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Bias File 6. Double whammy: recall and selection bias in case-control studies of congenital
malformations

The story

Case-control studies often rely on recall of past exposures by case and
control subjects. While both cases and controls can misclassify their
exposures due to poor recall (bad memory for past exposures or events),
it is possible that cases and controls might have differential recall. That
is, cases may recall differently than controls, because cases are aware
that they have the disease, and controls are aware that they do not.
Poor recall by both cases and controls can result in non-differential
misclassification bias. On the other hand, if recall is differential (unequal)
among cases and controls, then differential misclassification bias may
result. Ernst Wynder, a famous epidemiologist, called this "rumination ~
bias." Others call this "reporting bias." As Rothman and colleagues " \
(2008) point out, "recall bias is a possibility in any case-control study

that relies on subject memory, because the cases and controls are by definition people who differ with
respect to their disease experience at the time of their recall, and this difference may affect recall and
reporting." Coughlin's review article on recall bias in epidemiological studies is a nice overview on this
topic (Coughlin SS, 1990).

Almost every textbook in epidemiology cites the classic example of case-control studies of congenital
malformations. It is often stated that parents of babies with birth defects are motivated to find a cause
for their child's problem, and therefore would likely to reflect back on past exposures, and more likely to
report exposure relative to parents of normal live births. This differential reporting could lead to an
overestimation of the odds ratio. On the other hand, parents of control children might actually
underreport exposures, relative to parents of case children (presumably because they have no
motivation to "ruminate"). This again could overestimate the odds ratio. So, how does one avoid this
vexing problem of recall bias in studies of congenital malformations?

The controversy

Recall bias has been a topic of heated debate in the field of reproductive and perinatal epidemiology.
The debate focuses on what the ideal control group should be in case-control studies of malformations.
Should the control group be parents of normal children ("normal controls"), or should the control group
include only parents of children with a defect other than that under study ("malformed controls")?

As is often the case, there are proponents of both approaches (Swan et al. 1992; Hook EB. 1993; Hook
EB, 2000). In the past, some researchers advocated the routine use of malformed controls by suggesting
that the use of normal controls will overestimate the effect (because of recall bias). The rationale for
using malformed controls was to balance out the issue of selective recall by parents of malformed
children. Because both case and control children will have some birth defect, it was felt that the issue of
unequal or differential recall is addressed to some extent. Also, cases with other birth defects are more
easily obtained than population-based controls.



Other experts argued that it was better to include normal controls because this enables direct
comparison of the histories of infants affected by a selected birth defect with those without any
apparent pathology. They also argued that although the use of malformed controls might appear to
address the recall bias problem, two wrongs don’t make a right. If cases report with bias, then finding
controls who also report with bias does not necessarily fix the original bias. Also, the strategy of using
malformed controls introduces a brand new problem of selection bias. Since the controls have
malformations, and if the malformations in the control group were positively associated with the study
exposure, then this introduces selection bias that can underestimate the odds ratio. In other words, if
the study exposure was associated with the birth defects in the control group, then the exposure odds in
the control group would be spuriously higher than the source population. This, in turn, would bias the
odds ratio towards null, because both cases and controls may end up with fairly similar exposure
histories. This is a consequence of a "teratogen nonspecificity bias". This problem would be particularly
important for exposures (teratogens) that can cause a wide variety of malformations (e.g. radiation).

In addition to this selection bias introduced by using malformed controls, there is a more subtle
problem. If both cases and controls have malformations, what can the odds ratio from such a case-
control study tell us about the causal role of an exposure? Some argue that a case-control study that
uses malformed controls cannot really tell us if the exposure is causally associated with the birth defect
under study. Instead, it tells us if the exposure is more likely to be associated with a specific type of birth
defect rather than other defects. In other words, the odds ratio gives us a measure of specificity
between the exposure and a particular birth defect, but cannot tell us the causal effect of that particular
exposure.

So, a solution, proposed by some researchers, is to use both types of controls. For example, Hook
suggested "as the use of normal controls biases the estimate if anything high, and use of malformed
controls biases the estimate if anything low, the optimal strategy would appear to use both types of
controls... One could safely infer that the true estimate of relative risk is at least somewhere between
the two, and then with more refined analysis attempt to narrow the estimate of effect." Swan and
colleagues concluded that "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."

The apparent solution of using two control groups has been tried out and some studies have shown
similar odds ratio estimates with healthy and malformed controls (Werler et al, 1999). While it may be
reassuring if both control groups produced similar results, it is unclear as to how to proceed when the
results are dissimilar with the two controls groups.

The lesson

While recall bias is a legitimate concern in case-control studies of congenital malformations, as time has
gone by, there has been little evidence of widespread recall bias in case-control studies of birth defects.
Investigators have learned to reduce recall bias by standardized interviews where the main exposure is
one of many questions. Furthermore, there is the potential to introduce a selection bias, as noted
above. Also, there is a realization that shared exposures may underlie several (apparently-disparate)
types of defects. For example, Werler et al. found that multivitamins during pregnancy are associated
with decreased risk of many kinds of birth defects (Werler et al 1999). To the extent these associations
are real, they will be muted for any given birth defect when other birth defects are included as controls.



So, with regards to the issue of ideal control group, there is no easy solution to this problem. As Hook
[2000] points out, the effects of recall bias and selection bias may go in opposite directions. Recall bias
usually tends to overestimate the effect (away from the null), while selection bias will usually bias the
effect towards the null. In any given study, one strategy could be better or worse than the other, as a
function of the particular parameters involved. Therefore, researchers may have to try to estimate the
error magnitudes and directions on a case-by-case basis, and apply sensitivity analyses based on these
parameters. In general, experts in the field now agree that given the general advantages of population-
based controls, and the potential problems introduced by using malformed controls, most birth defects
researchers today prefer to recruit normal controls.
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Reporting and Selection Bias in Case-Control
Studies of Congenital Malformations

Shanna H. Swan,! Gary M. Shaw,” and Jane Schulman®

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)

Keywords: reporting bias, selection bias, misclassification, case-control studies, congenital anomalies.

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:

lwllw)
o 8 M
Q. o (1]
-
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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:

— da a+b

c+d

o8 m
A o)

Q + 51&
D

|
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.
Model II:
E E
D a b a+b
DC+52C d—ﬁzc C+d

In this case, the background exposure prevalence (p,)
will also be underestimated. In this model, Bor takes
the form:

b2

YT O)

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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the bias is 23% under Model II, compared with 30%
for Model L.

In Model III, we assume underreporting of exposure
by both cases and controls; the number of cases and
the controls classified as exposed are both too small,
and controls underreport more frequently than cases,
that iS, 51 < 52.

Model III:
E E
D a+ éa b — dia a+b
D ¢+ 8¢ d — 65 c+d

Figure 3 shows Bog as §; increases from 0.258; to 0.756;
for ORg = 2.0. As with Model I, this model implies
an error in the estimate of the background exposure
prevalence (p,). In this case:

(1 + 8)[1 — po(1 + ORgéy)]

__~ (1 + 61)[1 = po(l + 82)] )
(1 + 61 = pofl + &)

Bor

‘When exposure is rare, this bias is approximately (6,
— 61)/(1 + 8,). In this case, Bor decreases with increas-

(All Values of ORg)
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FIGURE 2. Model II: cases report correctly; controls
underreport.
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FIGURE 3. Model III: cases and controls
underreport.

ing OR3. As expected, Model 111 is equivalent to Model
1I when 6; = 0. As the misclassification proportion for
cases approaches that for controls, the bias approaches
zero and may become negative. When cases and con-
trols underreport exposure equally, classical “nondif-
ferential” misclassification occurs, so that ORp under-
estimates ORr.”

In Model 111, both cases and controls report expo-
sure with error. This model, which is shown below to
be more likely than Model I or Model 11, is the least
sensitive to reporting bias. For example, when the
misclassification proportion is 0.20 for controls and
0.10 for cases (still assuming p, = 0.10 and ORB =2.0),
the bias is only 9% (Table 1).

The amount of bias is a complex function of 68y, &,
ORg, and p,. How large is this bias likely to be? Recent
studies on reporting accuracy and consistency”>*¢ pro-
vide some guidance. In the study by Drews et al,”
information on 25 .exposures obtained from medical
records is compared with reporting of those exposures
on interview by mothers of cases of sudden infant
death syndrome. This study provides good estimates
of reporting accuracy for exposures that are well re-
corded on medical records, but it is likely to over-
estimate misreporting for poorly recorded exposures.
Fenster et al*® compare responses on two interviews
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TABLE 1. Comparison of True and Biased Odds Ratios as a Function of the Misclassification Proportion

{Observed Prevalence of Exposure, p, = 0.10)*

Model Cases (0,) Control (68;) ORs ORy Bias Y vz 0%
I 0.20 2.0 1.54 0.30 0.77 1.00 0.77
11 0.20 2.0 1.63 0.23 1.00 1.23 0.82
111 0.05 0.20 2.0 1.73 0.16 1.06 1.23 0.87
0.10 0.20 2.0 1.84 0.09 1.13 1.23 092
0.20 0.20 2.0 2.05 —0.02 1.26 1.23 1.02
v 0.20 2.0 2.56 -0.22 1.00 0.78 1.28

* 8y = proportion of exposed cases misclassified; 8, = proportion of exposed controls misclassified; ORg = biased odds ratio; ORt = true odds

ratio; v1 = (a/bd/ac/bo); Y2 = (c/d)/(co/doks ¥ = ¥1/¥2 = ORr/ORs; bias = (1 — v)/v = (ORs — OR1)/(ORy).

for nine exposures of early pregnancy. For control
mothers, these interviews were prenatal and postnatal,
whereas for cases of spontaneous abortion, the first
interview occurred shortly after the pregnancy termi-
nation, and the second occurred several months after
the birth of the control.

Estimates of misreporting from Drews et al®® are
consistently higher than those from Fenster et al,?® as
might be expected given the study designs used. In
both studies, cases and controls were asked about
nausea, and we compare results for this exposure. In
Drews et al, nausea was noted on medical records for
only 30% of control mothers but was reported on
retrospective interview by 60% of case mothers. Re-
porting frequencies for nausea were also high on both
first and second interview in Fenster et al (73% and
74%, respectively). In both studies, the estimates of
reporting bias for nausea were small: 8% in Drews et
al and 2% in Fenster et al.

The odds ratios based on medical record (Drews et
al®) or first interview (Fenster et al’®) were compared
with those based on later interview. Differential ex-
posure reporting resulted both in effect estimates
biased away from the null (33% and 44% for Fenster
et al and Drews et al, respectively) and in effect esti-
mates biased toward the null (44% and 28% for Fenster
et al and Drews et al, respectively). In both studies, on
average, the proportion of underreporting among ex-
posed cases and controls was greater than the propor-
tion of overreporting. For example, in Drews et al, on
average 36.4% of exposed cases underreported their
exposures, whereas 20.4% of unexposed cases overre-
ported exposure. Misreporting was also slightly more
common in both studies among controls than cases.

The results of these studies suggest that a mixed
model, with frequent reporting errors in both cases
and controls, is to be expected, and the direction in
which the odds ratio is altered is not predictable. These
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shifts in the effect measure may, therefore, reflect
random variation rather than reporting bias.

MODELING SELECTION BIAS

What happens to the estimate of the odds ratio if the
control group comprises a variety of malformations,
some of which are related to the exposure under study?
In this case, the exposure prevalence in the comparison
group is overestimated owing to the inclusion of
“pseudo-controls”—cases whose malformations are
themselves related to the exposure under study.

To examine this bias, we again assume that a biased
estimate of the odds ratio (ORj) has been observed.
Now, however, we assume that all subjects correctly
report exposure. The data are again arrayed in a two-
by-two table. The observed number of exposed con-
trols (c,) is the sum of ¢, true controls and (c, — ¢,
pseudo-controls. Similarly, the unexposed controls in-
clude d, true controls and (d, — d,) pseudo-controls. In
this discussion, we assume that exposure is positively
related to the malformations in the pseudo-controls.

Define v as the ratio of the odds of exposure in all
controls to the odds of exposure in true controls:

_ Co/do
L]

Then ORr = v ORg, and the bias in the estimate of
the odds ratio (Bog) reduces to (1 — )/y. By assump-
tion, v = 1, so that Bog < 0. When no pseudo-controls
are present, v = 1, and the observed odds ratio is
unbiased. As v increases, the bias increases, in absolute
value, to 1. Note that the magnitude of the bias is
independent of both study size and exposure preva-
lence.

This scenario is algebraically equivalent to a fourth
model of reporting bias, one in which cases report
exposure correctly, but controls overreport exposure.
Thus, bias from this source can be directly compared

&)
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with the bias occurring under the reporting bias sce-
narios discussed above (Table 1). For example, an
estimate of ORg = 2.0 would be observed when the
true value was ORy = 2.6 if sufficient pseudo-controls
were included in the control group to produce 20%
overreporting in controls.

What proportion of the control group must be
“pseudo,” and how strong does the association between
the exposure under study and the malformation(s)
among the pseudo-controls have to be to produce 20%
overreporting in controls? Table 2 indicates several
scenarios that would produce a bias of thjs magnitude.
Even when only 35% of the control groj/p consists of
pseudo-controls, and the association between the mal-
formations in the pseudo-controls and the exposure is
about as strong as that between the malformations in
the true controls and the exposure (ORt = ORseudo),
the odds ratio will be underestimated by 22%. As ORt
increases, a larger proportion of pseudo-controls (or a
stronger association with the study exposure among
pseudo-controls) will be required to achieve the same
result.

These two sources of bias can be unified through ¥
as follows. Let a,/b, denote the true odds of exposure
in cases, whereas a./b, is the observed (biased) odds.
Define v, as:

_ a/b
Y1 = —aa /b, (6)
and v; as:
_ao/d
[y (7)
and their ratio as +y:
y=2 ®)
Y2

TABLE 2. Alternative Control Groups Resulting in
Selection Bias Equivalent to That
Produced by 20% Exposure
Overreporting by Controls (5, = 0.20)

Composition of
Control Group (%)

True Pseudo-
Controls Controls ORy  ORr  ORpudo
50 50 2.0 2.56 1.97
60 40 2.0 2.56 2.19
65 35 2.0 2.56 2.64
70 30 2.0 2.56 3.63

* OReudo denotes the odds ratio for the association between expo-
sure and pseudo-controls.
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Simple algebra shows that, for all models, ¥ = ORy/
ORg, and the bias generalizes to:

BOR - (9)
Y

In the particular case in which there is no misclassifi-
cation among cases, v; = I, and v reduces to:
1 c/ds
y=o- =2, (10)
Y2 Ct/ dt
consistent with v as defined above (Eq 5).

We note that the +; are equivalent to the inverses
of the “selection odds” as defined by Kleinbaum et al,*®
who refer to v2/71 as the “selection odds ratio.” These
quantities are illustrated in Table 1 for the specific
examples discussed above.

Discussion

These results suggest that relative risk estimates from
case-control studies of congenital malformations are
vulnerable to both reporting bias and selection bias.
The degree of robustness has been shown to vary
somewhat with the model assumed. The situation
described in Model I is the one most often hypothe-
sized in the reproductive literature, although it does
not appear to be the most likely. We have shown that,
under this model, the bias in the odds ratio is greater
than that for the other models considered. The bias
increases slowly with increasing ORp and po; Bor is
about 1.5 times the misclassification proportion among
cases (6,) when p, = 0.10 and ORjp ranges from 2 to 5.
Model II is somewhat less sensitive; the bias in the
odds ratio is about equal to the degree of underreport-
ing by exposed controls (5;) for moderate values of the
parameters, so that a 20% misclassification results in
about a 20% bias in OR (still assuming that p, = 0.10).
In this model, the bias is independent of ORz. When
both cases and controls underreport (Model III), the
bias is small and actually becomes negative as the
misclassification proportion in cases approaches that
for controls.

Many researchers concerned about reporting bias
have attempted to guard against it by utilizing mal-
formed controls. As we have demonstrated, the odds
ratio is also affected by the bias that is likely to arise as
a result of this design decision. In fact, the presence of
even a small proportion of pseudo-controls, in whom
the association of the exposure and disease is strong,
could produce a substantial bias toward the null.

Moreover, the use of malformed controls makes
interpretation of study results particularly difficult.
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Although it is true that the interpretation of any study
depends on the choice of reference population, the
findings are dependent upon the specific malforma-
tions selected to serve as controls. Effect estimates for
a disease-exposure relationship cannot be compared
across studies that have used different malformation
groups as controls. Bracken’* points out that this
situation is made even worse when a particular malfor-
mation is considered a case in one study and then used
as a control when studying a different malformation in
the same (or different) study.

Schlesselman® suggests that utilizing two control
groups (that is, diseased and nondiseased controls) may
permit both reporting bias and the effect of exposure
to be assessed. It is not clear, however, how the use of
two control groups allows the distinction between
exposure effect and bias to be drawn. For example,
consider the situation in which a study finds that the
level of exposure reported by cases and diseased con-
trols is equal (say, 20%), whereas 10% of the normal
control group is exposed. Two interpretations are
possible. On the one hand, there could be no associa-
tion between disease and exposure, with reporting bias
accounting for the elevated exposure prevalence in
both cases and diseased controls. On the other hand,
the odds ratio could actually be 2.0, and the exposure
could be associated both with the case group and with
certain malformations in the control group. Therefore,
under this scenario, the use of two control groups is
not likely to help in assessing reporting bias and may
serve to complicate interpretation of study results.

Another approach that has been utilized to deal with
potential reporting bias is to stratify the study popula-
tion on the likelihood that a subject will provide biased
exposure information.’*? Although this approach has
some intuitive appeal, evidence that any population
subgroup is more or less biased than any other is
limited. Therefore, the stratification criteria are some-
what arbitrary. One might stratify subjects by time of
interview, for example, before and after an apparently
risky exposure was publicized. Alternatively, one could
stratify the population on the subject’s perception of
the risk of exposure. For example, in a study of cardiac
malformations and exposure to solvent-contaminated
drinking water, women were asked how contaminated
they perceived their home tapwater to be (“very,”
“somewhat,” or “not” contaminated). Shaw et al*® strat-
ified on this perception and found that odds ratios
were higher among mothers who believed that the
water in their community was very contaminated. This
could be taken as some evidence of reporting bias.
Further studies, however, will be needed to discrimi-
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nate concern due to the exposure from concern that
leads to overreporting.

We have attempted to clarify some issues that must
be considered when choosing a control group for case-
control studies of congenital malformations. It would
not be difficult to spuriously produce a small positive
association as the result of reporting bias. Exposure
misclassification, however, appears unlikely to produce
sufficient bias to explain a strong association unless
the exposure was very prevalent. It would also be easy
to underestimate a positive association owing to selec-
tion bias arising from the use of malformed controls.
Thus, the choice of study design involves a balancing
of these two sources of bias.
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A, a random sample of 10,000 data
points for exposure and outcome, both
log normally distributed (mean = 5.0,
standard deviation = 0.45). Regression
coefficient (8 = 0.05) with 95%
confidence limits is indicated, and the
95th percentiles for both variables are
indicated by the horizontal and vertical
lines. :

B, data from Figure 1A subject to error.
2,500 random data points have false low
values, and 2,500 data points have false
high values, for both exposure and
outcome (error for both variables =
0.45). The regression coefficient = 0.34.

underreporting will prove more important when the
variables are continuous or polytomous. Errors that
are absolute values independent of the magnitude of
the true value will also influence the sensitivities more
than the specificities when categorized, which will tend
to increase the relative influence of underreporting. In
the example with underlying continuous variables (Fig-
ure 1B), the influence from underreporting is substan-
tial and of the same magnitude as the influence from
overreporting concerning the regression coefficient.

- The 2,500 observation units with false low values alone

would give a regression coefficient of 0.16, and the
odds ratio for the dichotomized variables would be
1.29. The effect from the 2,500 false high values alone
would yield a regression coefficient of 0.16 and an odds
ratio of 1.76.

Petter Kristensen
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Gydas vei 8, Pb. 8149, Dep. N-0033,
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Normal or Affected Controls in Case-Control
Studies of Congenital Malformations and
Other Birth Defects: Reporting Bias Issues

To the Editor:

There has been extensive ongoing discussion of the
question of whether to use affected or unaffected
controls in case-control studies of congenital malfor-
mations and other birth defects. The paper by Swan
et al! cites numerous studies on both sides of the issue
but concludes lamely that there’s no best answer and
that the choice of study design involves balancing two
sources of bias: reporting bias and what these authors -
call “selection bias.” Reporting bias results from pre-
sumed underreports of exposure by normal controls
and is a bias to falsely high relative risk. Selection bias
results from presumed effects of exposure upon some
of the outcomes among the malformed or otherwise
defective controls and is a bias to falsely low relative
risk.

Epidemiology March 1993, Volume 4 Number 2



Why not use both sets of controls?” Swan et al in
fact note that Schlesselman® in essence suggested this
some years ago. Swan et al object to this procedure,
however, on what I believe to be the spurious grounds
that “it is not clear how the use of the two control
groups allows the distinction between exposure effect
and [reporting] bias to be drawn.” They offer an im-
plausible scenario in which the exposure proportion is
20% both in cases and in malformed controls and only
10% in the normal controls. They note correctly that
this result could be due just to underreporting among
controls. But they suggest that this difference could
also result just as well if exposure was associated with
both the case malformation and certain malformations
in the control group. I disagree. If the exposure is
associated with only certain of the malformed controls,
then while one may still expect an excess exposure
level among the malformed controls, an effect equal in
controls to that in the cases is not plausible. I know of
no teratogen that causes equal rates of all malforma-
tions. By using controls with a wide spectrum of differ-
ent malformations, one avoids these problems. Of
course, Swan et al might reply that there may be a
certain few specific malformations in the controls that
have an even greater association with exposure than
does the malformation under study. But, of course,
one must assume that the investigator uses some com-
mon sense and does not, for example, include any cases
with limb reduction defects as malformed controls in
a case-control study of thalidomide and ear defects!
The investigator must also examine the observed pat-
tern of association within the malformed control
group, for he or she might even discover a new asso-
ciation thereby.

Even these considerations still do not address a main
goal of case-control studies, which is to define an effect
estimate. If use of one estimator may produce an
overestimate of effect and another estimator may pro-
duce an underestimate of effect, it appears only com-
mon sense to use both and see what the results are.
They may turn out to be only trivially different,? in
which case the investigator can go on to more produc-
tive issues. If they are substantially different, then the
investigator can go on to explore the reasons for the
difference, for example by determining whether some
specific malformation is increased among the mal-
formed controls. Indeed, if the lower limit of the range
indicates a positive association, that may be sufficient
for initial investigation. Thus, the use of both sets of

© 1993 Epidemiology Resources Inc.
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controls may often be sufficient, practically speaking,
to avoid the theoretical objections raised by Swan et
al.

Ernest B. Hook

School of Public Health, University of California
Berkeley, CA 94720 (address for correspondence)

References

1. Swan SH, Shaw GM, Schulman J. Reporting and selection bias
in case-control studies of congenital malformations. Epidemiol-
ogy 1992;3:356-363.

2. Hook EB, Cross PK. Cigarette smoking and Down syndrome.
Am ] Hum Genet 1985;37:1216-1224.

3. Schlesselman JJ. Case-Control Studies. Oxford: Oxford Univer-
sity Press, 1982.

The Authors Reply:

We welcome the comments of Dr. Hook concerning
our recent publication on reporting and selection bias
in studies of congenital malformations.! Hook’s cri-
tique relies heavily on a study that utilized two groups
of controls; one comprised of “normal” offspring and
one the “defect” control group.? This study, by Hook
and Cross, examining the association between maternal
smoking and Down syndrome, nicely illustrates the
bias inherent in using a control group including mal-
formed infants. The odds ratios for maternal smoking
around the time of conception were 0.56 and 0.58
when using normal and defect controls, respectively.
It is because of the similarity of these estimates that
Hook used this example in his letter. With respect to
any history of maternal smoking, the situation is dif-
ferent, however, and this difference is not mentioned
by Hook in the article, or the letter. When using the
normal control group (adjusting for maternal age),
maternal smoking was associated with a decreased risk
(Mantel-Haenszel, odds ratio = 0.72). If the comparison
is made to the defect controls, however, the corre-
sponding estimate is 1.16. Thus, using defect controls
results in a bias in the estimate of 61%. This bias is
larger than any suggested by us in our paper, and it
counters Hook’s criticism that the scenarios proposed
by us were “implausible.”

In fact, because the etiology of most malformations
is unknown, one has little evidence to support the
contention that the scenarios we propose are implau-
sible. Etiologic agents are likely to increase risk in
multiple categories of malformations, depending on
the nature and timing of exposure. Therefore, we
argued that a control group including malformations
has a likelihood of including defects associated with
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. the exposure under study. Contrary to Hook’s com-
ment, we made no assumption that the exposure under
study increased the risk equally in all malformation
categories, and we agree that such a scénario would,
indeed, be implausible.

We agree with Hook that the investigator should
use “common sense” and consult the literature. But
even the most diligent investigator will find it difficult
to select, a priori, a sizable group of malformations for
which the possibility of an association with the expo-
sure under study can be ruled out.

Shanna H. Swan i
Reproductive Epidemiology Section,
California Department of Health Service,
2151 Berkeley Way, Annex 11, Berkeley, CA 94704
(address for correspondence}
Gary M. Shaw
March of Dimes Birth Defects Program, )
California Birth Defects Monitoring Program, Emeryville, CA
Jane Schulman
Battelle Memorial Institute, Arlington, VA
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Exact Stratification of Person-Years

To the Editor:

Macaluso! describes a computer program for the

exact stratification of person-years. His article gives the

misleading impression that “exact” (that is, correct)
allocation of person-years to the appropriate categories
(strata) of time-related variables is not commonly done
by existing programs. The article also states that cur-
rent programs either use approximate methods to cal-
culate person-years or methods that have not been
published, and it further suggests that existing pro-
grams that do allow for exact allocation of person-years
are expensive on mainframes and difficult to imple-
ment on personal computers. :
Certainly, we agree that person-time must be allo-
cated “exactly,” or else misclassification of person-time

© 1993 Epidemiology Resources Inc.
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by category of time-related variables (such as age or
duration of exposure) could occur. To do this, any
computer program must calculate specific cutpoints in
time for time-related variables, for each subject as he
or she is followed over time. All eligible person-time
must then be allocated to the appropriate categories of
the time-related variables in relation to these cutpoints.
Specific algorithms to do this may vary and may be
more or less efficient. The National Institute for Oc-
cupational Safety and Health (NIOSH) Life Table
Analysis System (LTAS) allocates each person-day to
the time-related variables age, calendar time, duration
of exposure, and time-since-first-exposure. This allo-
cation is done using an algorithm similar to the method
D described by Macaluso.* This allocation is certainly
exact. It can be expensive on mainframe computers for
large cohorts. It is quite feasible, however, on personal
computers. We are in the process of converting the
NIOSH LTAS for use on a personal computer. Initial
test runs have shown that a file of 2,500 workers, with
14,000 job histories, 500 deaths, and 67,000 person-
years, can be processed in 1 minute.

Although we are ignorant of the internal details of
other programs to generate person-time, such as OC-
MAP,? PERSON-YEARS,* and the Monson® program
{all of which run on personal computers), we assume
that they work on much the same principles as our
own. Although Macaluso is to be commended for
writing another computer program to calculate person-
time, we are inclined to believe that his program is not
unique and that other existing programs are also “ex-
act.”

Kyle Steenland
Steve Spaeth
Alberto Salvan

National Institute for Occupational Safety and Health,
4676 Columbia Parkway, R-15, Cincinnati, OH 45226-1998
(address for correspondence)
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Letters to the Editor

What Kind of Controls to Use
in Case Control Studies of Malformed
Infants: Recall Bias Versus “Teratogen

Nonspecificity” Bias

To the Editor:

Many investigations of the causes of a specific birth
defect use retrospective case control studies of affected
livebirths. Such studies maximize efficiency and mini-
mize cost compared with prospective studies of pregnant
or pre-pregnant women who are followed to delivery or
termination of pregnancy. But they entail some indirect
cost. This is especially the case for a study that investi-
gates these variables retrospectively, that is, after inves-
tigators ascertain the defect and parents are aware of it.

Investigators have debated two possible strategies to
choice of controls in such retrospective studies: one uses
(parents of) malformed controls, the other (parents of) nor-
mal controls. The use of normal controls enables direct com-
parison of the histories of infants affected by a selected
defect with those of infants without any apparent pathology.
But concern about selective memory of exposure or other
variables by parents of affected infants, that is, “recall bias”
potentially undermines interpretation of any positive asso-
ciation in such a study. That is, the use of normal controls
may be expected a priori to lead if anything to an overesti-
mate of an effect. Certainly, many, but by no means all
investigations of such have found little evidence for such a
bias (see references in Swan et al., ’92). But observations
from one population studied at one time may not extrapo-
late readily to another. One can never exclude such a pos-
sibility in a particular retrospective study using normal
controls only with some ad hoc investigation.

For this reason, many epidemiological investigators of
human defects use routinely only parents of malformed
controls, that is, those with a defect other than that under
direct investigation. One hopes that any selective recall
by parents will “balance out” in comparing cases and
malformed controls. If, however, a particular exposure
can also cause other malformations represented in the
malformed controls, then the estimate of effect will be
biased toward no effect. One may call this a consequence
of a “teratogen nonspecificity” bias, which leads to an
underestimate of effect.

© 2000 WILEY-LISS, INC.

Certainly most teratogenic “exposures” are relatively
specific in their effects—with the possible exception of
diabetes—so that the effect of the latter bias if any may
be only trivial. But Prieto and Martinez-Frias (°99)
neatly demonstrate how, in the estimation of effect of
maternal valproic acid exposure and spina bifida, such
bias from the use of just malformed controls can mis-
lead. Their data indicate a threefold difference in esti-
mation of effect if normal (odds ratio about 50) or
malformed controls (odds ratio about 15) were used for
spina bifida cases. (The higher figure implies more
than a doubling in the estimated absolute risk for a
child with spina bifida after maternal exposure, from
the 1-2% figure in the literature to 3—4%.).

Note that the effects of recall bias and teratogenicity
non-specific bias are in opposite directions. In any par-
ticular study, one cannot predict a priori which of the
two are present or are of greater magnitude. But as use
of normal controls biases the estimate if anything high,
and use of malformed controls biases the estimate if
anything low, the optimal strategy would appear to be
to use both types of controls. Schlesselman (’82) in essence
suggested this some years ago, yet surprisingly this
common sense strategy has not only been challenged
(Swan et al., 92, ’93) but has not been widely used (see
also Hook, 92, ’93 for comment). One could safely infer
that the true estimate of relative risk is at least some-
where between the two, and then with more refined
analysis attempt to narrow the estimate of effect.

I emphasize, however, that all such approaches suf-
fer the defect of any “observational” study—even those

*Correspondence to: Ernest B. Hook, School of Public Health, Warren
Hall, MCH-M.C. 7360, University of California, Berkeley, CA 94720-
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that are prospective non-case control. In the absence of
random or at least nondifferential assignment of expo-
sure, the possibility of undetected confounding due to
association of exposure or defect with some uncon-
trolled variable complicates causal interpretation of
the association of a birth defect and maternal exposure
or other parental variables concerning the pregnancy.

ERNEST B. HOOK*

School of Public Health
University of California, Berkeley
Berkeley, California

Department of Pediatrics
University of California, San Francisco
San Francisco, California
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Multivitamin Supplementation and Risk of Birth Defects

Martha M. Werler,! Catherine Hayes,? Carol Louik,' Samuel Shapiro,' and Allen A. Mitchell*

It is widely accepted that supplementation with folic acid, a B vitamin, reduces the risk of neural tube defects
(NTDs). This case-control study tested the hypothesis that multivitamins reduce risks of selected birth defects
other than NTDs. Infants with and without birth defects and aborted fetuses with birth defects were ascertained
in the greater metropolitan areas of Boston, Philadslphia, and Toronto during 1993-1996. Mothers were
interviewed within 6 months after delivery about a variety of factors, including details on vitamin use. Eight case
groups were included: cleft lip with or without cleft palate, cleft palate only, conotruncal defects, ventricular septal
defects, urinary tract defects, limb reduction defects, congenital hydrocephaly, and pyloric stenosis (n’s ranged
from 31 to 186). Controls were 521 infants without birth defects (nonmalformed controls) and 442 infants with
defects other than those of the cases (malformed controls). Daily multivitamin supplementation was evaluated
according to gestational timing categories, including periconceptional use (28 days before through 28 days after
the last menstrual period). Odds ratios (ORs) below 1.0 were observed for all case groups except cardiac
defects, regardless of control type. For periconceptional use, ORs with 95% confidence intervals that excluded
1.0 were estimated for limb reduction defects using both nonmalformed controls (OR = 0.3) and malformed
controls (OR = 0.2) and for urinary tract defects using both nonmalformed controls (OR = 0.6) and malformed
controls (OR = 0.5). Statistically significant ORs for use that began after the periconceptional period were
observed for cleft palate only and urinary tract defects. These data support the hypothesis that periconceptional
vitamin supplementation may extend benefits beyond a reduction in NTD risk. However, other than folic acid's
protecting against NTDs, it is not clear what nutrient or combination of nutrients might affect risk of other specific

defects. Am J Epidemiol 1999;150:675-82.

abnormalities; pregnancy; teratogens; vitamins

There has been long-standing interest in the relation
between vitamin supplementation and the risk of birth
defects. In particular, the well documented reduction
in neural tube defect risk induced by folic acid has
prompted widespread health advisories promoting
daily supplementation among all women of childbear-
ing age (1, 2). Recently, reports have also suggested
that multivitamin supplementation before pregnancy
or early in pregnancy reduces the risks of other spe-
cific congenital malformations, including defects of
the lip and palate (3, 4), heart (5-8), limbs (5, 7, 9),
urinary tract (5, 10), brain (5), and pylorus muscle (5).
The present study tested the hypothesis that pericon-
ceptional multivitamin supplementation reduces the
risks of these specific birth defects, using data col-
lected in a large case-control study.

Recsived for publication May 26, 1998, and accepted for publica-
tion March 4, 1999.

Abbreviations: Cl, confidence interval; CL/P, dleft lip with or with-
out cleft palate; LM, lunar month.
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MATERIALS AND METHODS

The data were collected by the Boston University
Slone Epidemiology Unit Birth Defects Study in the
greater metropolitan areas of Boston, Massachusetts;
Philadelphia, Pennsylvania; and Toronto, Ontario,
Canada (11). Infants with major malformations iden-
tified by 5 months of age were ascertained in birth
hospitals and in tertiary care hospitals, as were women
whose pregnancies had been terminated because of a
malformed fetus. Beginning in 1993, a random sam-
ple of nonmalformed infants was also ascertained
from birth hospitals. Because of staffing limitations,
not all ascertained subjects were approached for inter-
view. Each month, interview subjects were selected to
include: 1) those with any of approximately 10 “pri-
ority” diagnoses (a list that reflected the then-current
research interests of the program); 2) an approximate
25 percent random sample of ascertained nonmal-
formed subjects; and 3) subjects with malformations
other than the “priority” diagnoses who resided in the
same general geographic area as subjects selected
under points 1 and 2. Because interviews were con-
ducted in person, most often in the subject’s home, the
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third criterion served to maximize interview effi-
ciency by minimizing travel time.

The questionnaire was administered by a study
nurse no more than 6 months after delivery. Questions
were asked about demographic, reproductive, and
medical factors; medication, alcohol, and cigarette
use; and dietary intake. The product name, starting and
stopping dates, and frequency of use were recorded for
each vitamin supplement that was taken at any time
from 2 months before the last menstrual period
through the end of the pregnancy. The present analysis
includes data from interviews conducted between
1993 and 1996.

For the present study, eight case groups were identi-
fied based on defects that had been reported in the lit-
erature (3-10) as possibly being inversely associated
with multivitamin use (table 1). The case groups
excluded subjects with any neural tube defect, known
chromosomal anomaly, or Mendelian inherited disor-
der. Of the case defect groups, only conotruncal
defects and limb reduction defects were considered
Birth Defect Study “priority” diagnoses for interview
selection purposes as described above. Controls were
521 infants with no major structural malformations
(nonmalformed controls). We also created a secondary
control group comprising the 442 subjects with major
malformations, after excluding infants with neural
tube defects and the eight case defects, to address the

TABLE 1. Case groups* In the Slone Epidemiology Unit Birth
Defects Study, 1993—-1996

Diagnosis No.

Cleft lip with or without cleft palate 114
Cleft palate only 46
Conotruncal defects 157
Transposition of the great arteries 63
Tetralogy of Fallot 49

Common truncus, aorticopulmonary window,
double-outlet right ventricle, pulmonary artery
atresia/stenosis with ventricular septal defect,
subarterial ventricular septal defect,
interrupted aortic arch 45

Any ventricular septal defect 186

Limb reduction defects, including reduction of
the transverse, postaxial, preaxial, and

intercalary types 31
Urinary tract defects, including defects of the
kidney, ureter, bladder, and urethra 184
Obstructive urinary tract defect 87
Congenital hydrocephaly a4
Pyloric stenosis 60

* Infants with known Mendelian inherited disorders, chromoso-
mal anomalies, or neural tube defects were excluded.

possibility of recall bias (malformed controls). The
distribution of malformations in the malformed control
group was as follows: genital defects, 16 percent; tali-
pes varus or valgus defects, 14 percent; diaphragmatic
hernia, 10 percent; gastroschisis, 9 percent; cranio-
synostosis, 7 percent; intestinal atresia, 6 percent;
and various other defects, 38 percent. Gastroschisis
(1993-1994) and craniosynostosis were Birth Defect
Study “priority” diagnoses for interview selection pur-
poses as described above.

Mothers who resided within our geographically
defined catchment areas (approximately a 2-hour drive
from either Boston, Philadelphia, or Toronto), who
spoke English, and whose physicians provided consent
for us to contact them were eligible for inclusion. The
physicians of 7 percent of malformed cases, 3 percent
of nonmalformed controls, and 8 percent of malformed
controls refused participation. Because more subjects
were ascertained than could be interviewed and
because we set a limit that interviews had to be com-
pleted within 6 months after delivery, the mothers of
55 percent of ascertained cases, 72 percent of ascer-
tained nonmalformed controls, and 57 percent of
ascertained malformed control subjects were not asked
to participate. Of those who were asked to participate,
the mothers of 66 percent of cases, 65 percent of non-
malformed controls, and 66 percent of malformed con-
trols agreed to be interviewed.

Multivitamin supplementation was defined as daily
use of a supplement that contained at least two water-
soluble vitamins and at least two fat-soluble vitamins.
Supplementation was categorized by the beginning of
first use, according to lunar month of pregnancy (28-
day months beginning with the last menstrual period),
as follows: the month before the last menstrual period
through lunar month 1 (pre-LM1); lunar month 2
(LM2); lunar month 3 (LM3); and lunar month 4
(LM4). For each case group, odds ratios were esti-
mated for developmentally appropriate gestational
timing categories of supplementation. Specifically,
conotruncal defects and ventricular septal defects
develop before mid-LM2, so odds ratios were esti-
mated for the pre-LM1 and LM2 categories, with no
use during those time periods designated as the refer-
ence categories. Cleft lip with or without cleft palate
(CL/P) and limb reduction defects develop by the end
of LM3, so odds ratios were estimated for pre-LM1,
LM2, and LM3, with no use in those time periods
being defined as the reference categories. For the
defects for which developmental timing is either not
known (pyloric stenosis), varies across specific defects
within the group (urinary tract defects), or occurs later
in gestation (cleft palate only, hydrocephaly), pre-
LM1, LM2, LM3, and LM4 were examined, with no
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use in those time periods being defined as the refer-
ence categories. In addition, an “etiologically rele-
vant” summary measure was estimated for each defect
by combining the appropriate timing categories (e.g.,
for CL/P, use beginning at any time between pre-LM1
and LM3, and for cleft palate alone, use beginning at
any time between pre-LM1 and LM4). Odds ratios
were not estimated if there were fewer than four
exposed subjects in a timing category.
Multivariate-adjusted odds ratios and 95 percent
confidence intervals were estimated using uncondi-
tional logistic regression models (12). Factors found to
be related to multivitamin use were included in the
multivariate models: maternal age (<20, 20-24, 25-29,
and 230 years), maternal education (<12, 12, 13-15,
and 216 years), maternal race (White/Nonwhite),
planned pregnancy (yes/no), nausea and vomiting dur-
ing the first lunar month of pregnancy (yes/no), and
geographic center (Boston, Philadelphia, and Toronto).

RESULTS

To assess possible demographic differences among
case and control participants and nonparticipants, we
examined community-level median family income. Zip
code information for US mothers was linked to 1990
US Census data on median family income (13). The
distributions of income categories (<$25,000, $25,000—
$34,999, $35,000-$44,999,  $45,000-$54,999,
$55,000-$64,999, and >$65,000 per year) were similar
(data not shown) for interviewed and noninterviewed
mothers of cases, nonmalformed controls, and mal-
formed controls, with one exception. Among inter-

viewed mothers, the lowest category of zip code-linked
income (<$25,000) was prevalent in 3 percent, 2 per-
cent, and 4 percent of cases, nonmalformed controls,
and malformed controls, respectively. The correspond-
ing prevalences for noninterviewed mothers were 9 per-
cent, 9 percent, and 10 percent, respectively.

The distribution of supplement use according to ges-
tational timing is shown in table 2 for mothers of cases
and controls. The prevalence of no use in the first 4
lunar months of pregnancy ranged from 11 percent to
26 percent. Across all case and control groups, the
majority of women began supplementation during pre-
LM1 or LM2, followed by declines in the prevalence
of first use during LM3 and LM4. Women who used
supplements less than daily did so in a variety of pat-
terns across the early months of gestation, but few
were less-than-daily users throughout the 5-lunar-
month period under study. For example, some women
began using prenatal vitamins during the first months
of pregnancy, but took them infrequently because of
nausea; they then became daily users later in the first
trimester when the nausea had subsided. Because our
analysis attempted to examine the effects of gesta-
tional timing by month of first use, it was difficult to
categorize the erratic patterns of less-than-daily users.
Therefore, they were excluded from risk estimation.

Odds ratio estimates (and 95 percent confidence
intervals) are presented in table 3 for case groups, with
nonmalformed controls used as the reference group.
Risk estimates below 1.0 were observed for all case
groups except cardiac defects. Statistically significant
odds ratios were observed for cleft palate only and first
use in LM?2; for limb reduction defects and first use in

TABLE 2. Daily multlvitamin supplementation according to gestational timing* among mothers of cases and controls, Slone

Epidemlology Unit Birth Defects Study, 1993-1996

Supplement use
s Lunar month (LM)
ubjects None Less than
Pre-LM1 LM2 LM3 LM4 daily pre-LMd
No. % No. % No % No % No. % No. %
Cases
Cleft lip with or without
cleft palate (n = 114) 20 18 26 23 32 28 18 16 9 8 9 8
Cleft palate only (n = 46) 11 24 15 33 4 *] 7 15 3 7 -] 13
Conotruncal defect (n = 157) 19 12 40 26 42 27 24 15 10 6 22 14
Ventricular septal defect
(n=188) 20 1 52 28 52 28 24 13 15 8 23 12
Limb reduction defect
(n=31) 8 26 4 13 8 26 6 19 2 7 3 10
Urinary tract defect (n = 184) 37 20 43 23 38 20 32 17 12 7 24 13
Hydrocephaty (n = 44) 7 16 ] 21 14 32 6 14 4 9 4 9
Pyloric stenosis (n = 60) 12 20 14 23 22 37 5 8 2 3 5 8
Controls
Nonmattormed (n = 521) 64 12 140 27 141 27 85 16 3 6 60 12
Malformed (n = 442) 58 13 128 29 114 26 70 16 20 5 52 12

* Lunar month of pregnancy (see *Materials and Methods”).
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TABLE 3. Multlvariate odds ratlos estimated for timing of dailly multivitamin supplementation and selected birth defects using
nonmalformed controls, Slone Epidemiology Unit Birth Defects Study, 1993-1996

Timing of supplement use
Case Lunar month (LM) “Etiologically
group Pro-LM1 M2 LM3 M4 relgvant™
ORt 95% CIt OR 95% CI OR 95% CI OR 85% CI OR 95% CI
Cleft lip with or without cleft
palatet 0.7 0.4,1.3 0.8 0.5,1.5 07 04,14 —5§ 0.8 0.5,1.3
Cleft palate onty{ 0.5 02,12 0.1 0.04,04 0.5 02,14 — 0.4 02,08
Conotruncal defect** 1.0 06,16 1.0 0.6, 1.7 — 1.0 07,15
Ventricular septal defect** 12 07,18 1.2 08,19 — 12 08,18
Limb reduction defect} 0.3 0.1,09 0.8 02,15 0.6 02,18 — 0.5 0.2, 1.1
Urinary tract defectq] 0.6 0.3,1.0 0.4 03,08 0.7 04,13 0.7 03,15 0.6 0.4,0.9
Hydrocephalyq| 0.7 02,20 1.1 04,29 0.8 02,286 0.8 0.2,3.2 0.8 03, 2.1
Pyloric stenosis 0.7 03,16 1.0 04,21 0.3 0.1,1.0 — 0.7 03, 1.4

* Pre-LLM2 for conotruncal and ventricular septal defects; pre-LM3 for cleft lip with or without cleft palate and limb reduction defects; pre-LM4 for cleft palate
only, urinary tract defect, hydrocephaly, and pyloric stenosis.
1 OR, odds ratio; Cl, confidencae Interval.
1 Reference category: no use or use that began after LM3.
§ Fewer than four exposed cases.
1 Reference category: no use or use that began after LM4,
** Reference category: no use or use that began after LM2.

pre-LM1; and for urinary tract defects and first use in
LM2. In contrast, odds ratios for both conotruncal
defects and ventricular septal defects were close to 1.0.
Conotruncal defects were further divided into specific
defects (data not shown): Among 49 cases with tetral-
ogy of Fallot, the odds ratio was 1.7 (95 percent confi-
dence interval (CI): 0.8, 3.6) for pre-LM2 supplemen-
tation; among 63 cases with transposition of the great
arteries, the corresponding estimate was 0.9 (95 per-
cent CI: 0.5, 1.7). When obstructive urinary tract
defects were examined (data not shown), the odds ratio
was 0.5 (95 percent CI: 0.3, 1.0) for pre-LM4,

The possibility of differential maternal recall of mul-
tivitamin use between malformed and nonmalformed

subjects prompted us to also estimate risks using mal-
formed controls. Table 4 presents odds ratio estimates
for each case group and the relevant supplement timing
categories. Estimates were similar to those derived using
the nonmalformed control group (table 3). For tetralogy
of Fallot, the odds ratio was 1.4 (95 percent CI: 0.7, 2.8)
for pre-LM2 use; the corresponding estimate for trans-
position of the great arteries was 0.9 (95 percent CI: 0.5,
1.6). The obstructive urinary tract defect risk estimate
for pre-LM4 use was 0.5 (95 percent CI: 0.3, 0.9).
Twenty-one case women and eight malformed con-
trol women, but no nonmalformed control women, had
undergone a pregnancy termination. Because these
women were interviewed approximately 4 months

TABLE 4. Multivariate odds ratios estimated for timing of dalty multivitamin supplementation and selected birth defects using
malformed controls, Sione Epldemiology Unit Birth Defects Study, 1993-1996

Timing of supplement use

Case Lunar month (LM)

“Etiolotgically
group Pre-LM1 M2 LM3 LM4 relevant™

ORf  95%Clt  OR 95% Cl OR 95% Cl OR 95% Cl OR 95% Cl

Cleft hp with or without cleft
palatet 0.5 0.3,1.0 0.8 04,14 0.8 04,15 —5 0.7 0.4,1.1
Cleft palate onlyq 0.4 0.2, 1.1 02 01,08 05 02,1.4 - 04 02,09
Conotruncal defect** 0.8 05,13 1.0 0.6,1.7 — 0.9 0.6, 1.4
Ventricular septal defoct* 1.0 06, 1.5 12 08,18 - 1.1 07,16
Limb reduction defectt 0.2 0.1,0.7 05 0.2, 1.4 0.7 02,21 - 0.4 02,1.0
Urinary tract defect§ 0.5 0.3,0.8 05 03,08 0.7 04,12 1.0 0.4,25 05 0.3,0.9
Hydrocaphalyq 0.6 02,1.8 1.0 04,27 0.7 02,23 15 0.4,6.1 0.8 0.3,2.1
Pyloric stenosis§ 0.7 0.3,1.6 1.1 05,24 0.4 0.1, 1.1 0.7 03,15

* Pre-LM2 for conotruncal and ventricular septal dafects; pre-LMS3 for cleft lip with or without cleft palate and Imb reduction defects; pre-LM4 for cleft palate
only, urinary tract defect, hydrocephaly, and pyloric stenosls.
1 OR, odds ratio; Cl, confidence interval.
1 Reference category: no use or use that began after LM3.
§ Fewer than four exposed cases.
11 Reference category: no use or use that began after LM4.
** Reference category: no use or use that began after LM2.
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closer to the time of conception than were women who
delivered near term, and because the diagnoses in
approximately 60 percent of the terminations were not
confirmed by autopsy, we reestimated odds ratios after
excluding these subjects. There were no appreciable
changes in risk estimates (data not shown).

DISCUSSION

In this study, we examined risks of congenital defects
other than neural tube defects that were previously
hypothesized to be reduced by the use of multivitamin
supplements. The present data confirm reductions in
the risks of cleft palate alone, limb reduction defects,
and urinary tract defects. Only moderate and statisti-
cally nonsignificant reductions in risk were observed
for CL/P, hydrocephaly, and pyloric stenosis, and no
reductions in risk were observed for conotruncal
defects or ventricular septal defects.

Since multivitamins typically contain folic acid, mul-
tivitamin supplementation during the periconceptional
period (pre-LM1) reflects behavior that is consistent
with the US Public Health Service recommendation (1)
that all women of childbearing age ingest 400 pg of
folic acid daily to reduce the risk of neural tube defects.
In the present study, such supplementation appeared to
reduce the risks of limb reduction defects and urinary
tract defects, and possibly the risks of CL/P, cleft palate
alone, hydrocephaly, and pyloric stenosis as well,
though estimates for the latter four defects were not sta-
tistically significant. In addition, supplementation that
began after LM1 (after pregnancy was clinically recog-
nizable) was associated with reduced risks of cleft
palate alone and urinary tract defects. Furthermore, use
that began in LM3 was associated with a reduction in
pyloric stenosis risk that was of borderline statistical
significance.

For neural tube defects, many studies have shown a
multivitamin effect (1); however, it is widely held that
it is the folic acid component that affords the benefit,
because of a randomized trial conducted by the
Medical Research Council (14) which showed a 60
percent reduction in risk of neural tube defects among
women using folic acid supplements compared with
women using multivitamins containing no folic acid.
For defects other than neural tube defects, it is not
clear what specific nutrient or combinations of nutri-
ents might affect risk; in fact, it/they may vary from
one malformation to another. Most vitamin supple-
ments include more than eight water-soluble vitamins
and three fat-soluble vitamins and at least four miner-
als or trace elements, and their overlap precluded us
from identifying independent effects. In the present
study, approximately 90 percent of nonprenatal multi-
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vitamin preparations and 100 percent of prenatal mul-
tivitamin preparations included folic acid.

Earlier reports on supplementation and reduced risks
of malformations (other than neural tube defects)
included a variety of study designs and definitions of
supplementation (3-5, 15-18). The present observa-
tions support some but not all of those findings. For
oral clefts, previous studies have reported inconsistent
findings, including a reduced risk of CL/P (15); a
reduced risk of cleft palate alone but not of CL/P (5,
16); a reduced risk of CL/P but not of cleft palate alone
(17); reduced risks of both CL/P and cleft palate alone
(3, 4); and no association for both CL/P and cleft
palate alone (18). Differences in study design do not
completely explain the inconsistencies in findings
across the previous studies and the present data. One
study conducted by our group using earlier data (18)
showed no association, but we had included in the
malformed control group some of the case defects
found in the present study to be inversely associated
with vitamin use. The inclusion of those defect groups
as controls resulted in similar rates of supplementation
between case and control groups, but this does not
fully account for the earlier null finding.

In the present study, it appears that gestational tim-
ing may be an important factor for clefts: The greatest
reduction in risk of CL/P (based on the malformed
control group) was estimated for periconceptional use,
whereas the greatest reduction in risk of cleft palate
alone was found for first use in LM?2 (using either con-
trol group). These findings are consistent with the fact
that CL/P develops approximately 3 weeks earlier than
cleft palate alone.

A randomized trial that treated approximately
equal numbers of women with either multivitamins or
trace elements showed the risk of ventricular septal
defect to be lower in the vitamin-treated group (5).
For conotruncal defects, risk was found to be reduced
in two case-control studies and one randomized trial,
but the effect was primarily observed for transposi-
tion of the great arteries (5, 6) and/or tetralogy of
Fallot (5-7). In contrast, our data are consistent with
those of a large case-control study (8) which showed
no association between preconceptional multivitamin
supplementation and risks of transposition of the
great arteries and other conotruncal defects.
Differences in study design offer no clear explanation
for the discordant results. Furthermore, the distribu-
tion of defects within the conotruncal group in the
present study was similar to that reported in the
population-based studies (6-8): tetralogy of Fallot,
31 percent; transposition of the great arteries, 40 per-
cent; truncus arteriosus, 11 percent; and double-
outlet right ventricle, 10 percent.
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For limb reduction defects, our findings are gener-
ally consistent with those of earlier reports which sug-
gested reductions in risk for periconceptional or early
first trimester use (5, 7, 10), with the greatest effect
being evident for periconceptional use (5, 10). Two of
the earlier studies divided limb reduction defects by
type of limb deficiency; one found that the effect was
confined to limb reduction defects other than longitu-
dinal deficiencies (10), while the other found that the
effect was confined to limb reduction defects other
than transverse deficiencies (7). Unfortunately, there
were too few limb reduction defects in the present
study to examine these subtypes.

A case-control study of urinary tract defects and
nonmalformed controls (9) found statistically signifi-
cant reductions in risk associated with supplementa-
tion before, during, and after the first trimester. In
addition, the previously described randomized trial (5)
observed one case of obstructive urinary tract defects
and no cases of renal agenesis in the supplemented
group, as compared with three cases of the former and
two cases of the latter in the nonsupplemented group.
The present study confirmed these findings in that
risks for urinary tract defects overall and for the sub-
group of obstructive defects were generally below 1.0
for all timing categories and were significantly
reduced for pre-LM1 and LM?2 supplementation.
There were too few cases of renal agenesis in the pres-
ent study to examine them separately.

In the same randomized trial (5), fewer cases of con-
genital hydrocephalus and pyloric stenosis were
observed in the supplemented group than in the non-
supplemented group. We estimated some risks of con-
genital hydrocephaly to be below the null value, but
we found no statistically significant reductions in risk
or informative patterns of risk across gestational tim-
ing categories. For pyloric stenosis, we found that peri-
conceptional use or first use in LM2 did not reduce
risk, but later first timester use did. The possible ben-
efit of relatively late exposure is consistent with the
randomized trial in that women in the supplemented
group were started on multivitamins before conception
and use continued at least through the first trimester.
Furthermore, the findings are of interest in that the
gestational timing of pyloric stenosis is not known; but
the defect is thought to result from a functional disor-
der of the pyloric sphincter, which suggests that it may
arise later in gestation than most other congenital
defects (19).

For the overall data, we considered possible sources
of error. First, we attempted to reduce the potential for
information bias with rigorous data collection, includ-
ing use of a standardized questionnaire administered
within 6 months after the date of delivery. Although

the possibility of random misclassification of supple-
mentation information still exists, we believe it would
not have a strong influence on the findings, because
our estimates of periconceptional prevalence for con-
trol mothers are similar to recently published rates (3,
20).

Differential misclassification (due either to maternal
reporting or to interviewer bias) is another possibility,
but it appears to be unlikely given that risk estimates
based on nonmalformed controls were remarkably
similar to those based on malformed controls. In addi-
tion, supplementation was reported to reduce the risks
of many of the same defects in a randomized con-
trolled trial (5) in which recall bias was not an issue.

There is a possibility that bias may have been intro-
duced because subject ascertainment was not popula-
tion-based, not all ascertained subjects were asked to
participate, and approximately one third of mothers
who were asked to participate refused to be inter-
viewed. If incomplete enrollment were conditional on
multivitamin use and such enrollment differed
between cases and controls, selection bias would
occur. However, the observed findings are not likely to
be due to selection bias, for several reasons. First, the
network of ascertainment hospitals included the full
range of urban, suburban, and rural communities.
Second, our use of general geographic proximity as the
basis for choosing non-“priority” subjects had little
effect on the distribution of socioeconomic status in
each group, because the geographic areas were large
and included communities representing all socioeco-
nomic strata. Third, the similar distributions of zip
code-linked median family income for US study sub-
jects suggest that interviewed mothers may have had a
higher socideconomic status than noninterviewed
mothers; but there was little difference in such status
between cases and controls, which reduces concerns
about biased risk estimation. Study procedures were
the same at our Toronto center as at the other two cen-
ters, so the US zip code findings can most likely be
extrapolated to our Canadian study subjects.

Selection bias might have been introduced by the
inclusion of multivitamin-associated defect subgroups.
The wide range of defects among the malformed con-
trols and the similarity in supplementation rates
between the two control groups suggest that selection
bias was not introduced by the inclusion of these sub-
groups.

Finally, residual confounding is a possibility. We
controlled for several factors that are associated with
multivitamin supplementation, but there may be other
differences between women who take supplements
routinely or early in pregnancy and women who start
taking them very late in pregnancy or do not take them
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at all. If those differing factors affect risks of any of the
case or control defects, observed estimates may have
been confounded.

Studies carried out to date suggest that the benefits
of periconceptional multivitamin supplementation
may extend beyond a reduction in the risk of neural
tube defects. If such supplementation does in fact
reduce the risk of specific birth defects, the current
public health recommendation that all women of child-
bearing age ingest 400 ug of folic acid daily (1) may
need to be broadened to include a wider range of nutri-
ents. Exactly which nutrients should be taken is not
clear, but multivitamin supplements containing 400 pLg
of folic acid may offer greater benefit than folic acid
supplements alone.
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Abstract— The factors which contribute to bias due to differential recall between cases
and controls in retrospective studies have been little studied. A review of the literature
on recall accuracy suggests that the extent of inaccurate recall is related to characteristics
of the exposure of interest and of the respondents, though a distinction must be drawn
between recall which is biased and that which is simply inaccurate. 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. The results of validation studies carried out to date suggest that the
likelihood of recall bias may be greater when recall is poor in general.

Recall ~ Bias  Validity

INTRODUCTION

It is generally accepted that comparative studies
which attempt to retrospectively ascertain ex-
posures through interviewing techniques may be
subject to bias due to differential recall [1-3),
and case—control studies which do not validate
interview data are frequently criticized on this
basis. However, the extent and nature of recall
bias has been examined for only a small percent-
age of exposures and diseases, and relatively few
methodologic reports of the factors which con-
tribute to recall bias have been published.
Recall bias may be thought of as a form of
differential misclassification bias and the risk
estimate may be biased away from or towards
the null [4-6). Systematic error resulting from
imperfect recall of exposure that is equally poor
across case and comparison groups is perhaps
more properly thought of as nondifferential
misclassification bias. In this event, the risk
estimate will generally be biased towards the
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null [4-6]. A distinction must be made between
recall which is biased and that which is simply
inaccurate [5]. Biased recall, which impacts on
estimates of risk, implies a systematic departure
from the truth. Thus, a consideration of recall
bias in comparative studies should encompass
both the extent to which recall of exposure is
impaired and, more importantly, whether the
impairment is different for cases and controls.

Although most of the published studies in this
area address the accuracy of recall, their find-
ings provide a useful foundation for a discussion
of the factors which contribute to differential
recall between cases and controls and systematic
bias.

TIME INTERVAL AND DEGREE OF DETAIL

The time interval since exposure and the
degree of detail required have been shown to
influence the recall of a variety of exposures,
including work histories [7, 8], dietary habits
[9-13), obstetric histories [14-17], and medi-
cation usage [18-20]. For example, in a vali-
dation study of the accuracy of recall of
spontaneous abortions, Wilcox and Horney
found the recall of abortions occurring in the
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previous 10 years to be 82% complete, whereas
the recall of abortions occurring 20 years or
more prior to the interview was only 73%
complete [14]. Similar findings were reported by
Corwin et al. from their study of the ability of
peptic ulcer patients to recall their past medical
history [21]. The correlation between the accur-
acy of reported weight and time elapsed since its
determination was 0.89 (p <0.01).

The limited ability of individuals to recall
detailed past events was illustrated by the vali-
dation study conducted by Bean er al. of the
accuracy of reported menstrual histories [2, 16].
The percentage of women who correctly recalled
within a year their age at menarche, age of
natural or surgical menopause, and age at first
use of oral contraceptives ranged from 75 to
90%. The percentage who correctly recalled
their menstrual cycle length within one day,
however, ranged from 0 to 60%.

PERSONAL CHARACTERISTICS

Characteristics of individuals such as age,
education, and socioeconomic status have also
been reported to influence recall accuracy
[2, 19]. Stolley er al. found the percent agree-
ment between patient-reported oral contra-
ceptive histories and prescriber records to vary
across groups defined by race, private vs public
payment status, and age [20]. For instance, the
percent agreement between reported and
recorded name of latest product used was 91%
for private patients and 77% for welfare or
Medicaid patients (p < 0.04). The trends for age
categories were not consistent. Yerushalmy et
al. found that Hawaiian women over the age of
50 reported fewer abortions than younger age
groups [17], although a cohort effect or tem-
poral trend in the incidence of abortions in this
population could also explain their findings [14].

In a validation study of work histories by
Baumgarten et al., the percent agreement was
quite close across age, income, and education
categories [7]. Stewart ef al. found a U-shaped
age effect in a validation study of self-reported
work histories among shipyard workers [8]. The
workers who were 65-69 years of age at the time
of interview had the lowest adjusted percent
agreement between reported and recorded year
of hire, length of employment, and job title. For
instance, the agreement between reported and
recorded job title was 53% for workers who
were 65-69 years of age, adjusted for race, age
at first employment, years since leaving ship-
yard, length of employment, and year of hire, as

compared to 60% for workers who were less
than 65 years of age and 73% for workers who
were 70 years of age or older.

Thus, a consistent relationship between the
accuracy of recall and demographic factors has
not been found, perhaps reflecting differences in
the study populations, the questions being
asked, or the nature of the exposure.

SIGNIFICANCE OF EVENTS

Several lines of evidence suggest that recall
ability is also related to the significance of a past
event. Survey scientists have observed that the
frequency, duration, vividness and meaningful-
ness of an event contribute to recall [22, 23]. For
instance, the psychologic and economic import-
ance of oral contraceptives may contribute to
the ability of users to recall product names and
dates of use [18, 20]. Wilcox and Horney found
that the major determinant of spontaneous
abortion recall was the length of pregnancy at
the time of abortion [14]. Only 54% of abortions
which occurred within the first 6 weeks of
gestation were recalled, compared to 93% of
those occurring after 13 weeks. Recall of past
occupations has been found to be positively
associated with the duration of past employ-
ment [8], and negatively associated with the
number of jobs held [7].

SOCIAL DESIRABILITY

The recall and reporting of exposures which
are felt to be socially undesirable, such as
cigarette smoking and drug usage, may be re-
duced [24-26]. In addition, the accuracy of
self-reported events may be less among individ-
uals who do not admit to socially undesirable
behavior. Self-reported events tend to be dis-
torted in a socially desirable direction and be-
haviors which are associated with a social
stigma or are perceived to be personally threat-
ening are often under-reported [24-28]. For
example, cigarette smoking, especially among
adolescents or announced quitters, may be
denied or minimized [29-31]. Validation studies
which have utilized biochemical markers of
cigarette smoking, such as cotinine or thio-
cyanate, have documented appreciable mis-
classification of self-reported cigarette usage
[29-31]. In a recent study of idiopathic dilated
cardiomyopathy [32], the percent agreement be-
tween reported and recorded history of cigarette
smoking was 71.7% among cases, as compared
to 89.0, 87.2 and 90.2% for history of asthma,
hypertension, and diabetes, respectively.
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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].
Techniques developed to reduce such memory
errors include aided recall, or providing the
respondents with a list of possible responses
and asking them to consult written records
[21, 35, 36]. As an example, the subjects may be
provided with lists of commercial product
names or shown pictures of pharmaceutical
tablets or other exposures during personal inter-
views [36]). Food models have been used in diet

CE 43/1—F*

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
mothers of dead or malformed children.

Although differential errors of recall may
inflate the risk estimate [5], the extent to which
this occurs in case—control studies has not
been examined. Figure 1 summarizes the
results of four wvalidation studies which
examined the agreement between recalled and
recorded exposures for both cases and controls
[7,15,19,20]. The overall percent agreement
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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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