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SIMPLE STATISTICS IN DIAGNOSTIC TESTS
JEDNOSTAVNA STATISTIKA U DIJAGNOSTICKIM TESTOVIMA
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Summary: Diagnostic performance of a laboratory test is
one of the key elements in decision making on diagnosis,
screening, monitoring, risk assessment and prognosis of di-
seases. Sensitivity, specificity, likelihood ratios, diagnostic
odds ratios and receiver operating characteristic curves are
the measures of diagnostic accuracy of a test. The pretest
probability of a disease or a target condition can be enhan-
ced by the use of these measures, and hence the decision is
made with the posttest probability. These measures are also
used for analysis and critical appraisal of literature for finding
the best evidence in the five-step model of evidence-based
medicine approach, as well as for integrating the research
results into clinical usage. In this context, the specialists in
laboratory medicine should assess the diagnostic perform-
ance of a laboratory test as well as its analytical performance
in order to take part in the management of health care servi-
ces and health care resources. The aim of this review is to
summarize the simple Statistics in diagnostic tests.

Keywords: simple statistics, diagnostic accuracy measu-
res, diagnostic tests

Introduction

The diagnostic accuracy of a test is one of the
factors which are taken into account in the decision
making for a disease. The clinicians should estimate
the pretest probability before ordering a test. The prior
/pretest probability may simply be the prevalence of
a particular disease in the patient population. After
studying the history and the physical examination, the
prevalence is adjusted, and we get the prior or pre-
test probability.

Which test can be ordered for revising the pro-
bability of a disease is decided according to the know-
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Kratak sadrzaj: Dijagnosti¢ke performanse laboratorijskog
testa jedan su od klju¢nih elemenata u procesu odlucivanja o
dijagnozi, skriningu, pracenju, proceni rizika i prognozi bole-
sti. Mere dijagnosticke ta¢nosti jednog testa su osetljivost,
specifi¢nost, odnosi verovatnoce, odnosi dijagnosti¢kih $ansi
i »ROC« krive. Verovatnoda bolesti ili medicinskog stanja pre
testa moze se uz upotrebu ovih metoda bolje proceniti, tako
da se odluka donosi prema proceni verovatnoce posle testa.
Te mere takode se koriste za analizu i kriticko razmatranije li-
terature u cilju pronalazenja najboljih dokaza u okviru mode-
la iz oblasti medicine zasnovane na dokazima koji sadrzi pet
koraka, kao i za ukljucivanje rezultata istrazivanja u klini¢ku
upotrebu. Shodno tome, specijalisti laboratorijske medicine
treba da procene dijagnosti¢ke performanse kako bi ucestvo-
vali u upravljanju sluzbama javnog zdravstva i resursima
zdravstvene nege. Cilj ovog pregleda je da ukratko izloZi pri-
menu jednostavnih statistickih metoda u proceni dijagnos-
tickih testova.

Kljucne reci: jednostavna statistika, mere dijagnosticke ta-
¢nosti, dijagnosticki testovi

ledge of the diagnostic accuracy or effectiveness, risk
and cost-effectiveness of the test.

In this review, the statistical method to deter-
mine the diagnostic accuracy of a test including some
concepts and calculations of measures of diagnostic
accuracy, such as sensitivity, specificity, likelihood ra-
tios, diagnostic odds ratios, and receiver operating
characteristics curves, have been summarized.

Measures of Diagnostic Accuracy

The third step in the five-step model of the
Evidence-Based Medicine (EBM) approach (7. Ask an
answerable clinical question, 2. Search the literature,
3. Analyze and critically appraise the literature for the
best evidence, 4. Make a decision by integrating the
evidence with the clinical expertise and the patient’s
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value, 5. evaluate the performance), is »critically app-
raising the evidence for its validity and relevance«. The
evidence is appraised according to the type of ques-
tion created (aetiology, diagnosis, prognosis, therapy,
cost-effectiveness, and quality of life) in the first step.
If the question is how to diagnose a disease, the arti-
cles on the diagnostic accuracy studies will be sear-
ched for and critically appraised (1-4).

Appraising can be made by asking three questi-
ons: 1) Is the study valid? 2) Are the results important?
3) Can the results be applied in the patient care? (2).

The second and third questions can be answe-
red by evaluation of the diagnostic performance of
the test.

The diagnostic performance of a test can be
evaluated in several ways by using the measures of
diagnostic accuracy. The measures of diagnostic accu-
racy are sensitivity and specificity, likelihood ratios,
diagnostic odds ratio and receiver operating charac-
teristic (ROC) curves.

Sensitivity and specificity values of a test are used
in the calculations (LR’s, DOR) and construction (ROC
Curve).

Sensitivity and Specificity

Sensitivity (Sn) of a test is its capability to make a
correct (positive) diagnosis in patients who have the dis-
ease in question. Thus it is called true positive (TP) rate,
or probability of true positive results in patients who
have the disease [Pr (T*/D™]. Specificity (Sp) of a test
is its capability to make correct (negative) diagnosis in
patients who do not have the disease. Thus it is called
true negative (TN) rate, or probability of true negatives
in patients who do not have the disease [Pr (T~/D7)].

Sn and Sp of a diagnostic test are determined by
administering the test to two groups: 1) a group of pa-
tients known to have the disease or condition, 2) a
group of patients known not to have the disease or con-
dition according to the reference test (or gold standard).

Disease

Positive D* | Negative D~
T+ FP PV+ TP/ (TP+FP)
Test Negative

result

Predictive value

| TN PV

TP+FN | FP + TN

Diagnostic accuracy
= (TP+TN)/(TP+FP+FN+TN

STRIBEENY] TNEPHTN)

Figure 1 The 2 x 2 table method.

The Sn is calculated as the proportion (or per-
centage) of patients known to have the disease whose
test is positive; Sp is the proportion (or percentage) of
patients known to be free of the disease whose test is
negative. The Sn and Sp can be calculated by using
the 2 X 2 table method (Figure 7).

Using Sensitivity and Specificity
(SnNout, SpPin)

If a test has high Sn or high Sp, they can be
helpful for ruling out or ruling in the diagnosis, res-
pectively (2).

High sensitivity expresses that the test is unlike-
ly to produce false negative results. Then, if the test
is negative, it rules out the diagnosis. This can be re-
membered by the mnemonic SnNout.

High specificity expresses that the test is unlike-
ly to produce false positive results. Then, if the test is
positive, it rules in the diagnosis. This can be remem-
bered by the mnemonic SpPin. Sensitivity and speci-
ficity are in principle independent of the prevalence
of the disease, but that is not always so. In a low
prevalence situation, the sensitivity will usually be
lower than in a high prevalence situation, whereas for
the specificity the opposite is true.

Revising Prior Probability
Predictive values of the test

The predictive value of a positive test (PV+ or
PPV) expresses the probability that a patient has the
disease, given that the test result is positive. The neg-
ative predictive value of a test (PV- or NPV) expresses
the probability that a patient does not have the dis-
ease, given that the test result is negative. PPV or
post-test probability and NPV can be calculated by
using the 2 X 2 Table Method (Figure 7). They are
conditional probabilities, and are affected by the
prevalence of disease in the patient population being
studied (Equation 1 and 2).

(sensitivity) (prevalence)
PPV =

(sensitivity) (prevalence)+(1 — specificity) (1 — prevalence) ()

(specificity) (1 — prevalence)

NPV =
(specificity) (1 — prevalence)+(1 — sensitivity) (prevalence)

Likelihood Ratios

Likelihood ratios state how many times more
likely particular test results are in patients with disease
than in those without the disease. Thus, a positive
test has one likelihood ratio and a negative test
another. They are calculated from sensitivity and
specificity of the test (1-5):
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odds of a positive test with the disease

Likelihood Ratio for a positive test (LR+) = — - -
odds of a positive test without the disease

hence

T i " Sensitivi
LR = rue positive rate ensitivity (4)
1 — Specificity

False positive rate B

hence

odds of a negative test with the disease

Likelihood Ratio for a negative test (LR-) = - - -
odds of a negative test without the disease

Tr ti t Specifici
LR = rue negative rate _ pecificity (6)
1 - Sensitivity

False negative rate

Likelihood ratio is an alternative method for cal-
culating post-test probabilities, and work with the prior
odds rather than prior probabilities. Likelihood ratios
allow computations of pretest probabilities using
Bayes’ Theorem and the Equation 8.

Posttest odds

Posterior Probability = m
osttest odds

Posttest odds = Pretest odds x LR (8)

- Prior probability
Pretest probability = PR ———— orior probabiliy (9)
By the use of Nomogram (Figure 2) established
by Fagan (1975), the posterior probability can be
obtained without performing extra calculation.

As seen, there are several advantages of LRs
compared to sensitivity and specificity. LRs give direct
information about the power of a test. A LR of 1 has
no influence on the pretest probability. Test results with
LRs greater than 10 or less than 0.1 are generally clin-
ically useful, but again the usefulness will in some
degree depend on the pretest probability (1-5).

Diagnostic Odds Ratio

Diagnostic Odds Ratio (DOR) expresses the
odds of the positive test results in patients with the
disease compared with the odds of the positive test
results in those without the disease. With the combi-
nation of the equations 3 and 5, the equation is:

LR+
LR-

DOR =

The diagnostic odds ratio summarizes the diag-
nostic accuracy of a test as a single value.

DORs cannot be translated into useful measu-
res in the interpretation of a test result for an indivi-
dual patient.

Receiver Operating Characteristic
(ROC) Curve

When the test results are measured on a con-
tinuum (ratio scale), sensitivity and specificity depend
upon where the cutoff is set between »negative« and
»positive« results. ROC Curves are used to show the
pattern of sensitivities and specificities observed when
the performance of a diagnostic test is evaluated at
different cutoff points. Thus, the threshold giving the
highest sensitivity and specificity can be determined.

ROC Curves were developed in the communica-
tions field as a way to display signal-to-noise ratios. The
true positives can be thought to be the correct signals
from a diagnostic test and false positives to be noise.
The ROC curve is a plot of Sn (or true positive rate) ver-
sus the (1-Sp) (or false positive rate) (Figure 3).
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Figure 2 Nomogram.

Figure 3 Receiver operating characteristic curve.
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The closer a ROC curve is to the upper left-hand
corner of the graph, the better is the test, because the
true positive rate is 1 and the false positive rate is 0.

The ROC curves are a useful graphical method
for comparing two or more diagnostic tests. The sig-
nificance of the difference between the diagnostic
accuracy of two tests can be determined by calculat-
ing the area under each ROC Curve.

Equations for Confidence Intervals

Confidence Intervals (Cl’s) provide useful infor-
mation about estimates. Studies of diagnostic tests
should report both point estimates and Cl’s (1-6).

Diagnostic accuracy is usually given as propor-
tions and 95% Confidence limits for proportions is
given by observed proportion *1.96 X standard
error of the observed proportion

or
1_
pi’|.96>< p(—np) (11)

P = proportion (such as Sn, Sp)

Table 1 Equations for 95% Confidence limits.

Specific and Global, Unconditional and
Conditional Measures of Diagnostic
Accuracy

Measures of diagnostic accuracy or test per-
formance can be classified into four groups: 1) Glo-
bal, unconditional, 2) Global, conditional, 3) Specific,
unconditional, 4) Specific, conditional (1).

The class of a measure of diagnostic accuracy
should be considered when the diagnostic accuracy
of a test is assessed, because the correct decision
depends upon whether it is global or specific and
unconditional or conditional.

Global measure is the overall test performance in
a single figure (DOR, ROC Curve, and accuracy). Spe-
cific measures are influenced by the choice of thresh-
olds that separate test positives from negatives (Sn, Sp,
LR+, LR—, PPV, and NPV). The measures are also clas-
sified according to the influence of the prevalence of
the disease. Those under the influence of the preva-
lence are the conditional measures (PPV, NPV, Accu-
racy), and those that in principle are not under the
influence are unconditional measures (Sn, Sp, LR+,
LR—, DOR and ROC curve). Remember, however, that
in some situations prevalence will also influence these
measures.

Table Il The types of measures of the diagnostic accura-
cy of a test.

Measure of

Diagnostic 95% Confidence Limits

Accuracy

Sensitivity Sn = 1.96 x| 3n(1-5n) (12)

TP+FN
i . Sp(1-Sp)
Specifici Sp = 1.96 x | 2PU—2P. (13)
P ty FP+TN
PPV PPV = 1.96y Var (PPV)" (14)
NPV NPV = 1.96 / Var (NPV)™ (15)
1,1 1 1
OR exp |n(0R)11.96J$+$ e TN ] (16)
+1.96/ (1-Sens) Spec
LR+ [(e \/(a+c)Sens + (b+d)(1-spec))|_R +ve|l (7)
+1.96 Sens (1 - Spec)

LR- [(e \/(a+c)(’|—Sens)+ ibrdspec| R — ve (18)

Sn.(1-Sn) Sp.(1-Sp)
(1-Sp).(1-p)J2. 2120551 1-Sp).(1-p) . P2 2P

*Var(PPV) — [p( p).(1-p)] TP+FN [p-Sn p)-(1-p)] FPTN

[Sn.p+(1-Sp).(1-p)]*
Sn.(1-S Sp.(1-S
(sp.C1p)pf. —mU7S 4 sy 1-pypp SPUIZSPL

**Var(NPV) = TP+, FP+TN

[(1-Sp).p+Sp.(1-p)]*

Measure Global or specific | Unconditional
or conditional
Sensitivity
Specificity »
LR+ Specific
LR— Unconditional
DOR
ROC Curve Global
PPV o
NPV Specific
Conditional
Accuracy or
efficiency Global
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Example Study

Castello-Boerrigter LC, et al. Amino-Terminal
Pro-B-Type Natriuretic peptide and B-Type Natriuretic
Peptide in the General Community: Determination
and Detection of Left Ventricular Dysfunction, JACC,
2007.

1. Calculate sensitivity and specificity for NT-
proBNP and BNP Assays, fill in the appropriate cell.

LvD
EF=<40
D+ D-
=228 32 256

2. Calculate the values measures of diagnostic
accuracy shown in the table by using the equations
above, and fill the blank cells.

NT-proBNP
Population n= 1869

BNP
Population n= 1869

LVD EF=40 n=37

LVD EF=40 n=37

Cutpoint 228 Cutpoint 66
(pg/mL) (pg/mL)

Sn (%) Sn (%)

Sp (%) Sp (%)

PPV (%) PPV (%)

NPV (%) NPV (%)

NT-proBNP <228 5 (1576 Pretest Pr (%) Pretest Pr (%)
37 |1832 | N = 1869 LR+ LR+
LR- LR-
DOR DOR
LvD Pretest odds Pretest odds
EF<40
D+ D— For +ve results For +ve results
BNP =66 30 346 Posttest odds Posttest odds
7 [1486
<66 Postest Pr (%) Postest Pr (%)
37 (1832 | N =1869
For -ve results For -ve results
Posttest odds Posttest odds
Posttest Pr (%) Posttest Pr (%)
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