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In epidenl"lo&lc studies, one often wishes 
fO esflma~e races of certain events 1n a Cohort 
of ndlvlduals observed over a period of time. 
For example, what 1s the rate of cancer followrng 
the drad""s1s of mewxro~d artbrltls and 1s of 
tu~her than expected7 B comon method of 
estimarlnd such rates 1s fo dlvlde the total 
nu.,brr of ""served events by toe total person 
years (sun of the ndlvldual follorup tunes m 
years) at ~1s~. IL IS also often useful to look 
at event rates based on parson years classlfled 
by sex, a&e, calendar year and folio"-up year. 
Table 1 below contains an example of hov an 
mdlvrduai's followilp tune can be broken down by 
a&r, calendar year an* follow-up year. 

PdOC PdsO,ffkS 1s a S& procedure which can 
calculate sex-, a&e-, calendar year- and follov- 
up year-spec~flc person years, events am! rates. 
~r,e eq,rctea nu,mer of events can also be 
calculated by applylog user-supplled event rates 
tci sex-, age- and calendar year-speclflc person 
years. In addlilon, rates adJusted for age or 
age and sex can be calculated. Tnls 1s PCCOLY 

Plxned by hanng the user supply the number of 
persons I* sex ana age categories for tile pop- 
ulatmn to vnlch the rates are to be adJusted. 

TM statements used to control Ptl(Si)XYw 
are: 

PROC PLXSKiYllS "ptrons, 
II) ldentlfyng vanable, 
VhMrilES [reyw"rd=varlable(s)), 
TnBinS requesrs/opr1ons. 
ZvEYdIXI specify age 1ntrrvals, 
C,LYdI.il‘ specrfy calendar year UXervals; 
FUYKIXI spenfy f"llorup year 

l"terVals, 
BY varraoles. 

Tiie P&C, VAdA.[tS and TABLES 6tatementS are 
rqulred. 

PIKX PLKb"NYI(J statement 

PBDC PHBSONYRS options; 

Toe "ptrons available are: 

DATA-dataset 
naaes the SAS data set contalnxng the data to 
be analyzed. If DATA= 1s "mxted, the most 
recently created SAS data se: 1s used. 

HOPRINT sopresses all prlnted output. 

RATF.l&Wl%nt.eger 
mteger 1s the constant multlpller for 
calculated rates. Rates ~111 be prlnted as 
events per "integer" person years. Tne 
default value 1s 100,000. 

NALES / FEMALES 
mdlcates that mput data set contains only 
MALES or only FEMALES. If osltfed, It 1s 
assumed tnat the data set 1s not restricted to 
a s1nale sex. 

BATESDATA-dataset 
names the SaS data set contalnlng expected 
event rates In thx. data set, tnerr raust be 
one observation for every age lntrrval for 
every calendar period. The data set must be 
sorted by calendar period and age. Kequlreo 
variables are: 

CALYNB _ 4-dIgIt mteder numerx variable 
contammg the first calendar year 
(19xX) to vhlch the rate applxs. 
The unrque values of CALYRB must be 
ldentlcal to those defined below rn 
the CALYdINT statement . set tn1s 

variable to missing lf there are no 
calendar time testnctlooe, l.e., 
this age-speclflc rate applies to 
all calendar periods. 

-=EB- integer numeric vanable conts~nrng 
the first year of age to vbxh the 
rate applies. These values most be 
ldentlcal to those defined below 1" 
the AGEYKINT statement. 

Table 1 

A person begun follow-up at age 55.3 halfway through 1977 (1977.5) and is under observation through 
1981.5 for a total of 4.0 person years of follov-Jp. The person years can be subdlvvlded ae follows- 

Calendar Year + 1977 1 1978 1979 I 1980 1 1981 

Age + 58 I 59 I 60 61 62 

person years + .5 .2 .3 .5 .2 .3 .5 .2 .3 .5 .2 .3 
I"..I.".I....I“..I',',"~"I"“ 

0 1 2 3 4 

Follow-up Year 



MRATE 
-FRATE- 

fnese two numeric variables concaln the 
expected annual event rate per RATEMULT for 
males (-PIKnTE-) and females (-FIwT~-). The 
opposite sex varmble 1s nor needed rf one 
of the only MALES or only FE&ES opcmns 
is used. 

RATESLABEL-‘character string’ 
cnaracter string 1s a descrrptmn of the data 
set named m RATESDATA which will be mcludea 
m the PERSOMRS output. * rnaxualm of 40 
characters 1s allowed. 

TOOPIRSTEVT / TULL’STN 
TDFIRSTZVI requests that each mdlvldual’s 
person years be calculated from the ZERODT 
(see “ARNAPES statement) to the date of the 
first event (lf any events) or to the date of 
last followup (If no events). TOLASTFU 
requests that each mdlvrdual’s person years 
be calculated fro” the ZERODT to the date of 
last follow-up with the number of events to be 
detemlned by the DAYSEVT variables as defmed 
below 1n tne VA&X~?ltS statement. Only one of 
these two optmns 1s permcted. 

provides the nss,e of a S&S data set contammg 
populatmn frequencies by sex and a&e 
mrerval. Thx optmn 1s required when rates 
are to be age-adJusted or age- and sex- 
ad,us:ed to an external populatmn (see the 
TABLES statement optums below for further 
mformatmn). This dacaseK must be sorted by 
age and 

AGEB- 

must include tne followmg varrables. 

nuner~c variable defmmg the 
begmnng Integer age to which 
frequencies ap?ly. The values of 

AGE6 ~lusi be ldentlcal to those 
defm:d L,, the AGEYRINT statement. 

MCOUNT- 
IFCOUNT 

variables contammg the populatmn 
counts for inales and females, - 
respecr1ve1y. The opposite sex 
vanable not needed If one of tile 
only KALES or only FEMLES optmns 
1.6 used. 

AWLABEL-‘character string’ 
character strmg 1s e descrlptmn of the data 
set naued in ADJPO? wnxh ~111 be Included =n 
the ?E.KSO.rYRS output. A maxumm of 40 
cnaracters 1s allowed. 

ID statement 

ID verieble ; 
This statement 1s used to request that both 
the ID varleble speclfled and the VARNAES 
varrables (see belov) be prmted ln the log 
for observatmns whrch are deleted due to 

mlssrng values or bad data. 

VhRN~lES st*tement 

YARNAMES [keyvord-key_vord~.==-(‘)I; 
he cno~ces for keywords sre llsted below. If 
no: speclfled, the variable appropriately 

defmed w=tn tne same name as the keyword ,.s 
assumed to exist on the DATA= data set 
referred to in the P&X statement. 

SEX - vrritile rime for sex This character 
variable co%alnb tne code for sex. It m”st 
have s length of one and denoted H (male) or F 
(feoale). This varxable zs not requred xf 
the MALES/FEWES only optmn of the PROC 
statemenr 1s used. 

ZERODT * vmmble_nmse-for_date to bcgmgerson~ -- 
years Tnls nmerlc variable 1s the SA> date 
rndlcatrng the be&mnmg fur,e for person years 
ca1cu1ar10ns. 

AGEYRZ - varreble-nsnr-for-age et zero-date -- 
Thus numeric varmble contains the age in 
years ar the ZLKWI. Note that thrs vanable 
IS not restrlcted to mreger ages. - 

DAYSEVT - days to event_varirbles -- 
These n;uner~c variables contain the nunber of 

w from the ZERODT to the evenfs of 
rncerest . If one vlshes to include all events 
for every person the number of “DAYSZVT” 
varrables needed snould equal the maxunum 
nunber of events occurring to any one person. 
The “DAYSEVT” variables should contarn nuaerlc 
mrssmg values vhenever mere ~sn’c a 
correspondmg event. Tnu IS because the 
number of events per person is calculated as 
the number of non-snssmg “DAYSEVT” 
variables. The “DAYSEVT” varmbles do not - 
have to be ordered on tmxz to events. 

DAYBLF” - days to lest-follorup-v~rlable Th15 -- 
numeric variable concalns the number of ti 
fron :he ZERODT :o the da:c of last folio-up. 
The value of DAYSLFU must be > the msxlmu” 
value of tne “DAYSEVT” varla3les. 

TABLES statement 

TABLES requests 1 options ; 

The TABLES statement lndlcates which 
combmatmns of sex-, age-, calendar year-, and 
follorup year-specific person years (also 
events, r*tes, expected rates, etc.) are to be 
tabled. (The cell entry optmns for the taoles 
ere defmed below.) Requests ere made I” e 
fashion smnlar to PROC FRE(( and are described 
below: 

&quest, The breakdown of person years, etc., 1s 
mdlcated by speclfymg one or more of 
the followmg flxed factors jomed by 
asrerlsks: 

Factor Descrlptron 

SEX person years, etc., tabled separately 
for men and women. 

AGBYP person yesrs, etc., tabled separately 
for each mterval of age speclfled =n 
the AtiEYLINT statersent 8s described 
below. 

- 



CALYR person years, etc. tabled separately 
for each nrerval of calendar years 
speclfred III the CALYRINT statement as 
described below. 

Flm?. person years, etc. tabled separately 
for eacn 1ncerv.31 of follow-up years 
speclfled 1n the FUYRINT statenenc as 
described below. 

For factors not joned by an asterisk, a one-way 
table LS generated for each label name. Two-way 
cross-tabulations (e.g. ede-and calendar year- 
speclflc person years) are Senerated by two 
factors Joned with an asrerlsk. Three-and four- 
way tables are also perortted. For two or more 
labels Joned by an asterisk, the last factor 
ferns tne coluwns of the table and tne next-to- 
last factor th6 rows. A separate table 1s 
produced for each level (or comolaatlon of 
levels) of the other labels. 

Each table also concalns an analysis poolu,S rows 
and poalln,: colunns. No factors orher than those 
llsted are pemltted. Nore thaf nul:~-way tables 
1” conblnarlon wlti, short intervals can produce a 
lerde amount of prlnted oufpuf vrrh nany sparse 
cells. 

Any nuher of requests may be given on one TAdLnS 
statenear and any nunber of TABLES stater,e,,ts are 
penntced. 

grlons 

k’nen no optrons are Included, the T;li,LLS 
staterwnt III PROC PEdSONYRS produces tables 
vlth cells that Include the number of person 
years, the nunber of observed events and the 
rate per i3ACE:M.T psrson years (l.e., 
(events/person years)xRATr?,“LT). The table 
cells referred ta Include botn row and column 
totals. The options below nay be used 11, the 
TASLES statement after the slash (I): 

P 

PY 

0 

B 

SER 

R95 

requests that the number of persons 
contnbutlng person years to a 
particular table cell be prInted. 

requests that the number of person years 
III a particular table cell be prnted. 

requests that the number of observed 
events m a particular table cell be 
printed. 

requests that the event rate per 
RATrJlJLI person years be pnnred for 
each cell. R=(O/PY)*RATEMVLT. 

requests that the esrlmated standard 
error of the rate (RI be prnted for 
each cell. Assuring that the e”ents 
follow a Poison dlstnbutron, then 

sm=idi 

requests that a 95Z confidence interval 
for the true R be prrnted for each cell. 
This is an exact confidence interval 
based on the assumption that the 
observed number of events has a Poisson 

dlstrlbutlon and tne number of sers,,,, 
years LS flxed. The interval 1s 
calc”laceo as follous: 

Lower limit = 
[~,I(Z*PY)]*IU\TEHIJLT, vbere 

XL 1s defined so chat Pr(chl- 
Square, d.f.“k<XLLL)=.O25 and 
K=2*(observed number of events). 

up er 
P 

11a1t = 
xU/(~*~u ]*KATE~~~LT, vherr 

X” 1s defined so ihaf Pr(cnl- 
square, d.f.=k+L>xuLU)=.025. 

om-dataset 
sets up an output data set corrrspondu,g to 
the last table requested on the TAHLEb - 
statement. Tnls data Set contaxm one 

observation for each cell produced by the 
table request. Eacn o~servacu~n contaLn6 the 
cell rdentrfler variables, plus a varrable for 
each of the TAaLES statement cell optIons 
requested. Tttese variables have the saue 
names as tne option naues w~ih underscores 
preflxed (e.g. -P. -PY, -0, -E. -tc, erc. I. 

Tne follow,g cell options requre that the 
“driT=>OATA=” option of the PWC state~lenf be I> 
effect. 

E 

RR 

RR95 

requests that the expected number of 
events per cell be pru&%~. For each 
cell, E = surr over sex, age and calenaar 
year of I8 sex-a&e-calendar year-speclflc 
person years multiplied by the 
correspondInS expected rates” (as 
contained zn the RATEbDATA data set) 
dlvrded by RATEMOLT. 

requests that the ratm of observed (0) 
to expected (E) events be prnted. This 
ratlo 1s often referred to as the rate 
rat10 (RR). 

requests that a 9574 confidence interval 
for the underlyIng population RR be 
pnnfed. This 1s an exact confldence 
Interval based on the assumpr~on that 
the observed number of events has a 
Pouson dlstrlbutlon and the expected 
number of events 1s fixed. Thrs 
Interval 1s calculated as follows. 

Lower llmlt = \/(2*E), vhere XL IS as 
def lned above. 

upper 11mrt = X,/(2*X), where x 
u lS as 

def med above. 

The folloving optwns require that the “ADJPUP=” 
optlon of the PROC statement be in effect: 

AAR requests that an age-adJusted event rate 
per RATE!iULT person years be printed for 
all table cells that are not age- 
specific. For each cell,= = sum over 
age intervals (1) Of “W,*R,“, where 

the W, are the proportIon of subJeCts 
(males and females combmed) III each age 
group of the ADJPOP data set. 



SE&AR 

AARY5 

SAAR 

SESAAR 

sAAw5 

requests fnat the estunated standard 
error of the aSe-adjusted race (AAK) be 
prrnted for all table cells chat are not - 
a&e-specific. 
sEA‘x= *ma over age 1*cerva1s (1) of 

I "(d;*Ri/O1)"]“L. 

requests that a 95h confidence u,cerval 
for the age-adlusted race be prl."ted for 
all table cells that are nor age- - 
specific. AAS = AAR k 1.96*SEAM. 
Lower 95s lus1Cs less than zero are 
prInted as zero vxth a" asterxk; ~.e., 
""*I'. 

requests that a sex- and a&e-ad,usced 
event rate per RATEHULT person years 
be prlnted for all Cable cells that 
are not age-or sex-specific. For each 
cell,AAR = BUD over age Intervals(1) 
and sexes(~) of "W *a I' 
The adjusting frac:!o":'&' 
for age ~"Cerval, , for se: 3 1 'are the 
proporclon of sublects 1" each age-sex 
group of the total number I" the 
ALUTOP data set. (Note that the sum of 
tne W,, over age and sex 1s 1.) 

requests that the standard error of 
the sex- and age-adlusced race be 
prmtea for all cable cells that are 
not sex- or aSe-spec1flc. 
SESAAA = lsum over aye 1ncerva1s(1) 
and sexes(,) of "t.W'- * R' / 13 1J 

requests tiiat a 95/. confidence 
~ntrrval for the sex- and age-adlusted 
rate be prlnced for all table cells 
cnac are not sex- or age-specrf1c. - 
SiuM95 = SAAR * ~.Y~*SESAAR. Lower 
9% lmlts less than zero are prInted 
as zero with a" asterisk; l.e., yJx". 

Interval Statements --- defuug age, calendar 
year and follow-up year lncervals 

The three interval scstements (to be 
described separately below) allow one co group 
the person years into the dealred ege-, calendar 
year- or follow-up year intervals. For any 
interval scatemenc, the user must specify the 
beglnnlng va1.x (b,) of each Interval. T”C?SCZ 
'i;e/l""lng valueb are used ~~cernally to define 
the 1ncerva1s. The ~ntetvals are closed on the 
left and open on the right, l.e., bl<x<bl+l. 
For exsm?le, provrdrng the 5 ages of "20 30 40 60 
85" 1x1 the AGEYIIAT scacemenc would result 1" cbe 
f0110w1*g 5 intervals. 

Interval Kanges Label 
1) 20Ca&30 zo-zy 
2) 30cage<40 30-39 
31 40<age<60 40-59 
41 6O<age<85 60-84 
5) age x35 115+ 

The above intervals could also be produced by 
speclfyrnb: "20 TO 40 BY 10 60 85" I" the ACEYKINT 

scaceme*c. If the data generace person years 
below the lowest xnterval specrfleo, an error 
message ~111 be prlnced. If the user has not 
speclfled the begmmg ~ncerval values (for aga 
and calendar perzod) to be identical to both 
those defined I" the expected rsces data set 
(RATESDATA= option) and I" the adlustIng 
populstlo" data set (ADJPOP= optlo"), processlnd 
~111 stop and s" error messege ~111 be prlncea. 

AGEYRINT statement --- defml"S age intervals 

AGSYRINT beginning_of_age_mte~sls 
beglnnmg_of_farst-~e~"te~al 
To begInnIng of lsst-sge_i"terval BY -- 
UlCC-"t; 

Tnrs statesent 1s used to define desired age 
Intervals. All values susc be posrclve ~"cegers 
vlth fxst-age < last-age. ThlS statement 1s 
requrred whenever one or more of the followl",: 
are true: 

1) age-speclflc person years are requested I" the 
MSLES scace"e"c 

2) the RATESUATe= optlon of the PROC stacemenc 1s 
used 

3) the AIIJPOP= optlon of the PRJC statement 1s 
used. 

CALYRUT stareme"r -- defining calendar year 
1”CerVSls 

CAL.YRINT beginning_of_c~lendaear_mtenrPls 
bcginning_of_first_cslenda+gear 

1ntervsl TO 
beginning of lssc_esle"dar_year interval -- 

BY iocrasent; 

This statement 1s used co define desired 
calendar year intervals. All oeglnnlng values 
must be poslclve 4-dlglt lncegers (e.S. 19X0) 
with 'first calendar year' < 'last calendar 
year ' . The values of increment must be a 
posrtI"e mceger. Thzs ststemenc 1s required 
vhenever one or both of the folloulng are true: 

1) calendar year-speclflc person years are 
requested 1" the TABLES statenenc 

2) the RATESDATA- optlo" of the PROC stece;ile"c 
1s used and age-sex retes drffer with 
calendar period. 

FUYRINT statement --- defrnrng follorup year 
l”CU3SlS 

FLWRINT begmning of follorupgesr_intervala -- 
begmningof-first-follorupgear 
interval TO begi""m~of_ls.sc~follorup 
year interval BY increment; 

This stsceme"t 1s used co define desired 
follorup year 1*cerva1s. nll values rs"5C be 
non-negac~ve numbers (decimal values are 
permitted) wxh the 'first follorup year' < 
'last follorup year'. Tne first bedmnl":: value 

- 



specliled snould always be 0. TrLlS sf.sfeeenf 15 
required aenever follorrup year-specific person 
years are raquested in the TnBLiS statement. 

BY statement 

BY variable*; 

A BY stafemznt may be used wrth PROC PERSONYRS to 
obraln separate analyses on observations m 
groups defined by tne BY varraoles. Unen a BY 
statenenc appears, the procedure expects tne 
input data to be sorted III order of the dY 

variables. In addrtlon, any BY variables must 
also be included ln the RATESDATA and AMPOP data 
Sefs. The values of the dY vanables LII these 
data sets are rmnater~l as they are needed only 
to circumvent a bug ln the SAS sys:en. 

Details 

Mlssu~~ Values and Bad Data 

Any observaelon =n rhe input data set with 
missing values for any of the variables used in 
rhe VAiL'JAYES statement (wrth the exception of the 
"DAYSEVT" varzables) vrll be deleted. Any 
observarlon wlch the value of the DAYSLFU 
varrable less than any of the "DAYSEVT" variable 
values will be deleted. Use the ID statement If 
you wish to have the observations prlnfed in the 
log. Any mlssmg values III the RATESOAW or 
ADJPOP data sets for the required variables ~111 
cause the observarlons to be prrnted and 
processmg ~111 be ternnated. 

Example 

The followng exanple 1s taken from a study 
by xatuslc er al., 1965, and illustrates a cowxon 
use af PROC PEYSOXYRS. The data conslsfs of 521 
ncldence cases of rheumatoid artnrltx t&0 
dragnosed in axnester, >LJ from 1950-74 
ixcluslve. The prlaary questxn, of interest was 

wnetner patIenta with Rh have a higher ruk of 
developlng malignancy than does the general 
population. To answer this questlo" we compared 
the total number of mallgnancles subsequent to 
the date of RA dlagnosls to that expected, usng 
age- and sex-speclflc rncldence rates of all 
nall~nancles avallable for Rochester, M3 for the 
period 197~77. We also examined the data by 
follow-up year as sometunes the effect of a risk 
factor (1.e. RA) takes several years to surface. 

1) Data set: RAPTS 1s the dataset of RA 
patients. For brevity, only the frrst 5 
observations (one obs per patlent) are 
included. 

Variables: 

Rx DX = date of RA dlagnosu 

AGE-RA = age at RA dragnosrs 

DAYS CA1 = - days 
diagnosis, 

DAYS CA2 = - 
i 

from RA DX to cancer 
missng if no ca., 

scme pts. bad 2 subsequent 
cancers 

i)rrYb-LFU = days fron RA-DX to date of last 
fOllO..-up 

11) 

ill) 

PROC 

DBLa: - 

n 
c s A 
AE - 
s x D 
E- X 

1 F U9/29/b5 53.7 
2 F li!/lY150 39.8 
3 M 08/24/54 85.1 
4 F Oj/OL/jb 58.9 
5 M 10/21/6U 75.2 

i 
A 

8dbl 

dlL5 

* ” 

c 
A 
Y 

b b 

c i 
A F 
2 u 

b,OW 
. 12,102 

138 
?%a 10,Ulz 

5,573 

Rates Dataset: R 1s the dataset contanlng 
age-and sex-speclfx expected malignancy 
rates (per 10u,u00 per year) 

Variables. 
see RAT~;~DGA optvan ot PEILS"NYns 
statement for defmltlons. 

Data: - 

At,EB 

U 
20 
30 
40 
5U 
bU 
70 
80 

-rwnrr. 

10.1 
27.1 
61.7 

109.8 
527.3 

1348.5 
2U5ti.O 
3606.6 

Fl&Tt - - 
25.4 
41.3 

163.7 
219.1 
720.7 
900.8 

138U.9 
2058.1 

SAS code to request person year analyses 
by follow-up year and sex 

PSRSOIWKS DATA=RAPTS 
RATtSDATA=K 
RATESLABEL' 

'TOTAL MALIGNANCY RriTtS' 
TOLaTFU; 

ViARmrlES scx=SEX 
ZEaODT=tw DX 
AGIYIZ=AGE RA 
DAYySr;VT=&,% CA1 Uz,YYb CA2 
DAYSLFIJ'LMYS-LFU, 

- 

AGEYfiINI 0 20 To so-nu II); 
FUYdINT 0 4 8 12; 
TABLES FUYR*SLx / PY 0 E M RR95; 

IV) Ourput 

Numbered Items below are cncled on the 
output. 

1. Lrst of PKOC PEtiONYRS optux,s used 

2. ~1st of variable defLnitwns from the 
VIilumlES statement 

3. Dlstrlbutlon of n"mDer of events per 
person 

4. Explanation of table cell entrle8 
5. Person year analysis by sex and follow- 

up year WLth totals 



EYEHTS , w.LES t-tMLLES I 1”T.L PERSONS ________________-_______________________------ 
0 I 11, 34) I 459 
1 I 20 37 I 57 
2 I 0 5 I 5 ---_-___-------------------------------_______ 

Tot&L I I 
PCRSONS, 134 387 I 521 
EVENTS I 20 51 I 67 

o :-;;;;-;N;R;;;r-p;- ---- :-,,I-,,RI,~C,T~I- ---------- i 

I 0 - NO. OBSEPYEO EVENTS 
I I 

_________-----____-_------------------------------------ 
1”I.L I P” I 1803.693 I 559+.t.a2 I T388.315 

i 0.729 1 0.760 

I 

.- 

i 

.j Comment - We see char the observed total 
number of malrgnancles was approxxmately 
equal to the expected number for botn 
sexes. We also found that tne rest ot 
cancer was not cnang:lng slgnlflcancly 
Yltn follorup year. 
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