PHC 6052 SAS Skills

General SAS Skills and Knowledge:

SAS Windows (Program, Log, Output, Results, Explorer)

SAS Menus (Open files, Submit files, View windows)

Clearing SAS Windows (Log and Output)

Creating and using a SAS library

Working with SAS datasets in a library

Working with SAS datasets in the work directory

Viewing the contents of a SAS dataset using PROC CONTENTS

proc contents data=bio.whas500;
run;

proc contents data=bio.whas500 varnum;
ods select position;
run;

Viewing the contents of a SAS dataset using PROC PRINT

proc print data=bio.whas500;
run;

proc print data=bio.whas500 (obs=10);
var hr gender cvd year;
run;

Sorting a dataset using PROC SORT

proc sort data=bio.whas500;
by hr;
run;

Creating new datasets, new variables, and labeling variables using a DATA step

data library._new;

set library.old;

vard = varl/100;

var5 = var2*1000;

ifT O <= vard4 <= 1.6 then var6 = 0;

if var4d > 1.6 then var6 = 1;

label varl="Height (cm)"
var2="Weight (kg)"
var3=""Gender""
var4="Height (m)"
var5="Weight (g)"
var6=""Height Over 1.6 m?";

run;

Create and clear custom titles
/* Create your own title */
title "My Title";

/* Clear all Default Titles */
title;
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e Using ODS RTF and ODS PDF to export output to common formats

O Basic commands:
(If this doesn’t work specify the file name and open the file manually)
ods pdf;

/* SAS code for which output is requested */
ods pdf close;

ods rtf;
/* SAS code for which output iIs requested */
ods rtf close;

0 More advanced examples:

ods pdf notoc File="C:\MySAS\output.pdf";
/* SAS code for which output iIs requested */
ods pdf close;

ods rtf bodytitle file="C:\MySAS\output.rtf";
/* SAS code for which output iIs requested */
ods rtf close;

e Using ODS GRAPHICS to obtain additional graphs from common analyses (this may or may
not be needed in SAS 9.3 and beyond — try and see)

Note: Throughout we have included the ods graphics on/off command when they produce
useful output in SAS 9.2. Most readers should now be using SAS version 9.3 or higher
which, by default, provide ods graphics without the need for these commands and, in that
case, they can usually be ignored.

ods graphics on;

/* SAS Procedures */
ods graphics off;
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Advanced SAS Skills:

e Common SAS options:

Options nodate nonumber;

e Using PROC FORMAT and the FORMAT statement in a DATA step to associate a user defined
format with a variable in a dataset

proc format;

value YesNoFmt 1="Yes-”
0="No";

value Sex01Ft O="Male"
1="Female";

value yr 1="1997"
2="1999"
3="2001";
run;

data WHAS500 formatted;

set whas500 unformatted;

format Gender SexOFmt.
cvd afb sho chf av3 YesNoFmt.
year yr.;

run;

e Using ODS TRACE/SELECT/EXCLUDE to obtain only needed output

ods trace on;
/* SAS Procedures */
ods trace off;

e Adding text to ODS Output

/* Add Text to RTF output
For PDF output change the rtf below to pdf */
ods escapechar=""";
ods rtf text=""S={just=center font=("'Times Roman",22PT,Bold)}
Descriptive Statistics using SAS”;

e Adjusting graph sizes for ODS graphics
ods graphics / width=5in height=4in;

e Using a WHERE statement in a PROC step to analyze a subset of the data
where 40 <= diasbp <= 120;
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Descriptive Methods — One Categorical Variable

e Frequency distributions and bar charts using PROC FREQ

ods graphics on;

proc freq data=bio.whas500;

tables gender;
run;
ods graphics off;

CGender
Cumulative | Cumulative
gender| Frequency | Percent| Frequency Percent
Male 300 &0.00 300 &0.00
Female 200 40.00 500 100.00
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Isnsrabwtion of gender

A umsalative [Rsiribation of gender

Multiple variables can be used in a given tables statement as in the example below:

proc freq data=bio.whas500;
/* List variables separated by spaces */

tables afb sho chf
run;

year;
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Descriptive Methods — One Quantitative Variable

e Histograms using PROC SGPLOT

proc sgplot data=bio.whas500;
histogram hr; /* can only have one variable in HISTOGRAM statement */
run;

Percentl
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Normal or non-parametric (kernel) density estimates can be added using the DENSITY
statement

proc sgplot data=bio.whas500;
histogram hr;

density hr / type=normal;
density hr / type=kernel;

run;
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e Histograms using PROC UNIVARIATE (density curves can also be added but generally
SGPLOT is preferred for this)

proc univariate data=bio.whas500 noprint; /* NOPRINT = No text output*/
var hr age;

histogram;

run;
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Boxplots using PROC SGPLOT
proc sgplot data=bio.whas500;

vbox hr;

run;

/* VBOX for Vertical Boxplots */

proc sgplot data=bio.whas500;
/* HBOX for Horizontal Boxplots */

hbox hr;

run;
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Irstinl Fesert Rate

Summary statistics using PROC MEANS

/* Default Summary Statistics */
proc means data=bio.whas500;
/* can have more than one variable in the VAR statement */

var hr;
run;

/* Requesting different Summary Statistics */
proc means data=bio.whas500 min gl median g3 max fw=7 maxdec=2;

var hr;
run;

Analysis Variable : hr Initial Heart Rate

N

hean

Std Dey

hinimum

haximuam

a0

&7.0120000

235862311

350000000

1260000000

Analysis Variable

: hr Initial Heart Rate

Lower Upper
Minimum | Cuartile | Median| Cuartile | Maximum
35.00 69.00 £5.00 100.0 126.00
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Summary statistics using PROC UNIVARIATE (lengthy output)

proc univariate data=bio.whas500 all;
UNIVARIATE output possible */
/* can have more than one variable in the VAR statement */

var hr;
run;

/* ALL option requests all

The UNIVARIATE Procedure
Variable: hr (Initial Heart Rate)

Moments
N 500 | Sum Weights 500
Mean 87.018 | Sum Observations 43509
Std Deviation 23.5862311 | Variance 556.310297
Skewness 0.56676662 | Kurtosis 0.47176453
Uncorrected SS 4063665 | Corrected SS 277598.838
Coeff Variation 27.1050025 | Std Error Mean 1.05480832

Basic Statistical Measures
Location Variability
Mean 87.0180 | Std Deviation 23.58623
Median 85.0000 | Variance 556.31030
Mode 100.0000 | Range 151.00000
Interquartile Range 31.50000
Modes
Mode Count
100 16
Basic Confidence Limits Assuming Normality
Parameter Estimate 95% Confidence Limits
Mean 87.01800 84.94559 89.09041
Std Deviation 23.58623 22.20935 25.14650
Variance 556.31030 493.25519 632.34644
Tests for Location: Mu0=0
Test Statistic p Value
Student's t t 82.49651 | Pr > [t| <.0001
Sign M 250 | Pr>= M| <.0001
Signed Rank S 62625 | Pr >= |S| <.0001
Location Counts: Mu0=0.00
Count Value
Num Obs > Mu0 500
Num Obs "= Mu0 500
Num Obs < Mu0 0

Page 8



PHC 6052 SAS Skills Page 9
Tests for Normality
Test Statistic p Value
Shapiro-Wilk W 0.980406 | Pr< W <0.0001
Kolmogorov-Smirnov D 0.049799 | Pr > D <0.0100
Cramer-von Mises W-Sq 0.278942 | Pr > W-Sq <0.0050
Anderson-Darling A-Sq 1.971014 | Pr > A-Sq <0.0050
Trimmed Means
Percent Number Std Error
Trimmed Trimmed Trimmed Trimmed t for HO:
in Tail in Tail Mean Mean 95% Confidence Limits DF Mu0=0.00 Pr > |t|
25.00 125 85.20000 1.139391 82.95593 87.44407 | 249 74.77676 <.0001
Winsorized Means
Percent Number Std Error
Winsorized Winsorized Winsorized Winsorized t for HO:
in Tail in Tail Mean Mean 95% Confidence Limits DF Mu0=0.00 Pr > [t|
25.00 125 84.85000 1.140535 82.60367 87.09633 | 249 74.39492 <.0001
Robust Measures of Scale
Estimate
Measure Value of Sigma
Interquartile Range 31.50000 23.35098
Gini's Mean Difference 26.37960 23.37831
MAD 16.00000 23.72160
Sn 23.85200 23.85200
Qn 22.21900 22.05141
Quantiles (Definition 5)
Order Statistics
95% Confidence Limits 95% Confidence Limits
Quantile Estimate Assuming Normality Distribution Free LCL Rank UCL Rank Coverage
100% Max 186.0
99% 150.0 138.1125 146.1037 146 186 491 500 96.23
95% 128.5 122.7901 129.1550 123 139 466 486 95.89
90% 117.0 114.5712 120.1696 114 121 437 464 95.63
75% Q3 100.5 100.6978 105.2915 99 105 357 395 95.01
50% Median 85.0 84.9456 89.0904 83 88 229 273 95.08
25% Q1 69.0 68.7445 73.3382 67 72 106 144 95.01
10% 59.0 53.8664 59.4648 57 61 37 64 95.63
5% 54.0 44.8810 51.2459 47 56 15 35 95.89
1% 42.0 27.9323 35.9235 35 45 1 10 96.23
0% Min 35.0
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Extreme Observations
Lowest Highest
Value| Obs| Value| Obs
35 1 150 496
36 3 154 497
36 2 157 498
38 4 160 499
42 7 186 500

Extreme Values

Lowest Highest
Order | Value| Freq Order| Value| Freq
1 35 1 101 150 3
2 36 2 102 154 1
3 38 1 103 157 1
4 42 3 104 160 1
5 44 1 105 186 1

Frequency Counts
Percents

Value Count| Cell| Cum

35 1 0.2 0.2

36 2 0.4 0.6

38 1 0.2 0.8

42 3 0.6 14

44 1 0.2 16

All Observed Data Values

148 1 0.2 98.4

149 1 0.2 98.6

150 3 0.6 99.2

154 1 0.2 99.4

157 1 0.2 99.6

160 1 0.2 99.8

186 1 0.2| 100.0
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Histogram #
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Descriptive Methods — One Quantitative and One Categorical Variable
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Boxplots of the quantitative variable by the categorical variable using PROC SGPLOT (similar
results can be obtained using HBOX)

proc sgplot data=bio.whas500;

vbox hr / category=cvd; /* can only have 1 variable in VBOX statement*/

run;

200~

run;
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proc sgplot data=bio.whas500;
vbox age / category=gender;
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Summaries of the quantitative variable by the categorical variable using PROC MEANS

proc means data=bio.whas500;
class cvd;

var hr; /* can have more than one variable in the VAR statement */

run;
Analysis Variable : hr Initial Heart Rate
History of N
Cardiovascular |Obs| N Mean| Std Dev| Minimum| Maximum
No 125|125| 87.4400000| 24.0390811 | 42.0000000| 157.0000000
Yes 375|375/ 86.8773333| 23.4641812 | 35.0000000| 186.0000000
proc means data=bio.whas500;
class gender;
var age;
run;
Analysis Variable : age Age at Hospital Admission
N
Gender |Obs| N Mean| Std Dev| Minimum| Maximum
Male 300| 300 | 66.5966667 | 14.9427219 | 30.0000000 | 102.0000000
Female 200|200 74.7200000 | 12.3007374 | 32.0000000 | 104.0000000
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Descriptive Methods — Two Categorical Variables

e Two-Way Tables (Contingency Tables) using PROC FREQ

ods graphics on;
proc freq data=bio.whas500;
tables gender*cvd;

run;

ods graphics off;

Table of gender hy cvd
cvd{History of
gender{Gender)| Cardiovascular)
Frequency
Percent
Row Pct
Col Pct No| Yes| Total
Male 28 211 300
1780( 4220( a0.00
2867 T033
71200 5827
Female 36 164 200
720( 3250 4000
1200( 2200
2RE0( 4373
Total 125 375 300
25000 7500] 10000

ods graphics on;
proc freq data=bio.whas500;
tables cvd*gender;

run;

ods graphics off;

Table of cvd by gender
cvd{History of
Cardiovascular) gender{Gender)
Frequency
Percent
KRow Pct
ColPct Male | Female| Total
No 29 36 125
17.20 7200 2500
71.20 2320
2967 12.00
Yes| 211 64| 375
42.20 32800 F500
56.27 4373
M0.33 22.00
Total 300 200 500
60.00 40000 10000
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Iistribution of gender by cvd
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Chemder = Female
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Distribution of cvd by gender
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Any combination of variables may be used in PROC FREQ with parentheses containing groups of
variables to be treated the same way
proc freq data=bio.whas500;

tables gender (cvd chf)*gender;
run;

Gender
Cumulative| Cumulative
gender| Frequency | Percent| Frequency Percent
Male 300 60.00 300 &0.00
Female 200 40.00 300 100.00
Table of cvd by gender Table of chf by gender
cvd(History of chf{Congestive
Cardiovascular) gender(Gender) Heart
Complications ender{Gender
Frequency p ) g ( )
Percent Frequency
Row Pct Percent
Col Pct Male | Female| Total Row Pct
~o 59 16 125 ColPct Male|Female| Total
17.80 720 25300 No 215 120 343
7120 IBED 45.00 2400 69.00
2067 18.00 6322 3478
Yes 11 164 373 3.00 60.00
4220 32RO T300 Yes 73 20 135
5627 4373 13.00 16.00 31.00
7033 2200 4839 3161
Total 300{ 200 300 =3.b0) 4000
60.00| 40.00|100.00 Total 300 00| 500
&60.00 40.00) 100.00
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Descriptive Methods — Two Quantitative Variables

e Scatterplots using PROC SGPLOT

proc sgplot data=bio.whas500;
scatter y=diasbp x=sysbp; /* Only one plot per SGPLOT
Can overlay plots */

run;
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e Scatterplots with LOESS smoothed trend line using PROC SGPLOT

proc sgplot data=bio.whas500;
loess y=diasbp x=sysbp / smooth=0.3; /* smooth ranges from

0O=no smoothing to 1=linear */
run;

150 4 @

Inatial Dhastolic Bleod Pressure

Inuteal Systolie Blood

. Liizmis, Sicoth=0 %
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Calculate Pearson’s correlation coefficient (only meaningful for approximately linear trend)

ods graphics on;
proc corr data=bio.whas500 plots=matrix(histogram);

var diasbp sysbp;

run;

ods graphics off;

The CORR Procedure

.'.u'.hfl

£ diasbp
Variables: |svsbp
Simple Statistics
Variable| N Mean| Std Dev| Sum | Minimum | Maximum | Label
diasbp |[300| 78.26600|21.34328)30133 6.00000| 19200000 | Imtial Diastolic Blood Presaure
syshp 300|144.70400)32.20486| 72332 37.00000 [ 24400000 Initial Systolic Blood
Pearson Correlation Coefficients, N = 300
Prob = |r| under HO: Rho=0
diasbp syshp
diashp 1.00000 061092
Initial Miastolic Blood Preszure =001
syshp 0.61092 1.00000
Initial Systolic Blood <0001
Scatter Pl M atrix
dinshp syshp
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e Adding information about a categorical variable to a scatterplot

proc sgplot data=bio.whas500;
where 40 <= diasbp <= 120;
loess y=hr x=diasbp / group=chf smooth=0.5;
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run;
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Inferential Statistics — Investigating Normality

e Normal probability plots using PROC UNIVARIATE

ods graphics on;
proc univariate data=bio.whas500 noprint;

var hr age;

qgplot /7 normal(mu=est sigma=est);

run;

ods graphics off;
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Q-0 Plot for hr Q-0 Plat for age
o2 125
E
o oo ; 4
Bommal Quantiles
Mu=87 018, Sz Nomsl Line 14.491
e Common tests of normality using PROC UNIVARIATE
proc univariate data=bio.whas500 normaltest;
var hr age;
ods select testsfornormality;
run;
The UNIVARIATE Procedure
Variable: hr (Initial Heart Rate)
Tests for Normality
Test Statistic p Value
Shapiro-Wilk W 09280406 |Pr=W <0.0001
Kolmogorov-Smirnov | D 0.04975% | Pr=1 <0.0100
Cramer-von Mises W-8q | 0.278042 | Pr=W-8q | <0.0030
Anderson-Darling A-5q (1971014 Pr= A-5q | =0.0030

The UNIVARIATE Procedure
Variable: age (dge at Hospital 4dmission)

Tests for Normality

Test

Statistic

p Value

Shapiro-Wilk

W

0.973506

Pr<=W

<0.0001

Kolmogorov-Smirnov

D

0.082231

Pr=D

<0.0100

Cramer-von Mises

W-Sq|0.732381

Pr=W-5q

=0.0030

Anderson-Darling

A Sq | 444343

Pr=A-5q

<0.0050
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Inferential Statistics — One Sample — Binomial Proportion

Page 20

Tests and Intervals for one binomial proportion using PROC FREQ. The following conducts a
test of the null hypothesis that the proportion of congestive heart complications in the

population is 25%. Confidence intervals are also provided via this output.

proc freq data=bio.whas500;
tables chf / binomial(level="Yes" p=0.25);

run;

Congestive Heart Complications

chf

Fregquency

Percent

Cumulative
Frequency

Cumulative
Percent

345

69,00

345

6500

Yes

155

3100

500

100.00

Binomial Proportion for chf =

Yes

Proportion

0.3100

ARE

0.0207

05% Lover Conf Limit

0.2695

Q5% Upper Conf Limit

0.3305

Exact Conf Limits

05045 Lover Conf Limit

0.2697

05% Upper Conf Limit

0.35324

Test of HO: Proportion = 025

ASE under HO

0.0194

Z

3.0954

One-gided Pr= Z

0.0010

Two-sided Pr = |Z|

0.0019

Sample Size = 500
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e Power calculations for one binomial proportion

proc power;
onesamplefreq
test=z
method=normal
proportion = .30
nul lproportion =
ntotal = 100

alpha = 0.05

sides = 1

power=_;
run;

.25

using PROC POWER

The POWER Pracedure
Z Test for Binomial Proportion

Fixed Scenario Elements

Method Mormal approxitmation

Number of Sides 1

Null Proportion 025
Alpha 0.03
Binomial Proportion 0.3
Total Sample Size 100

Variance Estimate Mull Variance

Computed
Fower

Power

0322

e Sample size calculations for one binomial proportion using PROC POWER

proc power;
onesamplefreq
test=z
method=normal
proportion = .30
nul lproportion =

ntotal = .

alpha = 0.05

sides = 1

power=_.90;
run;

.25

The POWER Procedure
Z Test for Binamial Propertion

Fixed Scenario Elements

Method Mormal approxmation

Number of Sides 1

Null Proportion 023
Alpha 0.03
Binomial Proportion 03
Nominal Power ne

Hull Variance

Variance Estimate

Computed N
Total

Actual N
Power | Total

0.500 a76
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Inferential Statistics — One Sample — Quantitative Variable

e T-tests and confidence intervals for the mean of a normally distributed population using
PROC TTEST (confidence intervals for the standard deviation of the population are also
reported)

ods graphics on;

proc ttest data=bio.whas500 h0=80;
var hr;

run;

ods graphics off;

The TTEST Procedure

Variable: hr (Initial Heart Rate)

N| Mean| Std Dev | Std Err | Minimum | Maximum
001870180 23.3862 1.0348 33.0000 186.0

05%, CL Std
Alean|95% CL Mean| 5td Dev Dev

270130849436 200004 235862(22.2093| 25.1463

DF |t Value | Pr>= |t]
499 6.63 | =.0001

IHsiributien of hr 30} Plod of br
With 9% Comfidence: Interval Bt Mean y

&

il Heart Hate
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e T-tests and confidence intervals for the mean of a normally distributed population using
PROC UNIVARIATE (confidence intervals for the standard deviation and variance of the
population are also reported)

proc univariate data=bio.whas500 mu0=80 cibasic;
var hr;

ods select testsforlocation basicintervals;
run;

The UNIVARIATE Procedure
Vartable: hr (Initial Heart Rate)

Basic Confidence Limits Assuming Normality

Parameter Estimate | 95% Confidence Limits
Alean 8701800 2404330 2009041
Std Deviation| 2375613 2220033 253.14630
YVariance 33631030 403 23319 632.34644

Tests for Location: Mu0=80
Test Statistic p Value
Student'st |t 6.633342 | Pr= |if =.0001
Sign M 133 |Pr== M| <0001
Signed Rank|§ 172693 (Pr==|§| | <0001

e Power calculations for one sample t-tests using PROC POWER

proc power;

onesamplemeans
b'e The POWER Procedure
Lest=t 0 le t Test for M
diSt=n0rma| He-Samp £5 fﬂl‘. Ean
mean = 30
nullmean = 28 Fixed Scenario Elements
ntotal = 100 Distribution Normal
alpha = 0.05 Method Exact
sides = 1
std = 6 Number of Sides 1
power=.; Null Mean 28
run. Alpha 0.03
Mean 30
Standard Deviation G
Total Sample Size 100
Computed
Power
Power
0052
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e Sample size calculations for one sample t-tests using PROC POWER

proc power;

onesamplemeans
test=t
dist=normal
mean = 30
nullmean = 2
ntotal = .
alpha = 0.05
sides 1
std = 6
power=_.99;

run;

e Sign test and Signed Rank test for the median of a population using PROC UNIVARIATE

(same code and output

8

as above).

The POWER Procedure
One-sample t Test for Mean
Fixed Scenario Elements
Distribution Nommal
Method Exact
Number of Sides 1
Null Mean 28
Alpha 0.03
Mean 30
Standard Deviation 6
Nominal Power 0.99
Computed N
Total
Actual N
Power | Total

0.590 144

proc univariate data=bio.whas500 mu0=80 cibasic;

var hr;

ods select testsforlocation basicintervals;

run;

Tests for Location: Mul=80

Test Statistic p Value

Student'st |t 6.633342 |Pr=|f] | <0001
Sign A 43.5 |Pr == M| <0001
Signed Rank |5 17269.5 |Pr==|§| | <0001
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Power graphs using PROC POWER (can be requested for any design, not just

onesamplemeans)

proc power;
onesamplemeans test=T

dist=normal
power=.
ntotal=500

nul Imean=80
mean=83 85 87
std= 24 28 32;

plot x=effect;

run;

Power

1.0

0.9

0.8

07 .-~

0.6

0.5

— € =06 ——6—°0°
g/o B85 T

83 84 85 86 87

Mean

Std Dev —— 24
- 28
— 32

proc power;
onesamplemeans test=T

dist=normal
power=0.8
ntotal=.

nul Imean=80
mean=83 85 87
std= 24 28 32;

plot x=effect;

run;

Total Sample Size

900 -
800
700
600
500
400
300 T
200 7
100

83 84 85 86 87

Mean

Std Dev —— 24
- 28
— 32
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Inferential Statistics — Paired Samples — Quantitative Variable

e For the following we use the data below, entered into SAS directly using a DATA step

data example;
input jan apr;
diff=jan-apr;
datalines;

139 104

122 113

126 100

64 88

78 61

run;

e Paired t-tests using PROC TTEST and the PAIRED statement

ods graphics on;

proc ttest data=example;
paired jan*apr;

run;

ods graphics off;

N| Mean| Std Dev | Std Err | Minimuom | Maximum

3| 126000 226361 101321 -24.0000 330000
95% CL Std
MMean| 95% CL Mean | Std Dev Dev

12.6000(-13.3313 [40.7313| 22.6361|13.5740| 63.103¢6

DE |t Value | Pr= |t
4 124 02816

[bstr barthom of [Merence: jan - apr Faired Profiles for (jan, apr}
With #3%% Contidencs Interval for Mvas 1 —_— =
——

Agreement of aprand jan Q) Pl of Differemsce: | - age
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e Paired t-tests using PROC UNIVARIATE (this code also conducts the sign test and signed rank
test for paired samples). | have requested tests for normality as well.

proc univariate data=example cibasic normaltest;

var diff;

ods select basicintervals testsforlocation testsfornormality;
run;

The UNIVARIATE Procedure
Variable: diff

Basic Confidence Limits Assuming Normality

Parameter |Estimate| 95% Confidence Limits
Mean 1260000 -1353129 40.73129
Std Deviation| 22.63612 357404 63.10364
Variance 31330000 18425443 1138

Tests for Location: Mul=0

Test Statistic p Value

Student'st |t 1.243569| Pr = |t 0.2816
Sign M 1.5 |Pr== M| 03730
Signed Rank |5 13| Pr==|§| | 03113

Tests for Normality

Test Statistic p Value
Shapiro-Wilk W DO13863 | Pr=WW 04912
Kolmogorov-Smirnov | D 0236873 Pr=D =0.1500

Cramer-von Mises W-Sq | 0047823 | Pr=W-Sq | =0.2500
Anderson-Darling A-Sg | 0302348 Pr= A-8q | =0.2300
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Comparing means of two independent samples from normal populations using PROC TTEST

ods graphics on;
proc ttest data=bio.whas500;

class gender;

var hr sysbp bmi;

run;

ods graphics off;

Vartable: hr (Initial Heart Rate)
gender N| Mean| 5tdDev| 5td Err | Minimum | Maximum
Alale 300| 847867 239829 13847 35.0000 186.0
Female |[200(903630| 226272 Le000 36.0000 160.0
Diff (1-2) -5.5783| 23.4506| 2.1407
05% CL Sid
cender |Method Mean| 25% CL Mean | Std Dev Dev
Male 247267 220618873116 230820(222031)26.0725
Female 00.3650| 872090035201 226272(20.6038|25.0019
Diff (1-2) | Pooled -3.5T783| 97843 21537253 234306|22.0803| 23.0033
Diff (1-2) | Satterthwaite| -3.5753| -5.7369| -1.419%
Method Variances DF|tValue | Pr=|f|
Pooled Equal 408 261 0.0004
Satterthwaite| Unequal 445.23 264 00087
Equality of Variances
MMethod | Num DF|DenDF | F Value| Pr=F
Folded F 200 199 1.12 3755
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Distribution of hr
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Variable: sysbp (Initial Systolic Blood)

gender N| Mean| Std Dev | Std Err | Minimum | Maximom

Male 300 1426 31.1e02| 1.7990 37.0000 2440

Female (200 1479 337491 23864 63.0000 2400

Diff (1-2) -3.3683| 32.2197( 29412

05% CL 5td

gender |Method Mean|95% CL Mean| 5td Dev Dev
Male 1426 1390 146.1| 31.1602|28.8305| 3538732
Female 14789 1432 1326 33.7491|30.7341| 374233
Diff (1-2) | Pooled S33683(-11.1471 (04104 32.2197(30.55370( 34,3534
Diff (1-2) | Satterthwaite| -7 3653 [-11.2435 | 03068

Method Variances DF|tValue | Pr=|f
Pooled Equal 408 -1.83| 0.0686

Satterthwaite| Unzqual 402.86 -1.280| 00752

Equality of Variances
Method | XNum DF|DenDF | F Value| Pr=F
Folded F 199 100 1.17) 02123
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Distribution of syshp
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Variable: bmi (Body Mass Index)

Equality of Variances

Method

Num DF

DenDF

FValue| Pr=F

Folded F

199

199

1.37] 0.0004

cender N| Mean| 5td Dev | 5td Err | Minimum | Maximuom
Male 300)27.26389 48284 02788 159270 427639
Female |[200(236311 60320 04279 13.0433 44 8339
Diff (1-2) 16378 33310 04835
95% CL 5td
gender |Method Mean| 95% CL Mean| Std Dev Dev
Alale 272680 267203278173 4.8284(44705)532401
Female 256311247872 1264730 6.0320(33114)6.7113
Diff (1-2) | Pooled 16378 06781 2.3973 35.3310(3.0384(3.7034
Diff (1-2) | Satterthwaite| 16373 06334 1.6412
Method Variances DF|tValue | Pr=|f|
Pooled Equal 108 333| 0.0009
Satterthwaite| Un=qual 360.31 321 00013
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Diistribution of bmi
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e Comparing two distributions with the Wilcoxon Rank Sum test using PROC NPAR1WAY

proc nparlway data=bio.whas500 wilcoxon;
class gender;

var hr sysbp bmi;

run;
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The NPARIWAY Procedure

Classified by Variable gender

Wilcoxon Scores (Rank Sums) for Variable hr

Sum of| Expected| StdDev Mean
gender N| Scores|Under HO | Under HO Score
Alale 3007028630 TI1A00| 1382 48016) 234 288333
Female 20034963 .30 301000 158248016 274.817300

Average scores were used for ties.

Wilcoxon Two-Sample Test

Statistic

349635000

Normal Approximation

z 30730

One-Sided Pr= Z 0.0011

Two-5Sided Pr = |Z| 0.0021

t Approximation

One-Sided Pr = Z 0.0011
00022

Two-Sided Pr = |Z|

Z includes a continnity correction

of 0.5,

Kruskal-Wallis Test
Chi-Square 84434
DF 1
Pr = Chi-Square| 0C.0021
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The NPARIWAY Procedure

Variable gender

Wilcoxon Scores (Rank Sums) for Variable svsbp
Classified by

Sum of| Expected| StdDev Mean
cender N[ Scores|Under HO | Under HO Score
Male 3000 730630 T3130.0)1582.33600( 2433433353
Female 200 52187.0| 50100.0|1582.53600(260.935000

Average scores were used for ties.

Wilcoxon Two-Sample Test
Statistic 32187.0000
Normal Approximation
Z 13183
One-Sided Pr= Z 0.0937
Two-Sided Pr = |Z) 01874
t Approximation
One-SidedPr= Z 0.0940
Two-Sided Pr = |Z| 0.1880
Z includes a continuity correction

of 0.5.
Kruskal-Wallis Test
Chi-Square 1.7302

DF

Pr = Chi-Square| 0.1872
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The NPARIWAY Procedure
Wilcoxon Scores (Rank Sums) for Variable bmi
Classified by Variable gender
Sum of| Expected| StdDev Mean
gender N| Scores|Under HO| Under HO Score
Male 300 21163.0 T3130.0|1382.715329(270.343333
Female 200| 44087.0 301000 1382.71529( 220435000
Average scores were used for ties.

Wilcoxon Two-Sample Test
Statistic 44087.0000
Normal Approximation
Zz -3.7080
One-Sided Pr= Z <0001
Two-Sided Pr = |Z| 0.0001
t Approximation
One-Sided Pr= Z <0001
Two-5Sided Pr = |Z| 0.0002

Z includes a continuity correction
of 0.5,
Kruskal-Wallis Test
Chi-Square 14,4337
DF 1
Pr= Chi-Square| 0.0001
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Obtaining the exact p-value for the Wilcoxon Rank Sum test using PROC NPAR1WAY (only

the 2" table — of three — is provided below, the rest remains the same)

data smallsamp;
set bio.whas500;

where sho=1; /* keep only 22 obs. with cardiogenic shock */

run;

proc nparlway data=smallsamp wilcoxon;

class gender;
var hr;

exact wilcoxon;
run;

Wilcoxon Two-Sample Test

Statistic (S) 1140000
Normal Approximation

Z 06620
One-SidedPr= Z 02321
Two-Sided Pr = |Z] 0.5042
t Approximation

One-SidedPr= Z 02557
Two-8ided Pr = |Z| 05114
Exact Test

One-Sided Pr== § 02510
Two-Sided Pr== |5 - Mean| 0.5009

Z includes a continuity correction of

0.5,
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Inferential Statistics — Two Categorical Variables

Chi-square and Fisher’s exact tests for association or equality of two proportions (2x2

tables)

proc freq data=bio.whas500;
table gender*(cvd afb) / chisq riskdiff ;

run;
Stavistics for Table of gender by cvd
The FREQ Procedure
Statistic DF | Value| Prob
Table of gender by cvd Chi-Square 187111 0.0032
cvd(History of Likelihood Ratio Chi-Square | 1|3.9697(0.0027
gender{Gender)| Cardiovascular)
Continuity Adj. Chi-Square 1]8.1000( 0.0044
Frequency —
Percent Mantel-Haenszel Chi-Square| 1|3.6937|0.0032
e ) Phi Coefficient 0.1320
ColPct No| Yes| Total
i r i 0.1309
Male g0l 211 300 Contingency Coefficient
17.80| 4220 a0.00 Cramer'sV 0.1320
28.67| T0.33
1.20) 362 Fisher's Exact Test
Female 3 164 200 . 20
720! 3280| 1000 Cell(1.1) Frequency (F)
18.00| 8200 Left-sided Pr == F 09990
28.80| 4373
Right-sided Pr==F 0.0020
Total 123 373 300
25.00| 73.00(100.00
Table Probability (P) 0.0010
Two-sided Pr <=P 0.0032
Column 1 Risk Estimates
{Asymptotic) 95% (Exact) 95%
Risk| ASE| Confidence Limits | Confidence Limits
Rowl 0.2967(0.0264 0.2450 03484 0.2453 0.3319
Row 2 0.1800|0.0272 0.1268 0.2332 01204 02404
Total 0.2300(0.0194 02120 02880 02126 02904
Difference|0.1167[0.0379|  0.0425]  0.1909]
Difference is (Row 1 - Row 2)

Col

umn 2 Risk Estimates

{Asymptotic) 95%

(Exact) 95%

Risk| ASE| Confidence Limits | Confidence Limits
Rowl 0.7033(0.0264 0.6516 0.7330 0.6481 0.7343
Row 2 0.8200(0.0272 0.7668 0.8732 0.7396 0.8706
Total 0.7300(0.0194 0.7120 0.7880 0.7096 0.7874

DlﬂbrenceLDllﬁ'|DD3'9| .01909‘ .uo4:f|

Difference is (Row 1 - Row 2)

Sample Size = 500
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Statistics for Table of gender by afb

The FREQ Procedure
Table of gender by afb Statistic DF | Value| Prob
afb(Atrial Chi-Square 1|05139)|0.3391
gender(Gender) Fibrillation) Likelihood Ratio Chi-Square | 1|0.9033| 03414
Frequency Continuity Adj. Chi-Square 10,6803 0.4064
percent Mantel-Haenszel Chi-Square| 1|05121)| 03356
Row Pct - q Tle :
Col Pct No| Yes| Total Phi Coefficient 0.0428
Male| 237 3300 Contingency Coefficient 0.0427
5140| 860 60.00 -
2367 14.33 Cramer'sV 0.0428
60.90( 33.13
Female| 165 33 200 Fisher's Exact Test
3300 00| 4000 Cell (1,1) Frequency (F) 257
82.350( 17.50
30.10| 4487 Left-sided Pr==F 0.8602
Total 422 78 500 Right-sided Pr ==F 0.2027
84.40( 1560|100.00
Table Probability (P) 0.0629
Two-sided Pr<=P 03789

Column 1 Risk Estimates

(Asymptotic) 953% {(Exact) 95%
Risk| ASE| Confidence Limits | Confidence Limits

Rowl 0.8367(0.0202 0.8170 0.8963 DE118 0.8943

Row 2 0.8250(0.0269 0.7723 08777 0.7631 0.8730

Total 0.8440|0.0162 08122 0.8738 0.2092 0.8747

Difference| 0.0317|0.0336 0.0976] |
Difference is (Row 1 - Row 2)

00343

Column 2 Risk Estimates

(Asymptotic) 953% {(Exact) 95%
Risk| ASE| Confidence Limits | Confidence Limits

Rowl 0.1433(0.0202 0.1037 0.1830 0.1037 0.1882
Row2 0.1730|0.0269 01223 02277 0.1230 0.2349
Total 0.1560(0.0162 01242 0.1878 0.1233 0.1908

Difference| -0.0317|0.0336
Difference is (Row 1 - Row 2)
Sample Size = 500

.0.09'5| 0.0343
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Chi-square and Fisher’s exact tests for association (RxC tables). Fisher’s exact test must be
requested in this case.

proc freq data=bio.whas500;

table gender*year / chisq fisher

run;

The FREQ Procediire

Table of gender by year

gender{Gender)

year(Cohort Year)

Frequency
Percent
Row Pct
ColPct

1907

1000

2001

Total

Male

o7
19.40
3233
6063

111
2220
37.00
5004

o2
12.40
3067
60.53

300
60.00

Female

63
1260
3150
3938

T
15.40
3850
40 96

&0
12.00
3000
3947

200
40.00

Total

160
3200

188
3760

152
3040

500
100.00

Statistics for Tuble af pender by year

Statistic DF| Value| Proh
Chi-Square 2| 0.1154| 09430
Likelihood Ratio Chi-Square | 2| 0.1153] 05440
Mantel- Haenszel Chi-Square | 1| 00005 05814
Phi Coefficient 00152
Contingency Coefficient 00152
Cramer's V 00152

Fisher's Exact Test

Tahle Probability (P)

0.0063

Pr==P

0.0527

Serple Size = 500

McNemar’s tests for paired proportions. Consider a test for high blood pressure (Y/N) at
baseline and again at 6 months.

data mcnemar

input 1D HBPO HBP1

label

datalines;
1

7

13
19
25
31
37
43
49
55
61
67
73
79
85
91

run;

OOPFrRPOFRPROFRPROOFRROOOFrLOO
cNoloololoNoNol } i el i el

HBPO
HBP1

2

8

14
20
26
32
38
44
50
56
62
68
74
80
86
92

ORrRPROORRRPRRPROOROROR
OOO0ORORROROOOOROR

0@;
"High BP at Baseline™
"High BP at 6 Mo.";

3

9

15
21
27
33
39
45
51
57
63
69
75
81
87
93

PRPPRPOFRPPFPOOOOFRLROOOOR
POPRPOOOOO0OO0OO0OO0OO0OFrOO0OO0O

4
10
16
22
28
34
40
46
52
58
64
70
76
82
88
94

11
17
23
29
35
41
47
53
59
65
71
77
83
89
95

OCO0OO0COFrROFRPROOOFRORRERER
cNoloNeol Nol JoloNoNoNoll il ol )
PRPFRPOFRPPFPOOOFRPRFPOFRLOOR
OrRPO0OO0OO0O0CO0OO0O0OFrR,FPROO0OO0OO0OPR

12
18
24
30
36
42
48
54
60
66
72
78
84
90
96

POOFRPROOORPFRPOORFRPROREFRO

OCO0OO0OFrROOFRRFRPPFPOOOOREFRO
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proc freq data=mcnemar;
tables HBPO*HBP1 / agree;
exact mcnem;

run;

Tahle of HEPO by HEP1
HEFO (High BP at Baseline)| HEP1 (High EF at6 Mo.)
Frequency
Percent
Fow Pct
Col Pet 1] 1 Total
1] 44 i) 52
47 92 f.25 2417
2E.46 11.54
a9 70 20.00
1 20 24 44
2083 2500 45 83
45 45 2455
3030 20.00
Total aa 30 04
BE.FS 3125 100.00

Statistics for Table af HEPO by HEFP]

McNemar's Test
Statistic (8) 75385
DF 1
Asymptotic Pr>= 8| 0.0060
Exact Pr==15| 0.00%4

Simple Kappa Coefficient

Kappa

0.4409

ASE

0.0222

0504 Lower Conf Limit

02662

05% Upper Conf Limit

0.6150

Sample Size = 96
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e Tests and confidence intervals for the population correlation coefficient using PROC CORR.
Using the VAR statement alone computes for all possible pairs. Using the VAR and WITH
statements produces only combinations with one variable from each statement.

ods graphics on;

proc corr data=bio.whas500 plots=matrix(histogram) fisher

var diasbp sysbp age
run;
ods graphics off;

3 diasshp  svshp
Variahles: age
Simple Statistics
Yariable | ¥ Mean | SitdDev| Sum| Minimum| hMaximum | Label
diashp 000 7226600 | 21.54529 ) 39133 6.00000( 19800000 | [xitial Diastolic Blood Pressire
syshp 500014470400 | 3220486 | 72352 57.00000) 24400000 | Initial Systolic Blood
age 00| 69234600 | 1449146 | 34923 30.00000| 104.00000 | &gze at Hospital &dedssion
Pearson Correlation Coefficients, M= 500
Prob = [v| under HO: Rho=0
diashp syshp age
diashp 1.00000 0.61092 -0.20604
Initial Diastolic Blood Pressure =.0001 = 0001
syshp 0a1092 1.00aa0 -0.01560
Initial Syrstolic Blood =.0001 07279
age 020604 -0.01560 1.00000
Age at Hospital Admission =0001 0.7279
Pearson Correlation Statistics (Fisher's z Transformation)
With Sample Bias| Correlation P Value for
Variahle |Variable | IN| Correlation | Fisher'sz| Adjustment Estimate | 959%0 Confidence Limiis HO:Eho=0
diashp syshp 500 0.a1092 0.710328 00008121 061053 0.552417 0662741 =.0001
diashp age 500 -0.20604|  -0.20904( -0.0002065 -0.20585 -0.288333 -0.120328 =.0001
syshp age 500 -0.01560 -001560( -0.0000156 -0.01558 -0.103133 0072206 0.7280
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Scatier Plot Mairix
diasbp syshp age

diashp

syshp

age
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Using VAR and WITH

proc corr data=bio.whas500 fisher;
var diasbp age
with sysbp ;

run;
1 With Variables: (sysbp
2 Variahles: |diashp
age
Simple Statistics
Wariahle | I Mean | Sid Dev| Sum| Minimum| Maximum | Lahel
syshp 500 14470400 | 32.20486 | 72352 57.00000| 244.00000 | Indtial Systolic Blood
diashp | 500| 7226600 21.54529 | 39153 6.00000| 19800000 | Initial Disstolic Blood Pressure
age 500 6984600 | 14.49144 | 34923 30.00000| 104.00000 | Age at Hospital &dmission
Pearson Corvelation Coefficients, M= 500
Prob = [r| under HO: Rho=0
diashp age
syshp 061092 -0.01560
Initial Systolic Blood =.0001 07279
FPearson Correlation Statistics (Fisher's z Transformation)
With Sanmple Bias| Correlation p Value for
Wariahle |Variable | | Correlation| Fisher'sz| Adjusiment Estimate | 95% Confidence Limits HO:Rho=0
diashp  (syshp 500 061092 071038 00006121 061053 0.552417 0662741 =.0001
age syshp 500 0.01560(  -001560)  -0.0000156 001558 0103133 0.072206 0.7280
Spearman Rank Correlation:
proc corr data=bio.whas500 spearman;
var diasbp sysbp ;
run;
2 diashp
Varishles: |svsbp
Simple Statistics
Variahle | N Mean| SidDev| Median| Minimum| Maximum |Lahel
diashp 00| TE26600( 21.54529| 79.00000 £.00000( 19200000 | Initial Disstolic Blood Pressure
syshp 500 144.70400( 32.20436| 141.50000| 57.00000| 244.00000 | Indtial Systolic Blood
Spearman Correlation Coefficienis, N = 500
Prob > |r| under HO: Rho=0
diashp syshp
diashp 1.00000 061461
Initial Diastolic Blood Pressure =.0001
syshp Da1461 1.00000
Initial Systolic Blood =0001
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e Simple linear regression using PROC REG

Continuous Predictor

ods graphics

proc reg data=bio.whas500;

on;

model sysbp = diasbp;
run;
quit;
ods graphics off;
Fhe REG Proceduse
Model: MODELS
Dependent Variable: sysbp Initial Systelic Blood
Mumber of Observations Read | 300
Mumher of Ohservations Used | 500
Amnalysis of Variance
Sum of hMean
Source DF| Squares [ Square | F Value | Pr> F
Model 1| 194236 1942368 29854 =.0001
Exrror A0%| 326200 | 65501956
Corrected Total | 477 520436
Root MSE 2559335 | R-Square | 0.3732
Dependent Mean | 14470400 Adj R-Sg | 0.3720
Coeff Var 17 A8069
Parameier Estimates
Parameter| Standard
Variahle |Lahel DF| Estimaie Error| t Value| Pr>= [i
Intercept |Intercept 1 7303426 431647 lam2| =0001
diashp Initial Diastalic Blood Pressure 1 01572 0.05318 17221 =000
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Fit Diagnostics for syshp
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Categorical Predictor

ods graphics on;

proc reg data=bio.whas500;

model sysbp = cvd
run;

quit;

ods graphics off;

The REG Procedure
Model: MODELL
Dependent Variable: sysip Initial Sysiofic Blaod
Nuniber of Observations Read | 500
Mumber of Observations Used | 500
Amnalysis of Variance
Sum of Mean
Source DF| Squares Square | F Value | Pr= F
Model 1 11604 11604 1136 0.000%
Error 98| 50232 | 1021775195
Corrected Total | 477 5204346
Root MSE 3196455 | R-Square | 00223
Dependent Bean | 14470400 [ Adj R-Sq | 0.0203
Coeff Var 2208982
Parameter Estimates
Parameter| Standard
Variahle |Label DF| Estimate Ervor| it Value| Pr> [i
Intercept |Intercept 1| 13636000 285002 4769( =.0001
cvd History of Cardiowascular | 1 1112533 330132 337 00002
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Fit Diagnostics for sysbp
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PHC 6052 SAS Skills

Equivalent tests with continuous outcome and bivariate predictor

proc ttest data=bio.whas500;

class cvd;
var sysbp;
run;

Meihod Variances DF| t Value| Pr>= |1
Pooled Equal 492 -237| 0.000%
Satterthwaite |Unequal | 23755 373 0.0002

proc corr data=bio.whas500;

var cvd ;
with sysbp;
run;

Pearson Correlation Coefficients, N = 500
FProb = |v| under HO: Rho=0

cvl

syshp
Initial Systolic Blood

0.14032
0.000%
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PHC 6052 SAS Skills

Inferential Statistics — Multiple Linear Regression

e Using PROC REG

ods graphics on;
proc reg data=bio.whas500;

model sysbp = diasbp age gender cvd ;

run;
quit;
ods graphics off;

The REG Procedure
Model: MODELY
Dependent Variable: systp Initinl Sysiofic Blaod
Number of Ohservations Read | 500
Numiber of Observations Used | 500
Analysis of Variance
sum of| Mean
Source DF| Squares | Square | F Value| Pr>=F
Model 4 213813 53453 2629 =.0001
Exrror 495| 306623 [ 619 44055
Corrected Total | 497| 320434

Root MSE 24 58256 | R-Square | 04105

Dependent Mean | 14470400 ( Adj R-Sq | 0.4061

Coeff Var 17.19964

Parameter Estimates
Parameier| Standard

Variahle |Label DF| Estimate Ervor| t Value| Pr>= |i
Intercept |Intercept 1 S0.B0209 1 TAA412 6.63| =.0001
diashp Initial Diastolic Blood Pressure 1 024773 005205( 1790 =.0001
age duge at Hospital Adrmission 1 0.15127| 008222 124 00884
gender |Cender 1 6.21240| 237505 227 00043
cvd History of Cardicnrascular 1 E5E130|  2p1EEL 3.28| 00011
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Fit Dvagnostics for syshp
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PHC 6052 SAS Skills Page 52
Inferential Statistics — Additional Topics
e Non-parametric confidence intervals for the median or other percentiles.
proc univariate data=bio.whas500 ciquantdf;
var hr ;
ods select quantiles;
run;
The UNIVARIATE Procedure
Variahle: hr (fnific] Heart Rate)
Cuantiles (Definition 5)
Order Statistics
05% Confidence Limits
Duantile Estimate Distribution Free LCL Rank | UCL Rank | Coverage
100%o Max 156.0
gQoy 1500 lda 126 491 500 96 23
o5y 1225 123 139 da 26 9529
o0%q 1170 114 121 437 did a5 A3
TS0 £33 1005 aa 105 357 305 9501
S0% Median 230 23 2R 229 273 a5 02
2504 (31 62.0 a7 72 106 144 a5
10%a 90 37 fal 37 i 9563
S0 540 47 4] 15 35 9529
1% 420 35 45 1 10 96 23
0% DMin 350




