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The decision that a patient has a certain disease often depends upon
a test or series of tests. The utility of a diagnostic test depends
upon the tests ability to detect patients with disease (sensitivity)
and exclude patients without disease (specificity). Further, when a
patient tests positive, what is the probability that the disease is
present (positive predictive value) and when the test is negative,
what is the probability that the disease is not present (negative
predictive value).
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Sensitivity Specificity

when the diagnostic test is a continuous variable, a decision needs
to be made concerning the optimal cutoff point to achieve the
desired sensitivity and specificity. By changing the cutoff point
for a variable measured in patients known to have the disease and in
patients without the disease, one can determine the best cutoff
point to use for future diagnoses. As the cutoff point changes over
a range of the data, sensitivity and specificity would alternately
increase and decrease with similar changes in the positive and
negative predictive values. Plots of sensitivity versus specificity
and the positive versus the negative predictive values over a range
of the diagnostic variable are useful in selecting the best cutoff
point. A ROC curve, which is a plot of sensitivity versus the false
pogsitive fraction (one minus specificity), over a range of cutoff
points provides another visual aid in the selection of the best
cutoff point. The best cutoff point often depends on the costs of
not misging the disease (both monetary and medical) and not on a
point selected by a statistical procedure. The use of an appropriate
statistical procedure, though, can aid in the decision. The Logistic
procedure (SAS/STAT*) is included in order to calculate the
probability of the disease or event over the range of the diagnostic
vacriable and to assess statistical significance.
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The macro FALSEPOS requires a variable that is included in a SAS*
Data Set called 'TEST' which is equal to 1 for disease present (or
event) and 2 for disease absent (no event). Parameters that are in
the macro call are the SAS Data Set name, the name of the continuous
variable, the range of the variable for the analysis in the form of
a 'from' 'to’ 'by' and if the disease state is associated with high
levels or low levels of the continuous variable.

&MACRO FALSEPOS(DATA=,FROMV=, TOVa,BYVs,LOHI=,VARBLa,);

DATA= Name of the SAS data set.

FROMV= Lowest value for the analysis.

TOV= Highest value for the analysis.

BYV= increment or by variable.

LOHI= Event agsociated with lower=0 or higher=l levels.
VARBL= Name of the continuous variable.

DATA MMMM:
SET AAAA:
--data step statements--
IF GROUP ='P' THEN TESTal; /* event or disease */
IF GROUP ='C' THEN TEST=2: /* no event or no disease */
IF TEST =. THEN DELETE:
IF CONTVA=. OR CONTVB=., THEN DELETE;
KEEP TEST CONTVA CONTVB:;
RUN:

%FALSEPOS(DATA=MHHH.FROHV=120.TOV=160.BYV=2,LOHI:I,VARBL:CONTVA):
3FALSEPOS (DATA=MMMM, FROMV=12 ,TOV=50 ,BYV=2,LOHI=0,VARBL=CONTVB):

The macro initiates arrays, up to size 24 for both levels of 'TEST’,
that will contain the counts of the number of patients that are
above and below the cutoff points. The cutoff points are calculated
ugsing the FROMV, TOV and BYV macto variables. The difference between
FROMV minus TOV must be evenly divisible by BYV. These counts are
used to calculate sensitivity, specificity and the positive and
negative predictive values. Footnotes for the cutoff points are
derived by concatenating a letter code, with an equal sign and with
the cutoff points. These codes are combined to form three footnotes.
Plots are included for sensitivity and specificity versus VARBL,
positive and negative predictive values versus VARBL and the ROC
curve with the footnotes. Proc Logistic, with the Output option,
creates a data set containing predicted probabilities and upper and
lower 95% confidence limits. Duplicates and the extreme
probabilities are deleted to reduce the length of a pcint of this
data and to limit the scaling of a plot of the probability of an
event versus the continuous variable.

The macro was run in SAS version 6.06 under MVS.
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KMACRS FALSEPOSCDATAR ,FROMY= TOV=, BYVS, LOHI=, VARBL=)}

ATA [MAA3
Wil | oemate,
.-
Ay SVARBVALL 1+( (3TOV-SFRONVI/SBYV) )3
ARRAY PPP(aH) PPPL1-PPPLH;
ARRAY PPMCAH} PPM1- ¥
ARRAY NNPCAH) NMP1-NNPH3 Do Isl 10 sHx
ARRAY NNMCAH) NNN1-NNNSH; PPNg  wePN(1);
iy s Do, e
A = cas vme ¢pT O YE* 'FT *G* 'HT ] 1);
ARRAY ALP(2¢} 81 ALPL-ALP2S (A (B0 € AN - e R o
g R 'S° e eyt W YT %3 :‘{wl:}g{{;:
IF M_ =l m'nﬂ 00; SENSIT =PPPO/NMEP; /m SENSITIVITY
| ):m FNEGFR =1-SENSIT: /M FLASE MEGATIVE FRACTION
PON( .zx SPECIF = /» SPECIFICITY
paR( g‘ b FPOSFR =1-SPECIF /% FALSE POSITIVE FRACTION
N 1-2’ C )3 /M POSITIVE PREDICTIVE VALUE
Nt 108 NEGPROVSHNND/ (NPONNNO ) ; /8 NEGATIVE PREDICTIVE VALUE
END; ' '

WUMBW=S] MUNEPwes  END3
A oPual PAGL-PPPIH NNNL-NNNLH NPL-HPLH

RETAIM
XXAL-XXXEH NUMBN NUMSR3
IF YEST=2 T HUMBNSHUMBI] §
ELSE Iq TEST=1 HUMEPNUNBP+1 3

00 K: h;ﬂ?.m TO aTOV BY 80YV)
*13
xx{11=K3 3

/enEOR RISK IN LOWER TAIL ma/
IF SLOMI ="0° THEM D03
Do %;1 TQ s

ELSE IF TEST=1 00
If AVARBLY XXX{
ir avaRBL<exxx(l

IF avARBL CaXXX{I
THEN i

1

I 1

ELSE IF }'EST']. THEN mi
IF SVARBL>=0X(I

T e Te1 Ta Wy
Soterd Aty 11 *=* 11 DIUTOOMCIY, 4605

N0
aFTiAe FOTL (| FOT2 || FOT3 || FUTS || FOTS 1Y
AFTHD® F Fi FaTil FOT12 FoT1S |
T e 11 vome 11 £33 || Forte || £otl

: FOT22 FOTZS FOT2%;

CALL SYMPUT( ‘FTHA® ;M(m,‘l“.))l

CALL M('M',M(m.iu.l 1

CALL M('M'.Mlm,ssm)); €N

i s ST
Dgg AAAA 3 /m CREATE DATA SET FOR PLOTS »/

INAA}
ARRAY PPMCANY PON1-PPNEH
ARRAY PPR{IH} PPP]-PRREH;
ARRAY WMH{RH} NNM1-NMNAN;
ARRAY NNP{SH] NNPL-MMPENT
ARRAY XXX(SH} QOU) «X0CIAN;:
ARRAY ALP(SW] $ ALPl-ALPRH
OROP TEST I PPPI-PPREK PPN ~PPUaH

0OX1-100UH ALP1-ALP24 AFTHA AFTH AFTNG
FORMAT SENSIT FNEGFR SPECIF FPOSER POSPRDV NEGPRIV

ML - BN NP1 - 1PN
3
Fe.23

PROC PRINT DATASAAAA}
VAR GVARBL NUNBN NUMER PPNO PPPO MNNO NWPO ALPO
SENSIT FNEGFR SPECIF FPOSFR POSPRDV MEGIRDV
;%E% - L;‘Tm FOR AVARBL"}

3
FOOTNOTEL ~ ™3
FOOTMOTEZ = 75
FOOTHOTES = 73
PROC PLOT;
PLOT SEMSITHRVARBL ='+’ SPECIFNGVAREL, =+’ JOVERLAY
VANIS=.1 7O 1.0 BY .13
TITLEL "POSITIVE-SENSITIVITY  MEGATIVE-SPECIFICITY™;
YZ;%SZ = PLOT FOR SVARBL®}
PROC PLOT;
noT VARBLS'+* NEGPROVWAVARSL='-* /QVERLAY
VAXIS=.2 TO 1.0 8Y .1:

TINLEL ITIVE AND NESATIVE PREDICTIVE VALUES =3
TITLEZ ® PLOT FOR 4VARBL™;

PROC PLOT;
LT ITFPOSFRALPO /
VAXIS= 0 TO 1.0 BY .1 MAXIS= 8 TO 1.0 BY #
TITLEL ~SENSITIVITY VERSUS FALSE POSTTIVE FRACTION®:
- TITLEZ ™ ROC CURVE FOR SVARML";

%

PROC LOGISTIC DATA=SDATA;

MODEL TESTs SVARSL / CTABLE;

OUTPUT OUT PupHAT LOWERLCL UPPER™UCL;
TITLEL = EW;STIC WODEL FOR AVARBL™;

DATA PRED

3
PHATSROLMD(PHAT, . 011 ;
LEL=ROUND{ LCK,.013;
UCL=ROUNDC( UCL,.01)
IF PHAT>.97 THEN DELETE;
IF PHAT<.903 THEN DELETE;
oROP L

/4 ROUND AMD TRIM EMPOINTS FOR PRINTS AND PLOTSM/

PROC SORT ({ BY PHAT:
DATA SETONE: /n ELIMIMATE GUPLICATE POIMTS u/
SET BY PMAT;

3
atpe
TITLEL " LOGISTIC MODEL FOR aVARBL™;
TITLEZ "PROBABILITY OF TRUE POSITIVE™;

MEND FALSEPUS;

n/
LA
=/
n/
n/
a/

UCL¥AVARBLS =" LCL=AVARBLe"~* /OVERLAY;

LISTING FOR COMTVA 1
OBS CONTVA NIBGN NP PPHND  PPPO NS0 NP0 ALPO  SENSIT FNEGFR SPECIF FPOSFR  POSPRDV  MEGPRDV
1 a2 (1] ] e ) 14 4 1 A .9 .0 8.11 .89 .60 1.58
2 26 65 [ 53 7 }3 1 1] 1.9 0.8 9.18 .82 I.:g .92
3 26 65 8 52 ” 1 c 1.9 g.01 a.20 .00 v .93
4 28 [T ] «9 [ o 16 4 '} .95 9.0% 0.28 8.75 0.63 .88
| 1 39 &5 " 31? 43 2% i ] 3 0.9 .96 2.40 .64 .68 .84
é 32 (] 88 % 78 Fy 4 10 r .09 011 0.45 4.55 .68 ®76
7 4 &5 8 33 7 32 11 e ¢.58 .13 .49 .51 .79 .76
] 56 65 [ ] 28 L 57 1 ] 0.82 1.18 0.57 .63 .72 .79
9 58 65 8 22 7 43 18 1 .50 0.20 0.66 1.5 °76 1.78
bt ] L] 48 " 21 [ ] “ 20 J €77 .23 0.68 .32 8.76 | N,
11 42 45 ] 14 &3 51 -} K .72 .28 9.78 .22 .52 $.467
12 ] &5 (] 1 S8 54 30 L .66 .34 1.43 0.17 1.04 .66
13 e [ 1] [ ] 53 57 35 | .68 9.40 1.48 .12 0.87 062
16 L) (3] [ 49 L2 3 N .56 8.04 8.9z .08 ..l 0.4l
15 -1 ] [ 5] s 42 L1 “% ] s.4a 52 .92 (8. ) 6.0% .57
16 £2 43 58 3B 62 [1] p 0.43 .57 0.9% .05 8.93 .58
17 54 65 a8 b4 o2 56 ] .36 « b 6.95 .05 [ 813 .53
13 .56 [ 1] 28 b2 o sl R .31 1.6% 0.98 .82 5.9 .51
19 58 45 [ 7 o ol 3 .31 1.6% 0.98 9.02 0.9% .51
29 60 [ " 3 o) o “ T .27 3.78 .98 .82 .% .50
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SENSITIVITY VERSUS FALSE POSITIVE FRACTION
ROC CURYE FOR CONTVA

Plot of SENSITSFPOSFR. Syabol is valum of ALPO.
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LOSISTIC MODEL FOR CONTVA 5
The LOGISTIC Procedurs
Data Set: WORK. MWW
lnoonn 'm'laloa TEST
lnnnn Levels: 2
Nusber of Qbservations: 153
Link Fmien. Logit
Responrse Profile
Ordered
Valua TEST - Count
1 1 s
2 2 [
Simple Statistics for Explanetory Verisbles
Starderd
VYariable Naan Daviation malms Maxisun
CONTVA 144.1483807 17.7939%7 1.0 221,00
Criteris for Assassing Model Fit
Intercopt
Intercept ang
Critarion Only Coverintes Chi-Square for Covariates
AIC 214, 61.302 .
B et gi?sga 1{.373;% 51.331 with 1 oF Cpus.0e01)
Score : : 37,938 with 1 DF (p=s.0001)
Aaliysis of neximm Likslihood Estisetes
Parsaster Vald Pr > Standard
varisle | Eatieste  Ereer?  ouSamrs  OMtemrs Estimte
INTERCPY ~14.1693 - 29,2443 .00 .
CONTVA 9,102¢ 3.015 3.935 f.0001 1.004487
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LOGISTIC MODEL FOR CONTVA
The LOGISTIC Procadurs
Classification Table

pradicted
EVENT WO " Total
EVENT 1) 19 [ ]
Observed
NO EVENT 21 [ &5
Total %% 3 153

Sansitivitys 78.42 Soscificitys ¢7.72 Correctw 75.92
False Positive Retew 25.3X Falss Negative Rates 3.2
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LOGISTIC MODEL FOR CONTVA
PROBABILITY OF TRUE POSITIVE

Plot of PMATMCONTVA. Sysbel used is 'P’.
Plot of UCLRCONTVA. Symbol used is '-*
Plot of LCL=CONTYA. Sywdel used is ="
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