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CHECKOWAY H, WALDMAN QT. Assessing the possible extentof confoundingin occupational case­
referent studies. Scand J Work Environ Health 11 (1985) 131-133. Case-referent studiesnestedwithin
occupational cohort studies are efficient designs for estimating relative risks associated with exposures
and for obtaining data on nonoccupational confoundingfactors. Frequently, however, only incomplete
data on confounderscan be obtained from sources such as next-of-kin or co-workers. A method for as­
sessing the potential extent of confounding in cohort studiesdescribed previously by Axelson [Scand J
Work Environ Health 4 (1978) 98-102] can be adapted for use in nested case-referent studies. An
example is shown to illustrate that the adapted Axelson method is preferable to the usual confounder
adjustment techniques when data on the confounder are incomplete.
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Case-referent studies nested within retrospective studies
of occupational cohorts have been used effectively to
specify high-risk work areas and to quantify ex­
posure-response associations (3,6). Furthermore, at­
tempts to obtain data on potentially confounding
variables are facilitated in nested case-referent studies
because study subjects typically represent a fraction
of the total source cohort.

Axelson (2) has described a method for evaluating
the extent of distortion in the crude rate ratio ob­
tained from a cohort study that could result from
asymmetrical distributions of a confounding factor
in the study and reference populations. Steenland et
al (10) recently reviewed existing methods, including
Axelson's approach, for assessing confounding in
occupational cohort studies. The present communica­
tion describes an application of Axelson's method to
nested case-referent studies in which data on the po­
tential confounders are either incomplete or of ques­
tionable reliability.

Control of confounding
When reliable data on a confounding factor are
available in a case-referent study, the evaluation and
control of confounding can be accomplished effec­
tively by means of stratified analysis, standardiza­
tion, or mathematical modeling techniques (4). In­
complete ascertainment of information on a con­
founder will necessitate a controlled analysis for the
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subset of study subjects for whom data have been ob­
tained, and comparison of crude and adjusted results
will reveal the extent of confounding. However, in­
discriminate use of statistical adjustments for con­
founding factors can produce erroneous results when
the extraneous factor is also an effect modifier, ie, in­
teracts with the effects of the study factor (4).

Frequently, in occupational epidemiologic re­
search, data on nonoccupational confounding fac­
tors, such as cigarette smoking or alcohol consump­
tion, are less reliable than occupational exposure in­
formation because the sources for data on confound­
ers (eg, responses to questionnaires by next-of-kin or
fellow workers) are not as objective as the sources of
occupational exposure data. Kupper (5) recently
demonstrated that the unreliability of a surrogate for
a confounding factor is more likely to produce biased
results than unreliability in surrogate measures of
either the exposure or disease outcome variables.

In situations where there is considerable doubt
about the reliability of the data on a confounder, a
sensitivity analysis showing the possible extent of
confounding on the estimate of effect is therefore
preferable to statistical adjustment.

Axelson (2) showed that the total incidence rate of
disease in the lth population or exposure group can
be expressed as:

(ex 1)

where R is the independent incidence rate ratio as­
sociated with the confounding factor, usually es­
timated from previous studies, f o is the baseline inci­
dence rate of disease among persons not exposed
either to the confounder or to the exposure under
study, and Pi is the proportion of the lth population
exposed to the confounder. Asp (1) recently applied
expression 1 to adjust for smoking habits in a study
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a Among persons not exposed to study factor with known
values for exposure to the confounder.

Table 1. Hypothetical example of case-referent distributions
according to exposures to a study factor and a confounding
factor. A rate ratio of 3.0 is assumed for the confounding fac­
tor, as determined from previous investigations.

of lung cancer in various occupational groups with
differing distributions of smokers . In the case where
there are two groups (i = I, 2) of exposure to the
study factor, the incidence rate ratio due to con­
founding will be:

Crude odds ratio for exposure to study factor = (50) (130) +
(50) (70) = 1.86.
Estimated odds ratio for exposure to confounder" = (20) (50)
+(10) (40) = 2.50.
Estimated rate ratio due to confounding associated with ex-

posure to study factor: Rc = [(3-1) (~) + 1] +

40 30+20
[(3-1) (--) + 11 = 1.16.

40+50

in case-referent studies which are not nested within
occupational cohorts. Thus, in expression 2, P2 repre­
sents the proportion of referents known to be ex­
posed to the confounding factor among the referents
who are exposed to the study factor, andwhose con­
founding factor exposure status is known, and P,
represents the proportion of referents not exposed to
the study factor but known to be exposed to the con­
founder among those whose confounding status is
known. As in a cohort study, R is the rate ratio as­
sociated with the confounder , as indicated from pre­
vious research, and Rc is computed as an estimate of
the rate ratio associated with the confounder. R is es­
timable from data on the confounder obtained in the
occupational case-referent study; however, a more
reliable estimate of R generally can be obtained from
previous investigations specifically designed to quan­
tify the rate ratio associated with that factor.

Example

The hypothetical data given in table I illustrate the
application of Axelson's method for evaluating the
extent of a potential confounding factor. These data
are for a study of 100 cases and 200 referents for
whom exposure to the study factor (eg, occupational
carcinogen) can be determined for all subjects , but
exposure information for some confounding factor is
incompletely ascertained. In this example, a rate
ratio of 3.0 is assumed for the confounding factor,
based on previous knowledge. The crude odds ratio
for exposure to the study factor (1.86) is obtained
simply from the marginal totals of the exposed and
unexposed among the cases and referents. Among
persons not exposed to the study factor, the odds
ratio associated with exposure to the confounder
(2.50) can be estimated from the distribution of as­
certained data on exposure to the confounder among
the cases and referents .

Application of expression 2 yields a rate ratio esti­
mate of 1.16 due to confounding. This estimate is
based only on data from persons with known values
of exposure to the confounding factor. It is also pos­
sible to compute a plausible range for Rc from ex­
treme assumptions regarding the distributions of the
exposure to the confounder among persons with miss­
ing data. The two most extreme situations would be
(i) where all of the unknowns among the referents ex­
posed to the study factor are assumed also to be ex­
posed to the confounder and all unknowns among
the referents unexposed to the study factor are as­
sumed to be unexposed to the confounder and (ii)
where the unknowns among the referents exposed to
the study factor are assumed to be unexposed to the
confounder and all the unknowns among the re­
ferents unexposed to the study factor are assumed to
be exposed to the confounder. In the hypothetical
example of table 1 the range for Rc resulting from
these two conditions is 1.50 and 0.83.

(ex 2)R - (R-I)P2 +
C - ----=---

(R-I)P] +

Exposure Exposure to confounding factor
to study

Yesfactor No Unknown Total

Cases
Yes 20 20 10 50
No 20 10 20 50

Referents
Yes 30 20 20 70
No 40 50 40 130

where group I is the reference category.
It should be noted that the assumption of a com­

mon baseline incidence rate, f o ' for all exposure
groups applies only when the exposure groups are de­
rived from the same source population. In an occu­
pational cohort study, this assumption is met pro­
vided that the occupational cohort is a subset of the
reference population (eg, national population) or the
cohort and reference population are subsets of a
common source (ie, exposure subcohorts from the
overall study cohort).

In a case-referent study, nested within an occupa­
tional cohort, the potential extent of confounding
can be assessed with expression 2, even though the
odds ratio estimate for exposure is computationally
and, in some investigators' view, conceptually dif­
ferent from the rate ratio formulation given in ex­
pression 2. [Miettinen (9) has shown that the odds
ratio is an unbiased estimator of the rate ratio, and
it is convenient to consider the odds ratio as an es­
timate of the rate ratio parameter.]

In a nested occupational case-referent study, the
proportions of subjects exposed to the confounder
are determined from the distributions of the con­
founder among referents . Similarly, this type of in­
formation on a confounding factor can be obtained
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It can also be noted that the adjusted odds ratio
computed for the study factor is 2 .10 when adjust­
ment is made for the distribution of the confounder
(8), but only among persons with known values of
the confounder. This value suggests an Rc of 0.89,
which is obtained by dividing the crude by the ad­
justed odds ratio (7).

Discussion

In their review of options for controIling confound­
ing effects of nonoccupational exposures, Steenland
et al (10) described the desirability of conducting
nested case-referent studies for examining both the
extent of confounding and the interaction between
the study factor and the extraneous covariate. For
reasons mentioned previously, we recommend a sen­
sitivity analysis using Axelson 's approach (2) rather
than statistical adjustment procedures for situations
where data on the confounder are incomplete or like­
ly to be unreliable. In addition unreliability of the
data on a nonoccupational covariate is likely to in­
troduce substantial errors in the estimates of interac­
tive effects between the study factor and the cova­
riate on the disease rate, in much the same way that
adjustment for a poorly measured confounder yields
biased summary estimates of the rate ratio (5) .
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