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Introduction 

How can one simplify the development of a 
system for analysis and formatted output of a 
large research project? This paper will look at 
how SAS macros and macro variables are 
utilized to generalize the statistical analysis 
and resulting creation of over 11,000 
statistical tables. Frequency distributions, 
analysis of variance, statistical means and 
statistical outliers are analyzed, as well as 
some 600 graphical analyses of variables. 
Utilizing the SAS macro capabilities and 
SAS/GR.APHI', we have been able to both 
streamline and standardize the programming 
for this drug safety study. 

The task at hand 

The project is a target animal safety study 
which will last approximately three years and 
include analysis of physical and reproductive 
health of the animals and their offspring. 
Statistical analysis will include primarily 
frequency distributions of event occurrence 
and/or a listing of missing/bad data values, 
arithmetic and least-squares means, statistical 
outliers and analysis of (co)variance. The 
analysis includes some 285 different 
measurements for 150 animals in 5 different 
dose levels, and 7 phases. In all, 
approximately 2 million data points in 49 
different source data sets are included in the 
analysis. 

The goals 

Quality of analysis 
Quality of any drug study must always be 
first. Cost and time required for this 
project make it imperative that the 
analysis be complete and correct the first 
time. 
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Flexibility 
Inherent change in a project of this size, 
duration and nature compel us to develop 
a system with as much flexibility as 
possible. We needed to be able to analyze 
sub groups as well as all subjects, be able 
to create new analyses quickly, and add, 
drop or change parameters to provide 
prompt reporting which could impact the 
conduct .of the project as well as the time 
requirements for completing the final 
report. 

Validation 
As this is a trial which requires FDA 
approval, validation of the programming is 
required for the analysis to be acceptable. 

Economy of programming resources 
When isn't this an issue? 

Readability 
Review by the FDA necessitates that the 
programs be understandable by the non­
programmer, non-statistician. 

Consistency 
The analyses utilized needed to be 
consistent across all aspects of the study 
for effective comparison, and reduced 
validation time. 

The approach 

The initial plan was to develop a consistent 
approach which would then be utilized by 
modifying the programs for each analysis to 
reflect changes to the files, fields, parities, 
phases and analysis characteristics. As we 
began to address the project, it became evident 
that the magnitude of the data to be analyzed 
required a different approach if the project 
was to be completed in either a timely or 
economical fashion. We began to consider how 



we might develop a system which would 
provide the flexibility needed without the 
"copy and modify" requirements. We 
concluded that a modular approach would be 
beneficial in reducing the need to rewrite 
procedures. BAS macros provided the 
mechanism to achieve this, but, did not 
provide flexibility which would allow them to 
be utilized in different ways, without writing 
multiple routines. By using macro variables, 
we were able to develop one macro for a 
statistical analysis providing the flexibility to 
identify varying elements (e.g. different 
models in proc GLM). Further, by utilizing 
BAS macros which can be included in any 
program, changes can be implemented in a 
single location and carried through into all 
calling programs. We have utilized the 
autocalllibrary feature to provide "automatic" 
incorporation of called macro routines. 

The above approach has been implemented 
through three major areas as noted and 
illustrated below. 

1) Macro variables are employed to identify 
various values used to specify a situation 
analyzed as well as for output formatting. 
Macro variables expected to be used in 
multiple programs, and their "default" values 
are maintained in a master file 
(MVGENERAL BASV AR). This file is 
"included" in each BAS program utilizing the 
macro variables. Default values can be 
overridden within the individual program. 

* * 
[ MVGENERL SASV AR 1 
[ 1 
[ Program description: 1 
[ Maero variable definitions for aD program 1 
[ 1 
[ Written by: DP DeYoung 1 
[Date: 16 Jun 1992 1 
[ ] 
[ Modification History: ] 
[ 1 
*---------------.; 
* • 
[ DATE OF LAST DATA RECEIVED 1 
[ Change to reflect c:unent date of data received 1 
*._-------------_.; 

... let aaofdate=15 June 92; 

100 

.. ---~---~-~------. [ Doae groups in atudy 

.. _-------------_.; 
... let JlWDIIl'PSa5; 

.. ---~---~~------. 
Lactation initial. values 

•. ---------------*; .. let nllm1ar+=3; 
"let strtlart=1; .. let endlact=3; 

.. ----------------* [ Periods in each lactation 

.. _-------....... ------,,..-,,,---_.; 
• p=Pre·b'eatment t=Treatment d=Dry *; 

... let nUIDpers=3; 

... let strtpers-l; .. let endpers-3; ... let aDpers=ptd; 

.. ---=-----,~~~-------. 
[ Parity initial. valuee 

.---------------*; 
%let nUIDperII=2; 
... let strtperll=l; ... let endpa.rs=2; ... let aDpars=e:owhel; 

.---------------* [ Variables measured initial values 

._-------------_.; 
... let nummeaa=l; 
%let strtmeas=l; %let endmeas=l; %let allmeas..a; 

• * 
[ Analysis requested initial values 

.---------------*; * i=missiDg values m=!lleans o=outliers v-analyais of 
variance *; 

%let strtanly=l; ... let endan!y=4; ... let reqanly-ilnov; 

* Frequency Analysis values .; 
%let nUIDvala=l; 
%let strtval=l; .. let endval=l; %let aDvals-one; 
%let ncrttp=l; %let numvald=2; 

.------~-------,~-----* [ Output formatting variables 

*-----------------*; ...let ciuringb..@25 'During the '; 
... let durlngl=032 'During the '; 
... let ciuringp=@20 'During the Pre· Treatment Period of '; 
%let ciuringt=@22 'During the Treatment Period oC '; 
'l>let ciuriDgda@25 'During the Dry Period oC '; 
... let ciuriDgs=@30 Through end of'; 
... let lartnoO- ; 
%let lartnol='Firat Lactation'; 
%let lartno2='Sec:ond Lsc:tstion'; 
... let lartno3='Third Lactation'; 
'l>let lartnob='Firat '" Second Lactations'; 
... let g1moutn=036 'Analysis of V sriance'; 
.. let g1moutc=@35 'Analysis of Covariance'; 
'l>let gim0utr=@27 'Repeated Measures Analysis oCVariance'; 
... let gImoutb..@26 'Repeated Measures Analysis of 

Covariance'; 

2) Macros were written for each of the 
statistical procedures (frequency, missing 



values, arithmetic and least-squares means, 
analysis of variance and statistical outliers) 
which were to be used multiple times. 
Parameters and macro variables provide the 
means for passing control information between 
the macros and the program.. 

A macro is utilized to call the routine which 
determines and outputs e.g. the arithmetic 
and least-squares means with appropriate 
independent variable(s), and type of analysis 
for each phase. Parity is checked in the 
mainline program and only records with the 
appropriate parity are included in the data set 
being analyzed. The macro to loop for all 
requested means follows. 

..... ----~~~~~~------------------...... 
[ MACRO: ALLMEANS J 
[ ] 
[ Program cleaeription ] 
[ Call the l'OI1tine to get aDd output means J 
[ for KEEP data seta for each lactation J 
[ and period. J 
[ J 
[ Parameters: mdependent variable(s) J 
[ variauce type: J 
[N-ANOVA J 
(C-ANCOVA J 
[ R - Repeated Measure ANOVA t] 
[ B - Repeated Measure ANCOVA J 
[ J 
[ Written by: DP DeYoung J 
[ Date: 03 Apr 1992 ] 
[ ] 
[ Modification History: J 
[ J 
._------------------------------------...... : 
'IIlmacro aDmeans(mdepvar,vartype); 

'Ill. FOR EACH lACTATION AND PERIOD: 
%locall: 'IIllocal p: 

%00 l=&strtlact 'IIlto &eudlact: 
%if &1=3 %then 'IIldo t- Only one period m lactation 3 .': 

%1et period:%snbstr(&allpers,I,I); 
%writmean (&l,&:period,&indepvar,&:v&rtype); 

%end; 
%else 'IIldo: 

%do p=&:sutpers %to &:sndpers: 
%1et perlod=%snbstr(&:allpers,&:p,l) t- Get single char 

period .,: 

'Ill. NO COVARIATE IF FIRST LACTATION AND FIRST 
PERIOD: 

%if &:1=1 and Icp=I %then %do: 
%iC %upcase(&vartype)=C %then 

'IIlwritmean(&l,&period,&mdepvar,n); 

101 

%* NOT REPEATED MEASURE IN DRY PERIOD OR 
THIRD LACTATION : 

%else 'IIlif'hpcaae(&perIod)=D or &:1=3 %then 'IIldo; 
%if 'hpcase(&:vartype)..}l %then 

'IIlwritmean(&:l,&:period,&mdepvar ,n): 
%else %if%upcase(&:vartype>=B %then 

'IIlwritmean(&:l,&:period,&:mdepvar,c): 
%else 'IIlwritmean(&:l,&:period,&:mdepvar ,&vartype): 

%end; 

%* MUST BE NORMAL : 
%else 

9f>writme8ll. (&:l,&:period,&:mdepvar,&v&rtype): 
%end; 

%end; 
%end; 

%mend a1lmeans: 

3) Analysis and output formatting 

Analysis and output methods likewise were 
developed as macro programs for consistency 
and simplification. Again we have made 
significant use of macro variables for values 
which are changed (e.g. table numbers 
variable measured) based on the analysis and 
variables being reviewed. The following is the 
macro for determination and output of 
arithmetic and least-squares means. 

.------~~~~==~~----------..... * [ MACRO: WRlTMEAN J 
[ J 
[ Program description: J 
[ Get and write files for output oC J 
[ Ieast-BqU8l'eS and arithmetic mean values J 
[ for both parities and all measures oC ] 
[ the files. ) 
[ ] 
[ Parameters: lactation ] 
[period ] 
[ independent variable(s) ] 
[ varia.nc:e type ] 
[ N -ANOVA ] 
[C-ANCOVA ) 
[ R - Repeated Measure ANOVA ] 
[ B - Repeated Measure ANCOVA ) 
[ ] 
[ Written by: D.P. DeYoung ] 
[ Date: 17 Apr 1992 ] 
[ ] 
[ Modification History: ] 
[ ) 

.-----------------------------------~*; 



... loca1 i; ... 1ocal m; 

,. DETERMINE TYPE OF MEAN *1 

,. NOT REPEATED MEASURE ·1 
... if'hpcaae(Iovartype)-N or'hpcaae(Itvartype).C~~; 
...ret reptype.=NO; 
...ret IIJtparaIII-

by par &indepvar; 
%end; 
,. REPEATED MEASURE ·1 
...ue'Wo; 

... let repLY1*" YES; 
~etartparam= 

by par &iDdepvar interval; 
%eDeI; 

.... FOR EACH MEASURED VALUE 
~ _&atrt.meaa'MD IrAmdmeas; 

... let ~aubat!(&:allmeaa,&:m,I); 
... if &reptype--NO %then ~; 

... let glmparam-
... str(claaa &:indepvar, 

'1oencl; 

model &&:vamam&::measurec&:iudepvar; 
lsmeana &:indepYV lout=1smout;>; 

'1oe\se~; 
... let glmparam= 

... str(claaa &iDdepYV interval; 
model &&varnam&measure=&indepvar 

&:indepvar. *interval; 
lsmeana &:iDdepvar.·interval/outaolsmout;); 

'1oencl; 

.... GET THE LEAST..sQUARES MEANS ; 
proc glm data-keep&:laetloop&:period noprint; 

by par; 
&:gJ.mparam; 

run; 
proc sort data=lsmout; 

&srLparam; 
run; 

.... GET THE ARITHMETIC MEANS ; 
proc means data=keep&:lactloop&:period noprint mean ltd n; 

var &&vamam&measure; 
&srLparam; 
output out=meansout mean=mean&:measure; 

run; 

.... COMBINE BOTH MEANS ; 
data Ism8olactloop&:period&:meaBUre; 

merge meanaout lsmout; 
&srLparam; 

... getdose; 
run; 

proc sort; 
&srLparam; 

run; 

.... OUTPUT BY PARITY ; 
%do i=&:strtparB 'MD &:endplll"ll; 
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data tempI; 
set Jam&j!...t.Joop&:pel'iod&meaaure; 
main DOrep8 'DIJ',.areps 'yes'; 
It par="&parity"i 

run; 

prac BOrL; 
by tmnt..grp; 

run; 

dataJlUD...; 
set tempI; 
by tmut..grp; 

file print notitles head.er-pagetop; 
It upcaae(&:reptype.reps)='NO' then 

put 1 01'1 do ... 042 Jrect.. 050 mean&measure 9.4 065 
lsmean 9.4; 

elIIe do; 
It firat.tmnt..grp then put; 
put 010 doPe 026 interval 042 Jrect.. 

enel; 
return; 

pagetop: 

050 mean&:meuure 9.4 IiI65 lsmean 9.4; 

if upcaae(&reptype.reps)='NO' then 
put @39 "Table 

&&tmu&:lactloop&:period&measure&:partype" II 
043 'Mit..ull 
Ulabl8cmeasure&partype/ 
Uduring&period Ulactno&:lactlooplll 
069 'Least'l 
038 'Sample' 049 'Arithmetic' 067 'Squ ..... s'l 
017 'Dole' 040 'Size' 055 'Mean' 070 'Mean'1 
OD' ~ 

elIIe 
put @39 "Table 

&&tmu&laetloop&:period&meaaure&:partype" /I 
043 'Mit..u1J 
&&labl&:meaaure&partype/ 
&:&:during&period &&lactno&:lactlooplll 
026 'Sample' 069 'Least'l 
021 'Time Within' @38 'Sample' 049 'Arithmetic' 007 

'Squares'l 
010 'Dose' 023 'Lactation' @40 'Size' @55 'Mean' 070 

'Mearll 
@10'--------.' 
050 '-----.,; 

return; 
1'IUl; 

'1oenel; 
~eI; 

The results 

When the initial program was written, it was 
28 pages in length. There were multiple 



OCCUITeD.ces of similar procedures included 
(e.g. GLM with different models for ANOV A, 
ANCOVA and repeated measures depending 
on the variable and phase). It was expected 
this program would be copied and altered for 
differences in :files, fields, models etc. As 
project parameters changed, every program 
which included that parameter would need to 
be modified. 

We currently have 6 major analysis routines: 
missing values, 1east-squares means, analysis 
of (co )variance, outliers, frequency and graphs. 
Generally the calling program consists of only 
a page or two of code (including 
documentation). The mainline program need 
only read the required data sets, do necessary 
calculations, construct data set(s) for analysis 
and call the appropriate macros. 

A rnajnJine analysis program example: 

• * 
[ ANIFILE? SAS ] 
[ ] 
[ Program description: ] 
[ Analysis of the variables in ???? file ] 
[ ] 
[ Written by: D.P. DeYOIlDg ] 
[ Date: 28 May 1992 ] 
[ 1 
[ Modification History: ] 
[ ] 
.----------------------------*,; 
* * 
[ CMS DEFINITIONS 

*----------------~~----~~-*; options mautD80Ilrce BaBautD ... ·aDmacs maclib f 
eenter pageno=l pagean-60 linesize=90; 

libname aasdata 'g'; 
libname tempdata T; 
proc printto print='anIfiI.e? listing ri new; 
run; 

*----~~~~~~~~~-------'. 
[ ASSIGN MACRO VARIABLES 
*::-:--::-::-:----:::-::-----~------------.; 
%include 'mvlile? BaBYar f; 
%let vartype=b ,. Repeated Measures ANCOVA .'; 
%let indepvar=tmnt,grp; 

.-----::~~~~~~~~~~~~-. 
[ TEMPORARY BATCH RUN CHANGES 
.':-------:--:------------------_.; 
%macro newchoic:; 

%let endlact=l; 
%let endpers=2; 
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%let reqaDly=v ,. TEMP TE8I' .'; 
%mend newcboic; 

.,------------------------------* [ SELECT INTERACTIVE OR BATCH AND 
[ SET VARIABLES MEASURED 
.'...."...--------~------------------.; 
'kboiee (interaet=N>; 
%let Btrtmeae=l; %let endmeae=2; %let allmeae-wa; 

.'----~--~--------------------. [ PROGRAM ENTRY POINT 

*----------------------------*; 
READ APPROPRIATE FILES AND DO REQUIRED 
CALCULATIONS TO OBTAiN DATA FOR ANALYSIS 
DEPENDING ON SPECIFIC ANALYSIS REQUIRED 

* * 
[ SORT KEEP FILES BY PAR AND TMNT_GRP] 
[ THEN CALL OUTPUT SUBROUTINES ] 

* * . . 
%keepaort; 
%analyses(&reqanly); 

Output generated has the following format: 

Table A7.1.3 
M ...... 

Body Weight (Lbs) for Cows 
During the Pre-Treatment Period of Firat Lactation 

Sample Least 
Time Within Sample Arithmetic: Squa .... 

0.- Lactation Size Mean Mean 

Control 1 15 1374.8000 1374.8000 
Control 2 15 1362.2000 1362.2000 
Control 3 15 1304.4667 1304.4667 

0.-1 1 15 1413.4667 1413.4661 
0.-1 2 15 1361.6667 1361.6667 
0.-1 3 15 1332.6000 1332.6000 

0.-2 1 15 1306.3333 1306.3333 
0.-2 2 15 1354.2667 1354.2667 
0.-2 3 15 1302.3333 1302.3333 

0.-3 1 15 1405.1333 1405.1333 
0.-3 2 15 1355.4000 1355.4000 
0.-3 3 15 1295.5333 1295.5333 

0.-4 1 15 1407.2667 1407.2661 
0.-4 2 15 1370.8000 1370.6000 
0.-4 3 15 1322.0667 1322.0661 

Two other major areas have been tied in to the 
macro concept effectively which provide us 
with additional capability in the system. 
First, as noted above, a number of analyses 
need to include a graphical comparison of 
individual dose to control. This has been done 
using SAS/GRAPH with the routines called 



from the main BAS programs when required. 
Second is an interactive user screen allowing 
the user to choose to run any analysis for all 
considerations or select only specific values of 
phase, animal, parity, and type of analysis. 
The interactive programming is accompliShed 
using %window, with a macro variable in the 
program used to indicate whether interactive 
or batch processing is to be used. 

Keys to success 

Planning/design 
Careful planning and continuous design of 
the modules is required to provide effective 
and flexible modules. In addition, the 
database design, though not directly 
relevant, is critical to achieving the same 
goals and will facilitate the macro 
utilization. 

Teamwork, communication, 
The importance of communication within 
the project team to provide awareness of 
applications and potential refinements has 
been the foundation on which the benefits 
have been obtained. Maintaining 
consistency of labeling, and programming 
approach likewise are critical to successful 
implementation. 

StandanUVconventions 
Consistency in identifying both macro 
routines and macro variables is imperative 
with a project of any size, but especially 
important when dealing with this 
magnitude. Naming conventions for each 
have been established, with a goal of 
consistency in names, and attempting to 
use names which clarify function. 

Documentation 
Program in-line documentation is critical 
to understanding the programs especially 
as using SAS macros and macro variables 
tends to reduce visibility within the 
programs. Also, documentation of macro 
routines and macro variables and their 
definition, application and default values is 
necessary to provide maximum application. 
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Consistency 
Our goal is to use available developed 
macros wherever possible, and where 
unique situations are involved attempt to 
utilize existing macro routines as a 
starting point. 

Summary 

The use of SAS macro variables for project 
parameters and SAS macros for various 
analysis and output modules has contributed 
significantly toward several of our major 
project goals including quality of analysis, 
flexibility, validation, economy of resources, 
program readability and consistency, and has 
enabled us to acheive a more manageable 
project. 
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