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SUMMARY

Asymptotically exact confidence intervals for standardized
risk ratios and etiologic fractions are presented. The confidence
intervals are appropriate for data obtained from prospective
studies. An arbitrary number of exposure levels and confounding
variable categories, consistent with the total sample size,

are allowed.




I. INTRODUCTION

There has been much interest in the estimation of risk ratios
and etiologic fractions of risk factors be ieved to be
causally related to a given disease. Both point and interval esti-
mation depend upon the type of study conduct=d, ie., cohort, matched-
pair prospective, case-control. The references in this paper include
a partial list of papers which have dealt with the problem; see espe-
cially Gart [1,2], Miettinen [3,4], Woolf [5], Haldane [6], Cornfield
{7} and Thomas [8].
In this paper we deal exclusively with cohort studies. Our
concern will be with obtaining confidence intervals (CI's) for
i) the (directly) standardized risk ratio, SRRk, associated
with an exposure level k,
ii) the (indirectly) standardized mortality ratio, SMRk,
associated with an exposure level k,
1ii) the etiologic fraction EFQ, associated with subset ¢ of
exposure levels.
We assume information has been collected on subjects concerning one
or more confounding variables and thus such information will be
utilized in categorical form.
The CI's obtained are asymptotic in the sense that, for a given
significance level (1 - o), the confidence that the interval contains
the parameter approaches (1 -~ &) as the sample size increases. The

method 1s basically due to Fieller [9]. We shall present CIl's




for two similar types of cohort studies: those in which a simple
"random" sample from the population as a whole is drawn and those in
which a stratified "random'"sample is drawn. (Random is in quotes be-
cause 1n practice truly random samples are a rarity and it is usual-
ly hoped that the actual sampling procedure approaches randomness.)
In the latter case the strata refer to exposure levels and the
sample size from each stratum is predetermined. In the former case
only the total sample size is predetermined. Unfortunately in order
to obtain an asymptotically'unbiased point estimate for EFQ in the
latter case supplemental information must be available. Specifically
the distribution of exposure levels cannot be estimated from such
a study.

In the next section we present most of the notation and defi-
nitions subsequently needed and a short discussion of the method
used for obtaining the CI's. 1In Section III we present the CI's
for the simple random sample cohort study and in IV we do the same
for the stratified random sample cohort study. Finally in Section
V we give some examples.

The derivation of the CI's 1is given in Sobel [10].

II. NOTATION AND PARAMETERS AND FIELLER'S METHOD
Let

K = number of risk factor exposure levels,

C = number of confounding variable categories.




Non-exposure is designed exposure level 0. Thus,

- PDki = proportion of'the entire population
who have the disease, are at ex-
posure level k and are in confounding
" category 1, k = 0, - , K,

1:1’ ...’ C.

A vertical bar, ], used as part of a subscript means "given", as in

conditional probability. So we let

. '> . | pDkli = proportion of those in
confounding category i who
have the disease and are
at exposure level k,

k:o’ ee e K’izl, e e C-

A dot, * , used Instead of a subscript means that the proportions
have been added over the subscript, as in marginal totals in 2x2

tables. Thus,

K

Pp.|1 © kZO Ppk|i

= proportion of those in con-
founding category i who
have the disease,

1-1’ ..',C



Pirt = Pppg ¥ Phyg

= proportion of the population
who are at exposure level
k and in confounding cate-

gory i, k = 0, .- » K,

where D means not exposed,

a) (Directly) Standardized Risk Ratio, SRR

Here standardization is accomplished with respect to the con-

founding variable distribution in the non-exposed group. Thus, for

C

) P.i]0 Pplki
i=1 W

Pp. o
where

C

121 p*ilO leki = proportion of those at
exposure level k who
"would" have the dis-
ease if the confounding

variable distribution

were the same as that in

the non-exposed group

'




and, of course,

pD.|0 = proportion of those in the non-
exposed group who have the

disease.

b) (Indirectly) Standardized Mortality Ratio, SMR

In this case standardization is done with respect to the con-
founding variable distribution found among those at exposure level

k. Thus, for k =1, +-+ , K|

P
_ D- |k
SMRk =

C
Y Pl P
i, 1|k *plo1

where

C

121 P.ilk Pploi

= proportion of the non-exposed
group who "would" have the
disease if the confounding
variable distribution were
that found among those at

exposure level k

and

pD-|k = proportion of those at exposure

level k who have the disease.

(2)




The reader should note that

Pipy = L Py
el kee ki
In fact we shall use ¢ in subscripts often: it merely means the

sum of the appropriate subscripted p's over all k in ¢. Thus for

example

Ppe|i ~ ze Ppk|i-

k

The above statement concerning summing is false if ¢ follows a

"given'" sign, |:

P # 1P

pife 7 %, Dilk.
Note that

1 Py
p _ kee Dkl

pi|e 7
pl L]
kee k

Miettinen [3] has given equations (1) - (3) with a more full
discussion. He also basically presents an alternative to (3) which
is perhaps more useful for point estimation:

EF, = ) pk'ID(SMRk - D/SMR,

kee

However, the CT for EFO is obtained from (3).
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d) Fiellers Method for a CI for a Ratio

Each of the quantities presented above involve the ratio of two

' population-type parameters. Suppose the ratio is

u

.YE-—-—

)

and suppose that we have variables X and Y such that

X and Y are jointly normal with means

2 2
ul and M, and variances Oy and Oys
respectively, and covariance OXY'

Then
2 22
X - YY ~ N(O, Oy - 2YOXY + v aY)
and thus
P| - X - vY] <z| =1-aqa
2 2 2
J"x' 2youy Y oy
where

zZ =2z, = upper a/2 critical value for

a N(0,1) variable.




Upon squaring both sides of the inequality and re-arranging, we

have
2
P(O <Ay +By+C)=1-a

where

= >

#t 1
~No N
~ N
::é Q

! |
~N ]
Q

(@]
fl
N
Q
1
»

Consequently, if 02 are known, for given values of X and

02 o
X Y’ XY
Y, the CI consists of all those possible values of y for which the
inequality is true. If A < 0 and if the quadratic has real roots,
then the CI has upper and lower limits given by the larger and

smaller roots. This is because, in this case, the graph of the

quadratic in y is

2 2
If 01, 02, 012 are unknown, estimates are substituted. In order



-~10~-

to be exact, the distribution of

t
i
|
i

X - yX

A2 ~ 2*2
\lo - 2'Y0XY +y ooy

must be used to obtain the CI. However, as long as consistent esti-

mates are used, the CI obtained by calculating A, B, C using these estimates
will have, asymptotically, the correct significance level, 1 - a.

However, for a given sample size the actual significance level will

be somewhat smaller, eg., the "true" (1 -q)CI is somewhat broader.
Fortunately in the studies covered by this paper, with probability
approaching 1 as the sample size increases, A < 0 and the roots

are real. For details see Sobel [101.

ITI. SIMPLE "RANDOM" SAMPLE COHORT STUDIES

We assume that a simple random sample (or its presuﬁed equiva-
lent) of size n __ is obtained from the population of interest or
choice. The population is disease-free at the initiation of the
study. At the end of the study period the number of cases of dis-
ease of each exposure level-confounding variable category is re-
corded. We therefore have the following C tables — one for each

1i=1, «-+ , C:
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Incidence of Disease by Risk Factor

Level and Confounding Category

Confounding Exposure Le.el
Catezory 1 2 s K l Totals
D [PAR%| D IPAR D [PAR |+«-| D |PAR | D ‘PAR
1 | ..
"po1 |®-01 n1311[“-11 p21 | ®-21 Ppr1 | ®exp | Ppe1 | Pee1
2 : '
oz |02 | Pp12 | P12 p22 | Me22 "px2 | Pek2 “D-zf"--z
c ]
"poc | ™.0c | "p1c | ®-1c | Ppac ! Peac "nxc | Mexc nD-c{“--c
Totals "po- | ®e0- | ™p1- [ Pe1e {Mp2e [ Pag. | "t Opg. | Beg. | "p.. | O,

*PAR = persons at risk

Note that n_,

Xn.‘i is considered fixed (predetermined); all other

values are random.

We will not here be concerned with such problems as length of

exposure (which can possibly be considered as a confounding variable),

change of exposure level during the study, dropouts from the study,

etc.

We can asymptotically unbiasedly estimate numerator and denominator by

SRRk =

a. CI for SRR,

By multiplying SRRk by p.o./p.o_

i=1

c
! P.10PD| ki

Ppo.

we have




K= § b b, = ] ootlod )
k 1=1 +i0 lel 121 Meel Papg
n
_ A - DO«
1= Ppo n_, . ’

as long as n > 0, which occurs with probability 1 as n gets

ki

large, one can prove that, as n__, increases,

C
2
—> N . cy O
Xk izl P.i0 pD|k1 Xk

2
Y —> N(ppy.s Oy)
where
c c
2 1 2 2 A c 2
[+] - + - -
LS 121 P.01 Polus 121 P.01 Pekt Pofit 0 Bypiee) I pogy Ppki
i=1 .
2 1 ‘ '
° = aer Ppo. (1 - ppl)
and

C
-1 -
oka Covariance (xk, Y) = o izl lek1 (pDOi P.oi pDO-)'

Actually Xk may be undefined, since it can happen, but with proba-

bility tending rapidly to zero, that LI and thus T are 0 for

some 1. In an actual study, confounding categories with Ny T 0




would he merred with

~r
Py

say, or we candefina 0/0 as 1. In e

much at all in practice.

arnoth

to normality theoretically true o

Since the variances and covariance a:. unknown, we
consistent extimates. The (1 - o) CI for S&Rk is
-B., -+ Bé LAC B B LAC
k Nk Tk k "k “k
\ 2A ’ 2A /
where
2.2 2
= ] —-‘1’
z oy
B = 2% Y 2276
= / - Z g
X, Y
k
22 2
C=2z790o, -2
Xk Kk
~2 1
= — (1 - Y
OY .. ( )
C n 2 C n2
2 1 ) Pooi [Poki |7 RELE ki
gy = T —— -3
X n Lo T £ ST T
k see { i=1 e <1 i=1 LI
C . ILD :
2 1 "pki  "DOL v
> Y 2 n n - xk
x-k .o s l=1 .ki s v e
2=z s = upper /2 critical N(O, 1)

er catezory. To meke the convergence of
. can be raplaced by n ., + 1,
et - ki
ach cas: X, will rot be altered
0~

substitute

then

w%ro

(0 = "pki) T

value.
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b) CI for SME]

By multiplying by p . /p we have
.k. .k.

PDk-

SMBRy = G )

121 P.xiPploi

For estimates of numerator and denominator we have

n
A _ Dk
xk pDk- T n

NPy, .> 0§k)

n n_.. C
DOi > N

Y P.iPaln
LI 1=1 ki D|01

Sincen.Oimay be 0, the remarks in a) above are valid for Y, here.

We have
2 1
°x, "o Poke S
¢ c
2 1 2 2 -1
g, = + 1 - -
Y, on. 121 P.k1Pp]o1 121 P.kiP-0tPplo1‘! ~ Ppos) (

C
1 -
ckak Cov(X,, Y,) n,.. 1§1p0|01(pok1 P.x1Ppk

2
, O

Yy

k

C

(6)

2
I PP
5 Pekt n|01) )




Upon substitution of consistent estimates the (1 - a) confidence

interval for SMRk is

where

=20 -Y
Ak Yk
B, = 2XkY 2228
- 7
k k XY, 7N
2.2 2
Ck =2z oxk Xk
2 2
C n n C n n
~2 1 ki DOi ki D04
oy = ) + ] = n. ) - ¥
Yk n-o- 1::1 n.. n Oi) {=1 n. 30 'Oi DO1
<01
~2 1
% "u.. %0 TR
~ C n_..n
- _ 1 z DOi "Dki _ XY

Y, 0, i=1 P.0i ... kk

2 =z 4, = upper a/2 critical N(O, 1) value.

¢) CI for EF,

We have as esgtimates




—i0-

~ D.o
- 8
Ppe. T (&)
- 2 2 > N{( 02 )
Xo = Ppe- ” Ppe-,0 Ppe. 7 Ppe.,o’ X,
~ 2
Y= p.. > Nlpp..» )
where
2 1
OY—n“' pD“(l 'PD__)
02 =g + g - 20
X e,0 e,e,0
e
2 1
“e T, Ppee (7 Ppp)
C C
2 1 2 2 -1 2 \
= e + - -
%,0 " n .2 P.eiPplo1 .Z P.2iP-0i%p]0:Y 7 Ppjo1) " Ppe. o
AR i=1 i=1 }
C
= Cov(p 5 — Y p..p -p_ P
%,¢,0 De-’ “pe-,0° " m |5 "pei’p{oi ~ Ppe-Ppe-,o0
Also
= Cov(p ., V) = —= @ -p )
%p,e T OV Ppg.s n___ Ppe. 7 7 Pp..
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c
= Cov(p Y) = —— - - .
9,0 = CVPpo. 00 ¥ =TT 121 Ppjot | P-etPpjos T Pp..) T Ppoy
(of = Cov(X Y) =0 -0
XY (*g’ ) D,e D,e,0

Finally upon substitution of consistent estimates of these variances

and covariances, the (1 -~ a) Ci for F,,';‘Q ie
5+ | B® - 4ac -B —\/]_SE—AAC
4 [ [
2A 2A
where
2.2 2
A=z OY -Y
B = 47 - 2 G
¢ ZKQY A OX ¥
e
2.2 2
CQ = Z OX - X
e
(9
~2 1
e 1 -
GY e Y(A Y)
2 _ 52 a2 .
9% e " %,0 9.,2,0
e
201 - -
% " n. . Ppe. (1 = Ppo.)
A2 1 ¢ M1 "pot E %-e1 "poi Y
9,0 " n L ) 3 -0t ~ "pot Dpe-,0
v i=1 n LI i=l n_, noog



n
- _ 1 Dei DOi ~ ~
Y¢,e,0 1 ) n_ n T Ppe-Ppe. .0
.o i=1 e 0 >
o =3 -G
XQ_Y D,e D,Q‘DO
~ _ 1 A
LD,Q o, pD9 ( v
C
5 _ 1 5 pot "eet [, _ "ot _ "p.-. N E "po1 "pet
D,e,0 . - “a o . n
Bo.. 1421 Rupg ... ot P... i=1 %.01 B...
and i
z = z = upper o/2 critical N(0, 1) value.

af2

As before, LI may be 0 and thus ﬁDe~,0 can possibly be undefined

and, theoretically, slight alterations in ﬁDe-O could be made.

IV. STRATIFIED RANDOM SAMPLE COHORT STUDIES

When stratified random sampling, or its presumed equivalent, is
enploved Fieller's method can be used to obtain CI's for SRRk and
SMRk without further information. The appropriate formulas are pre-
sented in (11) and (13) below. However, neither numerator nor
dencminator in EFQ can be consistently estimated unless estimates of

P.p.> k=0, «-- K, are available from other sources.
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a) CI for SRRk
Now we use (1) directly and use the usual estimators of numerator

and denominator:

X, g 5 s g .01 "pki
g 0PI Tl mlg n g
(10)
A DO‘
Y pD.l() n-O-
Then the (1 - a) CI for SRRk is
. + |82 - 4AC B, - | BZ - 4AC
k k k k k k
2A 2A
where
A= 22“5 - Y2
B = 2X Y - 2228
k- % °ka
2.2 2
Ck =2 cxk Xk
~2
o, = —Y(1 -Y) (11)
Y .0.

C n n
~2 1 <01 Dki 01 Dki 2
g - —— — - -
x " m ! 5 a + Z (Mg ™ Pprt) - X
<0+ \{i=1 ".0- i=]1 n .0 n_ki



are known.

where

21~

Then we have, for n.k./n... T Py, @810 > e,
= A - hn — N( _ 0_2 )
¢ Ppe- ~ Ppe.,0 Ppe. ~ Ppe.,0’ X,
Y = p —> N( 2)
Pp.. Pp.., %
(14)
f) - 2 p nDk’
De: kee "k n-k-
5 -7 » ) ".x1 "poi
Dess0  yee Kt g2 Mgl Puog
5 - % p nDk-
De- k=0 °ke n..
Then the (1 - a) CI for EFe is
-B_+ | B2 - 4ac.  -B_~/B% - 4Ac
e e e e e e
2A ’ 2A
242 2
A=z OY -Y
B =2XY - zzza
e e XY
e
2.2 2
C =20 - X
e Xe
K
a2 2 -3
g = - 15
Y Z p'k'n-k- nDk'(n'k' nDk-) (15)
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a2 ~2 a2
= + -
oxe % 7 %,0 20e,e,o
I\2 2 "3
o, =
¢ kge P g Ppke (Puge ™ Ppgel)
€ 2 nyy “:m ¢ B, \3n (a,  -n ) c
AL e e e U S - Tl U S I S '
kee =1 ke Me01  1mlikee LR B0 kee K0 KT \qmy KL gy
C n_ .. n n
. ~ 2 "poi ".ki["pki “Dk-
5 ! oI -
¢,e,0 kee i=1 ke n n2 n n }
ooi okc oki oko
[ n -
2 -3 -1 -kt "po1 N
Yy *© 2 p.k.n.k."nk.(n.k. nDk-) - P,o."p. E Py 2 (“.01 - nDOl) " %%.,e,0
(2 kee kee 1=1 noe Bog

z = zm/2 = upper o/f2 critical N(0, 1) value,
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V. EXAMPLES

The examples given below come from data obtained from the
Evans County (Georgia) Cardiovascular Epidemiology Study. They

form a part of a paper presented at the 1976 Conference on Cardio-

‘vascular Disease Epidemiology sponsored by the American Heart Associ-

fation: see Heiss,,et. al., [11].

~Between 1960 and 1962 a cens&s of those 45 years old or over
and a 50% sample of those between 15 and 44 was undertaken in Evans
County. The completion rate was 92%. Each individual was given
a complete medical examination. Between 1967 and 1969 90% of the

survivors were examined. The variables used below are as follows:

1) Diastolic Blood Pressure: with categories
normotensive (BP(1l), < 80 mm Hg); high
normotensive (BP(Z), > 80 and < 855, borderline
high blood pressure (BP(3), > 85 and ; 90).

hypertensive (> 90);
11) age: with categories [25-35) and [35-45);

1i11) relative weight: overweight (OW, > 1.25)

not overweight (Gﬁ, < 1.25)
1V) weight change: with categories AWt (> 10 1bs.)
and AWt (< 10 1bs.).

Only non-hypertensives (both DBP and SBP) at intake (1960-1962) are

considered below.
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Example 1

We use relative weight at intake as the risk factor. The
confounding variable categories are all combinations of the categories
for age (2), non-hypertension (3) and weight change (2). There are
therefore 12 categories. Because there is only one exposure level

here K = 1. The data for blacks and whites are given in Table 1,

Table 1: Incidence of Hypertension (DBP)

By Risk Factor (OW) Exposure
Levels and Confounding Variables

Age, DBP and Weight Change

Exposure Level

White Black
0 (0W) 1 {(0W) 0 (0W) 1 (0W)
Confounding Category N | PAR D PAR D |PAR D PAR
BP(1) AWt 5 44 1 7 2 7 0 1
AWt 3 22 2 3 1 6 1 3
[25-35) BP(2) AWt 10 | 36 2 9 5 112 1° 3
AWt 4 9 1 1 0 3 1 2
BP(3) AWE 4 11 2 3 3 4 0 0
AWE 1 2 1 1 1 1 4 4
BP(1) AWt 3 50 0 2 0 3 i 1
AWt 0 14 2 3 1 0 3 0 1
[35-45) BP(2) AWt 3 44 2 10 ' 4 8 1 5
AWt 1 20 2 7 0 7 1 2
BP(3) AWt 2 14 6 Jll 0 3 2 3
AWE 0 4 4 S 3 5 2 3
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Table 2 gives the relevant estimates from this data.

Table 2: Point and Interval Estimates of SMRl

and EF{l} for Data in Table 1
White Black
Ratio of Incidence Rates (SMRl) 3.0 1.4
952 CI (1.8, 5.3) (0.78, 2.5)
Proportion of Cases Emerging
0.41 0.42
From Target Population (Exposed)
Potential for Prevention in
0.27 0.11
Total Population (EF{I} .
95% C1 (0.13, 0.41) (0.09, 0.30)
Potential for Prevention in
0.66 0.26

Target Population (Exposed)**

95X I

(0.44, 0.81) (-0.23, 0.59)

**This potential is an etiologic fractionm, EFé say, and 1is

given by

The (1 - @) CI is given by

Pp.le ™ Pp.]e,0
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where
2A -~
A= 20, " Pp.
~ 2 ~2
- 2 - -
B (XoPpe. = 2 (0, c’e,e,o))
and
2~2
C=2z20 - X,
Xe e

with all symbols defined in (8) and (9).

In the special case of only one exposure level in e, k say,

EF{k} =1 - 1/SMRk

and the (1 - a) CI has endpoints 1 - 1/T where T represents the end-
points of the (1 - a) CI for SMRk.**

We note that some of the cell frequencies are small. However,
the estimates change only very little if the confounding categories
are collapsed across age. This is probably an indication that the
estimators are reasonably stable and that the age variable within
the range 25-45 is not very important when relative weight is the

sole risk factor.

Example 2

Here we use relative weight and DBP at intake as the risk
factors. Relative weight has 2 and DBP has 3 risk categories, mak-

ing a total of 6 in all. The confounding variable categories are
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all combinations of age and weight change, for a total of four

categories.

The data are presented in Table 3.

Table 3: Incidence of Hypertension (DBP) By Risk
Factor (OW, DBP) Exposure Levels and
Confounding Variables Age and Weight

Change

Exposure Level

“hites
_ — ! |
0(0W,BP(1)) | 1(0%,BP(2))|2(0%,BP(3)) | 3(0%,BP (1))} 4(ow,2p(2))! 5(ow,BP(3)) |
| | i H i
Confounding Category D | PAR D ! PAR D 1 PAR D | PAR D | PAR ! D PAR
— . | l ? v :
[25-35) ANt 51 44 10 | 36 2 S S I W 21 9 213
AWE 30 22 4 I 9 1 1 2 | a2l 1! 1 1 | 1
— | i ] 3 ‘
[35-45) AWt 31 50 3 4 20 16 | o ; 2 2 |10 6 11 !
AWE [ o 14 1 [ 20 0 4 21 3 ] 2 7 ! 4 5 !
Blacks
- N B— ! |
0(OW,BP(2)) | 1(0w,3P(2)) ! 2(0w,BP(3)! 3(0w,RP(1)) | &(OW,BP(2))! S(CW,3P(3))
: ] ' :
D PAR D ! PAR D l PAR D ! PAR , D PAR D PAR ;
— I |
(25-35) AWt 2 T s w 3 4 ] 0 1 11 3 o] o
AWt 1 6 ’ ol 3 1 ' 1 01 ! 3 ! 1 2 | 4 4
( { | ] ' |
W I ’ l ! b
(35-45) ANt 0 3 | 4 | 8| 0 3 3 1 11 f 11 s L2 3
ANt [ 0 y | o: 7 . 3t 5 1 o oy 0 12 ] 203

Some relevant estimates are presented in Table 4,
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Table 4: Point and Interval Estimates of SMR5

for Daté in Table 3
and EF{S}

White Black
Ratio of Incidence Rates (SMRS) 11 12
957 C1 (5.3, 73) Rk
Proportion of Cases Emerging
From Target Population (Exposure 0.21 0.24
Level S)
Potential for Prevention in .
0.19 0.22
Total Population (EF[S}
952 CI (0.09, 0.30) (0.08, 0.37)
Potential for Prevention in
0091 0.92
Target Population .
952 CI . (0.81, 0.99) *kk

#®2*Fieller's method does not give a sensible
CI mainly due to the small sample size.

.

The reader will note the 0,0 cell in exposure level 5. This

prevents the calculation of SRR Once again, if the cells are

5

collapsed across age, not much change occurs in the estimate or

However, SMR_ goes from 12 to 5.8 — a bit more than .

5} 5 !
502 — for blacks and from 11 to 7.7 for whites.

CI for EF{
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VI. Remarks

When defining an etiologic fraction for intervention purposes
an investigator may be somewhat less optimistic and be willing to
assume that intervention directed towards some higher exposure
levels will, rather than bring everyone there down to the non-ex-
posure level, bring a given percentage dow . to some intermediate
exposure level - or even distribute these individuals over a group
of lower exposure levels. Such a scheme will require somewhat dif-
ferent estimators and therefore CI's. In addition more detailed know-
ledge of a given disease vis-4-vis exposure levels may mean that only
an estimable percentage of those in an exposure level-above "back-
ground noise'- will be helped by a lowering of exposure. That is,
the causative assumption may be valid for only a fraction of indi-
viduals,

When estimating any one of the three parameters from simple
random sample cohort data one can obtain point and CI estimates con-
ditioned on the n_k.being fixed. Asymptotically, the conditional
and unconditional procedures are equivalent. However, if the ex~
posure distribution,{p.k;} is known, then stratified sampling is
more efficient than simple random sampling as long as n.k_/n.__ —> Py.
and thus should be used.

Finally, in a manner similar to Haldane's improvement [6] of
Woolf's estimator [5] of an odd's ratio, slight adjustment of de-
nominator estimators by addition of a constant may reduce the variance
so that the point estimators have smaller variance and therefore the

CI's are somewhat narrower.
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A computer program for the calculation of the CI's in this paper
is available from the Department of Epidemiology, School of Public

Health, University of North Carolina, Chapel Hill, N. C. 27514,




7._

Am J Epidemiol 101: 226-235 , 1976.
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