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Miuwiraa» In clinical practice, the accuracy and predictive val-
ues of a diagnostic test may differ substantially from values 
cited in published reports, owing to a lower prevalence of 
most diseases in clinical populations than in study popula-
tions. To correct this problem, published assessments of diag-
nostic tests should standardize accuracy and predictive values 
to account for disease prevalence. 

IMa'i-.VHiM The accuracy of a test varies directly with the 
prevalence of the disease in question, and the upper and 
lower bounds of accuracy are determined by the test's sensitiv-
ity and specificity. When disease prevalence equals 50%, a 
test's accuracy is exactly midway between its sensitivity and 
specificity. If a test's sensitivity and specificity have the same 
value, its accuracy will also equal this value, regardless of dis-
ease prevalence. A test's positive and negative predictive 
values are also strongly affected by disease prevalence. Posi-
tive predictive values are high when disease prevalence is 
high, and they are low when disease prevalence is low. Nega-
tive predictive values have an inverse relationship. 
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THE ACCURACY and posi-
tive and negative predic-
tive values of diagnostic 
tests in clinical practice 

may differ from those cited in pub-
lished reports, because the preva-
lence of most diseases is lower in 
clinical populations than in study 
populations.1"4 How then are clini-
cians to assess the performance of 
diagnostic tests? This article sug-
gests ways researchers could end 
the confusion. 

D E F I N I N G THE T E R M S 

Accuracy, sometimes known as 
diagnostic accuracy, is a global 
measure of the value of a diagnos-
tic test. It is the proportion of pa-
tients correctly identified as either 
having or not having the disease 
in question (Table J). In contrast, 
predictive values provide more 
specific information. The positive 
predictive value is the proportion of 
patients with a positive test result 
who have the disease; the negative 
predictive value is the proportion of 
patients with a negative test result 
who do not have the disease. 

Although the accuracy and pre-
dictive values of a test vary with 
the prevalence of disease in the 
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TABLE 1 
ASSESSING THE PERFORMANCE 
OF A DIAGNOSTIC TEST 

Calculating the performance 
Sensitivity = TP/(TP + FN) 
Specificity = TN/(FP + TN) 
Accuracy = (TP + TN)/Total 
Disease prevalence = (TP + FN)/Total 
Positive predictive value = TP/(TP + FP) 
Negative predictive value = TN/(FN + TN) 

100 

90 

Compiling the results 
9? 80 

Disease present Disease absent 
Positive 
test result 

True positive 
(TP) 

False positive 
(FP) 

TP+FP ro 
D 
V 

70 

Negative 
test result 

False negative 
(FN) 

True negative 
(TN) 

FN+TN < 60 

TP+FN FP+TN Total 
50 

40 
20 40 60 80 

Disease prevalence (%) 

100 

90% Sensitivity 
90% Specificity 

50% Sensitivity 
90% Specificity 

90% Sensitivity 
50% Specificity 

50% Sensitivity 
50% Specificity 

population in which the test is used, sensitivity and 
specificity are relatively stable.1-4 Sensitivity is the 
proportion of patients with a disease who have a 
positive test result, and specificity is the proportion of 
patients without a disease who have a negative test 
result (Table I ) . In most situations, the sensitivity 
and specificity of a diagnostic test vary very little 
with differences in disease prevalence.1"1 However, a 
test may perform differently in populations with dif-
ferent distributions of disease severity." For example, 
treadmill stress testing will have a different sensitiv-
ity and specificity in a group of patients with severe 
triple-vessel coronary artery disease than in a group 
of patients with mild single-vessel disease.6"8 

Because sensitivity and specificity are relatively 
stable test characteristics, many clinicians consider 
them the best measures of the value of a diagnostic 
test. However, when employing a diagnostic test, 
clinicians are faced with positive or negative test 
results. Since predictive values directly measure the 
reliability of positive and negative test results, they 
are often of greater clinical value than sensitivity and 
specificity. 

Because accuracy and predictive values may vary 
considerably with disease prevalence, reports that 
do not state the disease prevalence in the popula-
tion in which these test characteristics were meas-
ured may be misleading. For example, a test may be 
reported as having a high sensitivity, specificity, ac-
curacy, and positive predictive value, but a marginal 
negative predictive value. Close examination of the 

F I G U R E 1. Relationships among accuracy and sensitivity, 
specificity, and disease prevalence. At a disease prevalence of 
1 0 0 % , accuracy is equal to test sensitivity. At a disease preva-
lence of 0 % , accuracy is equal to test specificity. Between these 
two extremes, accuracy varies directly (linearly) with disease 
prevalence. When a test's sensitivity and specificity have the 
same value, accuracy will also equal this value and it will not 
vary with changes in disease prevalence. 

study population, however, often discloses that the 
proportion of patients with the disease is much 
higher than in most clinical settings. A more realis-
tic prevalence of disease may yield a significantly 
different accuracy, a dramatically lower positive pre-
dictive value, and a higher negative predictive 
value.9-11 Consequently, to properly assess the clini-
cal value of a diagnostic test, it is important to know 
its accuracy and positive and negative predictive 
values in different patient populations. 

A C C U R A C Y 

The accuracy of a test varies directly with disease 
prevalence, and the upper and lower bounds of ac-
curacy are determined by the test's sensitivity and 
specificity (Figure I).10 In a population with a dis-
ease prevalence of 100%, the accuracy of a test 
equals its sensitivity; in a population with a disease 
prevalence of 0%, accuracy equals specificity. Be-
tween the bounds determined by sensitivity and 
specificity, accuracy varies directly (linearly) with 
disease prevalence. Thus, disease prevalence deter-
mines the trade-off in importance of sensitivity and 
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specificity. If disease preva-
lence equals 50%, a test's 
accuracy is exactly midway 
between its sensitivity and 
specificity. If a test's sensi-
tivity is the same as its 
specificity, (eg, sensitivity 
= 90%, specificity = 90%) , 
its accuracy also has this 
value, regardless of disease 
prevalence. 

For example, the accu-
racy of a test with a sensi-
tivity of 9 0 % and a specific-
ity of 5 0 % can range 
between 9 0 % and 5 0 % 
(Figure I). If the prevalence 
of disease is close to 0%, the 
test's accuracy is close to 
50%, because the few pa-
tients who have the disease 
(almost all of whom are 
correctly identified owing 
to the high sensitivity of 
the test) are far outnum-

6 0 80 20 4 0 60 

Disease prevalence (%) 

90% Sensitivity 90% Sensitivity 
90% Specificity " " " 50% Specificity 

100 

50% Sensitivity 
90% Specificity 

50% Sensitivity 
50% Specificity 

F I G U R E 2 . Relationships among predictive values and sensitivity, specificity, and disease 
prevalence. Disease prevalence is an important determinant of positive and negative predic-
tive values. Positive predictive values are high when disease prevalence is high, and they are 
low when disease prevalence is low. Negative predictive values have an inverse relationship. 
In contrast, positive and negative predictive values both increase and decrease in tandem 
with increases and decreases in sensitivity and specificity. However, sensitivity has a greater 
influence on negative predictive values, and specificity has a greater influence on positive 
predictive values. This relationship is demonstrated by the areas under two curves: test A, 
with a sensitivity of 9 0 % and a specificity of 5 0 % ; and test B , with a sensitivity of 5 0 % and 
a specificity of 9 0 % . Test A (high sensitivity) has higher negative predictive values than 
test B, and test B (high specificity) has higher positive predictive values than test A. 

bered by the patients who 
do not have the disease (many of whom are incor-
rectly identified as having the disease owing to the 
low specificity of the test). However, in a population 
with a disease prevalence close to 100%, the test's 
accuracy is close to 90%, because the few patients 
who do not have the disease (many of whom are 
incorrectly identified owing to the low specificity of 
the test) are far outnumbered by the patients who 
have the disease (most of whom are correctly identi-
fied owing to the high sensitivity of the test). At a 
disease prevalence of 50%, the test's accuracy is 70%, 
exactly midway between the values for sensitivity 
and specificity. 

Although frequently reported, accuracy is often a 
poor measure of a diagnostic test.12 Suppose a test has 
a sensitivity of 0 % and a specificity of 90%. In a 
population with a high prevalence of disease, the 
test's accuracy will be close to 0%, but in a popula-
tion with a low disease prevalence (common in many 
clinical settings), its accuracy will be close to 90%. 
Although this hypothetical test cannot identify any 
patients with the disease in question (sensitivity = 
0%) , it may still be reported as having an accuracy of 
90%. Thus, the accuracy of a given test may vary 
widely in different populations. Consequently, this 

test characteristic may be a very misleading measure 
of the value of a diagnostic test. 

P R E D I C T I V E V A L U E S 

Like accuracy, predictive values may vary sub-
stantially with disease prevalence.1-4,12 T h e positive 
predictive value of a test is high if disease preva-
lence is high, and low if disease prevalence is low; 
negative predictive values have an inverse relation-
ship (Figure 2). Diagrams that simultaneously dem-
onstrate positive and negative predictive values at 
different disease prevalences can provide clinicians 
with a good idea of the value of a positive or a 
negative test result. 

Consider a test having a sensitivity of 9 0 % and a 
specificity of 9 0 % (Figure 3) . If a patient is at high 
risk for a disease (eg, if the disease prevalence is 
greater than 5 0 % in patients with similar clinical 
characteristics), the clinician can be confident that a 
positive test result indicates the presence of disease, 
as the positive predictive values range from 9 0 % to 
100%. A negative test result for this same patient, 
however, does not guarantee that the disease is not 
present, as the negative predictive value ranges from 
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Sensitivity = 90% 
Specificity = 90% 

Sensitivity = 90% 
Specificity = 50% 

20 40 60 80 
Disease prevalence (%) 

Sensitivity = 50% 
Specificity = 50% 

20 40 60 80 
Disease prevalence (%) 

Sensitivity 
Specificity 

: 50% 
: 90% 

20 40 60 80 
Disease prevalence (%) 

F I G U R E 3 . Trade-off in positive and negative predictive values. Positive and negative predictive 
values vary inversely. When test sensitivity equals test specificity (A and D), positive and nega-
tive predictive values are equal at a disease prevalence of 50%. At disease prevalences < 50%, 
negative predictive values are always higher than positive predictive values, and at disease preva-
lences > 50%, positive predictive values are always higher than negative predictive values. When 
test sensitivity is greater than test specificity (B), positive and negative predictive values are 
equal at a disease prevalence > 50%. If sensitivity is less than specificity (C), positive and nega-
tive predictive values are equal at a disease prevalence < 50%. 

90% to 0%. In contrast, if a patient is at low risk for 
the disease (eg, disease prevalence < 20%), the clini-
cian can be confident that a negative test result 
indicates the patient does not have the disease (the 
negative predictive values range from 9 7 % to 100%). 
However, a positive test result for this patient is not 
very reassuring, because the positive predictive value 
may range from 6 9 % to 0%. 

Although predictive values are strongly influ-
enced by disease prevalence, they are also affected by 
sensitivity and specificity. Both positive and negative 
predictive values vary in tandem with sensitivity and 
specificity (Figure 2). However, sensitivity has 
greater influence on negative predictive values, and 
specificity has greater influence on positive predic-

tive values (Figure 3).2 

In most cl inical situ-
ations, the disease preva-
lence is less than 50%. 
Therefore, in clinical 
populations, negative pre-
dictive values are almost 
always in the acceptable 
range, but positive predic-
tive values are often low 
(Figures 2 and 3). In a pa-
tient population with a dis-
ease prevalence of 10%, for 
example, a test with a sen-
sitivity and specificity of 
5 0 % has a negative predic-
tive value of 90%. Surpris-
ingly, a test with a sensitiv-
ity and specificity of 9 0 % 
would have a similar nega-
tive predictive value 
(99%) in the same patient 
population. However, nei-
ther test will have a posi-
tive predictive value 
greater than 50%. In order 
to optimize positive predic-
tive values in low-risk pa-
tient populations (ie, with 
a disease prevalence < 
50%), clinicians should be 
particularly concerned 
about test specificity, as the 
positive predictive value 
will always be better with a 
test that has a high speci-

ficity (Figures 2 and 3). 

A test with a sensitivity of 9 0 % and a specificity 
of 5 0 % has the same overall diagnostic ability as a 
test with a sensitivity of 5 0 % and a specificity of 
90%, but their diagnostic abilities at particular dis-
ease prevalences may differ markedly (Figure 4) . In 
a population with a disease prevalence of 20%, a 
test with a sensitivity of 9 0 % and a specificity of 
5 0 % has a positive predictive value of 31%, a nega-
tive predictive value of 95%, and an accuracy of 
58%. In the same population, a test with a sensitiv-
ity of 5 0 % and a specificity of 9 0 % has a positive 
predictive value of 56%, a negative predictive value 
of 89%, and an accuracy of 82%. Thus, at a disease 
prevalence of 20%, the two tests have similar nega-

20 40 60 80 
Disease prevalence (%) 
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_ . 90% Sensitivity _ _ _ 90% Sensitivity 
90% Specificity " " " 50% Specificity 

50% Sensitivity 50% Sensitivity 
90% Specificity 50% Specificity 

F I G U R E 4 . Comparison of the diagnostic abilities of different 
tests by graphing positive vs negative predictive values. Num-
bers on curves refer to disease prevalences. Tests with high sen-
sitivities and specificities have greater discriminating abilities 
than tests with low sensitivities and specificities. If two tests 
have different sensitivities and specificities but their sums are 
equal (eg, sensitivity + specificity = 140 = 9 0 + 5 0 or 5 0 + 
90) , the overall discriminating abilities of the two tests will be 
equal. Despite identical overall discriminating abilities, at par-
ticular disease prevalences, the two tests may have markedly 
different positive and negative predictive values. The test with 
the higher specificity will perform better at low disease preva-
lences, and the test with the higher sensitivity will perform bet-
ter at high disease prevalences. 

tive predictive values, but the test with the higher 
specificity has a higher positive predictive value 
and accuracy. Since disease prevalence is much less 
than 5 0 % in most clinical settings, test specificity 
may be crucial, while test sensitivity may be of 
lesser importance. 

STANDARDIZING ACCURACY 
AND PREDICTIVE VALUES 

Because accuracy and predictive values may vary 
substantially with disease prevalence and because 
diagnostic tests are often used in clinical settings in 
which disease prevalence is much less than in re-
ported study populations, the current practice of 
reporting accuracy and predictive values without 
reference to disease prevalence is often confusing 
and, in many cases, misleading. 

TABLE 2 
A C C U R A C Y AND PREDICTIVE VALUES 
OF A DIAGNOSTIC TEST WITH A SENSITIVITY 
OF 50% AND A SPECIFICITY OF 90% 

Disease 
prevalence 

(%) 
Accuracy 

(%) 

Positive 
predictive 
value (%) 

Negative 
predictive 
value (%) 

0 90 0 100 
10 86 36 94 
20 82 56 88 
30 78 68 81 
40 74 77 72 
42* 73 78 71 
50 70 83 64 
60 66 88 55 
70 62 92 44 
80 58 95 31 
90 54 98 17 

100 50 100 0 

The sensitivity and specificity of the diagnostic test 
were determined in a study population with a disease 
prevalence of 42%. 

T h e clinical value of diagnostic tests would be 
clarified if the reporting of accuracy and predictive 
values were standardized. Any of three methods 
could be employed. T h e simplest method is to state 
the disease prevalence along with the accuracy and 
predictive values. For example, a test may be found 
to have a sensitivity of 5 0 % and a specificity of 9 0 % 
in a study population with a disease prevalence of 
42%. T h e accuracy and the predictive values for 
this test could be reported in the following format: 
ACC 4 2 = 73%, PPV42 = 78%, and NPV42 = 71%; in 
which A C C is the accuracy, PPV is the positive 
predictive value, and N P V is the negative predic-
tive value.1 This format emphasizes that the re-
ported accuracy and predictive values apply to the 
diagnostic test only when it is used in a patient 
population with a disease prevalence of 4 2 % . A 
clinician whose patients have a lower disease preva-
lence will know that this same diagnostic test will 
have an accuracy between 7 3 % and 9 0 % (upper 
bound determined by test specificity), a positive 
predictive value lower than 7 8 % (perhaps substan-
tially lower), and a negative predictive value higher 
than 71%. 

A second method is to calculate the test's accu-
racy and predictive values in a standard population 
with a disease prevalence of 50%, regardless of the 
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actual prevalence of disease in the study population. 
In the example cited above, ACC50 = 70%, PPV50 = 
83%, and NPV50 = 64%. Like the first method, this 
format highlights disease prevalence, and it lets cli-
nicians estimate accuracies and predictive values 
applicable to their individual clinical settings. This 
method also ensures comparability of accuracy and 
predictive values among published reports, and it 
provides a reasonable trade-off between high and 
low values for accuracy and predictive values. The 
disadvantage of this method is that most patient 
populations have disease prevalences much less 
than 50%, so these standardized values are not very 
realistic for most clinicians. 

A third possibility is to report a range of accura-
cies and predictive values corresponding to the 
test's performance in patient populations with dif-
ferent disease prevalences. Values could be pre-
sented in either tabular (Table 2) or graphic form 
(Figures 1 and 3). Although the most cumbersome, 
this method provides the most information. In ad-
dition to providing the same information as the 
other two methods, it presents accuracies and pre-
dictive values that apply to a variety of clinical 
settings. This method allows physicians to estimate 
more closely accuracies and predictive values for 
their patient populations, and it also illustrates im-
portant trends in these values with changes in dis-
ease prevalence. 

C O N C L U S I O N 

Many studies of diagnostic tests are performed in 
populations with high disease prevalences. In these 
situations, the test's accuracy is unusually dependent 
on the sensitivity, positive predictive values are 
high, and negative predictive values are low. In most 
clinical situations, however, disease prevalence is 
low, and these same diagnostic tests may have differ-
ent accuracies (because they become less dependent 
on sensitivity and more dependent on specificity), 
lower positive predictive values, and higher nega-
tive predictive values. 

Since accuracy and predictive values may vary 
substantially in different populations, the current 
method of reporting these test characteristics with-
out reference to disease prevalence may be mislead-

ing. Consequently, a standard format is needed for 
the presentation of accuracy and predictive values. 
Any of three formats could be used. The first states 
the disease prevalence in the population being stud-
ied, the second refers to a hypothetical, standard 
population with a disease prevalence of 50%, and 
the third provides a range of accuracies and predic-
tive values calculated for different disease preva-
lences. A standardized format for the reporting of 
accuracies and predictive values would reduce the 
confusion that currently surrounds these test char-
acteristics and provide a clearer understanding of 
the true value of a diagnostic test. 
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