A Practical Example of SGPLOT Using

Logistic Regression

. Jon Yankey
u THE m Clinical Trials and Statistical Data
NIVERSITY
OF lOWA Management Center

Department of Biostatistics
University of lowa



Background

 Clinical Islet Transplantation (CIT) Consortium

Clinical Islet established by NIAID and NIDDK in 2004
Transplantation
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Islet transplantation PLoS Medicine CBY 25 view terms
Giovanni Maki - Naftanel MA, Harlan DM (2004) Pancreatic Islet Transplantation. PLoS Med 1(3): €58 (image link)



Background

Clinical investigators wanted to know if rejection of transplanted islet cells
was related to the number of HLA (Human Leukocyte Antigen) anitbody mis-
matches

Antibodies are produced by both the patient and the transplanted islet cells

If patient does not have antibodies similar to the transplanted cells:

e Patient’s immune system recognizes transplanted cells as intruders
* Immune system response is to remove transplanted cells

* Transplant did not work — transplanted cells rejected

Investigators were interested in A/B and D/R antibody mis-matches



Background

Goal of analyses:
* Use logistic regression to estimate odds of transplant rejection as function
of number of mis-matches for A/B and D/R antibodies

* Summarize results graphically



Background

Contrived data from sashelp.cars data set
Outcome is MPG greater than or equal to 25 (/slet cells rejected or not)
Predictor variable is overall vehicle length (Number of HLA mismatches)

Fit two separate models:

one for Rear wheel drive vehicles (Number of A/B mismatches) &

one for Front wheel drive vehicles (Number of D/R mismatches)
Two Separate Logistic regression models:

Logit(MPG 2 25) = B, +B, * (Vehicle length) Rear wheel only
Logit(MPG 2 25) = B, + B, * (Vehicle length) Front wheel only



Background

The MEANS Procedure
finalysis VYariable : WPG_Highway MPG {Highway)

Drive N

Train Obs N Mean Std Dewv Minimum Max i mum
fll 92 92 22.47 4.16 12.00 29.00
Front 226 226 29.50 5.89 18.00 66.00
Rear 110 110 25.04 3.00 18.00 36.00

Table of DriveTrain by mpo_ot25

DriveTrain mpg_qgt?25

Frequency

Col Pct 1] 1 Total
fill 56 36 92

45.16 11.84

Front 28 198 226
22.58 65.13

Rear 40 o 110
32.26 23.03

Total 124 304 428




Graph Produced by PROC Logistic
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Graph Produced by PROC Logistic

Predicted Probabilities for mpg_gt25=0
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Graph Produced by PROC Logistic

Predicted Probabilities for mpg_gt25=0
With 956% Confidence Limits
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Customized Graph

SGPLOT Example
Estimated Probability of MPG > 25 by Vehicle Length
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Customization of Graph

To customize graphs:

Need estimated probabilities for rear and front wheel drive
vehicles

Need lower 95% ClI for estimated probabilities that correspond
to each observed length rear wheel drive used in model

Need upper 95% Cl for estimated probabilities that correspond
to each observed length rear wheel drive used in model

Explore options in SG procedures for different plot types,
options for titles, and options for x and y-axes.



Obtaining Estimated Probabilities

Statements used to fit logistic regression models:

proc logistic data = cars plots=all;
model mpg_gt25 = length;

where drivetrain = 'Rear’; ® Restrict observations to rear wheel only
output out =rear e Create data set that contains:

p = p_rear e Estimated probabilities

xbeta = X_rear e Observed vehicle length (or linear predictor)

lower = lower_rear o Lower 95% ClI for given vehicle length

upper = upper_rear; o Upper 95% Cl for given vehicle length
run;

For Front wheel drive model, change where statement to ‘where drivtrain = ‘Front’; *
and change name of output data set ‘output out = front ... *



Data Management

Some data management:

proc sort data = rear
(keep = make model p_rear x_rear lower_rear upper_rear length);
by length;

run;

proc sort data = front
(keep = make model p_front x_front lower_front upper_front length);

by length;
run;
data cars2;
set rear
front;

run;



Data Management

G sas- WVIEWTABLE: Work,Cars2] o || = ER
B File Edit “iew Tools Data  Solutions  Window Help
v - DB E&n 12 1E[E =
] Yalue of the . Lower 953 Upper 953 Yalue of the . Lowe =
Explorer , Make todel Length [IM] Linear IErsoth?a?iﬁtd Confidence Cgrlffidn_ance Linear IErsoth:l'Jtiﬁtd Confi
tents of “work! Predictor i Limit Limit Predictor * | Limit
[ Cars 1 Tayata MR 2 Spyder convertible 2dr 153 -1.344835106 02087160516 0.088601E034 04112403867 e
Cars? 2 Mazda M35 Mista convertible 2dr 186 -1.27E8965409 02180672208 01003671089 04107711042
Front 3 Mazda M-8 Miata LS convertible 2dr 186 -1.276965409 02180672208 01003671089 04107711043
Rear 4 Mercedes-Benz SLKZ30 convertible 2dr 158 -1.231718345 02258807118 0.1083013054 04106147261
5 Mercedes-Benz SLK3Z AMG 2dr 188 -1.231718345 0.2258807118 0.1083013054 04106147261
g Chiysler Crazsfire 2dr 160 -1.18647248 02338904235 0.118001E157 04106073654
7 Bibdiad 24 convertible 2.5 2dr 161 1163849248 02379685605 01227657846 041086894274
8 Bibdiad 24 convertible 3,00 2dr 161 1163849248 02379695605 01227657346 04106624274
9 Honda 52000 conwertible 2dr 162 1141226015 02420953342 0127672565 04107765528
10 Miszan 350F coupe 2dr 169 0992863389 02723239343 01658518556 04132828275
11 Miszan 360F Enthusiast convertible 2dr 169 0992863389 02723239343 0.1658518556 04132828275
12 Parsche Basster convertible 2dr 170 0960240157 02788301141 01718035 0.4139690842
13 Parsche Basster 5 convertible 2dr 170 0960240157 02788301141 01718035 0.4139690842
14 Pontiac Vibe 172 0914993692 02859790613 0.18400645597 04156754421
15 |Acura MS¥ coupe 2dr manual 5 174 0869747228 02953069014 0.1965304534 041730663933
16 hlazda R-8 4dr automatic 174 -0.8BE9747228 02953069014 0.1965304534 04173066933
17 Mazda F¥-8 4dr manual 174 -0.BE9747228 02953069014 0.1965304534 04173086933
18 Porzche 911 Carrera convertible 2dr [coupe] 175 0847123995 0300036513 0.2028765754 10.4192540659
15 Porsche 911 Tanga coupe 2dr 175 08471239595 0300036513 02028765784 04132540659
20 Parsche 911 GT2 2dr 175 08471233595 0300036513 0.2028765784 04192540659
2 Bibediaf 3250 4dr 176 0824500763 03048091089 0.2092555026 0420777468
22 Bibefiad 330 4 176 0824500763 03048091089 0.2092555026 0420777468
23 Bibdiaf 330Ci 2dr 176 0824500763 03048091089 0.2092555026 0.420777468
24 Dodge Yiper SAT-10 convertible 2dr 176 0824500763 03048091089 0.2092555026 0420777468
25 Bibdiad 32501 2dr 177 0801877531 03096240402 0.2156471596 04224943623
26 Bibdias 325Ci convertible 2dr 177 0B01877531 03096240402 0.2156471596 04224949623
27 Bibediaf 330Ci convertible 2dr 177 0801877531 03096240402 0.2156471596 04224949623
28 Bibdiaf M3 coupe 2dr 177 0801877531 03096240402 0.21564715596 04224943623
29 Bibdiaf M3 convertible 2dr 177 0801877531 03096240402 0.21564715596 04224949623
0 Lewus 15 300 4dr marual 177 0801877531 03096240402 0.2156471596 04224943622
il Lesus 15 300 4dr auta 177 0B01877531 03096240402 0.2156471596 04224949623
32 Lexus 15 300 SportCross 177 0B01877531 03096240402 0.2156471596 04224949623
2 " adillar W1 B erwsartibla 2 178 0 TTAPRATAS N TAASNEPAT 0 FTINIIINIT 0 ATAATELLTT i
£ m 2
@ Results @J Bl [ Qutput - {Untitled) | E] Log - (Untitled) | @ example sgplot.sas ||E_- VYIEWTABLE: Work.Car...

= CivUsersiyankey




Full Code for Customized Graph

proc sgplot data = cars2;
title 'SGPLOT Example’;
title2 'Estimated Probability of MPG > 25 by Vehicle Length’;

band x = length upper= upper_rear lower=lower_rear / fillattrs=(color=red)
transparency = 0.70 name='rear band' legendlabel='95% Confidence Limits';

band x = length upper= upper_front lower=lower_front /
fillattrs=(color=blue) transparency = 0.70 name="'front band' legendlabel='95% Confidence Limits’;

series x = lengthy = p_rear /
lineattrs=(color=red thickness = 3) name = 'pred rear"
legendlabel = 'Rear Wheel Drive - Estimated Probability';
series x = length y = p_front /
lineattrs=(color=blue thickness = 3)
name = 'pred front' legendlabel = 'Front Wheel Drive - Estimated Probability’;
keylegend 'pred rear' 'rear band' 'pred front' 'front band' / across = 2 location = inside position = topleft;

yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25';

xaxis label = 'Vehicle Length in Inches’;
run;



Full Code for Customized Graph

Steps towards full code
» Searched SAS references (books and papers) for examples

Step 1:
* Confidence band for estimated probabilities over observed range
of vehicle lengths for rear wheel drive vehicles only
« Titles, labeling of axes, legend, etc.

Step 2:
* Line plot for estimated probabilities
 Update legend

Step 3:
 Use lessons learned from Steps 1 and 2 to add confidence band
and line plot for estimated probabilities for front wheel drive
vehicles



Step 1

Estimated Frobability of MPG = 25

SGPLOT Example
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Step 1

proc sgplot data = cars2;
title 'SGPLOT Example';
title2 ‘Estimated Probability of MPG > 25’;

band x = length upper= upper_rear lower=lower_rear /
fillattrs=(color=red) transparency = 0.70
name='rear band’
legendlabel='95% Confidence Limits’;

yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25°;

xaxis label = ‘Vehicle Length in Inches’;
run;



Step 2

SGPLOT Example
Estimated Probability of MPG > 25 by Vehicle Length
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Step 2

proc sgplot data = cars2;
title 'SGPLOT Example’;
title2 ‘Estimated Probability of MPG > 25’;

band x = length upper= upper_rear lower=lower_rear /
name='rear band'
legendlabel='95% Confidence Limits’;

— Step 1

series x = length y = p_rear /
lineattrs=(color=red thickness = 3)
Step2 name = 'pred rear’
legendlabel = 'Rear Wheel Drive - Estimated Probability’;

_ keylegend 'pred rear' 'rear band' / across = 2 location = inside position = topleft;
yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25';

xaxis label = ‘Vehicle Length in Inches’;
run;



Step 3

SGPLOT Example rd .
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1.0
Rear Wheel Drive - Estimated Probability [0 95% Confidence Limits
0.9 Front Wheel Drive - Estimated Probability O 95% Confidence Limits Add CI band and
estimated

0 0.8 egeg
~ probabilities for
O 0.7+ .
8 Front wheel drive
S 06
3 and update legend
2 05+
Q
2
o 044
o
3
E 0.3
0
w 0.2

0.1 5

0.0

I I I I I
140 160 180 200 220
Vehicle Length in Inches




Step 3

proc sgplot data = cars2;

Step 1

Step 3

Step 2

Step 3

Step 3

run;

title 'SGPLOT Example’;
title2 'Estimated Probability of MPG > 25 by Vehicle Length’;

band x = length upper= upper_rear lower=lower_rear / fillattrs=(color=red)
transparency = 0.70 name='rear band' legendlabel='95% Confidence Limits';

band x = length upper= upper_front lower=lower_front /
fillattrs=(color=blue) transparency = 0.70 name="'front band' legendlabel='95% Confidence Limits’;

series x = lengthy = p_rear /

lineattrs=(color=red thickness = 3) name = 'pred rear'
legendlabel = 'Rear Wheel Drive - Estimated Probability’;

series x = length y = p_front /
lineattrs=(color=blue thickness = 3)
name = 'pred front' legendlabel = 'Front Wheel Drive - Estimated Probability’;

keylegend 'pred rear' 'rear band' 'pred front' 'front band' / across = 2 location = inside position = topleft;

yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25;

xaxis label = 'Vehicle Length in Inches’;



Order of Plot Statements

proc sgplot data = cars2;

title 'SGPLOT Example’;
_title2 'Estimated Probability of MPG > 25 by Vehicle Length’;

band x = length upper= upper_rear lower=lower_rear / fillattrs=(color=red)
transparency = 0.70 name='rear band' legendlabel='95% Confidence Limits';

band x = length upper= upper_front lower=lower_front /
fillattrs=(color=blue) transparency = 0.70 name='front band' legendlabel='95% Confidence Limits';

Order _J seriesx=lengthy=p_rear/
of Plots lineattrs=(color=red thickness = 3) name = 'pred rear'
Matters legendlabel = 'Rear Wheel Drive - Estimated Probability’;

series x = length y = p_front /
lineattrs=(color=blue thickness = 3)
name = 'pred front' legendlabel = 'Front Wheel Drive - Estimated Probability’;

=

keylegend 'pred rear' 'rear band' 'pred front' 'front band' / across = 2 location = inside position = topleft;
yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25';
xaxis label = 'Vehicle Length in Inches’;

run;



Step 3

SGPLOT Example
Estimated Probahility of MPG = 25 by Vehicle Length
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Naming and Labeling of Each Plot

proc sgplot data = cars2;

title 'SGPLOT Example’;
_title2 'Estimated Probability of MPG > 25 by Vehicle Length’;

band x = length upper= upper_rear lower=lower_rear / fillattrs=(color=red)
transparency = 0.70|name='rear band' legendlabel='95% Confidence Limits';

band x = length upper= upper_front lower=lower_front /
fillattrs=(color=blue) transparency = 0.70| name='front band' legendlabel='95% Confidence Limits|;

Order _J seriesx=lengthy=p_rear/
of Plots lineattrs=(color=red thickness = 3) name = 'pred rear'
Matters legendlabel = 'Rear Wheel Drive - Estimated Probability’;

series x = length y = p_front /
lineattrs=(color=blue thickness = 3)
name = 'pred front' legendlabel = 'Front Wheel Drive - Estimated Probability’;

=

keylegend 'pred rear' 'rear band' 'pred front' 'front band' / across = 2 location = inside position = topleft;
yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25';
xaxis label = 'Vehicle Length in Inches’;

run;



Customizing Legend

proc sgplot data = cars2;
title 'SGPLOT Example’;
_title2 'Estimated Probability of MPG > 25 by Vehicle Length’;
band x = length upper= upper_rear lower=lower_rear / fillattrs=(color=red)
transparency = 0.70) name='rear band' legendlabel='95% Confidence Limits'; | 1

band x = length upper= upper_front lower=lower_front /
fillattrs=(color=blue) transparency = 0.70| name='front band' legendlabel='95% Confidence Limits|;

2
Order _J seriesx=lengthy=p_rear/
of Plots lineattrs=(color=red thickness = 3) name = 'pred rear'
Matters legendlabel = 'Rear Wheel Drive - Estimated Probability’; | 3

series x = length y = p_front /
lineattrs=(color=blue thickness = 3)
name = 'pred front' legendlabel = 'Front Wheel Drive - Estimated Probability'; | 4

3 1 4 2
keylegend 'pred rear' 'rear band' 'pred front' 'front band' / across = 2 location = inside position = topleft;
yaxis min = 0 max = 1 values = (0 to 1 by 0.1) label = 'Estimated Probability of MPG > 25';
xaxis label = 'Vehicle Length in Inches’;
run;




Summary

* Order of plots matters —

* plots are layered in the order in which they appear after the
SGPLOT statement

e 1t plotis drawn, the next plot is drawn on top of the first,
etc.

* Keep this in mind.

e Can use options for different plot types to alter appearance
of plots

* Name each plot
* Naming each plot allows user to customize graph legend
* Appearance of legend is not affected by order of the plots
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