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Retrospective studies of congenital malformations frequently
rely on exposures reported by study subjects. Differential
error in exposure reporting by cases and controls, which has
alternatively been referred to as “recall bias” and “reporting
bias,” may result in a biased effect measure. Some authors
have attempted to avoid reporting bias by comparing expo-
sures between two malformed groups, rather than between
cases and nonmalformed controls. This approach, however,

may introduce its own bias, which we call selection bias.
Both reporting bias and selection bias are shown to be
algebraically equivalent to bias arising from exposure misclas-
sification. The magnitudes of these biases are compared for
a range of plausible parametric values. The case-control
design is sensitive to both differential reporting and selection
bias, and the choice of study design involves balancing these
two sources of bias. (Epidemiology 1992;3:356-363)
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Retrospective studies of congenital malformations fre-
quently rely on mothers’ reporting of exposures. It is
possible, however, that differences between case and
control mothers in their concern about a prenatal
exposure could affect the accuracy of exposure report-
ing. Bias resulting from differential error in exposure
reporting by cases and controls has been alternatively
referred to as “reporting bias” and “recall bias” and
will be referred to here as reporting bias.

It is often hypothesized that case parents, motivated
by the need to find a cause for their child’s birth
defect, would more likely report exposure relative to
parents of normal live births. This differential overre-
porting would lead to an overestimate of the relative
risk. A similar bias would arise if control parents
“underreported” exposures relative to case parents.
Alternatively, reporting bias resulting from the failure
of a case mother to report an exposure has been cited
as an explanation for a negative association.!

Reporting bias has been a subject of concern to
reproductive epidemiologists for at least 30 years. In
1960, MacMahon et al’ stated: “. . .if a mother’s mem-
ory of events that occurred during her pregnancy or
during her child’s early life is stimulated by the fact
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that her child now has a serious disease, it will be
extremely difficult to find suitable comparison individ-
uals in whom a similar degree of stimulation could be
expected. Certainly, healthy individuals will not be
suitable.” This belief was supported by Leck,® who
suggested that the principal disadvantage of a retro-
spective study of congenital malformations was that
self-reported information on prenatal exposures may
be biased because a control mother may forget a par-
ticular exposure, whereas a case mother may “embroi-
der” events that she may “blame for her misfortune.”

Most studies in which this question has been ex-
amined have found little evidence for the existence of
reporting bias.*® Stott!® concluded, however, that re-
porting bias was demonstrated when mothers of chil-
dren with any malformation (not just Down syndrome,
which was being studied) reported a higher frequency
of stressors during pregnancy than did mothers of
children without malformations. A recent study by
Werler et al'! also suggests reporting bias, resulting in
overestimates of effect for certain exposures, but the
conclusions of this study have been questioned.'*!?
On the other hand, Ahlborg'* found that women with
adverse pregnancy outcomes reported occupational ex-
posures more accurately than controls, with controls
more likely to overreport exposures, resulting in a bias
toward the null.

Assessing reporting bias is difficult owing to the
absence of a “gold standard” against which to compare
self-reported, retrospectively collected information.
Previous studies either have compared maternal re-
sponses to data available from medical or occupational
records’"!! or have compared responses from inter-



views conducted early in pregnancy with those ob-
tained after delivery.*>®° The first design assumes that
records are more accurate than maternal recall. This
assumption, which is likely to be justified only for
selected medical conditions, has been questioned.’
Moreover, abstraction of data from medical records
introduces an additional source of measurement er-
ror.'® Medical records, although incomplete, are un-
biased, however, when exposure data are recorded
independent of outcome. Comparing prospectively
and retrospectively collected information assesses re-
porting consistency, but not reporting accuracy, unless
the mother initially reports exposure without error.

Despite limited evidence for the existence of report-
ing bias, it is frequently cited as a justification for the
use of malformed controls in case-control studies of
congenital malformations.!"'7"*° Indeed, reporting bias
could be reduced by using children with malformations
as controls. This design, however, would introduce
bias toward the null if the malformations included
among controls were associated with the study expo-
sure. Epidemiologic principles dictate that any disease
included in the control group should be unrelated to
the exposure under study.”’ This goal can be elusive,
however, as Pearce and Checkoway” point out: “If
one chooses as controls persons with a particular
disease, there is almost always the chance that the
‘control’ disease is, in fact, related either positively or
negatively to exposure in the study base, despite a lack
of prior evidence for an association.” Since etiologic
agents are likely to increase the risk in multiple cate-
gories of malformations, depending upon the nature
and timing of the exposure,” the possibility of an
association between the study exposure and one or
more control malformations is difficult to rule out.

If available, knowledge of the relevant exposure
window for control malformations, together with ac-
curate timing of the study exposure, might allow for
the inclusion of control malformations unrelated to
the study exposure. For example, a drug administered
to combat symptoms of pregnancy (such as nausea) is
unlikely to have been ingested before week 6 of preg-
nancy, when symptoms are first observed. In a study
of such a drug, chromosomal defects—which would
have occurred at (or before) conception—might be an
appropriate control group for a structural malforma-
tion. In this case, the chromosomal damage would
almost certainly have occurred before the exposure
under study. Such clear disjunction of the exposure
period and the formative period for control defects is,
however, quite unusual.

Some authors who recommend the use of mal-
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formed controls recognize the potential for selection
bias inherent in this design but suggest that this bias
occurs only when all malformations are affected by the
exposure.”* We demonstrate that an association be-
tween the exposure under study and only a fraction of
the controls can lead to appreciable bias.

We use the term “pseudo-controls” to denote sub-
jects who are used as controls but whose malformations
are associated with the study exposure. Epidemiologists
are faced with a design decision: the potential for
reporting bias that might result from the use of con-
trols with normal outcomes must be balanced against
the bias that may result from the inclusion of pseudo-
controls in the comparison group. To assist in making
this decision, we compare the magnitude of these biases
for a range of plausible parametric values. We first
calculate the bias in the odds ratio as a function of the
proportion of exposed cases (or controls) misclassified.
Two recent studies of reporting bias and accuracy?>*®
provide estimates of the frequency of exposure mis-
classification and the degree to which it introduces
bias. Selection bias, arising from the use of pseudo-
controls, is then modeled and compared with that
resulting from reporting bias. It is shown that selection
bias arising from the inclusion of pseudo-controls is
algebraically equivalent to overreporting of exposure
by controls. Both reporting bias and selection bias are
shown to be a simple function of the ratio of the true
odds of exposure to the observed odds of exposure in
cases to that in controls.

Methods and Results

MODELING REPORTING Bias
Statistical discussions of misclassification usually begin
with a description of “truth” and then describe scenar-
jos in which misclassification leads to bias. We view
the problem, however, from the vantage point of the
epidemiologist who, upon obtaining evidence of an
association, asks, “How much is this odds ratio likely
to be biased as the result of exposure misclassification?”
We consider three models for exposure misclassifi-
cation. We assume, for simplicity, that exposure is
dichotomous (“overreporting” refers to exposure re-
porting when none occurred, and conversely) and the
observed (biased) odds ratio is above 1.0. We observe
the following:

Observed Data:
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The proportion of exposed cases that must be added
to (or subtracted from) the observed two-by-two table
to correct exposure misclassification will be referred to
as the misclassification proportion for cases and de-
noted by 6;. The corresponding proportion for con-
trols is 8; (0 < & < 1; i = 1,2). In each model, we
derive the true value of the odds ratio (ORy) as a
function of the observed (biased) odds ratio (ORg), the
observed prevalence of exposure in the controls (p,),
and the misclassification proportions (8; and 8;). The
bias in the odds ratio (Bog) is defined as:

ORg — ORy
ORr

Bor =

(1)

This bias is independent of study size in all models.

First, consider Model I, in which the odds ratio has
been biased upward as the result of overreporting of
exposure by cases; the number of cases classified as
exposed is too large. Controls are assumed to have
reported exposure without error (6; = 0).

Model I:
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Under this model, Eq 1 becomes:

[ & ][pdORs =1+ 1
BO“‘[I—@M =y ] @

which is close to 6;/(1 — 8,) for rare exposures. Figure
1 shows Bor as a function of the misclassification
proportion §; for exposure prevalences of 0.05 and
0.10 and ORg = 2.0.

How much bias can be expected when a moderate
amount of misclassification is present? With a back-
ground exposure prevalence of 0.10 (for example, the
prevalence of cigarette smoking by pregnant women),
a misclassification proportion §; = 0.20 would result
in an observed ORg = 2.0, when the true odds ratio
(OR7) was actually 1.54. In this case, Bor is 30%. For
the range of values of §; examined, the bias in the odds
ratio increases with ORg and p,, but not rapidly. For
example, when ORp is increased to 5.0 (leaving p, =
0.10 and 6, = 0.20), the bias increases only slightly, to
38%.

For Model 11, it is assumed that the odds ratio has
been biased upward as a result of underreporting of
exposure by controls; the number of controls classified
as exposed is too small.
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FIGURE 1. Model I: cases overreport; controls report
correctly.
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In this case, the background exposure prevalence (p,)
will also be underestimated. In this model, Bor takes
the form:

b2
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Bor
which is independent of ORp and is approximately
equal to 6; for rare exposures. Figure 2 shows Bog as a
function of the probability of misclassification (8,) for
two values of p,. It can be seen that, in this model, the
odds ratio is slightly less sensitive to exposure misclas-
sification than in Model I. We compare the bias arising
when p, = 0.10, ORg = 2.0, and §; = 0.20 for i = 1,2
in Models I and II, respectively (Table 1). In this case,
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Paganini-Hill and Ross examined the validity
of self-reported medication histories as part of
a case—control study of breast cancer among
women living in an affluent retirement com-
munity [19]. The correspondence between re-
ported and recorded usage varied greatly across
drug categories, with barbiturates having the
lowest agreement. The view of barbiturates as
an overused drug and the negative image associ-
ated with its use may have resulted in under-
reporting [19].

INTERVIEWING TECHNIQUE

Interviewing techniques have also been shown
to influence the recall of past events [2, 26]. The
content and form of questions may affect recall
accuracy (2, 19, 33]. Supplementary devices such
as introductions to sections of the questionnaire
may increase responses, possibly because of the
stimulus and time provided to the respondents
[26]. In a validation study of recall of dental
X-rays, Preston-Martin et al. utilized carefully
devised probes and specific questions to assist
recall [33]. The percent agreement between pa-
tient interviews and dental charts in their study
was much greater than that reported in a pre-
vious study of diagnostic X-rays [33,34]. An
appropriate setting for the interview may also
improve recall by providing stimuli which elicit
the desired memory [19, 26, 33]. The motivation
of the respondents to participate and events
which occurred prior to the interview may also
affect the quality of the responses [26, 33]. The
accuracy and completeness of the information
obtained may be improved by supplying
motivation, such as in conveying the knowledge
to the subjects that they may be making an
important contribution to disease prevention or
treatment [26].

Survey researchers have identified two types
of memory errors that may occur: errors of
omission, such as forgetting the use of a medi-
cation, and compression or telescoping of time,
so that events are recalled as having occurred
more recently than they actually did [26, 35].

Technianes develaned tn reduce cnich memary

history surveys to determine the amounts of
usual servings and to prompt further responses
[12].

DIFFERENTIAL RECALL

The factors which contribute to differential
recall between cases and controls have been
less well studied. Some of the aforementioned
factors which influence recall in general may
be important. For instance, the motivation to
participate may be greater for cases than for
controls [5]. Furthermore, past exposures may
be more vivid or meaningful to cases, possibly
because of their awareness of potential risk
factors for their condition or because of re-
peated interviewing by physicians. Conversely,
controls may have had less contact with health
care providers and be less sensitized to questions
about such exposures as cigarette smoking.

Jain er al. examined the validity of a diet
history questionnaire designed to assess the pre-
diagnosis dietary intake of cancer patients and
their controls [12]. The retrospective estimates
of nutrient intake for colon cancer cases, after
approximately 6 months, were found to be too
low as a result of the subjects being influenced
by their current diet. However, the estimates for
the control subjects, who had not undergone
changes in their diet, were found to be more
accurate. Stolley ef al. found the percent agree-
ment between reported and recorded oral con-
traceptive histories to be different for cases of
thromboembolism and their hospital controls
[20]. The cases had a higher percent agreement
compared to the controls for both the name of
the product (92 vs 89%) and the total duration
of use (47 vs 31%). The cases may have thought
about their past oral contraceptive use on more
occasions and to a greater extent. Klemetti and
Saxen conducted a validation study of recall of
environmental exposures during pregnancy by
comparing retrospective and prospective inter-
view data [37]. Unexpectedly, the agreement
between the two exposure histories was com-
parable for mothers of normal children and for
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Fig. 1. Summary of results from validation studies of
recall accuracy: overall percent agreement of reported
and recorded exposure histories vs absolute difference in
percent agreement between cases and controls. 1—Cases
of thromboembolism and hospital controls, agreement
between reported and recorded oral contraceptive starting
date, Stolley er al. [20]; 2—agreement between reported and
recorded oral contraceptive stopping date, Stolley et al. [20];
3—agreement between reported and recorded duration of
use of oral contraceptives, Stolley er al. [20]; 4—Cancer
cases and controls, agreement between reported and
recorded employer names, Baumgarten et al, [7]; 5—Breast
cancer cases and community controls, agreement between
reported and recorded ever/never use of oral estrogens,
interview vs medical record, Paganini-Hill and Ross [19];
6—agreement between reported and recorded ever/never use
of oral estrogens, interview vs pharmacy records, Paganini-
Hill and Ross [19]; 7—agreement between reported and
recorded use of thyroid medication, Paganini-Hill and Ross
[19]; 8—agreement between reported and recorded use
of reserpine, Paganini-Hill and Ross [19]; 9—agreement
between reported and recorded use of other antihyper-
tensives, Paganini-Hill and Ross [19]; 10—agreement be-
tween reported and recorded use of steroids, Paganini-Hill
and Ross [19]; 1l—agreement between reported and
recorded use of barbiturates, Paganini-Hill and Ross [19];
12—DES-exposed mothers and DES-unexposed mothers,
agreement between reported and recorded number of
prior pregnancies, Tilley ef al. [15]; 13—agreement between
reported and recorded number of prior miscarriages,
Tilley et al. [15].

between reported exposures obtained by inter-
view and exposures recorded in the medical
record, for cases and controls combined, is
plotted against the absolute difference between
cases and controls in the percent agreement
between reported and recorded exposures. A
variety of diseases and exposures are repre-
sented. Although the number of observations is
somewhat small, there appears to be a roughly
linear relationship between the overall percent
agreement for cases and controls combined,
with respect to reported and recorded ex-
posures, and the absolute difference in percent
agreement between cases and controls (Fig. 1).
The largest differences in percent agreement
between cases and controls were seen in those
instances where the overall percent agreement

was relatively poor. Thus, systematic errors in
recall of exposures may be more likely to occur
in comparative studies when inaccuracies of
recall are more frequent in general.

Approaches to study design that may mini-
mize differential recall of exposures include the
use of controls who are likely to have considered
past exposures to the same extent as the cases
[36, 38]. For example, the use of cancer controls
in studies of specific cancer sites may increase
the comparability of the information obtained
from cases and controls, and enable the in-
vestigators to control for recall bias [38]. The
aforementioned interviewing techniques which
improve recall in general, such as the provision
of memory aids, may also lessen the possibility
of recall bias [19, 26, 33, 35, 36].

SUMMARY AND CONCLUSIONS

In summary, the extent of inaccurate recall in
retrospective studies is determined by character-
istics of the exposure of interest including the
degree of detail, significance to the respondent,
social acceptance and time period involved.
Interviewing technique and the study protocol,
including the design of questionnaires and the
motivation of respondents, play a central role
and are under the control of the investigator.
Respondent characteristics also contribute to
the extent of error, but this influence may be less
predictable. The contribution of these factors to
the extent of differential recall between cases
and controls has been examined infrequently,
and more research in this area is needed.

The results of validation studies carried out to
date suggest that the likelihood of recall bias
may be greater when recall is generally poor
(Fig. 1). Nonetheless, several well designed stud-
ies have looked for and failed to find apprecia-
ble evidence of inaccurate recall [7,33] or
differential recall [37, 39]. Future studies should
address those aspects of study design and ques-
tionnaire development which improve recall
and, in particular, lessen the potential for differ-
ential recall between cases and controls.
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