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1972.—Both in cohort and case-control studies the estimate of the crude
risk ratio factors into two important and easily derived components. One
is a measure of the strength of confounding, and the other is an estimate
of the residual risk ratio in terms of the standardized morbidity (mortal-
ity) ratio. For case-control studies the latter seems to be a new and useful

“summary relative risk.”

epidemiologic methods; biometry

Risk ratio (“relative risk” (RR)) is a
parameter of central interest in epidemiol-
ogy. It is defined as the ratio of the risk
among the exposed to that among the non-
exposed, with “risk” referring to some
measure of morbidity or mortality and
“exposure’” and “nonexposure’ distinguish-
ing between a pair of alternative experiences
or characteristics. The data-layouts for its
estimation in cohort and case-control studies,
respectively, are presented in table 1. With a
cohort study the “crude” RR is estimated
naturally by the ratio of the two observed
rates, i.e., by . = (¢/F)/(9/H) = eH/gF.
The equivalent formula for case-control
studies, introduced by Cornfield (1), is the
“odds ratio” p. = ad/bc as long as the
compared series are independent (un-
matched) and the disease is “rare” among
exposed as well as nonexposed individuals.

These estimates of the crude RR are
useful for predictive purposes, but in etio-
logic research it is necessary to make a
distinction between two components of the
parameter—one resulting from recogniza-

Abbreviations: ML, maximum likelihood; RR,
risk ratio; SMR, standard morbidity (mortality)
ratio.
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ble confounding and the other possibly due
to the effect of exposure. Customarily,
analyses in such studies have been focused
on the estimation of the latter component
with no explicit assessment of the strength
of confounding. However, the quantitation
of confounding may contribute importantly
even to the evaluation of the effect of ex-
posure. For example, it may show that the
control of certain factors is unneccssary in
the analysis—a welcome finding in the face
of the common problem of vanishing num-
bers when the subjects are stratified by
several potentially confounding factors.
Moreover, routine assessment of the amount
of confounding in the crude RR would help
accumulate valuable experience for use in
the planning and evaluation of other
studies.

The present paper describes methods of
breaking the crude RR down to the two
components. Secondarily, it may give some
new insight into the interrelationship be-
tween cohort and case-control studies.

COHORT STUDIES

Suppose that the exposed and nonexposed
series have been divided into strata of the
confounding factor(s), and that in the j#
stratum the data layout analogous to the
one in table 1 has entriese; , F;, g; and H; .
With De; = ¢ 2. F; = F, D g;and ¢
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and Y H; = H the estimate of the crude RR
is, as before,

pe = eH/gF. 1)

The component attributable to confound-
ing by the stratification factor(s) may be
estimated by simulating the removal of the
effect of the exposure within each stratum.
This removal would have no bearing on the
nonexposed series, and generally only a
negligible effect, if any, on the distribution
of exposed subjects among the strata. Thus,
for considering this hypothetical case of no
effect of the exposure we may keep the values
of g;, H; and F; unchanged. On the other
hand, each e; is replaced by the estimated
“null” value of e,* = ¢,F,/H ; corresponding
to p; = 1. The estimate of the RR compo-
nent, p*, attributable to confounding by the
stratification factors may then be taken as

p* = e*H/gF, ()

where e* = 2 e*.

The estimation of the residual RR, p,,
associated with the exposure conditionally
on the stratification factors (i.e., with their
effects removed) is a familiar problem.
Among the exposed, a total of ¢ events were
observed as against an estimated ‘‘ex-
pected”” number of e* based on the rates in
the nonexposed series, and the usual esti-
mate of the regidual RR is the standardized
morbidity (mortality) ratio (SMR):

p. = e/e*. 3)
Even though this ratio is the core element in
“Indirect standardization” with the non-
exposed group as the “standard’’ (in the sense
of stratum-specific rates), it should be
regarded as the ratio of “directly’” standard-
ized rates for the exposed and nonexposed—
ie., an estimate of standardized RR—with
the exposed group as the standard (in the
sense of distribution over the strata). If the
RR is the same for all the strata, and if the
events are referred to person-years of follow-
up (so that e; and g; can be regarded as
realizations for independent Poisson vari-
ates), then e/e* is the maximum likelihood
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TasLE 1

Data-layouls in cohorl and case-control
gludies, respectively

Cohort study Case-control study
Compared Compared
senes series
Ex- |Nonex- Con-
posed | posed Cases trols
Events* ] g Exposed a ¢
Denominatort| F H Nonexp. b d

* No. of cases of disease or death.
t No. of individuals studied or person-years of
follow-up.

(ML) estimate of the common RR. With
count denominators the above statistic is
the ML estimate of a common RR only in
the limit when the rates (of attack or preva-
lence) are very low, but it is a reasonable
estimate even in less extreme situations.

It is apparent from the above formulas
that the estimates of the components of RR
are multiplicative, i.e., that

pe = ﬁ*ﬁ: . (4-)
CASE-CONTROL STUDIES

In case-control studies with substantial
numbers of subjects at each stratum an
argument analogous to the one above can
be used to estimate p*, and the procedure
suggests a simple estimate for p, as well.
Under the rare disease assumption the hypo-
thetical removal of the effect of exposure
induces no appreciable change in the control
series nor in the distribution of nonexposed
cases over the strata (even though the pro-
portion of nonexposed individuals among all
cases would change if the exposure in fact
had an effect). For estimating p* we may,
therefore, keep the values of ¢;, d; and b;
unchanged, whereas each a; is replaced by
the ‘“pull” value of a;* = bjy;/d; which
makes p; = 1. Thus the estimate becomes

®)

p* = a*d/bc,

where a* = ) a;*.
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TaBLE 2
Drug-atiributed rash in relalion to allopurinol
exposure among recipients of ampicillin. The
Boston Collaborative Drug Surveillance
Program (8)

Males Females Total
Rash
Allopurinol Allopurinol Allopurinol
+| — | Total | +{ — |Total| + | ~ | Total

+ | 5136 411 10] 58 68| 15 94 109
— |33 |645 | 678 | 19| 518| 437 | 52|1163| 1215

Total (38 681 | 719 | 29| 576| 605 | 67|1257| 1324

2.49 3.42 2.99

h~2]

For estimating p, we first observe that the
7% stratum provides the estimate of ajd,/
bec; = a,/a;* the ratio of the observed
number of exposed cases to the respective
estimated  expectation—analogously  to
e;j/e;* in the case of cohort studies. This
analogy with cohort studies suggests that a
reasonable overall estimate of the residual
component in the large-sample case is

Be = a/a", (6)

which—like e/e* in cohort studies—is the
ratio of the observed total number of ex-
posed cases to the estimate of its “‘expected”
value under the assumption that p; = 1.
Moreover, a/a* must have the interpreta-
tion of being the sample value for the
standardized RR, with the exposed individuals
in the source population as the standard (in
the sense of distribution over the strata).
This inference can be directly verified: As
noted above, the sample standardized RR
is p, = 2, wiRy,/ D w;Ry;, where the w’s
are the weights of (‘“direct”) standardiza-
tion, and the R,’s and Ry’s are rates in the
exposed and nonexposed series, respectively.
By definition, then, 3, = 2 w;Ro,p,/
> w;Re; . With the exposed individuals in
the source population as the standard we
may set w; proportional to ¢;/f;, where f;
is the sampling fraction of noncases in the
7% stratum. The values of Ro; may be taken
proportional to b;/(d;/f;) as long as the

sampling fraction for cases is uniform over
the strata. These substitutions, together with
p; = ad;i/bic;, yield

po = 20,/ 2 (bies/d;) = afa*.

This proof also underscores the fact that the
above interpretation of a/a* as a standard-
ized RR presupposes that the cases be repre-
sentative of all cases in the source population,
whereas the control series may be either
representative of noncases or matched.

As with cohort studies, it is seen that
Be = p*pu.

The above method of estimating the com-
ponents of risk ratio should not be used in
the small-sample case, particularly if d,
takes on small values. In the extreme, a
single d; = 0 can make a* = <« and, conse-
quently, p* = « and p, = 0. When the
values of ¢; tend to be larger than those of d;
a more stable measure of residual RR is
obtained by using the nonerposed as the
standard (in the sense of distribution over the
strata) and computing

py = b*/b, )

where b* = Y. (ad;/c;). In the case of
uniform RR over the strata a generally
applicable, though computationally often
somewhat cumbersome, approach is one
where the ML estimate is first derived for
5., and p* is then obtained from the rela-
tionship 5* = p./p.. A description of the
ML estimation has been given recently by
Gart (2).

ExaMpPLES

Ezxzample 1. Table 2 presents some drug
surveillance data analyzed in the spirit of
cohort studies. Specifically, the frequency of
drug-attributed rash is related to Allo-
purinol exposure among recipients of Ampi-
cillin, and sex is treated as a potential con-
founding factor. The estimate of the crude
risk ratio is g, = 15(1257)/94(67) = 2.99.
Simulating the removal of the Appopurinol
effect we have e,* = 36(38)/681 = 2.01
and e.* = 58(29)/576 = 2.92, and the nsk
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ratio related to confounding by sex there-
fore has the estimate p* = (2.01 + 2.92)
(1257)/94(67) = 0.98. This indicates that
there is no material confounding by sex
even though the rash rate has a rather
strong relationship to sex among the nonex-
posed, being 36/681 = 5.3 per cent in males
and 58/576 = 10.1 per cent in females;
the reason for the absence of confounding
by sex is that the exposure rates in males
and females are similar, namely 38/719 =
5.3 per cent and 29/605 = 4.8 per cent,
respectively. The estimate of possibly Allo-
purinol-attributable, standardized risk ratio
is g, = 15/(2.01 + 2.92) = 3.04. The inter-
relationship of p, = p*p, is found to hold,
as 2.99 = 0.98 (3.04) apart from round-off
inaccuracy. If in this example there was a
need to stratify by other factors, the lack
of sex confounding would permit omission
of stratification by sex.

Example 2. Table 3 gives data from a
case-conlrol study of the relationship of oral
contraceptive use to venous thrombosis
with age as a confounding factor. The esti-
mate of the crude 1isk ratio is g, = 12(347)/
53(30) = 2.62. The component of this at-
tributable to confounding by age is not
fully estimable from the data presented,
inasmuch as there is residual age confound-
ing within the 10-year categories considered.
Ignoring this problem, we may compute
a* = 39(18)/158 = 4.44 and a.* = 14(12)/
189 = 0.89, and these give as the estimate
of the risk ratic component attributable to
confounding by age in the 20-39-year range
p* = (444 4+ 0.89)(347)/53(30) = 1.16.
The cstimate of the standardized com-
ponent is 5, 12/(4.44 -+ 0.89) = 2.25.
The product of these two components is
1.16 (2.25) = 2.62, the value of the crude
risk ratio from the total series without
stratification. As the age-specific estimates
of risk ratio are identical, it is obvious that
the ML procedure also gives 5, = 2.25 and,
therefore p* = 2.62/2.25 = 1.16. Consider-
ing the existence of confounding within the
two 10-year categories of age, the total

TABLE 3

Venous thrombosis in relation to oral coniraceptives
(0.C.) use among hospitalized women (ref. 4)

Age category

0.C. 20-29 years 30-39 years Total
Thrombosis Thrombosis Thrombosis
+ | — |Total | + — | Total | + | — |Total
+ 10|39 49 2 14 16| 12| 53 | 65
- 18 158 | 176 | 12| 189} 201 | 30|347 | 377
Total {28 (197 | 225 | 141 203| 217 | 42400 | 442

p 2.25 2.25 2.62

confounding by age might correspond to
p* = 1.3 with the corresponding 5, = 2.62/
1.3 = 2.0.

Discussion

Confounding and residual components in
risk difference (‘“‘attributable risk’’)—the
risk in the exposed minus that in the non-
exposed—in cohort studies have been dis-
cussed quite thoroughly by Kitagawa (5).

The present paper presents simple risk
ratio measures of confounding and of the
residual association between exposure and
disease, both for cohort and case-control stud-
ies. The measure of confounding (5*) follows
immediately from the definition of the con-
founding effect, provided that the “null”
situation i1s not approached in the usual
manner (where the marginal frequencies are
“fixed”) but by “fixing” those frequencies
which generally do not materially depend
on the effect of exposure (i.e., on the number
of cases among the exposed). Consideration
of cohort studies suggests that the most

natural RR measure of the residual associa-
P

tion might be the SMR, i.e., the sample
standardized RR (3,) with the exposed
series as the standard. This has conceptual
appeal and makes the estimate of crude RR
(ps) to have a simple multiplicative parti-
tioning: . = p*p, . And quite interestingly,
it turns out that this residual parameter
(SMR or p,) can be estimated in a simple

0TO0Z ‘9T UdJe|N Uuo AUSIaAiun Yo A MaN e Bio sfeusnolpioxoale//:dny woly papeojumoq


http://aje.oxfordjournals.org

172 OLLI 8. MIETTINEN

manner from case-control studies as well.

The procedure adds a ‘“summary relative

risk” with a clear-cut interpretation to the

several measures previously discussed by

Mantel and Haenszel (6).
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