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Advantages

Large
Population-based
Valid prescription data

Long-time periods



Disadvantages

e Missing data on certain outcomes
Example: Glaucoma

e Temporal sequence not always clear

Example. Glucocorticoids - cataracts
OR
Cataract surgery - glucocorticoids

e Lack of data on confounders
- reason for prescription
- risk factors for outcome

= Today's topic



Exposure to NSAIDs and
risk of breast cancer



Epidemiologic data

Poor exposure data
Dose
Duration

Self-reports

Small numbers

Short follow-up

Inadequate control of confounding



Exposure to NSAIDs and risk of breast
cancer

Cases: Saskatchewan cancer registry
n=6000 since 1981

Controls: Random selection among Saskatchewan drug plan
matched on age and calendar time

n=24,000

Drug exposure: Up to 15 years of computerized information
for most drugs

Missing:
— OTC drugs (aspirin, ibuprofen)
— Other confounding factors:
e Age at first menarche
e Age at menopause
Number of pregnancies
Family history of breast cancer
Obesity
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Entire population (= truth)

Obese women

NSAIDs

Not obese

cancer

Nno cancer

NSAIDs

All women

NSAIDs

2000 | 10000 | yngs
40 100
2040 10100
cancer Nno cancer
200 | 10000 | ~pogs
400 | 10000
600 20000
cancer NO cancer
2200 | 20000 | op=ys
440 | 10100
2640 30100 32740
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Confounder: definition

NSAIDs > Breast cancer

AN /

Obesity = Confounder
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Saskatchewan databases

Obese women

cancer NO cancer
NSAIDs +
Not obese
cancer NO cancer
NSAIDs +
All women
cancer NO cancer
NSAIDS + 2 200 20 000
- 440 10 100
2 640 30 100

¥

data not
available in
computerized
databases

available in
computerized
databases

13



What to do about missing
confounder data?

Design options




Option #1

Do not conduct research on that topic

Choose another research question
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Option #2

Cohort or case-control study without data on confounder

Obese women

cancer NO cancer
NSAIDS + ? ?
- ? ?
Not obese
cancer NnOo cancer
NSAIDs + ? ?
- ? ?
All women
cancer NO cancer
+
NSAIDs 2 200 20 000
- 440 10 100
32 740




Advantages

e Cheaper

 May be scientifically reasonable for
certain questions

Example. Tricyclic antidepressants and
breast cancer risk (Sharpe CR, et al.
British Journal of Cancer 2002)

Disadvantages

e Possibility of confounding
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Sharpeet al: table
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Option #3

Collect covariate data on a sample of
the entire source population

e two-stage samples

e three-stage samples
e partial guestionnaire
e case series only



Two-stage sample

Sampling approaches:

e simple random
e case-control

e cohort

e palanced
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Stage-two random sample

Obese women

cancer no cancer
NSAIDs + 60 300
- 1 3
Not obese
cancer no cancer
NSAIDs + 6 300
- 12 300
All women
cancer no cancer
NSAIDs * 66 600
- 13 303
32740 (I)
x3% (Il

=982



Stage-two random sample

Provides valid estimates at
reduced cost

BUT:. Can be very inefficient
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Stage-two case-control sample

Obese women

NSAIDs

Not obese

NSAIDs

All women

NSAIDs

cancer No Ccancer
400 167
8 2
cancer Nno cancer
40 167
80 167
cancer Nno cancer
440 334
88 169
2640 (1) | 30100 (1)
x20% | x 1.6%
=528 (II)] =503 (1) | 1031
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Stage-two case-control sample

Provides valid estimates at
reduced cost

More efficient than random sample
when disease IS rare

Note.: Same general reasoning applicable to
a stage-two cohort sample
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Stage-two balanced design

Obese women

NSAIDs

Not obese

NSAIDs

All women

NSAIDs

cancer no cancer
227 125
23 2

cancer no cancer
23 125
227 248

cancer no cancer
250 250
250 250

32 740

(1)
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Stage-two balanced design

Obese women

cancer no cancer
NSAIDs +
Not obese
cancer no cancer
NSAIDs +
All women
cancer no cancer
+
NSAIDs 250/2 200 250/20 000
- 250/440 250/10 000
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Two-Stage Sampling for Efologic Siudies
Sample Size and Power

Dedgfas Schaubal,® James Hanley,! Jean-Paul Galfet,’* Jsan-Frangeis Bolvin,'# Colin Sharps,

Heward [, Mamison,® and Yang kMao®

Presdating computorized databases are potentially valuabie sources of epidamiclogic dala. Since such
datakaces gre infrequenthy created speciically for etlodogle rezearch, datd may b avallale for e sxposure
of inteveat and, through recard linkage, for the endpaiat of inlerest, bub lacking for potential cenfaunders.
Beeause of Ihe slza of thase databasos, two-stage sampling ia an etficiant alteraive 10 surveying tha entire
study pepulation tor confounder data. At slage 1, information ea exposure and dizeaes states is abtaned (o
e enlire sitedy population. Confounder data are collected for probabdib-selcted subsamples at etags 2.
Logiatic regression is pexformed on the slage I sampla, with the parameter estimetes and vafances apprao-
priately conected 1o agcount for fhe stage 1 data, in thiz paper, the authors pregsent methods for deteomining
Ihe required stags 2 sampls sfze In the case of categomical exposure and contounding vanabiés., Sanpo 3lze
Blas, power curves, and a compurlsr peogrut have been predusad ta accommodate a binary exposurg and
& cingle hinary tanfoutdor. With tha Increasing svailabifty of preoxisting wet Ingomplete detabases,
polential lor use of two-ztags sampling will greatly rcreasa in the future. This investigation provides & haziz
for eztimating the nurmtsar af partlcipante 10 samplea for e collection of confeunder data at the second stage.
A o Epldiermiof 1907;146:450-8,

Blontelry, cass-control sWdiss: confounding faeters fepidemiclogy): epidemisloglc metheds; regression

analysis;, safiple Size; Wo-stege sampling

Many computenzed dala sources are potentially
useful for cpidemiologic research. Examples inelude
phsician claim Feles, hospital separation records, pre-
paid insurance plan databases, and occupaliomal
records. Stodics wsing these databazes can often be
conducted more quickly and et a lower cost than those
involving primary data ellection. Unforuately, sach
databases were seldom sstabliched with a view toward
etiolopic research, Although data on the exposurs of
interest may be avaikable, with data on the endpoint of
inlerest obtainable through record linkage, data on
exlraneons variables which could patentially confound
the expogure-disease associaiion are Lypically uoavail-
able. The cost of surveying the entire stndy populaticn
may be prohibitive. A cost-cffective alternative is to

Resened Tor publioatian Juby 23, 19595, v in final fomm Febuary
4, 14T,

Aboreviatlon: O, odds ratie.
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Modines B Davia- lewiah Genmal Haspitah, Bloatnéal, Ghét-ec,
Canada,

Feprinl reguests 1o Copafas Schaubael, Room 1383, LCET Buikd~

iy DE0EC 1, Heallh Ganada, Tunnay's Pasiure, Citaws, Ootario KA
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collect confounder data on a subset of the origina
study population—san approach which has besn testmed
“two-stage campling” (1-43, sivce information per-
raining b the eoude and covariable-adjusted exposire
effects is obtained in two separate pliases of the io-
westigation.

For efficiency, stage 2 sample selection is typically
based jointly on exposuve and disease stars. Although
methods for analyzing two-stage dara exise {1, 3, 4}
issucs of sample size estimation have not been explic-
itty addreszed. The objective of this anicle is o pro-
vide a method for deciding on the number of subjects
to b2 selected at the second stage off a two-stage stody.

EXAMPLES

Congider a hypothetica]l gccupational cohort study
of railway workers. Information on dissel exhaust
cxposure for cohomt members could be estimared ¢
the basis of employment histories. The cancer inci-
dence experience of the cohoo could be determined
throngh linkage 1o vital statistics and cancer regisuny
dazahases. Howeever, the validity of any associalion
would be compromized by the lack of information o
smoking, since eaposwe might vary directly Witk
smoking pravatence. IF smoking dala were not col-
lected 2 pricd, tveo-stage sampling could enhance the
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Sample Size Estimatian for Two-5tage Studias

455

TABLE 1. Requirsd stage 2 sample siza* for two-stags cass-contral studlast

Pg P

ot P= o N, = 1,000, N, = 2,000) (M, = 2,000, N, = 4 0003
20 30%H A0 20% 0% 4%
2 0% 1.5 48 T 33 b4 - 25
3.0 138 9 i ) 85 TZ 64
6.0 a0z 207 166 192 150 125
< [~ 1.5 az T2 B 57 az 50
3.0 245 185 178 156 143 13&
6.0 548 4485 409G 355 329 308
50% 1.5 a1 T2 £a =4 +] 52 a1
3.0 220 184 173 138 134 135
.0 434 290 3596 Z2R0 285 ANt
4 109% 15 192 148 135 119 107 102
3.0 311 236 206 200 173 156G
&0 528 387 320 352 285 242
SO%% 1.5 300 248 2az 194 150 175
3.0 450 390 IFr3 303 288 282
5.0 T2 G800 L1515 £16 504 S00
5% 1.5 280 211 201 162 154 152
2.0 362 a0 310 228 226 235
a0 SOTF 484 S22 237 358 393
] 10% 1.3 e 273 250 219 1298 188
a0 A5G0 a81 33a 323 282 257
&0 756 575 487 516 4125 367
095 1.5 S04 408 ag4 31s 2298 251
A.0 a38 560 548 428 414 414
6.0 932 B87Te ag7 Bg42 651 &R
S0% 1.5 384 a15 302 241 229 228
a.0 443 g7 408 201 253 308
5.0 483 551 813 ars 408 450

* Staga 2 sample skze required 1o datect an exposure oodds ratic (OR) oOf o6 = 1.5 with 90% pawer and byps |

sy of o = 0.05 (two-skdad).

1 A casa-porrol study [Na]

raccrdad on a binary scala, wl
product ratic = a.

cazas and A, contrals at stage 1} designed to avaluate the affect of axposura
adjustmen far a singla binary confoundear with the fallowing quantities anticipatad:
exXpasUng pravalence = O, confoundear prevalsncs = g, exposura OF = of, confoundar OR = ar, and (E,£) cross-
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CONTACTING CASES OR FAMILIES OF DECEASED CASES

Lettar mailed to physicians from Saskatchewan Cancar Foundation in Novamber 1985

l | !

Permission Parmission FParmisaian
granted ta graried to e isoed
contact Ieing cordact famibes
CAShS of deceased Casm 1
1 l I MNo further act'mnl
Lettar mailed Family of decaaxad
o Saakoabcinenarar cane conbmched by
SCmrecar Fowndetion i rorve
— Hvlornraathonn Prons ke
— CEENETTE PECAee-3 o]
! !
\ ACcagl Rafuse
D PO 10 recaie N Furtrser secbhca
L A | letter |

Teleaphcrse conlact o

= warify atter recaived

- SEEWAMr OUHESTHONS

- nequeast e of coresant form

Conseant formm ot
raturTiend Sfhber 3 vl s

Consent
rafusad

MNMo harthar
action

l

Corseant Talaphorne reamindesr
' 1

l

Coansant Form ot

Cagsa {or famihy) ratumed aftar arnother
cantactad by 2 waals
intervienwser l

consent Form by
Pricrity Poat

Reminder latber and ———

MNo
raply

o =1
furihar
achion
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COMTACTING COMTROLS OR FAMILIES OF DECEASED CONTROLS

Control Know s o e
daecaased

l

List to HIRF to adantify
Farmiby mamibars

Control theught
o bea livieg

| |

[ =)
phone
contact
possibddg

Farmiky af decaassd caonbrol
contacie.g by eHsnPora st
least 3 rrontts after the dasth

Loerittar rrvablecd Frawrm
— Saskabtcherswar Health
- informabon prossdad

T

= coaryseryl recuestac 1 1
AccErpt ber Ralfuss 1o
1|_ Talaporss Sowtact 1o TS e neCanea
b [ [=317-1d

~ weErify habber reecedvad

1=t bartber
miglaid, Zrot
hthear s=nt

COrSart e

- RSl cLakstiones
- ragusast retusT of

Mo pharse # avaiksbls

ar 10 phone satsmpts Moy Frther
l MR, MO COnHLECt Ao
Consant Consant
rafusad o ikchard '
Mo ferthier Conbrol or
[=1=1 i {aTgt Family])
o tacted Consant fonm
by e el e mot rebuarreed
Ramindar latter an
conmnsant fomm Dy
Pricrity Post
or regular rmail

J ro fLerther acticon [
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CONTROLS RECRUITMEMNT
(as of February &, 1997)

FIRST MAIL. OUT TO CONTROLS m=713
Non deceased n=770L {($8%a)
Mo response =27 {12957
Consented 2F2 {39250}
Refused 330 L oY
Undeliverable 12 iy )
Deceased th= 12 {220
Consaented a £020)
Refused 2 (1720)
Undeliverable 10 (B3%a)

Total Consented 272 (30T

Reason Tor refusing
™ot interested o=
Too ill/Ydepressed 324
Deceased I
Communication problem 19
Cruestionnaire oo long L
Cruestions o0 personal 3
Too busy 24
T ther reasons ZR

™™o reason 1477



CASES RECRUITMENT

(as of Feb. 6, 1997)

MAIL OUT TO  PHYSICEAMNS:

o= 982 in December 19965

MNo response 15 (1.6%%)

Fave consent TIS (TR O%h)

Refused consent 189 CID.2%0)

Undeliverable 3 £0.32%)

MAIL OLU'T TO PATIENTS: n="Td5%

MNMon-deceased: n = 690 (D 3%a)

Consented 452 (56%0) or {4695}

Refused 1ET (27%a])

Undeliverable 5 (0720

Still to receive 46 7o)

Deceased n=355 (7o)

Family consented 32 (<1020

Family refused 22 (5 820)

Lindeliverablle i (0. 5%
Total Consented m = 484 (6% or 49%5)
Reason for refusing

™ot interestec 25

Too ill'depressed &

Communication problem 11

Questicnnaire o0 Jong 1

Cuestions too personal 2

MNo reason 126
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Other related complex sampling designs

e three-stage sampling
e partial guestionnaire
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Collection of covariate data
on cases only

Ray, Griffin 1989



Obese women

NSAIDs

Not obese

NSAIDs

All women

NSAIDs

cancer NO cancer
2 000 ?
40 ?
cancer NO cancer
200 ?
400 ?
cancer NOo cancer
2200 | 20000
440 | 10100

32 740
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Confounding totally accounts for exposure effect. A cohort study

fo

Depression

Young

Depression

All

Depression

Vitamin deficiency

Yes No
1200 60 1200 , 60 _
800 40 2000 100
2 040 100
Yes No
20 200 20 200
80 800 100 © 1000
100 1000
Yes No
1220 260 1200 260 _
380 840 2100 1100
2100 1100

1.0

2.5
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Conditions for confounding in the example of vitamin deficiency
and depression

1. Age is associated with depression

In subjects without vitamin deficiency

Old Young
N 60 200 0 , 20 _34
Depression =3
) 40 200 100 1000
100 1 000

In subjects with vitamin deficiency

Old Young
: + 1200 20 1200 20
Depression —— | —— =30
- 800 80 2 000 100
2 000 100

2. Age is associated with vitamin deficiency

Old Young

+ 2 000 100 . 2000x 1000 _
Odds ratio= 100 x 100 =200

Vitamin
deficiency - 100 1 000
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NSAIDs > Breast cancer

(N> /

Obesity

e Assessed In case series (assumes no interaction)

e Confounding can be diagnosed but not
corrected

(Ray, Griffin 1989)
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NSAIDs > Breast cancer

(D 2

Obesity

e Assessed In case series (assumes no interaction)

e External data

e Confounding can be corrected
(Ray et al. 1991)
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NSAIDs > Breast cancer

/

e Assessed In case series (assumes no interaction)

e Prevalence: external data «

e Confounding can be corrected
(Suissa, Edwardes 1997)
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In summary

May be easily applicable in certain studies

Provides valid estimates at reduced cost

However:

e Assumption of absence of interaction

e External data must exit for correction of
confounding
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Example of interaction

Obese women

cancer NO cancer
NSAIDs * OR = 0.4
Not obese

cancer NO cancer
NSAIDs + OR = 1.0
All women

cancer NOo cancer

+

NSAIDs
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