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Sensitivity, specificity, and predictive values (Part Il)
Sensibilidad, especificidad y valores predictivos (Parte Il)
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In the previous issue of this section of the Researcher’s Corner, we intro-
duced the terms of sensitivity, specificity, and predictive values in dichoto-
mous diagnostic tests used in health. When studies refer to these concepts to
describe the characteristics of a test, the simplicity and familiarity with which
these metrics are used mask the existence of a number of complexities that
are usually not considered. In this section, we will discuss two ideas in the
interpretation of these concepts: the interpretation and confusion generated
by sensitivity and specificity, and how the prevalence of the disease affects
the positive and negative predictive value of a test.

Sensitivity measures the proportion of people with the disease who have
a positive result with the study or screening test (sensitivity = TP / (TP + FN)
x 100) (Table I). The sensitivity value cannot provide a definitive recommen-
dation in making a decision for a specific patient, even if the test result is
positive, because the test has false positives that are not considered in the
calculation of sensitivity. In fact, false positives are ignored when calculating
sensitivity (only the TP and FN cells are used to calculate sensitivity). A posi-
tive result, by itself, even when the test has high sensitivity, is not really useful
for making a decision on whether a disease is present in a specific patient.
Similarly, specificity measures the proportion of people without the disease
who have a negative result from the study test (specificity =TN / (TN + FP) x
100). The specificity of a test does not provide an adequate indication for a
patient with a negative test result because negative test results can contain
false negatives that are ignored when determining the specificity of the test
(only the TN and FP cells are used to calculate specificity). A negative result
in a highly specific test is by no means definitive for ruling out a disease in a
particular individual. These ideas reflect the common error of believing that
a positive result in a highly sensitive test indicates the presence of a disease
or condition, and that a negative result in a highly specific test indicates the
absence of the disease or condition.

Despite this, both concepts of sensitivity and specificity can be very use-
ful if the values are high. There is an inverse relationship between true posi-
tives and false negatives such that a test with very high sensitivity indicates a
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test with many true positives and very few false negatives. Thisis why, in a test
with high sensitivity, if it gives a negative result, itis very rare that the patient
has the disease or condition. In other words, when a test with high sensitivity
gives a negative result, it allows one to rule out with a considerable degree of
certainty that the individual has the disease. This has led to the mnemonic
rule SNOUT (Sensitivity, Negative, OUT-; note that the N in SNOUT refers to
both sensibility and negative). Similarly, in the case of specificity, there is an
inverse relationship between true negatives and false positives such that a

Table I. Contingency table obtained from Tardaliga-Garcia
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Histopathology analysis

(Gold standard)
YES NO
Bk
Microbiology culture
(Screening test) o 14 2
FN TN

SENSITIVITY =TP / (TP+FN) =33 / (33 + 14) = 0.70
SPECIFICITY =TN / (TN+FP)=2 /(2 +3)=0.40
POSITIVE PREDICTIVE VALUE =TP / (TP+FP) =33 /(33 +3)=0.92

NEGATIVE PREDICTIVE VALUE=TN / (TN+FN)=2/(2+14)=0.13
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Table Il. Hypothetical contingency table with a 60 %

Prevalence (n =52).

Histopathology analysis

(Gold standard)
YES NO
w B
Microbiology culture
(Screening test) o 9 9
FN TN

SENSITIVITY =TP /(TP +FN)=21/(21+9)=0.70
SPECIFICITY=TN /(TN+FP)=9/(9+13)=0.40
POSITIVE PREDICTIVE VALUE=TP / (TP + FP) =21 /(21 + 13)=0.62

NEGATIVE PREDICTIVE VALUE=TN / (TN +FN)=9 /(9 +9) =0.50

test with very high specificity indicates a test with many true negatives and
very few false positives. Individuals who have tested positive in a highly spe-
cific test are very likely to have the disease or condition. In other words, when
atest with high specificity gives a positive result, it allows one to ensure with a
significant degree of confidence that the individual has the disease. Thisidea
has led to the mnemonic rule SPIN (Specificity, Positive, IN-; note that the P
in SPIN refers to both specificity and positive).

These mnemonics, SNOUT & SPIN, are a counterintuitive application of
the concepts of sensitivity and specificity that only work when both values are
high. Ascreening test with high sensitivity is not necessarily useful for finding
patients. In fact, itis especially useful when the test result is negative because
it provides strong evidence indicating the absence of disease. Similarly, a test
with very high specificity is not useful for ruling out a disease when it is not
present. In fact, it is especially useful when the result is positive for deciding
that the patient most likely has the disease.

The second idea of this letter refers to how positive predictive values
(PPV) and negative predictive values (NPV) are conditioned by the preva-
lence of the disease in the sample studied. Sensitivity is calculated using
only the cases with disease, and specificity using only the cases without dis-
ease according to the reference test. Both are characteristics of the study
test, and prevalence does not affect their results. However, the calculation
of PPV and NPV includes individuals with and without the disease, so their
calculation is affected by the prevalence of the disease in the sample. Tar-
ddaguila-Garcia et al. conducted a study in 2021 to compare the diagnostic
accuracy of microbiological culture (screening test) with histopathological
analysis (Gold standard) in diabetic patients with suspected osteomyelitis.
Table | presents a 2 x 2 table showing the results obtained by the authors.
Each case is assigned to one of the four boxes of the table according to its
resultin the microbiological culture (positive or negative) and its result in the
histopathological analysis (positive or negative):

The prevalence of the disease in this sample used by the authors is very
high. According to the reference test (histopathological analysis), 47 of the
52 cases had osteomyelitis in the analyzed sample (90.4 % prevalence). Now
let’s imagine that the results had been obtained with a sample in which the
prevalence of the disease was lower, for example around 60%, and calculate
the statistics based on this new hypothetical prevalence. Table Il shows hypo-
thetical results of the Tardaguila-Garcia et al. study in which the cases have
been modified to decrease the disease prevalence to 30 cases with osteomy-
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elitis (exactly 57.7% of prevalence) while maintaining the sensitivity (0.70)
and specificity (0.40) values of the study.

In Table Il, PPV and NPV change significantly compared to the authors’
original study. PPV drops from 0.92 down to 0.62, while NPV goes up from
0.13 up to 0.50. For aclinician, the important point of studies evaluating the
efficacy of diagnostic tests is whether patients who have tested positive (or
negative) can be diagnosed with the disease. In the original study, 92 % of
patients with a positive culture had osteomyelitis. In the hypothetical exam-
ple, this percentage was only 62 %. Of those who had a negative test in the
original study, only 13 % did not have the disease (87 % had osteomyelitis
despite having a negative result), while in the invented example, this percent-
age was 50 %. These data illustrate the fact that the ability of a test to make a
specific diagnosis based on its results depends on the discriminatory value of
the testand the prevalence of the disease in the sample studied. If the disease
prevalence is very high in the sample (more than in the normal population),
the PPV tends to be overestimated, and the NPV tends to be underestimated,
and vice versa in the opposite case.

As a final point, in studies of the efficacy of diagnostic tests, the test to
be studied is compared with what is thought to be the definitive indicator,
commonly referred to as the gold standard. The words “gold standard” sug-
gest that this test provides presumably indisputable evidence of whether the
disease exists or not. However, there may be doubts about the validity of
the so-called gold standards, actually in the case of histopathological study
in the diagnosis of OM, there are some?2. This is why these tests have begun
to be referred to less enthusiastically as “reference standards”. In this and the
previous letter, we have used the term gold standard, although the correct
denomination for the reasons stated is currently “reference standard”.

* Sensitivity and specificity often tend to be confused in their interpretation
when analyzing the result of a test in a specific patient.

* Anegative resultin a test with high sensitivity is strong evidence to
exclude the disease (SNOUT). A positive result in a test with high
specificity is strong evidence to diagnose the disease (SPIN).

« Sensitivity and specificity are characteristics of the study test and their
results are not affected by prevalence. However, the calculation of PPN
and NPV includes individuals with and without the disease, so their
calculation is affected by the prevalence of the disease in the sample
studied.
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