, specificity, and area under the ROC
curve (AUC) that is a summary measure for diagnostic accuracy across the spectrum of test results. In addition, the
methods of creating an ROC curve in single diagnostic test with five-category discrete scale for disease classification
from healthy individuals, meaningful interpretation of the AUC, and the applications of ROC methodology in clinical
medicine to determine the optimal cutoff values have been discussed using a hypothetical example as an illustration.
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Table 1. The decision matrix showing responses of a binary diagnostic test, according to the status of each individual samples

Disease status (gold standard)

Category of test result
Positive (D+)

Negative (D-) Total

Positive (T+)
Negative (T-)
Total

a: true positives
c: false negatives

a+ c: diseased

b: false positives a+b: test positives

d: true negatives ¢+ d: test negatives

b + d: non-diseased a+b+c+d: sample size

Sensitivity = true positive fraction = a/(a + ¢). Specificity = true negative fraction = d/(b + d).

Prevalence=(a+c)/(a+b+c+d)

Cutoff=c

Diseased

Mon-diseased

Relative frequency

Diagnostic test result

Fig 1. Probability density function of a hypothetical diagnostic
test results for two populations (non-diseased and diseased).
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Fig 2. Three hypothetical ROC curves representing the
diagnostic test accuracy. Each point on the curve represents the
true-positive fraction (sensitivity) and false-positive fraction
(1-specificity) associated with a diagnostic test value. The area
under the curve (AUC) for A, B and C is 0.9, 0.8 and 0.7,
respectively. An AUC value close to 0.5 indicates no dis-
criminative value and is represented by a diagonal line
extending from the lower left corner to the upper right. The
bigger the AUC is, the better the overall performance of the
diagnostic test. Therefore, as diagnostic test accuracy improves
(better discriminating power), the ROC curve moves toward
the upper left corner, and the AUC approaches 1. a = strict
cutoff; b =moderate cutoff; ¢ = lenient cutoff.
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Table 2. Results from a hypothetical data for illustrative ROC plot

Category of Disease status (gold standard) Decision rules (cutoff, C1-C4)
test result (G) Malignant (D+) Benign (D-) Sensitivity FPR
G1: Very likely benign 11 98 C1: 0.96 C1: 0.71
G2: Probably benign 32 87 C2: 0.83 C2: 0.45
G3: Possibly malignant 52 54 C3: 0.63 C3: 0.28
G4: Probably malignant 75 63 C4: 0.33 C4: 0.10
G5: Very likely malignant 85 32
Total 255 334

Cutoft 1 classifies G1 category as negative and all other categories are positive. Cutoff 2 classifies G1 and G2 as negative and all other
categories are positive. Cutoff 3 classifies G1, G2, and G3 as negative and all other categories are positive. Cutoff 4 classifies G1, G2, G3, and
G4 as negative and G5 is the only category classified as positive. FPR = false positive fraction.
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Fig 3. Distributions of test results for populations
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of diseased and non-diseased individuals and the corresponding ROC curves.
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Fig 4. The empiric (A) and fitted (or smooth) (B) ROC curves
with 95% confidence interval constructed from the Table 2.
The discrete points on the empirical ROC curve are marked
with dots. Four labeled points on empiric curve correspond to
four cutoffs used to estimate sensitivity and false positive
fraction. The area under curve (AUC) for empiric ROC curve
is 0.744 and for fitted curve is 0.756. The nonparametric area
under the empirical ROC curve is the summation of the areas
of the trapezoids formed by connecting the points on the ROC
curve, which is equivalent to the Mann-Whitney version for
the rank sum test.
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