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PUTTING THE META INTO THE DATA: MANAGING DATA PROCESSING FOR

LARGE SCALE CDC SURVEILLANCE PROJECTS WITH SAS®

Louise Hadden presented at her first SAS conference in 1996 and has
never looked back, presenting at multiple conferences across the
continent over the years. She supports analytic processing at Abt

Associates Inc., a social science research company, and specializes in
reporting and data visualization in the division of health and

environment. Most recently her work portfolio has included large
scale surveillance projects for the CDC and claims-based quality

measure development, as well as the creation of data visualizations.



THE ENVIRONMENT

2 large scale, multi site CDC surveillance studies
involving COVID testing and other health metrics

Different study designs

Combination REDCap and EMR abstraction

REDCap / Serology

Common and differing data management and SAS
programming challenges

Common and different data management and SAS
programming solutions



OBSTACLES
Vast amount of data

Different sources

Multiple data areas

Multiple analytic agendas

Quick turnaround of data deliveries!

Monthly on one project

Weekly+ on another project

Super high visibility

Actionable quality assurance a must



TOOLS WE USE

Data management tools

Data receipt and delivery logs

Shared process trackers

Data management and code quality plan

Staffing plan

Data dictionaries



TOOLS WE USE – SHARED PROCESS TRACKERS



TOOLS WE USE – DATA RECEIPT LOG



TOOLS WE USE

Programming tools

Software and systems: R, REDCap, SAS, Stata, SQL
server

Data dictionaries (CSV, Excel)

Control files

Data Step programming (import/export, read in,
put out)

SAS procedures (FORMAT, COMPARE, CONTENTS,
etc.)



SCENARIOS

Large scale EMR abstraction based surveillance

Data dictionary used to provide specs for
abstraction, and to drive data processing

Multiple sites, different EMR systems

Large scale REDCap surveillance and serology

REDCap Data dictionary used to inform read-in
and create formats

Multiple sites, different REDCaps



SCENARIO 1
Large scale, multi site study involving COVID testing
and other health metrics

Data dictionaries are used as both documentation
and specs for data abstraction from Electronic
Medical Records, data derivation and data extraction
from REDCAP

# signs in variable names indicate an unknown
number of iterations of a variable



SCENARIO 1
Data files for the study require variable labels

Variable labels need to be file specific

A format library is required for delivery of data

Format assignment statements are required, and
need to be specific to each deliverable file

Files are received on a monthly basis from sites and
data is cumulative



SCENARIO 1 SOLUTIONS

Ingest data dictionaries to collect metadata allowing
identification of groups for processing

Drive processing with information derived from data
dictionaries

SAS tools used:

SAS functions

SAS macro facility

Ability to write and read text files within a process

PROC FORMAT CNTLIN and CNTLOUT



SCENARIO 1 DATA DICTIONARY

Data dictionaries in use for the study have multiple
tabs and thousands of variables

Individual variables can be present in one or more of
three separate files at two different levels for:
pregnant women, post-partum women, and infants

Individual variables have up to two # signs (iteration
flags), appear in a single row in the data dictionary,
and may occur 60+ times



SCENARIO 1 DATA DICTIONARY



SCENARIO 1 DATA DICTIONARY – READ IN GOALS

Import information from data dictionaries for
different purposes

Variable labels

Expected variables

Value labels (formats)

Label, format, retain, attrib statements

SAS procedure statements

Drive macro processing



SCENARIO 1 DATA DICTIONARY – READ IN CHALLENGES
Multiple tabs

Read in specified ranges

Clean up of special characters (tabs, carriage returns)

Disaggregation of some fields

Feedback loop for errors found

Requirements for two levels

Variable information

Value Label information



SCENARIO 1 DATA DICTIONARY READ IN
************************************************************;
*** Import Personal Data Dictionary one tab at a time ***;
************************************************************;

%macro imptabs(tabn=1, tabnm=identifiers, intab=Identifiers,
startrow=10, endcol=H);

proc import dbms=xlsx out = temp datafile = " \file.xlsx"
replace;

RANGE="&intab.$A&startrow.:&endcol.999";
getnames=YES;

run;



SCENARIO 1 DATA DICTIONARY READ IN
data labels&tabn.;

length label labelstr $ 300 variable_type $ 8;
set &tabnm (keep=variable_: pw_preg pw_pp inf

where=(variable_name ne ‘’
and variable_description ne ''));

variable_length=length(variable_name);
length_flag=(variable_length+7 GT 32);
label variable_length="Length of Variable"
length_flag="Variable Length + 7 exceeds 32";



SCENARIO 1 DATA DICTIONARY READ IN
/* find out the # of iterations in a variable name */

iteration_flag=(indexc(variable_name,'#') gt 0);
iteration_count=countc(variable_name,'#’);
label iteration_flag="Binary: Variable iterations"
iteration_count="# of iteration points within
variable name";



SCENARIO 1 DATA DICTIONARY READ IN
data labels&tabn.;

length label labelstr $ 300 variable_type $ 8;
. . .
label=catx(": ","&tabnm.",variable_description);
labelstr=cats(variable_name,'="',label,'"');



ITERATION
It is a simple task to replace a single iterator in a
variable name. It is more complicated when you
don’t know how many there are or where they are.

Once we locate the iterator(s), we use the SUBSTR
function to replace the iterator. Note that the
SUBSTR function is sensitive to the size of the
replacement value.

You can use functions to discover the number of
iterations needed, including COUNTC, REVERSE, or
ANYNUM.



ITERATION: SIMPLE LOOP
%macro do_list1(maxiter=1,suffix=neo);
%do i=1 %to &maxiter;
data iter&suffix.1_&i (drop=loc);

length variable $ 50 labelstr $ 300;
set formats0 (where=(count(variable,"#")=1

and index(variable,"IDENTIFIER#")>0));
*get the first indexed # location;
loc=index(variable,"#");
substr(variable,loc,1)="&i";
labelstr=catt(labelstr," #&i");

run;
%END;
%MEND DO_LIST1;



ITERATION: COMPLEX LOOP
%macro do_list2(maxiter=20,suffix=vtst);
%if &maxiter le 9 %then %do i=1 %to &maxiter;
data iter&suffix.1_&i (drop=loc);

length variable $ 50 labelstr $ 300;
set formats0 (where=(count(variable,"#")=1

and index(variable,"VTST#")>0));
*get the first indexed # location;
loc=index(variable,"#");
substr(variable,loc,1)="&i";
labelstr=catt(labelstr," #&i");

run;



ITERATION: COMPLEX LOOP
%if &maxiter gt 9 %then %do;
%do i=1 %to 9;
data iter&suffix.1_&i (drop=loc);

length variable $ 50 labelstr $ 300;
set formats0 (where=(count(variable,"#")=1

and index(variable,"VTST#")>0));
*get the first indexed # location;
loc=index(variable,"#");
substr(variable,loc,1)="&i";
labelstr=catt(labelstr," #&i");

run;
%END;



ITERATION: COMPLEX LOOP
%do i=10 %to &maxiter;
data iter&suffix.1_&i (drop=loc);

length variable $ 50 labelstr $ 300;
set formats0 (where=(count(variable,"#")=1

and index(variable,"VTST#")>0));
loc=index(variable,"#");

substr(variable,loc,2)="&i";
labelstr=catt(labelstr," #&i");

run;
%END;
%END;
%MEND DO_LIST2;



APPLYING THE TECHNIQUE TO CREATE LABELS
filename label1 ".\&short._Labels.txt";
%do_list1(maxiter=3,suffix=id);
%do_list2(maxiter=4,suffix=vtst); . . .
data expand_labels;

set iterid: itervtst: . . ._ ;
run;
data labels;

length variable $ 32;
set labels0 (where=(index(variable,"#")=0))

expand_labels
(where=(index(variable,"#")=0));
run;



LABEL CREATION
data tolabel;

retain VARIABLE_CATEGORY ...;

file label1 lrecl=400;

set matchtest (keep=VARIABLE_CATEGORY ...);

by NUM;

STATEMENT=compbl(cats(variable,'=“’,

labelstr,'"'));

if inlabels=1 and inpos=1

then put statement;

run;



LABEL CREATION
filename label1 ".\&short._Labels.txt";
filename retain1 ".\&short._retain.txt";
run;

data &outfi. (label="Labeled &short");
retain

%include retain1;
;
set &infi.;
label

%include label1;
;

run;



LABEL CREATION



DATA DICTIONARY READ IN FOR FORMATS



DATA DICTIONARY READ IN FOR FORMATS
************************************************************;
*** Import Personal Data Dictionary one tab at a time ***;
************************************************************;

%macro imptabs(tabn=1, tabnm=identifiers, intab=Identifiers,
startrow=10, endcol=H);

proc import dbms=xlsx out = temp datafile = " \file.xlsx"
replace;

RANGE="&intab.$A&startrow.:&endcol.999";
getnames=YES;

run;



DATA DICTIONARY READ IN FOR FORMATS
data labels&tabn.;

length variable_name $ 32 variable_values_edited varlabel $ 300 start $ 8
variable_type $ 8 ;

set &tabnm (keep=variable_: pw_preg pw_pp inf
where=(variable_values ne '' or variable_name ne ''));

/* replace special characters such as tabs with blank and remove extraneous
blanks */

variable_values_edited=translate(variable_values,' ','09'x);
variable_values_edited=translate(variable_values_edited,' ','0A'x);
variable_values_edited=translate(variable_values_edited,' ','0D'x);
variable_values_edited=compbl(variable_values_edited);

/* create start and label variables for a start on building formats */
if variable_type not in('ID','DATE') then do;

start=scan(variable_values_edited,1,"=");
varlabel=scan(variable_values_edited,2,"=");

end;



DATA DICTIONARY READ IN FOR FORMATS
retain _variable_type;

if not missing(variable_type) then
_variable_type=variable_type;

else variable_type=_variable_type;
drop _variable_type;

formatstr=variable_values_edited;

if variable_name ne '' then
fmtname=cats(variable_name,'_');



DATA DICTIONARY READ IN FOR FORMATS



BUILDING A FORMAT LIBRARY

Variable Name – variable name

Format Name – name of the format

Varlabel – value label

Start – start of a range or value

End – end of a range

Hlo – specialized formats – high, low, other

Sexcl – exclude the start of a range

Eexcl – exclude the end of a range



BUILDING A FORMAT LIBRARY
data temp;

d1='01jan1900'd; d2='01jan1960'd; d3=today(); d4='01jan1940'd;
run;
proc print data=temp;
run;
proc print data=temp;
format d1 d2 d3 d4 mmddyy10.;
run;
proc format fmtlib;

value foo '01jan1900'd='Invalid'
'01jan1940'd='Still in'
'01jan1960'd='SAS zero'
other=[mmddyy10.];

run;
proc print data=temp;
format d1 d2 d3 d4 foo.;
run;
proc format cntlout=foo2;
run;
proc print data=foo2;
run;



BUILDING A FORMAT LIBRARY
Obs d1 d2 d3 d4

1 -21914 0 22475 -7305

Obs d1 d2 d3 d4

1 01/01/1900 01/01/1960 07/14/2021 01/01/1940

Obs d1 d2 d3 d4

1 Invalid SAS zero 07/14/2021 Still in



BUILDING A FORMAT LIBRARY
----------------------------------------------------------------------------
| FORMAT NAME: FOO LENGTH: 10 NUMBER OF VALUES: 4 |
| MIN LENGTH: 1 MAX LENGTH: 40 DEFAULT LENGTH: 10 FUZZ: STD |
|--------------------------------------------------------------------------|
|START |END |LABEL (VER. V7|V8 14JUL2021:13:08:59)|
|----------------+----------------+----------------------------------------|
| -21914| -21914|Invalid |
| -7305| -7305|Still in |
| 0| 0|SAS zero |
|**OTHER** |**OTHER** |[MMDDYY10.] |
----------------------------------------------------------------------------



BUILDING A FORMAT LIBRARY



BUILDING A FORMAT LIBRARY



BUILDING A FORMAT LIBRARY

proc format library=library.personformats
cntlin=personformats_&procmo fmtlib ;
run;



CREATING A FORMAT ASSIGNMENT STATEMENT
data fmtstm;

length fmtstm $ 80 fmtdot $ 33 variable_name $ 32;
file ".\&outfi._fmt_statement.inc" lrecl=80;
set temp (where=(indata ne 0));
fmtdot=cats(fmtname,'.');
fmtstm=catx(' ',variable_name,fmtdot);
put fmtstm;

run;



CREATING A FORMAT ASSIGNMENT STATEMENT



USEFUL BY-PRODUCTS

The same process of iteration and concatenation
based on metadata elements is used to create
macro calls to create a codebook, a range report
and a “missingness” report.



USEFUL BY-PRODUCTS



USEFUL BY-PRODUCTS



SCENARIO 2
Large scale, multi site study involving surveillance,
COVID testing and other health metrics

Data dictionaries are used as both documentation
and specs for REDCap forms, and to document files
sent to CDC on a weekly+ basis

Need a system to compare data and documentation
from REDCap (and more) with final data and
documentation sent to CDC



SCENARIO 2 SOLUTIONS

Produce preliminary metadata on incoming weekly
surveillance data

Produce metadata from curated codebook from prior
delivery plus changes

Use curated metadata to create preliminary
deliverable file (position, etc.)

Produce metadata on preliminary deliverable file

Compare metadata and format libraries



SCENARIO 2 - USING CONTROL FILE



SCENARIO 2 – DD FROM PRIOR DELIVERY + CHANGES



SCENARIO 2 – CONTENTS ON INCOMING FILE



SCENARIO 2 – IMPORT PRIOR DD



SCENARIO 2 – IMPORT PRIOR DD



SCENARIO 2 – QUALITY ASSURANCE (COMPARISONS)



SCENARIO 2 – QUALITY ASSURANCE (COMPARISONS)



SCENARIO 2 – QUALITY ASSURANCE (COMPARISONS)



CONCLUSION

It is clear that using metadata to drive processing
and quality assurance can be incredibly helpful and
comprises a valuable addition to one’s SAS toolbox. I
hope you’ll have some fun iterations with functions
with your metadata as well!
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