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Diagnostic tests have intrinsic characteristics such as sensitivity, specificity, overall accuracy and likelihood ratios which define their
operational performance. Itis not uncommon to find in the literature that test value and clinical utility are defined based exclusively
on those characteristics. This paper introduces several arguments aimed at prompting a reflection regarding the characteristics that
define the true value of diagnostic tests in clinical practice. It concludes with the view that the value of each diagnostic test needs to
be established in accordance with the circumstances in which itis used, taking into account extrinsic characteristics such asin whom
itis used, when, where and by who.
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Las pruebas diagndsticas tienen caracteristicas intrinsecas, como la sensibilidad, especificidad, exactitud global y las razones de vero-
similitud, que definen su desempefio operacional. No es infrecuente encontrar en la literatura que se valore la prueba y se defina su
utilidad clinica exclusivamente de acuerdo con estas caracteristicas. En este documento se presentan varios argumentos que permiten
reflexionar sobre las caracteristicas que verdaderamente definen el valor de las pruebas diagndsticas en la practica clinica. Se concluye
con una perspectiva en la que el valor de cada prueba diagnéstica se establece de acuerdo con las circunstancias de uso de la misma: de
quién, cudndo, déndey en quién se use |a prueba, y todas estas son caracteristicas extrinsecas de una prueba diagndstica.
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INTRODUCTION

A diagnostic test is any means capable of
modifying the diagnostic probability of a
condition. Specifically in clinical practice,
diagnostic tests are approaches used to
identify a patient’s disease with high
accuracy in order to provide early and
adequate treatment (1).

Tests can be used for several purposes,
including detection, risk assessment,
diagnosis, prognostic characterization,
staging, monitoring or surveillance (1). On
the other hand, as part of the diagnostic
process, a test can be introduced as: 1.
Replacement (i.e., tests associated with
a lower burden, invasiveness, cost, or
superior accuracy); 2. Triage (i.e., tests
that define continuation of a diagnostic
process and, therefore, minimize the use
of an invasive or costly test); 3. Addition
(i.e., to improve accuracy within the
existing diagnostic process); or 4. Parallel
or combined tests (widely used in clinical
practice, these are tests for the same or
different health conditions which allow to
rule out differential diagnosis within the
syndromic approach) (2).

It is not uncommon to find in the
literature that a diagnostic test is rated as
excellent whenitis accurate (the measured
value is as close as possible to the actual
value) and precise (the measured value is
repeatable and reproducible) (1,3,4). Also,
a diagnostic test may be considered to be
“ideal,” “the perfect test” or “suitable” when
it correctly identifies the subjects with
and without the disease condition with
100% accuracy (5,6). Although accuracy
and precision are the minimum required
characteristics to rate a diagnostic test as
ideal, they are not enough to define the
test’s value and utility. Besides, a test’s
true value does not depend only on its
intrinsic operational characteristics such as
sensitivity, specificity, positive and negative
predictive values or overall accuracy, but
on how much the test can be used in a
specific context and to what extent it helps

the user in terms of the clinical decision
and the ability to provide adequate and
timely treatment that results in benefit for
the patient, that is to say, how useful the
test is. Moreover, there are also extrinsic
peculiarities such as in whom the test is
performed, when, where and by who (7,8).

This paper aims to present evidence-
based arguments as to why the intrinsic
which
characterize the technical validity of the

operational characteristics
test, including its sensitivity, specificity and
diagnosticaccuracy, among others, are only
the starting point to assess the value of a
diagnostic test. In practice, extrinsic factors
that characterize the clinical context where
thetestisapplied determineits operational
performance. Consequently, they need to
be considered in order to guide decisions
regarding its use and in order to define its
true value or utility.

The discussion that follows covers:
1. The role played by the test’s intrinsic
characteristics in the diagnostic process; 2.
The role played by the certainty of the test’s
intrinsic characteristics in the diagnostic
process; 3. The variability of the test’s
operational performance as a function of
the user and the setting in which it is used;
and 4. Other factors influencing the use of
the tests and which are involved in defining
theirvalue.

Role played by the intrinsic
characteristics of diagnostic tests

The term intrinsic comes from the Latin
intrinsécus and is used to qualify that which
belongs to something (9). In the setting of
diagnostic tests, intrinsic characteristics
are those that define their diagnostic
“performance,” that is to say, their ability to
correctly classify individuals with orwithout
the condition of interest. These include,
primarily, standard measurements such as
sensitivity (Sen), specificity (Sp), positive
and negative predictive values (PPV and
NPV), overall accuracy (OA), positive and
negative likelihood ratios (LR+ and LR-),
diagnostic odds ratio (diagnostic OR), and
Youden index (J). Other less well known
measures have also been proposed as a
summary of test “yield” (test performance
in specific clinical scenarios), such as the
number needed to diagnose (NND), the
number needed to misdiagnose (NNM),
and even an index to measure the clinical
utility of a positive or negative result based
on the corresponding predictive values and
the sensitivity and specificity, respectively,
with thresholds which define the degree
to which a test is “useful” in clinical practice

(Table1) (1,10-12).
No matter how elaborate the
measurements may appear, assessing

a test’s utility based only on its basic
operational characteristics without taking

Table1. Description of the use of the Clinical Utility index according to A. Mitchell.

Clinical utility index (CUI)

CUl>0.81
0.64<CUl<0.81
0.49<CUl<0.64
0.36<CUl<0.49

CUl<o0.36

Source: Authors, from (11).

Utility interpretation

Excellent
Good
Fair
Little

Very little
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into account the context and how its results
are actually interpreted and applied may be
arbitrary and inadequate. For example, how
much value do tests with higher sensitivity,
specificity or accuracy add to the clinical
decision?or To what extentare tests with an
excellent “utility” index really useful?

Let us take the HIV self-test as an
example. This test has a 100% sensitivity
— 100% of the people with HIV infection
test positive—and a specificity of 99.8% —
99.8% without HIV infection test negative.
Moreover, this is a highly reliable test and
a study which examined the feasibility of
use by non-professionals showed that more
than 99.2% of the participants obtained an
interpretable result and more than 98.1%
interpreted the result correctly. Positive
results were interpreted correctly in 100%
of cases (13).

Despite being a test that would have
a CUI that classifies it as an excellent
diagnostic test in a context of high
prevalence of infection - and, therefore,
a high PPV - it does not provide a
definitive diagnosis and, according to the
management guidelines, a confirmatory
test is required in all positive cases
(14). A false positive result would have
implications in terms of initiation of anti-
retroviral therapy, the impact on the
mental health of the individual, and other
social consequences, requiring the use of a
second test in order to obtain a definitive
diagnosis, thus giving the self-test a
screening role.

The role of this test is not defined
merely on the basis of its operational
characteristics: it works, it is accurate
and reliable, but insufficient as a single
diagnostic tool, given that any judgement
of its performance requires looking into
the consequences of misdiagnosis, even
if it is unlikely. On the other hand, the
self-administered test offers benefits in
terms of access to diagnosis and timely
care because, should it be positive, it
prompts the individual to seek medical
care and benefit from treatment once a
laboratory test confirms the result. When
anti-retroviral treatment is initiated early
on, the life expectancy of individuals with

HIV can be similar to that of the general
population.

In another example, the American
Pregnancy Association (APA) recommends
the use of home pregnancy tests, stating
that their accuracy ranges between 97%
and 99% when done correctly, and that
they are a rapid, low-cost alternative that
guarantees the user’s privacy. Despite their
high diagnostic accuracy, these tests are
not sufficient when it comes to confirming
or ruling out pregnancy, and the reason is
simple: a false positive or a false negative
result has huge effects. For example, a
false negative result would delay timely
enrollment in prenatal care programs,
with its implications for maternal and
fetal health. Therefore, although a home
pregnancy test has an excellent utility
index, high diagnostic accuracy, and
sensitivity and specificity values greater
than 95%, it would no qualify as a test for
definitive diagnosis.

In 2014, Josephson et al. published a
meta analysis describing the combined
estimated sensitivity and specificity for
CT angiography (CTA) as well as for MR
angiography (MRA) in the detection of
vascular malformations in patients with
intracranial bleeding (15). In CTA studies,
the combined estimate for sensitivity was
95% (95% confidence interval [CI]: 90 to
97%) and 99% for specificity (95% Cl: 95
to 100%). In MRA studies, the combined
estimate for sensitivity was 98% (95% Cl:
80 to 100%) and 99% for specificity (95%
Cl: 97 t0 100%). The answer to the question
on which of the two tests to use in order
to make a surgical decision for a patient
with intracranial bleeding can be as simple
as “use whichever is available or is less
expensive, or is preferred by the clinician,
because they are both highly accurate and
have an excellent clinical utility index.
However, other considerations might tilt
the balance towards CTA over MRA, at
least according to the data derived from
this study. These include the consequences
of the decision in terms of the frequency
of false negative results when using MRA
(Sen 95% Cl: 80 to 100%). Even clinical

characteristics and patient history, such
as trauma or other comorbidities, may tilt
the balance, indicating again that a set
of conditions that are external to the test
determine its use and clinical utility.

It has been believed that the more
stable the intrinsic characteristics in
relation to the prevalence of the condition
of diagnostic interest (16), the better the
test is for clinical decision making, hence
the positioning of high sensitivity and
specificity as desirable characteristics in
a test. In truth, however, a sensitive or
specific test selected in accordance with its
objective, does not solve the issues faced by
its users and, contrary to held belief, tests
can offer different degrees of information
depending on the prevalence of the
condition among the population in which
they are used (17-22).

The same is true for other intrinsic
characteristics of diagnostic tests, as is the
case with positive and negative likelihood
ratios. For example, liver and biliary
ultrasound is considered the gold standard
for acute cholecystitis, partly due to the
excellent operational characteristics of the
test. In emergency care, the positive and
negative likelihood ratios of the ultrasound
finding of free fluid surrounding the gall
bladder are 10.7 and 0.8, respectively (23);
however, the post-test probability realized
with its positive result in a patient with
acute abdominal pain is only 20%, and
remains unchanged (~ 2%) when its result
is negative (2% retest likelihood, based
on the 5-10% prevalence of cholelithiasis
in the general population, and only 20%
of patients with cholelithiasis develop
cholecystitis) (24,25).  Its true value
is observed in settings with pretest
probability greater than 10%, that is to say,
in clinical populations selected on the basis
of other diagnostic tests and the review of
clinical signs. Therefore, itis flawed to think
that liver and biliary ultrasound has an
excellent clinical utility overall, because its
utility depends on the situation in which it
isapplied, i.e., itis context-dependent.

Given the above, although the intrinsic
characteristics of the tests are necessary,
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they are not sufficient to determine their
value. High sensitivity or specificity or
accuracy alone do not determine the test’s
value for clinical decision-making, as
there are other context or setting-related
characteristics that define it.

The role of certainty regarding
the intrinsic characteristics of the
diagnostic test

Performance measurements of diagnostic
tests are estimated with a certain degree
of uncertainty. The determination of a
test’s intrinsic characteristics requires
a comparator with  unsurpassable
operational characteristics in the context
in which it is applied and for the condition
of interest, such comparator being the
gold standard. The gold standard can be
defined as the best available method
to determine the presence or absence
of the condition of interest (26); its
characteristics are not solely operational
considering that its use is the result of a
process of consensus, proof of additional
benefit, and acceptance (2).

Although the importance of having
a reference test with the characteristics
of a gold standard is recognized, in daily
practice, verifying true diagnoses, that is to
say, confirming that the subjects actually
have the condition of interest using the gold
standard, may not be very feasible, either
because of risk to the patient, the cost in
terms of human and institutional resources,
low practicality, or ethical conflicts derived
from its use. In other situations, such as
some psychiatric diseases — including
anxiety, depression(27) or schizophrenia
(28,29)— the gold standard is not even
available. Although the lack of a perfect
gold standard is frequent in research
practice, there is no consensus regarding
the best option to avoid introducing biases
when comparing the new test against the
gold standard and assessing its intrinsic
characteristics (30).

The term reference standard or
criterion is preferred in the absence of a

gold standard. The difference is that these
two are strategies or tests consistent with
the best current and accepted approach for
diagnosis and which allow comparison with
the test of interest to be assessed, even if
their performance is not perfect. In other
cases, even if the gold standard is available,
there are ethical or feasibility risks that
limit its use — e.g. brain biopsy as the gold
standard for the diagnosis of Alzheimer’s
disease — and therefore, another test
with lower operational performance is
preferred as the reference standard (31).
Consequently, uncertainty is made evident
to the extent to which the characteristics
of the study test are determined against a
reference standard which is considered the
best available option but not necessarily
the test with the best operational
performance. This might mean that
the new test may actually have better
operational characteristics for diagnosis
than the reference standard, even if it is
still less good when compared to the gold
standard. For example, biomarkers have
been recently proposed for prostate cancer
as more accurate substitutes for prostate
specific antigen, even though biopsy is the
gold standard (32).

Other methodological considerations of
studies designed to determine the intrinsic
characteristics of diagnostic tests can also
affect the certainty of those measurements
(33). The first step in assessing the value
of a medical test before undertaking
comparative impact studies is accuracy
assessment (34). Thisassessmentis done by
means of cross-sectional studies nested in
longitudinal designs such as cohort studies,
clinical trials or case-control studies (34),
the former having the advantage of a lower
risk of artificial increase in accuracy as a
result of biased prevalence values (30).
However, design type is not the sole source
of concernin relation to diagnostic accuracy
studies; other recognized sources of
uncertainty of the obtained results include
the risk of selection bias, the application
and interpretation of the study test (index
test), and the reference pattern, among

others (33,35,36).

Therefore, understanding the value of a test
also requires understanding the degree of
uncertainty surrounding measurements
of its ability to discriminate and of its
reliability, as well as the possibility of
measurements being biased or under/
overestimating actual accuracy.

Behavior of intrinsic characteristics
depending on the test setting and user

Test reliability refers to the variation
between test measurements of a unit
of analysis, which is explained by
measurement error (37) due either
to repeatability or reproducibility. In
measurement theory, repeatability refers
to variation in measurements performed
at different time points of the same unit
of analysis in identical conditions which,
should it occur, is attributable to errors in the
measurement process. To determine whether
repeatability exists, measurements must
be made using the same tool or method,
the same observer or reviewer, and in a time
period during which no variation is expected
to occur in the record of interest (37).

Ontheotherhand, reproducibility refers
to variation in measurements performed
on a unit of analysis in conditions which
are not identical, either because changes
are expected to occur in the measured unit
of analysis or because of the use of varying
methods, tools or observers (37).

A diagnostic test can have excellent
intrinsic characteristics, including good
reproducibility and repeatability, but
its true utility will depend on how it is
used. For example, serologic tests detect
antibodies or immunoglobulins produced
as an immune response to infection
in humans. When immunoglobulin M
(IgM) antibodies are present, they may
indicate active or recent infection, while
immunoglobulin G (IgGC) antibodies appear
later in the infection process and often
indicate past infection but do not rule out
recent infection (38).

Serologic tests can play an important
role in early infection detection. These
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tests are easy to operate and provide fast
antibody screening in 10-15 minutes.
Moreover, due to their low cost and fast and
easy processing, they are used as detection
tools for the general population (39).

Antibody tests have been developed
to detect not only IgG, but also IgM
and total antibodies for the detection
of SARS-CoV-2 infection; however, the
operational characteristics of these tests
vary significantly depending on the clinical
stage in which they are applied, as well
as the characteristics of the individual
patients. Antibody tests carried out one
week after the initial symptoms detect only
30% of people with COVID-19, with this
figureincreasing to 70% in the second week
and to more than 90% in the third week
(40). On the other hand, in asymptomatic
patients, the combined sensitivity for
IgM is 28.6% (95% Cl: 23.8-33.7%). In
symptomatic patients tested 8-11 days
or less since the onset of symptoms, the
combined sensitivity for IgM is 33% (95%
Cl: 23-43%), and in symptomatic patients
after more than 11 days since the onset of
symptoms, sensitivity for IgM is 66% (95%
Cl: 61-70%) (39).

As observed in the example, the
test’s sensitivity varies according to the
characteristics of the subject (symptomatic
or asymptomatic) and the time elapsed
since exposure or onset of symptoms.
Again, it is clear that the test’s intrinsic
characteristics cannot define its utility in
absolute terms. For this particular case,
its performance varies according to the
time point along the course of the disease
at which it is used, highlighting the need
to know when to use a diagnostic test,
recognize its role in the diagnostic process,
and understand how it works and why it
is used. This undoubtedly means that the
user of the test needs to have a certain
minimum experience.

Other implications of
the use of diagnostic tests

Thinking about implications brings us
back to the test’s extrinsic characteristics.

Although some progress has been made
by way of considering the consequences
derived from using false negative or false
positive results, such as treating more or
not treating the patient, the implications
regarding the use of the test require
reflections that go beyond what is derived
from the intrinsic characteristics, to include
considerations of the financial and human
resources needed to apply the test. It also
requires reflecting on the risk-benefit of the
results from asocial and ethical perspective.

Such is the relevance of these
considerations that, in some settings, the
test with the greatest value is not the most
accurate but the one that is available to
allow timely decision-making that can help
change the clinical course of a patients
when there are no other options available.
Such test could even be as simple as a
clear, well directed and semiologically rich
clinical history.

In conditions of very limited resources
or staff with insufficient training, very
accurate tests which are difficult to
implement or interpret can be of little use
or value, while tests with good but lower
accuracy which are low-cost, fast, easy to
implement and interpret with minimum
training can be of great usefulness and
value for a population.

On the other hand, it might not be
ethical to diagnose patients with conditions
for which it is not possible to carry out an
intervention to cure or modify the clinical
course. Conducting a test in such a situation
can potentially infringe any of the four
ethical principles, namely, beneficence,
non-maleficence, justice and autonomy.
Genetic tests in Alzheimer’s disease (AD)
are examples of diagnostic tests whose
excellent intrinsic characteristics (100%
sensitivity and 98.9% specificity) (41) can
be at odds with their utility and value when
factoring in extrinsic factors.

Late onset Alzheimer’s disease is the
most common form of this condition and is
generally sporadic. However, some alleles
that increase the risk of AD have been
identified. APOE €4 is a well established
risk factor for AD and is associated with a

four-fold increase in the risk of developing
the disease (42,43). Although genetic
tests can readily identify the presence or
absence of these susceptibility genes, this
is of little clinical or diagnostic benefit
because of the lack of a risk modifying
treatment. Moreover, the diagnostic
uncertainty remains given that a patient
may be a carrier of the APOE 4 allele and
not develop AD, or develop the disease
in the absence of the APOE g4 allele (42).
Consequently, what clinical utility could the
test have if no early or adequate treatment
can be offered? Furthermore, knowledge
of the carrier status could impose a huge
emotional burden given the uncertainty
and the currentinability to provide effective
interventions.

Another example in which the utility
of the test is defined by its extrinsic
characteristics, despite excellent intrinsic
characteristics, is the COVID-19 diagnosis.
The gold standard for diagnosis is RT-PCR
(reverse transcription polymerase chain
reaction) with a sensitivity of 85.7% (95%
Cl: 81.5-89.1%) in hospitalized patients,
95.5% (95% Cl: 92.2-97.5%) in outpatients,
and 89.9% (95% Cl: 88.2-92.1%) in all
patients (44). However, test availability in
some regions is low and turnaround time is
long; moreover, flaws at the time of taking
the sample or problems with transport and
processing, as well as cost, mean that it is
not a test with the highest clinical utility. In
contrast, rapid antigen tests (Ag-RDT) with
a sensitivity of 84 to 97% and specificity of
97 to 100% compared to RT-PCR (45), are
done very quickly and are easier to use and
interpret. The turnaround time for Ag-RDT
tests is less than 30 minutes, contributing
to diagnosis, tracking and study of contacts,
thus slowing SARS-CoV-2 transmission in a
community (46).

CONCLUSIONS

Based on the arguments presented in this
document, it is possible to conclude that,
in both clinical practice as well as in public
health, the utility and value of a test are
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not defined exclusively by its intrinsic
characteristics. The value of each diagnostic
test is determined in accordance with the
circumstances in which it is used: who,
when, where and in whom, all of which
are extrinsic characteristics. Therefore,
a reflective and systematic exercise is
needed in order to make decisions about
the use or introduction of a test based not
only on its intrinsic characteristics and
certainty of its performance, butalso and in
particular, based on the circumstances that
prompt its use and the context in which
it is used. This includes retest likelihood,
the consequences of missing a diagnosis
or overdiagnosing, the risks associated
with the use of the test, the feasibility of
its correct application, its acceptability
and interpretability, availability, costs,
and other resources, and the ethical
consequences of its use. In conclusion, it
is the view of the authors of this article
that there is no ideal or better diagnostic
test for a given condition but only tests
that add value to the clinical decision
depending on each setting and context in
which they are used.
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