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Smoking and the Risk of Oral Clefts
Exploring the Impact of Study Designs

Katie A. Meyer,* Paige Williams,” Sonia Hernandez-Diaz,” and Sven Cnattingius§

Background: Maternal cigarette smoking is a suspected cause of
oral clefts, although this association has not been firmly established.
We used case-crossover, case-time-control, and bidirectional case-
crossover designs to supplement findings from a case-control study
of maternal smoking and oral clefts among offspring in a large birth
registry.

Methods: Data are from the Swedish Medical Birth Registry. From
1983 through 1997 there were 678 recorded cases of cleft palate and
1175 cases of cleft lip with or without palate. Maternal smoking
status was ascertained in early pregnancy. Controls for the case-
control study were a random sample of infants born without a cleft;
controls for the case-crossover designs were nonmalformed infants
born to case mothers.

Results: Cleft palate was positively associated with maternal smok-
ing in all study designs, whereas cleft lip with or without cleft palate
was associated with smoking only in the case-control design. In the
case-control design, the odds ratios for cleft palate were 1.2 (95%
confidence interval = 1.0-1.5) for women who smoked 1 to 9
cigarettes per day and 1.4 (1.1-1.8) for women who smoked 10+
cigarettes per day. In the case-time—control analysis, the odds ratio
for cleft palate with maternal smoking was 3.2 (1.3-7.4) and in the
bidirectional case-crossover design, the odds ratio was 2.2 (1.1-
4.1).

Conclusions: An association between smoking and cleft palate was
supported by all designs, whereas that between smoking and cleft lip
with or without cleft palate was not. Case-only designs are a viable
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option in birth registries and may yield more information than a
case-control design alone.

(Epidemiology 2004;15: 671-678)

aternal smoking during early pregnancy has received

much attention in the oral cleft literature.' ' Although
most studies have shown a positive relation with oral clefts,
confidence in the association has been hampered by the
modest strength of effect estimates, the lack of statistical
power in many studies, and the potential for recall bias or
uncontrolled confounding.

Administrative databases often lack data on potential
confounding variables. For example, we are unaware of any
birth registry that includes information on maternal alcohol
consumption or multivitamin supplement use—factors that
may be associated with the risk of oral clefts and may also
vary with smoking habits. Here, we consider study design
approaches that may, in part, address the lack of data on
confounding factors in administrative birth registries.

Maclure?? introduced the case-crossover approach to
study exposure-disease relations using data from case sub-
jects only. In this design, exposure at the time of an event is
compared with exposure during some nonevent period. Be-
cause each case period is matched to a control period within
the same individual, all time-invariant confounding is con-
trolled, although confounding by time-varying factors re-
mains possible. In Maclure’s discussion of the design, control
periods were those that preceded case periods. Maclure notes
that systematically sampling controls from periods before the
event is acceptable for stable exposures but will be vulnerable
to bias if there are changes over time in the exposure of
interest or in confounding variables. In light of this concern,
investigators have suggested methods to control for time
trends in exposure. Suissa®® proposed adjusting case-cross-
over findings for exposure trends by estimating the degree of
trend from data on subjects without an event. The case-time-
control design implicitly assumes that the exposure trend
observed in the noncase subjects will accurately portray the
exposure trend in the case subjects. To the extent that the
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trends differ between the 2 groups, the case-time-control
approach will inadequately adjust for the exposure trend.**
Another proposed method of controlling for exposure trends
includes referent periods from both before and after the event
period.>> Assuming a relatively constant exposure trend and
similar time windows between the event and control periods,
this bidirectional design should equalize the exposure trend in
the case and control periods. However, the approach will be
valid only if the event does not influence subsequent expo-
sure. Both approaches fit into the genre of case-only designs,
as reviewed by Greenland.?¢

Using the population-based Swedish Medical Birth
Registry, we examined the relation between maternal smok-
ing during pregnancy and birth to an infant with an oral cleft
using case-control, case-crossover, case-time-control, and bi-
directional case-crossover designs. These designs differ in
their potential for confounding and selection bias and in their
eligible populations, the case-only designs being limited to
women who have both case and control births. Our objectives
were to explore the consistency of findings using these
various methodologic approaches, and to consider the advan-
tages and disadvantages of each design in evaluating the
smoking-oral clefts association in a large birth registry.

METHODS

The Swedish Medical Birth Registry

The Swedish Medical Birth Registry, established in
1973, contains data on virtually all births in Sweden. Starting
with the first antenatal visit, information is prospectively
collected on demographics, reproductive history, and compli-
cations during pregnancy, delivery, and the neonatal period.
Such information is forwarded to the Registry through copies
of standardized antenatal, obstetric, and pediatric records that
have been in use since 1982. All births and perinatal deaths
reported to the Registry are validated annually against the
Registry of the Total Population by use of unique personal
identification numbers.?®%’

Nurse midwives collect early pregnancy data from
women at their first antenatal clinic visit, generally during
weeks 8 to 12 of pregnancy. From 1983 through 1997,
women reported their current smoking status as no smoking,
fewer than 10 cigarettes per day, or 10 or more cigarettes per
day. Smoking data were missing on 6% of all births in this
time interval. In addition to smoking status, the Registry
includes data on several relevant covariates: maternal age,
singleton/multiple birth status, maternal diabetes, the moth-
er’s country of origin, offspring birth year, and cohabiting
status of the parents. Additionally, birth order and history of
malformations were determined from each woman’s avail-
able birth history as recorded in the Registry from 1973.
Diagnoses are classified according to the Swedish version of
the International Classification of Diseases (ICD). Infant
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diagnoses are noted by a pediatrician at the time when the
infant is discharged from the hospital, using a standardized
form, on which the definitions of the diagnoses are written
beside the ICD code. Sweden used ICD-8 in 1983-1986,
ICD-9 in 1987-1996, and thereafter the ICD-10. We ex-
cluded multiple births (n = 3246), mothers who immigrated
to Sweden (n = 17), births with missing smoking data (n =
8402), and recurrent cleft births (n = 25). Note that with the
exception of immigrants to Sweden, all exclusions were on
the birth, not maternal, level. Other design-specific exclu-
sions are described subsequently.

Cases

Our analysis focused on 2 major case groups: cleft palate
alone (ICD-8 code 749.0, ICD-9 code 749A, ICD-10 code Q35)
and cleft lip with or without cleft palate (ICD-8 codes 749.1 and
749.2, ICD-9 codes 749B and 749C, ICD-10 codes Q36 and
Q37). We also included analyses for cleft lip alone and cleft lip
with palate. We further distinguished those infants in whom the
cleft was the only malformation noted in the Registry from
infants who had additional noncleft malformations listed in the
Registry.

We regarded the findings for the isolated cleft groups as
less susceptible to 2 types of bias. First, limiting the sample
to isolated clefts would mean that possible associations be-
tween smoking and other malformations will not affect the
observed relation between oral clefts and smoking. Second,
the Registry includes only births; data on spontaneous or
elective abortions are not available. We expect spontaneous
or elective abortions to be less likely for isolated oral clefts
than for infants with clefts and other malformations, thereby
reducing the potential for selection bias resulting from re-
moval of aborted fetuses with malformations related to ma-
ternal smoking.

Case-Control Study

We included all cleft cases and a random 10% sample
of noncleft births as controls. Between 1983 and 1997, there
were 872 cleft palate, 678 isolated cleft palate, 1456 cleft lip
with or without palate, and 1175 isolated cleft lip with or
without cleft palate. The same group of 128,688 noncleft
births served as controls for all cleft subtypes. Each mother
contributed only 1 birth to the analysis. Because only women
with at least 2 children (1 case and 1 control) were eligible for
inclusion in the case-only designs, we also examined the
effect of restricting the case-control population to women
who had at least 2 children.

We used unconditional logistic regression to estimate
odds ratios (ORs) and 95% confidence intervals (Cls) for the
effect of smoking on each case group. Women who reported
smoking 1 to 9 or 10+ cigarettes per day were compared with
women who reported no smoking at registration. In other
analyses, we compared any smoking with no smoking. Mul-
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tivariate-adjusted models included maternal age, birth year,
maternal diabetes, parents’ cohabiting status, maternal history
of infants with birth defects, and parity (including study
infant); these variables were categorized as shown in Table 1.
We included separate dummy variables for each level of
multilevel covariables in the regression models and also
adjusted for maternal age, offspring birth year, and parity as
continuous variables.

Case-Crossover Studies

For the case-only designs, we restricted the study pop-
ulation to women who gave birth to at least 1 child with a
cleft. We then selected 2 control populations from each
woman’s noncleft births: 1) the noncleft infant that immedi-
ately preceded the cleft birth (when available); and 2) all
noncleft infants, before and after the cleft birth. It is important
to note that our case and control periods were separate births
with the same mother, not separate periods (with different
etiologic relevancy) within the same pregnancy. For the
present study, we applied the case-crossover design and (to
control exposure trend bias) the case-time-control and bidi-
rectional case-crossover designs.

The case-crossover design restricts the case population
to births preceded by at least 1 noncleft birth; women who
had only 1 child or whose first child had a cleft were
excluded. We further restricted controls to those births that
immediately preceded the case birth. This limited, but did not
eliminate, possible bias resulting from declining rates of
smoking over time.

The case-time-control design provided additional con-
trol for exposure trends by estimating the smoking trend
among women who did not give birth to an infant with a cleft
and by adjusting the observed case-crossover odds ratios for
this trend. We addressed the possibility of differing smoking
trends among women who did and did not have an infant with
a cleft by matching the control and case births of each woman
who had a cleft infant to 2 consecutive births among women
who did not have a cleft infant. Women were matched on age,
cohabiting status, and maternal diabetes, and infant’s birth
year and birth order. We also applied the bidirectional case-
crossover design to control exposure trend bias, including as
controls all noncleft births before and after the cleft birth. We
used our data to test the assumption (required for valid

TABLE 1. Distribution of Potential Risk Factors for Oral Clefts for Cases and Controls, Swedish Medical Birth Registry,
1983-1997
Cleft Lip = Cleft Palate Cleft Palate Controls
(n = 1175) (n = 678) (n = 128,688)

Variable % % %
Smoking (no. of cigarettes/day)

0 72 71 76

1-10 17 17 15

>10 11 13 9
Age (years)

<20 3 2 3

20-24 23 23 23

25-29 37 35 37

30-34 26 27 26

35+ 11 13 11
Birth year

1983-1985 24 25 22

19861988 21 16 18

1989-1991 20 21 20

1992-1994 22 24 22

1995-1997 14 15 19
Parents cohabit 95 95 95
Maternal diabetes 1.0 1.3 1.0
Maternal history of birth defects 2.7 3.5 2.7
Parity (no. of births)

1 58 58 60

2 30 33 31

3+ 12 10 9
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analyses based on this design) that having a cleft infant did
not influence a woman’s subsequent smoking.

We used conditional logistic regression to estimate the
odds ratios (and 95% Cls) from the case-only designs, com-
paring smoking status in case and control births within strata
of mother. For the case-time-control design, we adjusted the
natural log odds ratio from the case-crossover design for
smoking trend as follows. First, from women who did not
have a cleft infant, we identified birth histories that matched
the birth histories of women who had a cleft infant with
respect to several variables. That is, for estimates of exposure
trend, we matched case women’s birth histories to control
women’s birth histories (explicit matching); this matching
procedure is in contrast to matching case births to other
(control) births within the same woman (implicit matching)
as in the case-crossover analyses. Among the women who did
not have an infant with cleft, we then assigned the last birth
from the matched birth histories “case” status (that is, coded
it “1,” in which control status was coded “0”), and conducted
the same conditional logistic regression analysis among these
women. This provided us with an estimate of the trend in
smoking over the period during which women gave birth to
an infant with a cleft. Finally, we adjusted our case-crossover
estimates by dividing the case-crossover odds ratio by the
trend estimate. The variance for the case-time-control esti-
mates was estimated by adding the variance components
contributed by the case-crossover and trend estimates on the
natural log scale. The resulting confidence intervals reflect

the uncertainty in both the case-crossover odds ratio and the
exposure trend estimate.

RESULTS

Daily smoking in early pregnancy was slightly more
common among women who gave birth to a child with any
cleft palate than among control women (Table 1). Overall, the
distributions of other covariables did not differ appreciably
between case and control women.

We observed modest positive associations between
maternal smoking and oral cleft subtypes in the case—control
analysis (Table 2). Crude and multivariate-adjusted results
were similar, as were effect estimates for isolated clefts and
clefts that occurred with other malformations. Modeling ma-
ternal age, offspring birth year, and parity as continuous,
rather than categorical, variables, also did not alter odds
ratios. Compared with nonsmokers, multivariate-adjusted
odds ratios (95% ClIs) for isolated cleft palate were 1.2
(1.0-1.5) and 1.4 (1.1-1.8) for those who smoked 1 to 9 and
10 or more cigarettes per day, respectively. Odds ratios for
cleft lip with or without palate were 1.1 (1.0-1.3) and 1.2
(1.0-1.5) across levels of smoking. Estimates were similar
when we restricted the analysis to first births to explore
confounding or effect modification by birth order. Among
first births, adjusted odds ratios for isolated cleft palate were
1.3 (1.0-1.7) and 1.5 (1.1-2.1) across smoking categories.
Odds ratio did not differ among women who had at least 2
children, mirroring the eligible population for the case-cross-

TABLE 2. Crude and Multivariate-Adjusted Odds Ratios and 95% Confidence Intervals for Oral Clefts According to Maternal
Smoking at Registration in the Swedish Medical Birth Registry; Case-Control Analysis

No Smoking*

<10 cig/day 10+ cig/day

Non-malformed sample (n) 97,595 19,207 11,886
Isolated cleft palate
No. of cases 480 113 85
Crude OR (95% CI) 1.0 1.2 (1.0-1.5) 1.5 (1.2-1.8)
Multivariate adjusted OR (95% CI) 1.0 1.2 (1.0-1.5) 1.4 (1.1-1.8)
All cleft palate
No. of cases 633 136 103
Crude OR (95% CI) 1.0 1.1 (0.9-1.3) 1.3 (1.1-1.7)
Multivariate adjusted OR (95% CI) 1.0 1.1 (1.0-1.4) 1.4 (1.1-1.7)
Isolated cleft lip with or without palate
No. of cases 847 195 133
Crude OR (95% CI) 1.0 1.2 (1.0-1.4) 1.3 (1.1-1.6)
Multivariate adjusted OR (95% CI) 1.0 1.1 (1.0-1.3) 1.2 (1.0-1.5)
All cleft lip with or without palate
No. of cases 1051 238 167
Crude OR (95% CI) 1.0 1.2 (1.0-1.3) 1.3 (1.1-1.5)
Multivariate adjusted OR (95% CI) 1.0 1.1 (1.0-1.3) 1.3 (1.1-1.5)

*Reference category.
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over, case-time—control, and bidirectional designs: odds ra-
tios for isolated cleft palate were 1.2 (1.0-1.6) and 1.3
(1.0-1.8) across the 2 levels of smoking and for isolated cleft
lip with or without cleft palate 1.2 (1.0-1.4) and 1.3 (1.0—
1.6). Finally, odds ratios for the subgroups cleft lip alone and
cleft lip with palate did not differ from the odds ratio for cleft
lip with or without palate.

We created a dataset of women’s first and second births
to test assumptions of the case-crossover study. We found no
evidence of carryover effects of smoking from one pregnancy
to the next; among women who did not give birth to a cleft
infant on their first pregnancy, the odds of having a cleft
infant in their second pregnancy did not depend on their
smoking status during their first pregnancy (OR = 0.8; CI =
0.5-1.4). Furthermore, having a cleft infant did not appear to
influence a woman’s decision to smoke during subsequent
pregnancies; controlling for smoking during the first preg-
nancy, the odds of smoking during the second pregnancy was
not different between women who did or did not have a cleft
infant in their first pregnancy (1.0; 0.8—1.3).

Case-only analyses included women who had given
birth to at least 1 cleft infant. Table 3 presents the distribution
of cleft births within these women’s birth histories. For
example, 684 women had their cleft infant during their
second pregnancy; 503 of these women had only 2 children,
152 women had 3 children, and so on. Table 3 provides rough
estimates of the sample sizes available for the various case-
only designs, although numbers for analysis were often some-
what lower as a result of missing data on exposure or
covariables.

We began with a case-crossover sample, including all
women who had at least 1 nonmalformed infant before their
cleft infant. From these women, we selected the noncleft birth
that immediately preceded the cleft birth. There were 914
such infant pairs; 646 mothers did not smoke in either

TABLE 3. Distribution of Cases Among Births for Women
Who Had at Least One Infant With a Cleft

Birth Position of Cleft Infant

Total No. of

Control Births 1 2 3 4 5 6
0 751

1 489 503

2 150 152 155

3 18 24 22 39

4 2 4 4 4 5

5 1 1 2 2

6 1

7 1
Total cases 1360 684 182 45 8 1

© 2004 Lippincott Williams & Wilkins

pregnancy, 197 mothers smoked in both pregnancies, 49
mothers smoked only in the first pregnancy, and 22 mothers
smoked only in the second pregnancy. Odds ratios (95% Cls)
for specific isolated cleft subgroups, comparing smokers with
nonsmokers, were 0.5 (0.2—1.0) for cleft lip with or without
palate and 1.4 (0.6-3.5) for cleft palate.

We considered that a decline in smoking over time may
have biased these findings. Indeed, the prevalence of smoking
decreased by approximately 50% across calendar time (birth
year), from 31% or 32% in 1983 to 14% in 1997 (Fig. 1), a
trend that could bias case-crossover estimates if not addressed
in the analysis. Smoking during pregnancy was also inversely
related to maternal age. Most relevant to our analysis, the
prevalence of smoking decreased over a woman’s birth his-
tory (data available with the electronic version of this article).
For example, among women who had 3 children, the average
smoking prevalence decreased from 25% or 26% during the
woman’s first pregnancy to 22% or 23% and 21% during the
woman’s second and third pregnancies, respectively. A
smoking trend would most affect those case-crossover strata
with a long interval between the control and case birth.
Indeed, when we stratified case-crossover data on time, we
found an odds ratio of roughly 0.6 for control-case birth
intervals of 1 to 2 years and an odds ratio of 0.4 for
control-case birth intervals of 3 years or more.

Thus, we attempted to correct case-crossover findings
for exposure trend bias by using the case-time-control and

A.

50

40

30

20

10
0 T T T T T T T T
17 20 23 26 29 32 35 38 41

Maternal Age

Percent smokers

35
30
25
20
15
10

5

0+ T ¥ T T T : ]
1983 1985 1987 1989 1991 1993 1995 1997

Birth Year
FIGURE 1. Percent of pregnant women who reported smoking

at their prenatal visit by (A) age and (B) birth year, Swedish
Medical Birth Registry.
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bidirectional approaches. First, we estimated the smoking
trend among women who did not give birth to a cleft infant
and who had the same distribution of demographic and
reproductive factors in 2 subsequent births as mothers of cleft
infants. Between these 2 births, there were roughly twice as
many instances of women who stopped smoking as those who
started smoking. That is, the odds of smoking only in the
second pregnancy were half the odds of smoking only in the
first pregnancy. Using this ratio to adjust the original case-
crossover estimates for the smoking trend, the odds ratio was
approximately 1.0 for cleft lip with or without palate (Fig. 2),
and also for cleft lip and palate, and cleft lip separately (data
not shown). After the adjustment, the odds ratio for cleft
palate with smoking was 3.2 (1.3-7.4). Findings were similar
when we sampled controls from both before and after the
cleft birth (bidirectional design) in an effort to adjust for the
smoking trend (Fig. 2). Again, a relation was observed for
cleft palate only, with an odds ratio of 2.2 (1.1-4.1). Odds
ratios for cleft palate were higher in both of the case-only
designs that controlled for smoking trend compared with the
case-control design; however, confidence intervals were large
in the case-only designs, and both results included the cleft
palate point-estimate from the case-control design. As ex-
pected, findings from the bidirectional design did not differ
when we stratified on control-case birth interval length.

DISCUSSION

Subjecting a study question to a combination of design
and analytic approaches can be informative.?®?° Using mul-
tiple approaches is particularly useful for exploring inconsis-
tent findings or for addressing specific limitations of a single
design.®® Findings for oral cleft and smoking have been
mixed, with positive associations for both cleft lip with or
without cleft palate and cleft palate,”!>!*161821 positive
findings for only 1 cleft subtype,'> and no association with
either subtype.*'*!>!” This lack of consistency may be, at

Case-time-control Bidirectional

10

Odds Ratio

(=)

o 4o N

—re——i
—

—e—

0.3
0.2

0.1 t
Cleft lip with or
without palate

Cleft palate Cleft tip with or
without palate

Cleft palate

FIGURE 2. Case-time-control and bidirectional case-crossover
analyses of maternal smoking (any vs. none) and oral clefts in
offspring.
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least in part, the result of design issues such as low statistical
power, inadequate control for potential confounding factors,
and possible selection and recall biases. It is also possible that
differences in the population prevalence of genetic suscepti-
bility factors has contributed to divergent study findings. The
present case—control study did not suffer from lack of statis-
tical power, nor, as we discuss further, selection or recall bias.

We considered the possibility that our case-control
design could be limited by the absence of information on
potential confounding variables in the registry. Even so,
several aspects of these data suggested, a priori, that the
case-control design was the most reasonable option.*! First,
more women gave up smoking than initiated smoking during
their reproductive years, producing a selection bias in the
standard case-crossover design. Second, relatively few
women changed their smoking status over time, and the small
number of discordant sibling pairs resulted in a large degree
of uncertainty in effect estimates. Finally, case-only designs
would not necessarily adjust for important potential con-
founders (such as alcohol and vitamin supplement use) for
which changes over time are likely to correlate with changes
in smoking.

We included 2 referent groups in our case-only designs:
the noncleft birth that preceded the cleft birth and all noncleft
births (before and after the cleft birth). We based this decision
on considerations of bias and precision. Including up to 12
control periods per case can increase relative efficiency,
although the improvement will be hampered by autocorrela-
tion of exposure.*> Autocorrelation among exposure periods
will also violate the assumption of independence among
observations and can lead to biased estimates.>® Maternal
smoking was highly correlated in sequential pregnancies, as
shown by the minimal degree of crossover. Bias from auto-
correlation is of most concern when controls are selected
from one side of the case period, like in our case-time-control
design. This bias is not appreciable when controls are se-
lected from both sides of the case period, like in our bidirec-
tional design.** Restricting the case-time-control analysis to 1
control period decreased autocorrelation bias, but also de-
creased precision. By including all control periods in the
bidirectional design, we increased precision without the ex-
pense of autocorrelation bias.

Our case-only population was nontraditional in that the
case and control periods were from different infants, in
contrast to case-only designs in which the same individual
serves as both case and control. An example of such a design
in the context of exposure during pregnancy and birth defects
is the study by Hernandez-Diaz and colleagues®> of maternal
use of folic acid antagonists at different times during preg-
nancy among women whose infant had a neural tube defect.
This approach was not possible in the Swedish Birth Regis-
try, which lacks data on the specific timing of exposure
during pregnancy.

© 2004 Lippincott Williams & Wilkins
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We may not have successfully eliminated selection bias
as a result of the decreasing smoking trend over time in the
case-crossover designs. In the case-time-control design, we
sought to mirror the exposure distribution of the source
population of case mothers by matching control mothers to
case mothers on factors that may relate to a women’s smok-
ing habits over time. However, the limited number of vari-
ables in the Registry may have prevented our representing the
case population. With respect to the bidirectional design,
including all noncleft births as controls may not have com-
pletely adjusted for time trends in exposure. Ideally, to adjust
for a monotonic trend, one would include control periods that
are symmetric in count and temporal distance from the case
period. However, restricting our population to situations in
which a woman had evenly spaced births would have se-
verely limited the size of our study population.

The Registry has data on only a few potential con-
founding factors, leaving the case-control design vulnerable
to confounding. The case-crossover study will control for
confounders that are stable over time such as socioeconomic
status, but not time-varying factors such as maternal alcohol
consumption, multivitamin supplement use, or medication
use. One could consider a woman’s propensity to consume
alcohol or use vitamin supplements during pregnancy as
somewhat stable over time, but it is also reasonable to assume
that these variables will change. To the extent that trends in
these potential risk factors mirror trends in smoking, there
may be intractable confounding.

In addition to design-specific biases, misclassification
or biased entry into the Registry would affect all designs.
Smoking data were collected prospectively, which limits the
potential for differential misclassification of smoking based
on birth outcome. In general, studies report high reliability
and validity of retrospective maternal reports of smoking
during pregnancy,*®>” and it is reasonable to assume that data
collected prospectively would be at least as valid.

It is possible that, when learning of their pregnancy,
some women stopped smoking before their visit to the nurse
midwife but after some portion of the etiologic period. Smok-
ing status was ascertained during weeks 8 to 12 of pregnancy,
which is the etiologic period for cleft palate but follows cleft
lip development during weeks 5 to 8.>® Women who stopped
smoking after the initiation of lip formation but before palate
formation would be classified as nonsmokers, although they
did smoke during some part of weeks 5 through 8. Thus,
some cases of cleft lip could have been incorrectly classified
as nonsmokers, attenuating any positive association between
cleft lip and smoking. However, those classified as smokers
would be true smokers, and the much larger proportion of
true nonsmokers would dampen the effect of misclassification
of smokers as nonsmokers.

The Registry includes virtually all births in Sweden,
and bias in selection into the Registry is unlikely. Although

© 2004 Lippincott Williams & Wilkins

smoking may be associated with spontaneous abortion and,
through social factors, with elective abortion, isolated oral
clefts are not believed to result in either spontaneous or
elected abortion.*”

Our findings are consistent with a positive association
between maternal smoking during pregnancy and cleft palate
in offspring. Weaker positive relations with other cleft sub-
types were observed only in a case-control design. This study
illustrates the use of case-only designs to explore findings
from case-control studies in registries with maternal birth
history data.

REFERENCES

1. Lorente C, Cordier S, Goujard J, et al. Tobacco and alcohol use during
pregnancy and risk of oral clefts. Occupational Exposure and Congenital
Malformation Working Group. Am J Public Health. 2000;90:415-419.

2. Chung KC, Kowalski CP, Kim HM, et al. Maternal cigarette smoking
during pregnancy and the risk of having a child with cleft lip/palate.
Plast Reconstr Surg. 2000;105:485—-491.

3. Romitti PA, Lidral AC, Munger RG, et al. Candidate genes for nonsyn-
dromic cleft lip and palate and maternal cigarette smoking and alcohol
consumption: evaluation of genotype-environment interactions from a
population-based case-control study of orofacial clefts. Teratology.
1999;59:39-50.

4. Christensen K, Olsen J, Ngrgaard-Pedersen B, et al. Oral clefts, trans-
forming growth factor alpha gene variants, and maternal smoking: a
population-based case-control study in Denmark, 1991-1994. Am J
Epidemiol. 1999;149:248-255.

5. Lieff S, Olshan AF, Werler M, et al. Maternal cigarette smoking during
pregnancy and risk of oral clefts in newborns. Am J Epidemiol. 1999;
150:683—694.

6. Lidral AC, Murray JC, Buetow KH, et al. Studies of the candidate genes
TGFB2, MSX1, TGFA, and TGFB3 in the etiology of cleft lip and palate
in the Philippines. Cleft Palate Craniofac J. 1997;34:1-6.

7. Kallen K. Maternal smoking and orofacial clefts. Clefi Palate Craniofac
J. 1997;34:11-16.

8. Beaty TH, Maestri NE, Hetmanski JB, et al. Testing for interaction
between maternal smoking and TGFA genotype among oral cleft cases
born in Maryland 1992-1996. Cleft Palate Craniofac J. 1997;34:447—
454.

9. Shaw GM, Wasserman CR, Lammer EJ, et al. Orofacial clefts, parental
cigarette smoking, and transforming growth factor-alpha gene variants.
Am J Hum Genet. 1996;58:551-561.

10. Hwang SJ, Beaty TH, Panny SR, et al. Association study of transforming
growth factor alpha (TGFa) Tagl polymorphism and oral clefts: indica-
tion of gene-environment interaction in a population-based sample of
infants with birth defects. Am J Epidemiol. 1995;141:629—636.

11. McDonald AD, Armstrong BG, Sloan M. Cigarette, alcohol, and coffee
consumption and congenital defects. A4m J Public Health. 1992;82:91—
93.

12. Van Den Eeden SK, Karagas MR, Daling JR, et al. A case-control study
of maternal smoking and congenital malformations. Paediatr Perinat
Epidemiol. 1990;4:147—155.

13. Werler MM, Lammer EJ, Rosenberg L, et al. Maternal cigarette smoking
during pregnancy in relation to oral clefts. 4m J Epidemiol. 1990;132:
926-932.

14. Khoury MIJ, Gomez-Farias M, Mulinare J. Does maternal cigarette
smoking during pregnancy cause cleft lip and palate in offspring? 4m J
Dis Child. 1989;143:333-337.

15. Malloy MH, Kleinman JC, Bakewell JM, et al. Maternal smoking during
pregnancy: no association with congenital malformations in Missouri
1980—83. Am J Public Health. 1989;79:1243—1246.

16. Khoury MJ, Weinstein A, Panny S, et al. Maternal cigarette smoking and
oral clefts: a population-based study. Am J Public Health. 1987;77:623—
625.

17. Shiono PH, Klebanoff MA, Berendes HW. Congenital malformations

677

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Meyer et al

Epidemiology ® Volume 15, Number 6, November 2004

20.

21.

22.

23.
24.

25.

26.

217.

28.

29.

and maternal smoking during pregnancy. Teratology. 1986;34:65-71.

. Ericson A, Kallen B, Westerholm P. Cigarette smoking as an etiologic

factor in cleft lip and palate. Am J Obstet Gynecol. 1979;135:348 -351.

. Evans DR, Newcombe RG, Campbell H. Maternal smoking habits and

congenital malformations: a population study. BMJ. 1979;2:171-173.
Kelsey JL, Dwyer T, Holford TR, et al. Maternal smoking and congen-
ital malformations: an epidemiological study. J Epidemiol Community
Health. 1978;32:102—-107.

Saxen I. Cleft lip and plate in Finland: parental histories, course of
pregnancy and selected environmental factors. /nt J Epidemiol. 1974;3:
263-270.

Maclure M. The case-crossover design: a method for studying transient
effects on the risk of acute events. Am J Epidemiol. 1991;133:144—153.
Suissa S. The case-time-control design. Epidemiology. 1995;6:248-253.
Greenland S. Confounding and exposure trends in case-crossover and
case-time-control designs. Epidemiology. 1996;7:231-239.

Navidi W. Bi-directional case-crossover designs for exposures with time
trends. Biometrics. 1998;54:596—605.

Greenland S. A unified approach to the analysis of case-distribution
(case-only) studies. Stat Med. 1999;18:1-15.

Cnattingius S, Mills JL, Yuen J, et al. The paradoxical effect of smoking
in preeclamptic pregnancies: smoking reduces the incidence but in-
creases the rates of perinatal mortality, abruptio placentae, and intrauter-
ine growth restriction. 4m J Obstet Gynecol. 1997;177:156-161.
Popper K. The Logic of Scientific Discovery. New York: Harper & Row;
1991.

Cochran WG. The planning of observational studies of human popula-
tions. J Royal Stat Society (Series A). 1965;128:134-155.

678

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Breslow NE, Day NE. Statistical Methods in Cancer Research, vol 1:
The analysis of case-control studies. Lyon: International Agency for
Research on Cancer; 1980.

Maclure M, Mittleman MA. Should we use a case-crossover design?
Annu Rev Public Health. 2000;21:193-221.

Mittleman MA, Maclure M, Robins JM. Control sampling strategies for
case-crossover studies: an assessment of relative efficiency. Am J Epi-
demiol. 1995;142:91-98.

Levy D, Lumley T, Sheppard L, et al. Referent selection in case-
crossover analyses of acute health effects of air pollution. Epidemiology.
2001;12:186-192.

Lumley T, Levy D. Bias in the case-crossover design: implications for
studies of air pollution. Environmetrics. 2000;11:689-704.
Hernandez-Diaz S, Hernan MA, Meyer K, et al. Case-crossover and
case-time-control designs in birth defects epidemiology. Am J Epide-
miol. 2003;158:385-391.

Patrick DL, Cheadle A, Thompson DC, et al. The validity of self-
reported smoking: a review and meta-analysis. Am J Public Health.
1994;84:1086—-1093.

Tomeo CA, Rich-Edward JW, Michels KB, et al. Reproducibility and
validity of maternal recall of pregnancy-related events. Epidemiology.
1999;10:774-777.

Moore KL, Persaud TVN. The Developing Human, 6th ed. Philadelphia:
WB Saunders Co; 1998.

Forrester MB, Merz RD, Yoon PW. Impact of prenatal diagnosis and
elective termination on the prevalence of selected birth defects in
Hawaii. Am J Epidemiol. 1998;148:1206—1211.

© 2004 Lippincott Williams & Wilkins

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



