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Conditional Relative Odds Ratio and Comparison of Accuracy of Diagnostic Tests
Based on 2X2 Tables

Sadao Suzuki.’

In order to evaluate the accuracy of diagnostic tests based on 2X2 tables, a number of indices were
used, some of which are occasionally used inappropriately. This paper demonstrates the characteristics
and problems with those indices, and introduces several methods to compare the accuracy of two diag-
nostic tests. The author summarizes existing indices based on 2X2 tables, agreement rate, kappa ( « ),
and odds ratio, and reviews their characteristics to find better indices by which to compare two diagnos-
tic tests using hypothetical examples. Because only the odds ratio is not affected by prevalence, the
relative odds ratio is the most appropriate index for comparing diagnostic accuracy. In order to
decrease selection bias, giving the two tests to the same individuals is preferred. However, no standard
method has been established to obtain the standard error of relative odds ratios. In this case, using the
newly proposed conditional relative odds ratio (CROR), based on McNemar's odds ratio, the standard
error is available. The CRORis a less biased index when the two tests were given to the same individu-
als, and it is also preferable in light of its ethical and economic advantages. However, a large base pop-
ulation is required for the two tests to be highly accurate and produce few discordant results.
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INTRODUCTION tivity= ¢ =a/D, and specificity=5 =d/ND. When we need to
Diagnostic accuracy is commonly measured by sensitivity andlescribe diagnostic accuracy by a single index, there are at least
specificity of which trade-off relationship can be presented in théhree optionsj.e., agreement rateAR), kappa* (« ), and odds
form of a receiver-operating characteristic (ROC) curve. Ongatio (OR). The author presents these statistics along with their
summary index of diagnostic test accuracy is based on the aréffengths and weaknesses, and then focuses on the odds ratio to
under the ROC curverepresenting for an integrated discrimina- compare the two diagnostic tests administered to the different or
tive ability of a diagnostic test over cut-off points. Others aresame subjects. In the last approach, two meta-analytic methods
based on a single>2 table of a specific cut-off poift.In this for a comparison of diagnostic accuracy are reviewed. For each
paper, the author first selects several summary statistics belongirgpproach, the author provides a hypothetical example to show the
to the latter category, then focuses on the comparison of diagnosctual computational steps. All analyses were re-performed using
tic accuracy using the odds rati#8:? Lastly, ways to summarize the SAS release 8.2 (SAS Institute Inc., Cary, NChe code is
diagnostic accuracy using the meta-analytic method are intropresented in the appendix.
duced.

APPROACHES
METHODS
1. Approach to Evaluation of Diagnostic Test Accuracy

As described in Table 1, diagnostic test accuracy based aiRa 2 One of the widely used indices for diagnostic accurac&Rs
table is most commonly presented by two trade-off indices, sensglternatively percent agreement. It is calculated as the number of
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146 Diughostic Accurdcy Bused on 2 X2 Tubles

Table 1. Indices of diagnostic accuracy based ofi2tables.

Observed Diseased Nondiseased  Total Expected Diseased Nondiseased Total
Positive a c P Positive | PxD/T PXND/T P
Negative b d N Negative | NxD/T NXND/T N
Total D ND T Total D ND
Observed  Diseased Nondiseased Total Expected Diseased Nondiseased Total
Positive 900 900 1,800 Positive 180 1,620 1,800
Negative 100 8,100 8,200 Negative 820 7,380 8,200
Total 1,000 9,000 10,000 Total 1,000 9,000 10,000
Prevalence=p=D/T p=1,000/10,000=0.01
Sensitivity=0=a/D 6= 900/1000 = 0.90
Specificity=g=d/ND ¢ =8,100/9,000 = 0.90
Agreement rate=AR=(a+d)/T AR=(900+8,100)/10,000=9,000/10,000=0.90

Kappa=x={(a-PxD/T)+(d-NxND/T)}(T-PxD/T-NxND/T)  x={(900—~180)+(8,100~7,380)}/(10,000~180~7,380)
=0.590
0dds ratio=OR=ad/bc OR=900x8,100/(900x100)=81.0

correctly categorized subjects over the total numbBr(a+d)/T a valuable feature when comparing accuracy. In this section, the
in Table 1.AR is computationally simple and intuitively inter- author demonstrates how to compare the diagnostic accuracy of
pretable. It could be manipulated pa@ + (1) ¢, and this is  two tests using th©R among both different and the same sub-
interpreted as the weighted mean of sensitivity and specificity byects.

prevalence.
Among several statisticsproposed for X2 table data to  2-1. Comparison of Diagnostic Accuracy of Two Tests Given to
improve AR with regard to removing chance agreemerithas Different Subjects Indices Based on 2 X2 Tables by Test

frequently received high marks. As shown in Table 1, the index i&¥hen we compare the diagnostic accuracy of two tests, X and Y,
calculated by subtracting the expected number of correctly diagapplied to different subjects, relative odds raRDQ), the ratio
nosed individuals from both the numerator and denominator 0bf the twoORs, is availablé.As shown in Table 2, the index is
AR Prevalence remains in the formula as follows: calculated as follows:

_ ard—{expectedf)+expected))} _a+d- (PXD+NXND)IT _ 2(1p)(0+4-1) ROR= ORx _ ad/bc _adb'c
T (expectedd)rexpected)) | T- (PXDNXND)T DLP)(6+ ¢ H{Lp0 (1) " OR  ad/b'c bcad

The OR, frequently used in causality studies, is also used to Because the variance of thegOR is calculated as
evaluate diagnostic accuratdin causality studies, th®Rs stand  (1/a)+(1/b)+(1/c)+(1/d) , the variance of the difference between
for the strength of the relationship between exposure and diseagbe logORs is var(ogORk)+var(ogORy) under the assumption of
This is easily interpreted as the relationship between test resulitsdependence. Thus, we obtain tROR reflecting the relative
and the presence of the disease. Ods also interpreted as the diagnostic accuracy of test X to test Y, with a confidence interval
ratio of true-positive to false-positive odds. The index is manipu{Cl).
lated to 1/{(1/6 —-1)(1/4 —1)}, in which prevalence is cancelled Indicesbased on 2 X2 tables by disease status

out. Table 2 could be reconstructed to test results versus diagnostic
tests by disease status as shown in Table 3. In this form, we can
2. Approach to Comparison of Diagnostic Test Accuracy compare the sensitivities of the two tests as well as their specifici-

Among the above three indices for the evaluation of diagnostities, applying the * test for independence or a comparison of two
test accuracy, only th@Ris not affected by prevalence, which is proportions. These tests are mathematically equivalent.
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Table 2. Relative odds ratio from>22 tables by test.

Test X Diseased Nondiseased
Positive a c
Negative b d
Total Dx NDx
Test X Diseased Nondiseased Total
Positive 900 900 1,800
Negative 100 8,100 8,200
Total 1,000 9,000 10,000

6%=900/1,000 = 0.90
¢x = 8,100/9,000 = 0.90
ORx=900x8,100/(900x100)=81.0

ROR xv=81.0/57.0=1.421

Total

Px
Nx

Tx

TestY  Diseased Nondiseased Total

Var(log ROR yv)=1/900+1/100+1/900+1/8,100+1/750+1/250+1/450+1/8,550=0.0220

SE(log ROR xv)=+/0.0200 =0.1414

95%CI (ROR xv)= exp{log ROR + 1.96xSE(log ROR xy)} = exp(logl 421 + 1.96x1.414) =1.076-1.875

Table 3. Relative odds ratio from’2 2 tables by disease status.

Diseased X Y Total
Positive a a’ Po
Negative b b’ Np
Total Dy Dy To
Diseased Test X Test Y Total
Positive 900 750 1,650
Negative 100 250 350
Total 1,000 1,000 2,000

ORp = 900x250/(750x100)=3.00

Var(log OR p)= 1/900+1/100+1/750+1/250=0.0164
SE(log OR 1)=+/0.0164 =0.1282

95%CI(log OR 1)

= exp(log3.00 + 1.96x0.1282)=2.333-3.856

ROR xv=3.00/2.11=1.421
95%CI = 1.076-1.875

Positive a' c' Py
Negative b' d Ny
Total Dy NDy Ty
Test Y Diseased Nondiseased Total
Positive 750 450 1,200
Negative 250 8,550 8,800
Total 1,000 9,000 10,000
Oy=25/100=10.75
dy=9,405/9,900 = 0.95
ORv=80x9,405/(495%20)=57.0
Nondiseased X Y Total
Positive c ¢’ Pap
Negative d d' Nxp
Total NDx NDy Twp
Nondiseased Test X Test Y Total
Positive 900 450 1,350
Negative 8,100 8,550 16,650
Total 9,000 9,000 18,000

OR\p=900x8,550/(450%8,100)=2.11

Var(log OR p)=1/900+1/8,100+1/450+1/8,550=0.00357

SE(log OR xp)=+/0.00357 =0.0597
95%CI(log OR xp)

=exp(log2.11 + 1.96x0.0597)=1.877-2.371
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148 Diughostic Accurdcy Bused on 2 X2 Tubles

Another index for a comparison of the sensitivities and speci2-2. Comparison of Diagnostic Accuracy of Two Tests Given to
ficities of two tests is th©R which is the ratio of the positive Same I ndividuals
odds of test X to that of test Y in diseased or nondiseased sulWhen we compare the diagnostic accuracy of two tests given to
jects. As a positive result among the diseased subjects denoteglifferent subjects, we should take into account the comparability
true positive, th@®©OR among the diseased groupRb= ab/a’b) is of the subject groups to which each test was administered.
the true positive odds ratio of test X against that of test Y, indicatSelection bias might invalidate the results on accu¥dtyhus,
ing the relative sensitivity of one to the other. Cl of @ is we may give two diagnostic tests to the same individual, and try
calculated using the varianceloORb, which is (14)+(1/b)+(1/a) calculating theRORin the same way. However, &Rbased on
+(1b") in Table 3. IfORb is significantly greater than 1, the sensi- 2X2 tables by test requires the independence of both, which is
tivity of test X is higher than that of test Y. Similarly, a positive not sufficient for a test with the same subjects. In that case, the
result in the nondiseased group is a false positive, an@fke RORbased on McNemar®R by disease status is available. As
beingcd' /c'd, denotes a false positive odds ratio of test X to testshown in Table 4, each number of the four cells in the ordinary
Y. This index could also be used for the comparison of specifici2X2 table (Table 3) moves to a marginal number in McNemar's
ties. If ORwp is smaller than 1, the specificity of test X is higher 2X 2 table, and the result of test X with that of test Y of each indi-
than that of test Y. The ratio of a true-positive to a false-positivevidual is counted and classified into four cells. As McNemar's
odds ratioj.e., adb'c/ bca'd'is identical to theRORcalculated in ~ table has more information than an ordinapy 2table, we can
Table 2. The variance and CI of the ratio are also identical tweconstruct the latter from the former, but not the other way
those in Table 2. around.

Table 4. McNemar's X 2 tables by disease status.

Diseased Test X Nondiseased Test X
Positive Negative Total Positive Negative Total
Positive | a y a’ Positive | o’ 7 ¢
Test Y Test Y
Negative | S B b Negative | S’ 5 d
Total a b D Total c d ND
Diseased Test X Nondiseased Test X
Positive Negative  Total Positive ~ Negative Total
Positive 700 50 750 Positive 0 450 450
Test Y Test Y
Negative 200 50 250 Negative 900 7,650 8,550
Total 900 100 1,000 Total 900 8,100 9,000
McNemar’s ORp = 20/5=4.00 McNemar’s ORyp=900/450=2.00
Var(log McNemar’s OR p)= 1/200+1/50=0.025 Var(log McNemar’s OR p)= 1/900+1/450=0.00333
SE(log McNemar’s OR p)=/0.025 =0.1581 SE(log McNemar’s OR yp)=+/0.00333 =0.0577
95%Cl(log McNemar’s OR p) 95%Cl(log McNemar’s OR yp)
= exp(log4.00 + 1.96x0.1581)= 2.934-5.453 =exp(log2.00 £ 1.96x0.0577)=1.786-2.239

CROR 5y=4.00/2.00=2.00

Var(log CROR)=0.0283

SE(log CROR)=+/0.0.283 =0.1683

95%CI(CROR xv) = exp(log2.00 + 1.96x0.1683)= 1.438-2.781
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Because McNemar's true-positive odds ratigis , and false-  effect®** model or a random effect mo#tét can be used. A rela-
positive odds ratio is3'/y ', theRORusing McNemar'©R, the  tive summaryORis calculated by dividing summai@Rx by
conditional relative odds ratiqCROR, is 3 y /3'y . The Clof =~ summaryORy. Cl is computed using vdog relative summary
the newly proposed index is calculated from lkegyCROR=(1/ OR)=var(og summaryORx)+var(og summaryORy). This
B)+(L/y )+(1/B")+(1/y ). The CRORrequires the number of method is used when test X was given to different subjects than
individuals having discordant results on the two tests, and no corthose who took test Y.
cordant results are needed. Summarizing CROR

We summarize the extract€ROROof test X to test Y using the
3. Approach to Meta-Analysis of Comparison of Diagnostic Test same method as when summarizing @R This method is used

Accuracy when test X was given to the same individuals who took test Y.
There are two ways to compare diagnostic test accuracy using
meta-analysisi,e., a comparison of two summa@Rs of tests X DISCUSSION

and Y by extracting ead®R from the original studies, and sum-

marizing theCRORextracted from each. The SAS program for To evaluate diagnostic accuradyiR is commonly used for its
meta-analysis is provided elsewhé&ré. simplicity and ease of interpretation. However, a number of
Comparison of two summary ORs papers have reported its pitfatfs* As AR which isp 6 +(1-p)
Extracting theOR of each test from the original studies enables us ¢ , is the weighted mean of sensitivity and specificity, when
to calculate summar@Rs of tests X and Y with their variances. prevalence is low, the sensitivity is almost neglected. In that case,
In order to summariz©Rs, a proper model such as a fixed AR does not convey the diagnostic accuracy of the test. An

Table 5. Comparison of two tests using several indices.

Test X Diseased Nondiseased Total Test Y Diseased Nondiseased Total
Positive 90 990 1,080 Positive 1 99 100
Negative 10 8,910 8,920 Negative 99 9,801 9,900

Total 100 9,900 10,000 Total 100 9,900 10,000

Gx=90/100 = 0.90 Gy=1/100 = 0.01

dx = 8.910/9,900 = 0.90 #v=9.,801/9,900 = 0.99

AR = (90+8,910)/10,000=9,000/10,000=0.90 ARv=(1+9,801)/10,000=9,802/10,000=0.98
k={(90-10.8)+(9,801-8830.8)}/(10,000-10.8-8830.8) x={(1-1)+(9,801-9,801)}/(10,000-1-9,801)
=0.136 =0.00

ORx= 90x8,910/(990x10)=81.0 ORy=1x9,801/(99%99)=1.00

Table 6. Agreement rate and kappa of diagnostic test under fixed odds ratio.

Sensitivity Specificity Prevalence Odds ratio Agreement rate Kappa
0.9 0.8 0.01 36 0.801 0.0651
0.9 0.8 0.5 36 0.85 0.7
0.9 0.8 0.99 36 0.899 0.1206
0.8572 0.8572 0.01 36 0.8572 0.0901
0.8572 0.8572 0.5 36 0.8572 0.7144
0.8572 0.8572 0.99 36 0.8572 0.0901
0.8 0.9 0.01 36 0.899 0.1206
0.8 0.9 0.5 36 0.85 0.7

0.8 0.9 0.99 36 0.801 0.0651
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extreme example is shown in Table 5, showing a higRdn test (meaning that th©Ris McNemar's), there is no methodological
Y despite the fact that test Y has no diagnostic ability. In such g@roblem. However, use of the ordirRDRmay be problematic,
case, care should be taken to avoid accuracy comparison basediorparticular a t-test of I&@ORthat ignores intra-study variations,
ARs of two groups. which should be avoided since it leads to incorrectly low p-val-

In spite of the improvement &&R with regard to removing ues.
chance agreement, attention should be paid to evaluating diagnos-The CRORis a new index, and at present can be extracted
tic accuracy usinge . As shown in Table 6, diminishes under  when raw data of discordant individuals are provided in an origi-
fixed sensitivity and specificity when the prevalence is closer tonal study. In future studies of the comparative diagnostic accuracy
one or zero. Even with the same prevalenceyould be changed of tests, the&CRORshould be presented if raw data of discordant
when the sensitivity and specificity are switched. These are exanindividuals can not be presented for meta-analysis.
ples of some undesirable features«offor evaluating diagnostic
accuracy.

The OR was originally used as an index representing the
strength of a relationship between exposure and disease. It he author wishes to express his deepest gratitude to Drs. Takeo
essentially identical to the relationship between test results anifloro-oka and Niteesh K. Choudhry, who were the co-authors of
the presence of disease. The remarkable featuPdRds its inde-  the CRORpaper, and to Dr. Nan Laird for her helpful comments
pendence from prevalence and symmetry in terms of sensitivitpn theOR and theRORfrom the statistical viewpoint. The author
and specificity. Moreover its variance is given by a simple formu-is also grateful to the Japan Epidemiological Association for the
la. Therefore, th©R is widely used to evaluate and compare Young Investigator Award.
diagnostic accuracy, including use of the meta-analytic
technique:® 2% However, as this index is based on odds, very
small differences may sometimes be exaggerated. For example, a
test with ¢ =0.9 and¢ =0.9 has the san@Rof 81 as another test 1. Bamber D. The area above the ordinal dominance graph and
with ¢ =0.99 and¢ =0.45. the area below the receiver operating graph. J Math Psych

The RORIs used if two different tests to be compared are given  1975; 12: 387-415.
to different subjects. Although the index is statistically correct, 2. McClish DK. Combining and comparing area estimates
we should be careful of selection bias based on subject differ- across studies or strata. Med Decis Making 1992; 12: 274-9.
ences. To remove the bias, it would be preferable to give two tests3. Hanley JA, McNeil BJ. The meaning and use of the area
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Appendix

data tabl el;

do test=" Test X ,
i nput nunber @® output;

'TestY ;
end; end; end;

cards;
8100 900 100 900 8550 450 250 750

run;
proc format;

value disfm 1= "'D seased'
value pnfm 1= "'-Positive-'

0= ' Nondi seased' ;

0=" =Negative=' ; run;

proc freq data=tabl el order=fornatted,;

tabl es test*resul t *di sease /expected measures nocol

format result pnfnt. disease disfnt.; weight nunber;

title 'Table 1&2' ;

run;

data OR set out;

CR=rror_;

| ogOR=l og(_rror_); SE=(log(u_rror/l_rror))

dummy=1;

drop _rror_u_rror | _rror;
proc sort;

run;

by test; run;

data tabl e2; set R by dummy;

retain CRO SEO;

drop test CR 1 0ogCR SE dummy CRO SEO CRL SE1 SERCR
if test="'TestX then do; CRO=CR SEO=SE, end;

do disease=0 to 1; do result=0 to 1;

nor ow nopct ;

out put out=out rror;

/2/1. 96;
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if test="TestY then do; ORI=CR SE1=SE;, end;
SERCR=sqrt ( SEO**2+SE1**2) ;

RCR=CR0/ CR1; LowROR=exp(| og( ROR) - 1. 96* SERCR) ;

H ghROR=exp(| og( ROR) +1. 96* SERCR) ;

if last.dumy then output;

proc print; title 'Table 2' ; run;

REEEE Table 3----- ;

proc freq data=tabl el order=formatted;

tabl es di sease*result*test /measures nocol norow nopct;
format result pnfnt. disease disfnt.; weight nunber; output out=out rror;
title '"Table 3' ; run;

data CR set out;

OR=_rror_; logCR=log(_rror_); SE=(log(u_rror/l _rror))/2/1.96;
dummy=1;

drop _rror_ u_rror | _rror; run;

proc sort; by disease; run;
data tabl e3; set CR by dummy;

retain ORO SEO;

drop di sease CR | ogOR SE dummy CRO SEO COR1 SE1 SERCR
if disease=0 then do; CRO=CR SEO=SE;, end;

i f disease=1 then do; ORI=CR, SE1=SE, end;

SERCR=sqrt ( SEO**2+SE1**2) ;

ROR=CR1/ CR); LowRCR=exp(| og( ROR) - 1. 96* SERCR) ;

H ghRCR=exp( | og( ROR) +1. 96* SERCR) ;

if last.dummy then output;
proc print; title 'Table 3' ; run;

oo Table 4----- ;

dat a tabl e4;

do disease=0 to 1; do X Y=" -PIN' , "=NP= ;
i nput nunber @@ output; end; end;

cards;

900 450 200 50

1

run;

proc freq order=formnatted;

tabl es X Y*di sease/ neasures nocol norow nopct;
format disease disfnt.; weight nunber;

title 'Table 4 (See (dds Ratio)'; run;

AR Table 5----- ;

dat a tabl e5;

do test= 'TestX , 'TestY ; do disease=0 to 1; do result=0 to 1;
i nput nunber @ output; end; end; end;

cards;

8910 990 10 90 9801 99 99 1

run;

proc freq order=formatted;

tabl es resul t *di sease /agree expected measures nocol norow nopct;
format result pnfnt. disease disfm.; weight nunber; by test;
title '"Table 5 ; run;

data tabl e6;
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do test=1 to 9;
i nput sens spec p @@
AR=p*sens+( 1- p) *spec;
kappa=2*p* ( 1- p) *(sens+spec- 1)/ (2*p*( 1- p) *(sens+spec- 1) +1- AR ;
CR=1/(1/ sens-1)/(1/ spec-1);
out put; end,;
cards;
0.90.80.010.90.80.50.90.80.9
0.8572 0.8572 0.01 0.8572 0.8572 0.5 0.8572 0.8572 0.99
0.80.90.010.80.90.50.80.90.9
run;
proc print; var test sens spec p CR AR kappa;
title 'Table 6' ; run;



