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Studies of accuracy are oftenmore complex to understand than clinical trials, since there can bemore than one out-
come and scope (screening, diagnosis, and prognosis) and because results have to be reported in more than one
way, than in clinical trials (relative risk or odds ratio). Sensitivity and specificity are common terms for practitioners,
but to remember that sensitivity is the “ratio between true positive rate and true positive rate plus false negative
rate” may sometime cause some frustration. Moreover, likelihood ratio, predictive values, diagnostic odds ratio,
and pre- and post-test probability complicate the framework. To summarize these indexes from multiple studies
can be also a little more difficult. However, understanding diagnostic test accuracy from different study results
and how to interpret systematic reviews andmeta‐analysis can help every practitioner improve critical appraisal
of evidence about the best use of diagnostic tests. Avoiding complicated mathematical formulas, this paper at-
tempts to explain the meaning of the most important diagnostic indexes and how to read a Forest plot and a
summary Receiver Operative Characteristic curve.

© 2012 Elsevier B.V. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
2. Evaluating the effectiveness of a diagnostic test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

2.1. Differences between clinical effectiveness and diagnostic efficacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
2.2. Indexes of diagnostic efficacy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

2.2.1. Sensitivity and specificity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
2.2.2. Positive and negative predictive values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
2.2.3. ROC curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
2.2.4. Positive and negative likelihood ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
2.2.5. Diagnostic odds ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

3. Confidence intervals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
4. Systematic review and meta-analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

4.1. Meta-analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
4.2. Summary Receiver Operative Characteristic curve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94

5. Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
Take-home messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

1. Introduction

“Do the right thing”. In a nutshell, this is what the Evidence‐Based
Medicine (EBM)movement would like to teach; that is: “At every oppor-
tunity, use themost accurate diagnostic test, themost effective treatment,
for the right patient, at the right time and without wasting resources”.

The EBMmovement was officially launched in 1992 in the Journal of
the AmericanMedical Association [1] (actually, the definition was used
for the first time in an editorial of the American College of Pathologists
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Club Journal by Guyatt, in 1991 [2]) and the statement said: “Use of
strongest available data to make informed, unbiased decisions about
the diagnosis and treatment of patients”. Deriving from the works of
Archibald Cochrane, the main aim of EBM was to demonstrate the effi-
cacy of health treatment, since there cannot be efficiencywithout effec-
tiveness [3]. The quality improvement of primary clinical studies and a
critical appraisal of the available evidence became the goal for EBM
researchers.

Today, after 20 years, the EBM movement is more oriented to the
clinical practice, to apply the principles in operational contexts of
health, integrating the best evidence with the practitioners' experience
and patients' expectations. While finding and appraisal of evidence are
matters of study for methodologists and researchers working for sys-
tematic reviews, for most clinicians the challenge is to apply the best
evidence for decision-making. However, an EBM process and some
tools are needed also for good decision-making. The application of
EBM to daily practice comprises five steps, referred to as the EBM A-5
cycle: Ask — structure the question that states the problem; Acquire —

find the evidence; Appraise — determine whether the evidence is reli-
able and usable (since critical appraisal is the use of explicit, transparent
methods to assess the data in published research, applying the rules of
evidence to factors suchas internal validity, adherence to reporting stan-
dards, conclusions and generalizability); Apply— take the evidence and
apply it to your problem; Audit — assess the process you have used for
effectiveness.

Systematic reviews remain the best publications giving complete
summaries of all the available evidence, pooled and weighted. This type
of publication responds to a defined question, reviews all the literature
on the topic and summarizes the evidence using meta-analysis statistics
to sum up the results. Although results of systematic reviews are usually
explained and commented upon, understanding meta-analyses is a re-
quired skill for the practitioner so that he can make his own appraisal
and make his own decisions for the care of his patients. More skills are
needed to understand and evaluate studies of diagnostic accuracy than
of clinical trials, because the statistics are more numerous and pooling
statistics are more complex.

The aim of this paper is to present a review of the major indexes of
accuracy and then to consider the opportunities and issues related to
the synthesis of evidence of diagnostic accuracy.

2. Evaluating the effectiveness of a diagnostic test

2.1. Differences between clinical effectiveness and diagnostic efficacy

Beginning with available evidence, it is easier to evaluate the effec-
tiveness of a given treatment than to evaluate a diagnostic test for accu-
racy. Two reasons can be suggested. Firstly, there are few randomized
controlled trials (RCTs) on the diagnostic accuracy, due to less economic
interest and less “culture” in comparingdifferent tests for the samediag-
nosis Secondly, the outcomes of a diagnostic test are not well defined
but they depend on the actions arising from and following the diagnosis
or lack thereof. Patient outcome rarely depends only on the efficacy of
the diagnostic test; the action that follows the diagnosis is critical to
the outcome (Fig. 1).

But even if we evaluate the efficacy of the test based only on dis-
criminative diagnostic ability, the evaluation shows important differ-
ences compared to studies of therapeutic efficiency.

Randomized control studies provide the strongest evidence for
(relative) efficacy of treatment. In such studies, and generally in all
the evaluation studies of medical and surgical therapy, a single measure
of effectiveness is assessed: the Relative Risk (RR), or alternatively and
more commonly, the Odds Ratio (OR). To calculate these indexes, we
evaluate the presence of the desired (or adverse) outcome in the two
arms of the study, where in the first it is applied to the treatment under
study, and in the other, to placebo, current therapy or no treatment.

The percentage of outcomes in the treated subjects defines the Ex-
perimental Event Rate (EER); the percentage in the controls, defines
the Control Event Rate (CER). The ratio of EER and CER is the RR.

The OR of a treatment is the ratio of the frequency of the outcome
in the treated group and the frequency of the same event in the con-
trol group (Table 1). One single index, derived from many different
studies, can be easily summarized in the Forest plot of meta‐analysis.

In studies of diagnostic test accuracy (DTA) there are at least two,
but frequently more than two, efficacy indexes: sensitivity (Se) and
specificity (Sp), but also positive predictive value (PV+) and negative
predictive value (PV−), positive and negative likelihood ratio (LR), di-
agnostic odds ratio (DOR), Receiver Operating Characteristic (ROC)
curve. It can be a little more difficult to summarize these indexes; to
do so, we first have to understand the meaning and the power of
each index.

2.2. Indexes of diagnostic efficacy

2.2.1. Sensitivity and specificity
Every doctor has encountered Se and Sp many times during his

working life, and sometimes everyone experiences frustration trying
to remember the definitions: that Se=TP/TP+FN, where TP is the
number of true positives and FN is the number of false negatives;
and similarly, that Sp=TN/TN+FP, where TN is the number of true
negatives and FP is the number of false positives.

Se and Sp were firstly used as indexes of the accuracy of a diagnostic
test in 1947 [4]. Se is the ability to recognize the “positive”, the ill, while
Sp is the ability to recognize the “negative”, the healthy people. If the
population of healthy people and ill people were completely separated
with respect to the concentration of a biomarker or a test, a correct de-
cision level might be able to divide the healthy from the diseased. In re-
ality, as shown in Fig. 2, the distribution of values in healthy and in ill
people frequently overlaps. Any chosen cutoff level will cause a number
of false positive and/or false negative results. In the example given in
Fig. 2, among 100 healthy people, the chosen cutoff correctly classifies
93 people (TN), while seven are classified as positive (FP); this is the
Sp of the test at this cutoff. The ability to recognize the negative in this
case is 93/100=0.93. The same cutoff correctly classifies 97 people
with the disease (TP), while 3 are misclassified (FN). This is the Se of
the test at this cutoff. The ability to recognize the positive in this case
is 97/100=0.97. The dashed squares represent the area of calcula-
tion: Sp is calculated in the healthy people, which are expected to be

Diagnostic Efficacy Clinical effectiveness

Accuracy Efficacy Evidences

Disease? Diagnosis
Known
disease Treatment

Positive 
outcome

Fig. 1. Interaction between diagnosis and treatment to determine the outcome.

Table 1
A simple way to calculate the relative risk and the odds ratio.

Outcome present Outcome absent

Diseased patients A B
Control patients C D

Relative risk: RR=EER/CER.
Odds ratio: OR=(A/B)/(C/D).
Experimental Event Rate (EER)=A/(A+B).
Control Event Rate (CER)=C/(C+D).
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