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S " Abstract .
The Receiver-Operating Characteristic (ROC) analysis has
‘been long used in -Signal Detection Theory to depict the. .
~ tradeoff between hit rates and false - alarm -rates of
. classifiers. In the last years; ROC -analysis has become -
largely used in the medical community. for visualizing and.
- analyzing the performance of diagnostic tests. . .
- The receiver . operating characteristic (ROC) curve isa’

* popular method for characterizing' the accuracy of -

_- diagnostic tests when test results are not binary. Diagnostic .
' or predictive accuracy concerns:are Common in all phases

.of ‘disease  management (DM) program.. ‘This -article - .. - .
" introduces the ‘concepts of - a receiver ‘operating

- characteristic (ROC) Curve, the constriction’of an ROC - .

- graph, how the ROC curve can be used to select optimal
_cut-off points for a test result. Furthermc)ré, -this article
introduces the receiver “operator characteristic (ROC)
analysis' as 'a more appropriate and useful technique “for

. assessing -a diagnostic..and ,pr_jc,‘diqt_i\jev_accu,rag:y, inDM. Its -

advantages- include: ‘testing accufacy across the entire
..-range. of: scores, _ easily- examined visual and statistical ..
‘comparisons across tests or scores, and independence from

- outcome prevalérice. Therefore - the: .implementation - of .

" ROC as an evaluation tool should be strongly considered

'in the various phases of a DM’ programme. We illustrate-

. our ‘approach with a prospective study was undertaken
with cervicovaginal samples collected from 700 ‘pregnant

-, women-at a sample of .cervicovaginal secretions obtained .- ...

“during pelvic examinations performed every 2 weeks
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; between 24 36 weeks' gestation. Level of Beta— human L

Chorionic Gonadotropin . 8-hCG in Cervrcovagmal were W
measured by radlolmmunoassay T

Keywords receiver operatrng characterlstlcs (ROC) ROC .
analysis, area under the ‘curve- (AUC) “diagnostic - .
- performance, sensitivity, specrﬁcrty, dlsease management '
(DM) program :

| Introduction- :

Dlsease management (DM) is-a system of coordrnated .
1ntervent10ns almed to 1mprove patrent self management as-
well as 1ncrease doctors adherence' to evrdence—based
) practlce gu1de11nes The assumptlon 1s that by augm‘e'n'ting
. the trad1t10nal eplsodlc medrcal care system ‘with serv1ces' |
and support between doctor visits, the overall cost of health ,

care can be reduced [1]

Dragnostlc or predlctrve 'accuracy concems are
common in all phases of a DM programme and ultrmately
play an 1nﬂuent1a1 role m the assessment of programme.
effectlveness For exa.mple (1) accurate 1dent1ficat10n of
d1seased patlents is essent1a1 for programme 1nclu31on Most: ~
,programmes rely on medlcal and pharmacy clalms data for ‘

| thrs purpose (2) Pred1ct1ve models are typrcally used as an
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initial strat1ﬁcat10n tool to forecast patrents use of servrces'

in. future per1ods These tools also typ1cally rely on past,_ ‘

clalms experlence and are thereby- 11m1ted ‘in both the

_accuracy of those data as well as the statlstrcal model used ,
for the- pred1ct1on (3) Durmg the 1n1t1al jpatients contact the _
DM nurse typlcally performs an assessment of the patlent' .

d1sease severlty level to determme the mtensrty of DM__

B serV1ces that will be requrred Mlscla351ﬁcat10n mav result

: 1n the pat1ent receiving e1ther too much ort0o httle on- gomg.- '

. attentlon (4) Throughout “the programme 1ntervent10n

accuracy is needed in assessmg a patient's level of self—. o

' management and the1r progressmn across. the stages of »

behav1ora1 (2 ]

Accordmg to the World Health Orgamzatlon preterm E |
‘ de11very 1s deﬁned as, that occurrmg at less than 37 R
: completed weeks of gestatlon or less than 259 days from the |
| lﬁrst day of the last menstrual penod A number of clmlcal
V‘ and blochemlcal markers. have been proposed for predlctlon
of preterm dellvery Many 1nvest1gators have tried to_
recognize - tools that- mlght lead to early and correct"

: 1dent1ﬁcatlon of preterm labor or I'lSk of preterm dellvery
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,Human chorlonlc Gonadotropm (hCG) in. both maternal .
serum and ammotlc fluid are probably the result of direct
hCG dlffusmn from the- placéenta throughout pregnancy: It
~has been suggested that the nCG level in vagmal fluid was a« |
 useful marker of premature. 1upture of membranes (PROM)':
 hCG i in cerv1ca1 secretions was found 1n hlgh concentrat1on-y '

untll 20 weeks gestat1on but: after 20 weeks of gestatlon it

- remamed at a stable level ‘where the medlan levels of hCG

‘were: between 5.6 and 7. mIU/ml These. ﬂndrngs suggested.
~ that: hCG level 1n cerv1cal secretion had been concordant -

with the levels in maternal sera and. amn10t1c ﬂu1d B3]
ﬂ THE ROC CURVE

The ROC curve isa graphrcal techmque for assessmg |
the ab111ty of a test to drscnmmate between those with
'drsease and those W1thout dlsease [4] ROC curves allow’
| v1sua1 analyses of the trade- offs between the sensrt1v1ty and
 the spec1f1c1ty of a test with' regard 0 the vanous cut—offs' '
that may be used The curve is obtamed by calculatmg the
sen51t1v1ty and spe01ﬁ01ty of the test at’ every ‘possible cut-’

off pomt and plottlng sen31t1v1ty agalnst 1 spec1f 01ty
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Descrlption ‘of the ROC curve SRV
A typ1cal ROC curve 1s shown in Figure 1. By convent1on,_-
sen51t1v1ty (the proport1on of frue pos1t1ve results) is shown'"
on the y axis, gomg from 0 to 1 (0—100%) and 1- spec1ﬁ01ty
(the proportlon of false posmve results) is shown on the . x

axis, gomg from 0 to l (O 100%) 61

ROC Curve L

0.0 02 04 os o8 10
1 - Specificity

Flg 1 Atyplcal ROC curve

'. As shown in F1gure 1, the d1agonal l1ne on the graph :
going from the lower left-hand corner (0, O) to the uppert
t hand corner (1 1): serves. as.a reference l1ne and
-represents the charactenstlcs of a test which is. completely ‘

useless at d1fferent1atmg between those with d1sease and
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those without disease. Points along this line indicate that the

| test detects an equal number of true and false-pos1t1ves that
1s it does not discriminate between those w1th disease and |
those W1thout d1sease[ 1 A test that perfectly dlscnmmates_
between diseased and non—dlseased patlents would y1eld a
‘curve’ that 001nc1ded with the left and top sides of the plot_
- practice, however itis unusual to have such a curve |

and ROC curves usually lie between these extremes.
- Uses of the ROC curve
: The ROC curve may be used for three purposes

1. It allows the determmatlon of the cut-off pornt at which

opt1ma1 sens1t1v1ty and spec1>ﬁc1ty are achreved.

2. It allows an assessment of the d1agnost1c accuracy of a

test'and
3.1t allows the comparison _of_ the use'ful_ness of two or more
~ diagnostic tests. | I |
MeaSures relat_ed to ROC c-u:rvves_ )‘,:.
“The- dichotomous ‘decision process is’_»: ba‘sed. on a

threshold value “V* ‘(cutoff point) which classifies. the
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* scoresof a contmuous varlable “wy” (also called “classrﬁer”)
into two. categorres pos1t1ve Vs. negatlve If Y>V, the
subJect W1ll be ‘classified as pos1t1ve if Y<V, the- subject.

will be c1a531ﬁed as negatlve[ ]

“let us assume that we have a valld procedure of
discnmlnatmg between the presence and- the absence of a
disorder (also called “valid d1agnos1s”) and we dlfferentlate
two groups of 1nd1v1dua1s W1th and without a certain’
_’dlsorder By also admlmstermg ‘the test that assesses the
- value of the X variable in each subJect we obtam two
'dlstnbutlons of 'Y scores,. - one for each. group: The

dlstnbutlon of test results wﬂl overlap, as shown in Figurel.

“Cut - off pomt '

I A
. : - | ’ _With disorder '
‘| Withoutdisorder /.- IM N

Fig. 2.-Four possible outcomes ‘When intersecting a“;valid diagnosis”™

- -with a ,,classifier”.



The inter'section of -the “yvalid diagnosis”' with the.
“classifier” generates  four’ poss1ble outcomes If the va11d
diagnosis is posmve and itis correctly class1fied as posmve A
the outcome is counted as a true pos1t1ve (TP) 1f the same- |
outcome is 1ncorrect1y cla551ﬁed as negative, it is counted as
a. false negatlve (FN) If the valid. dlagn051s is. negatlve and
it is correctly cla351ﬁed as negatrve the outcome is counted .
S asa true. negatlve (TN) if the same outcome is mcorrectly'.

clas51ﬁed as positive, it is counted asa false p051t1ve (F P)” [?] -

The outcomes 1dent1ﬁed in - Flgure ‘1 can be

conceptuahzed m a. contmgency table that we W1ll call

"dec131on matnx" [10]

table 1

--Such an: approach is presented 1n-

Tabl_e 1. The decision matrix diagnosis

In the, “decision matrix”, besides the four outcomes
| descnbed above, we have 1ncluded the followmg Values the

total number of subjects who have the disorder (D), the :
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total number of subJects who do not have the d1sorder (D )

the total number of subjects W1th a pos1t1ve test result (T+)
the total number of subJects w1th a negatrve test result (T-).. y
and the total number of subjects analyzed (n) [” 1t s
1mportant to note that in research s1tuat1ons we have a
vdec131on matrrx for each pos51ble cut—off po1nt From the
outcomes descrlbed in the; “de0131on matr1x we can

calculate the follow1ng measures (metrrcs)

(l) Sen51t1v1ty = TP/D+ : |

2) Spe01ﬁc1ty TN/D-

| (3) Pos1t1ve l1kel1hood ratio = Sen51t1v1ty / (1 Spec1ﬁ01ty)
(4) Negatlve hkehhood rat1o (1 Sens1t1v1ty) / Spe01ﬁc1ty
(5) Posrtlve pred1ct1ve value TP/T+

. (6) Negatlve pred1ct1ve value TN/T-

_(7) Accuracy (TP+TN)/n

Sens1t1v1ty, also called the true pos1t1ve rate (when
expressed as a percentage) 1s deﬁned as the probab111ty that' '
a test result W111 be posmve when the d1sorder 18 present -

Spec1ﬁc1ty, also called the “true negatrve rate” (when‘_
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| expressed as a percentage), represents the probab111ty that a'

test result will be negative when the dlsorder is not present

" These two 1ndlcators are essential for ROC curves analy31s

The posrtlve lrkehhood ratro is the rat10 between the
probab1hty of a posmve test result glven the presence of the ‘
disorder and the probablhty of a pos1t1ve test result glven
the absence of the. d1sorder Slmllarly, the negative
likelihood ratio is defined as the ratro between ‘the
probability ofa negatlve test result glven the presence of the
disorder and the probabrhty of a negatlve test result given
the absence of the dlsorder Positive pred1ct1ve value, also
 called pre01s1on is deﬁned as the probab1hty that the
-dlsorder is present when the result of the test 1s pos1t1ve
while -the negatlve pred1ct1ve value is deﬁned as the
probability that the dlsorder is not present when the result of

the test is negative.

The last 1ndlcator presented here is the dlagnostlc
accuracy of a test or the clinical performance of a test. It
can be descnbed in terms of dlagnostlc accuracy, or the

ability to correctly c1a351fy subJects 1nto chmcally relevant 3
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| ‘subgroups Dlagnostlc accuracy refers to the quallty of the _—

' 1nformatlon prov1ded by the clas31ﬁcat10n devrce

Other measures: that aré worth mentronlng here even»'
though they are not actually used in the follow1ng analysis, -

'_ are. prevalence and pre-test and post-test odds “The

. prevalence (D+/n) refers to the proportlon of cases'v N

exhlbltlng the dlsorder the pre-test odds (prevalence/ 1-

prevalence) refers to the odds that the patrent suffers rrom— -

: the target dlsorder before the test 1s carr1ed out wh1le the '
post-test odds (pre-test odds* Pos1t1ve hkelrhood ratlo)“f‘
"reﬂects the odds that the patlent suffers from the target |

' d1sorder after the test 1s carr1ed ou t “3]

: Determlnmg the optlmal cut—off pomt

A perfect medlcal test would have 100% sensrtrvrty

‘ and 100% spec1ﬁ01ty, and such a test wrll 1dent1fy all people

' with dlsease and all those w1thout dlsease The pomt on the .

ROC curve wh1ch corresponds to th1s perfect scenano
) (100% sen51t1v1ty and 100% specrﬁc1ty) would be at the_

' _upper left-hand comer (0 1) In practlce however few tests

' are perfect and one has to str1ke a balance between



_—

o -so.""
sens1t1v1ty and spe01ﬁ01ty Generally speakmg, the closer

‘the ROC curve gets to the upper left-hand comer (0 1); the

_better the test is at d1scr1m1nat1ng between cases and non-

cases[”]

Two methods for 1dent1fy1ng opt1ma1 cut-off po1nts_ |
us1ng sen81t1v1ty, spe01ﬁ01ty and the ROC Curve are
commonly used U] The ﬁrst method assumes. ‘that the best
cut-off po1nt for balancmg the sen51t1v1ty and spec1fic1ty of ;
a test is the po1nt on the ctirve closest to the (0 1) point. In |
thls method; optlmal sens1t1v1ty and spec1ﬁc1ty are deﬁned‘ ,

as those y1eldmg the m1n1mal value for ‘

(1- sens1t1v1ty) + (1 _ Specl ﬂc1ty) ( ) o

. The- cut-off pomt correspondmg to these sens1t1v1ty and ‘

| pe01ﬂc1ty values 1s the one closest to the (O 1) point and is

. --taken to be the cut-off pomt that best differentiates between

‘ 'people W1th d1sease and those W1thout d1sease“6]

The second method that may be used to deterrmne the

optnnal cut-off pomt for a test is the Youden mdex (J) oy, . Jis

: deﬁned as the max1mum vert1cal d1stance between the ROC

curve and the dlagonal or chance lme and is calculated as
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J max1mum {sen51t1v1ty+spec1ﬁc1ty 15 @) -
: Usmg thls measure, the cut-off pomt on “the ROC curve
~ which corresponds to J that is, at- wh1ch (sensmwty +
| spec1ﬁc1ty —1)is max1m1zed is taken to be the. optlmal cut- :
off - point. An 1ntu1t1ve 1nterpretat10n of J is that 1t

: corresponds to the po1nt on the: curve farthest from. chance:_ '
L R | |

Ideally, one would want to have a test wh1ch is. both
'__h1ghly sens1t1ve and hlghly specrﬁc but thlS is'not.always
| p0331ble "As - earher dlscussed ~when the cut-off po1nt
between normal and abnormal is changed to increase either

. sen31t1v1ty or. spec1ﬁ01ty, there 1s usually a concomltant»

‘decrease 1n the other

In general when ‘it is very. 1mportant not to miss.a

o _d1agnos1s (for 1nstance when there is a- disease with’ h1gh

'mortahty but for wh1ch a‘cure 1s ava1lable) a test W1th h1gh .
- sensitivity is needed On the:’ other hand when the
_consequences of havmg a false ‘positive. test is. very serious

p(e g: the psycholog1ca1 problems assoc1ated w1th falsely )
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‘ dlagnosmg a ‘person .to have HIV) a test. w1th a h1gh |

B spe01ﬁc1ty is 1mportant

. Assessmg,dla'gnos'ﬁc acc‘uracy: -

The ROC curve is also 1mportant because the area_
under the curve (AUC) is a reﬂectlon of how good the test is
at d1st1ngu1sh1ng between patlents w1th d1sease and those g
k '.W1thout disease. The AUC serves as a s1ngle measure

| A1ndependent of - prevalence that summarlzes the

B d1scr1m1nat1ve ab1l1ty of a test across the full range of cut- :

offs! The greater the AUC -the better the-'test IR

A perfect test (as descr1bed earlier) will have an'AUC |
'_ of 1.0, whlle a completely useless test (one whose curve

| falls on the dlagonal line) has an AUC 0f 0.5. The AUC of
hl many ‘tests. used in:clinical _practice fall between these two ,
Alvalues In general the closer the AUC- 1s closer to 1, the
better the overall d1agnost1c performance of the test, and the -

- .closer 1t is t0.0.5; the poorer the test.

" The - 1nterpretatlon of the AUC" of a- test is the
, followmg the AUC is the probab111ty that the test y1elded a

higher value for a randomly chosen .1nd1V1dual suffering =
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from the dlsorder than for a randomly chosen 1nd1v1dual not

’suffermg from-the d1sorder [20]

Gomg ‘back to AUC ut111ty in determmmg the ab111ty
of a test to discriminate between groups, in 1nterpretmg -‘

[2” show that the accuracy of

AUC, Streiner and Calmey
tests with AUC between 0.50 and 0 70 is low; an accuracy
between 0.70 and 0.90 is moderate wh11e an AUC over O 90

indicates high accuracy |
CONFIDENCE INTERVALS "

It should be noted that all measures of dragnostlc
) accuracy 1nclud1ng the AUC are statlstlcal estrmates and
should be reported W1th conﬁdence 1ntervals L2 In thls

study the AUC of the ROC curve for BHCG is reported to

| be 0. 956 W1th 295% conﬁdence 1nterva1 (95% CI) of 0: 942—»' |

0. 970 (Flg 1) The 95% CI 1nform the reader about the
.»1nterval in Wh1ch 95% of all estlmates of AUC W111 fall 1f
the study was repeated over and over agaln In other words ’
_one can be 95% certain that the true value of the AUC of the
- ROC curve"for Beta- human- chorionic Gonadotropin lies -

between 0.942 and 0.970 1.
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Results

In analyzing our results, we first checked if the AUC
is significantly different from the area under-the»diagonal
determined of a random test. Table 2 presents the results of

this analysis for the g-HCG.

Table 2. The AUC for g-HCG scale’

0.956

0.007

0.942 t0 0.970 .
23.338

0.000

~ As Table 2 shows the Z test performed with MedCalc

1ndlcates a significant dlfference from the random area, with
a probab111ty of error smaller than 1% (Z=23.33, p<. 01)

The same table shows an AUC for the B- -HCG. Scale of

[24]

956, Wthh accordlng to Strelner and Calmey 1ndlcates

a high discriminative capa01ty of the g -hCG scale
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. Table 3. Some indicators of the efﬁc:lency of the

‘ medlcal d1v131on rely on ,B hCG

| '-‘9“2.03%' 88.88% t0 94.52%
'82.96% || 78.31% to 86.97%
[540 42210691
(0.0 [ 0.07t00.14
'55.57% || 51.80% to 59.29%
87.10% | 83.47% t0 90.19%
80.27% | 85.12% to 92. 59%

Table 4 Crltenon values and coordmates of the ROC f

curve for ,B -hCG
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The sen51t1V1ty and specificity of a test ‘depeénd on the

level that has been chosen as the cut-off pomt for normal or

jabnormal that is they depend on the deﬁnltlon of what-

B constltutes an abnormal test The sen31t1v1ty and spec1ﬁc1ty-_ '

_ at varlous ,B -hCG cut—offs 18 shown in Table 4 You can see’

ﬁom this. table that the sens1t1v1ty and spe01ﬁ01ty ‘of the g -'
| hCG change according to What level was taken as the cut-"
| off for normal or abnormal For example the sensrt1v1ty and
spe01ﬁc1ty at a cut-off of 6 was 100% and 16%,'.
_‘_‘respectlvely, while at a cut-off of 17 sen31t1v1ty and |

spe01ﬁc1ty were, respectlvely, 99% and 73% It i 1s also clear

- from Table 4 that as the cut-off level of nonnal is 1ncreased

' the sen51t1v1ty of the test decreases Wh11e spe01ﬁc1ty :
‘increases. ThlS illustrates an 1mportant pomt sensrt1V1ty and
spe01ﬁ01ty are 1nverse1y related accordlng to the ch01ce of -
cut-off value. When i increasing values of a test result are
" associated with disease, higher cut-off values are' generally
associated W1th lower sen31t1v1t1es and hlgher spe01ﬁc1t1es |

| while lower cut-offs are assomated w1th hlgher sensitivities :

~ and lower spec1ﬁcrt1es 23 Thus changlng the cut off pomt
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to.try and increase the sensitivity or spec1ﬁclty of a test Wlll. |

result in a reduction of the other. This relatlonshlp between |
-sen51t1v1ty and spec1ﬁc1ty has important 1mp11cat10ns First,

for. any dlagnostlc test, we would like to select a cut-off
value such that-the optimal sensitivity and spe01ﬁc1ty are

- achieved; that i 1s the cut—off point

- at whlch the test is most useful in helplng to, make the

-dlagnosm

Second, it is obv1ous that sen51t1v1ty and spe01ﬁc1ty at a
single cut-off value do not describe the test’s performance at
other potential- cut-off* values. ‘Third, the selected. cut off |
' value ~should be taken into account ‘when - comparmg
different d1agnost1c tests. One way of addressmg all these

issues is to use the ROC curve
: _DISCUSSION AND CONCLUSIONS

s ROC analy51s used in th1s artlcle 111ustrates how thlS ;
procedure works in a real c11n1ca1 research srcuatlon and |
consequently, | ‘the results must be 1nterpreted 1n thlS .
particular context. However our ﬁndlngs rephcate prekus

s,tudle_s on -hCG.
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The sensitivity and specificity of clinical tests whose
| results are quant1tat1ve vary accordlng to what cut-off po1nt :
is chosen to define normal or abnormal The ROC curve
allows analyses of the trade-offs “between sens1t1v1tynand-'-
spec1ﬁ01ty at all possrble cut-off p01nts The: curve may be

.used to select optlmal cut-off values for a test result, to-

© assess the d1agnost1c accuracy.~ of a test. -

The ut111ty of ROC analys1s is demonstrated as a means of

| assess1ng accuracy in the programmatlc domains of any DM
. programme. There are several reasons why DM programmei_
evaluators should consider using RQC_analy_ms in lieu of the.
‘more conventional I'n'ethods First, it thoroughly investigates'
model or test- accuracy across the entire. range of scores.

'Second it. allows for visual exam1nat1on of scores on, one-
 curve ora comparison of two or more curves us1ng a similar

metric. Th1rd the calculatlons for estabhshlng the
sens1t1v1ty and 1-spec1ﬁc1ty coordlnates for 1nd1v1dual-
dec1s1on thresholds are “not espec1ally comphcated an,
exhaustrve iterative process s requlred to determme all“

pomts along the ROC continuum.
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