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Although alcohol is a recognized teratogen, evidence is limited on alcohol intake and oral cleft risk. The authors
examined the association between maternal alcohol consumption and oral clefts in a national, population-based
case-control study of infants born in 1996–2001 in Norway. Participants were 377 infants with cleft lip with or
without cleft palate, 196 with cleft palate only, and 763 controls. Mothers reported first-trimester alcohol consump-
tion in self-administered questionnaires completed within a fewmonths after delivery. Logistic regression was used
to calculate odds ratios and 95% confidence intervals, adjusting for confounders. Compared with nondrinkers,
women who reported binge-level drinking (�5 drinks per sitting) were more likely to have an infant with cleft lip with
or without cleft palate (odds ratio ¼ 2.2, 95% confidence interval: 1.1, 4.2) and cleft palate only (odds ratio ¼ 2.6,
95% confidence interval: 1.2, 5.6). Odds ratios were higher among women who binged on three or more occasions:
odds ratio ¼ 3.2 for cleft lip with or without cleft palate (95% confidence interval: 1.0, 10.2) and odds ratio ¼ 3.0 for
cleft palate only (95% confidence interval: 0.7, 13.0). Maternal binge-level drinking may increase the risk of infant
clefts.

alcohol drinking; cleft lip; cleft palate

Alcohol is a human teratogen that produces a range of
effects depending on the timing of exposure and the amount
of alcohol consumed (1). One of the best-described and
most severe outcomes of heavy maternal drinking is fetal
alcohol syndrome, characterized by a specific pattern of
craniofacial malformations, prenatal and postnatal growth
retardation, and central nervous system disorders (2). It is
less clear that women’s alcohol consumption during preg-
nancy is related to individual congenital malformations such
as oral clefts (3). Cleft lip with or without cleft palate occurs
in about 9–18 percent of infants with fetal alcohol syndrome
but is not diagnostic of the syndrome (4).

Some evidence exists that women who drink alcohol dur-
ing pregnancy are more likely than nondrinkers to have
infants with facial clefts (5–8), but summarizing previous

findings is hampered by different categories of drinks and
time points of reference across studies. Few studies have
examined binge-level drinking (7–10), usually defined as
the consumption of five or more drinks per sitting (11).
Maternal drinking is uncommon in some populations, and
the small numbers of exposed women in many studies have
made it difficult to assess this association.

InNorway and otherNordic countries, weekend binge drink-
ing is a common pattern of alcohol consumption (12, 13).
In a population-based survey, 25 percent of Norwegian
women reported at least one binge drinking episode during
early pregnancy (14). We examined the relation between
maternal alcohol consumption, including binge-level drink-
ing, and infant oral clefts in Norway by using a population-
based case-control study.

Correspondence to Dr. Lisa A. DeRoo, Epidemiology Branch, National Institute of Environmental Health Sciences, P.O. Box 12233,

Mail Drop A3-05, Durham, NC 27709 (e-mail: DeRooL@niehs.nih.gov).

638 Am J Epidemiol 2008;168:638–646

American Journal of Epidemiology

Published by the Johns Hopkins Bloomberg School of Public Health 2008.

Vol. 168, No. 6

DOI: 10.1093/aje/kwn186

Advance Access publication July 30, 2008



MATERIALS AND METHODS

Eligible cases were all newborn infants with orofacial
cleft defects born in Norway in May 1996 to October
2001 and referred for surgical treatment. In Norway, all
surgery for clefts is paid for by the government and takes
place at one of two surgical centers (Oslo and Bergen). An
infant with a cleft is routinely referred for surgery shortly
after birth. Our study office was notified of all referrals, at
which time a letter of invitation was sent to the family. We
randomly selected controls (with a probability of about 4 per
1,000) from all livebirths recorded in the Medical Birth
Registry of Norway from September 1996 to April 2001.
Families of selected controls were mailed an invitation to
participate. These infants served as controls for both cleft
case groups, with control-case ratios of about 2:1 for cleft
lip with or without cleft palate and 4:1 for cleft palate. Study
materials were in Norwegian; mothers who did not speak
Norwegian were excluded. The study was approved by the
Norwegian Data Inspectorate, the Regional Medical Ethics
Committee of Western Norway, and the Institutional Review
Board of the US National Institute of Environmental Health
Sciences. Parents provided informed consent.

Mothers completed a self-administered, mailed question-
naire on demographic characteristics, medical history, family
history of clefts, cigarette smoking, alcohol consumption,
and other exposures during pregnancy. Questions pertaining
to maternal exposures and diet were asked specifically for
the first 3 months of pregnancy, the relevant exposure period
for early facial development. During this time period, the
structures that form the embryonic lip and palate fuse: clo-
sure of the lip occurs during weeks 5 and 6 postconception,
followed by closure of the palatal shelves during weeks
7–10 (15). Median time from the infant’s delivery to the
mother’s completion of the main questionnaire was 14
weeks for cases and 15 weeks for controls. After returning
the main questionnaire, mothers completed a quantitative
food frequency questionnaire (16–18) on dietary habits dur-
ing the first 3 months of pregnancy, including the types of
alcoholic beverages (beer, wine, and liquor) consumed. The
study questionnaires (with English translations) are avail-
able online at http://www.niehs.nih.gov/research/atniehs/
labs/epi/studies/ncl/question.cfm.

Information on noncleft birth defects was collected from
three sources: the mother’s questionnaire, the infant’s med-
ical records at the time of cleft repair surgery, and the Med-
ical Birth Registry, which contains information from the
infant’s delivery records and hospital records during the first
week of life. Cases with any accompanying birth defect or
syndrome were categorized as nonisolated.

Information on maternal alcohol consumption was col-
lected for the first 3 months of pregnancy and the time
period before the pregnancy. Mothers were asked to recall
the average number of days per week or month they drank
alcohol, and the average number of drinks consumed on
each occasion. Total number of drinking days in the first
trimester was estimated by extrapolating weekly or monthly
drinking frequency over the 3-month period. Total number
of alcoholic beverages consumed in the first trimester was
estimated by multiplying the total number of drinking days

by the average number of drinks per occasion. Categorical
variables were used to summarize total drinks (1–3, 4–6,
�7), number of drinking days (1–2, 3–6, �7), and average
number of drinks per occasion (1, 2–4, �5) in the first tri-
mester. The categories were defined to ensure adequate case
numbers within categories and to capture binge-level drink-
ing (defined as an average of �5 drinks per sitting.) An
additional categorical variable was used to examine number
of drinks and frequency of consumption simultaneously:
one to four drinks on one to two occasions, one to four
drinks on three or more occasions, five or more drinks on
one to two occasions, and five or more drinks on three or
more occasions. Nondrinkers served as the referent group
for all measures of first-trimester alcohol exposure.

We calculated odds ratios and 95 percent confidence inter-
vals for the associations between infant clefts and maternal
alcohol consumption. Because cleft outcomes are rare, the
odds ratios are close approximations of risk ratios and can
be interpreted as such.We conducted separate analyses of cleft
lip with or without cleft palate, and cleft palate only. We cal-
culated separate estimates for infants with isolated and with
nonisolated cleft defects. Multivariable logistic regression
models were used to estimate odds ratios adjusted for child’s
year of birth, mother’s age group (<25, 25–29, 30–34,
�35 years), education (less than high school, high school,
technical college, 2–4-year college, university), first-trimester
smoking (none; passive only; active, 1–5 cigarettes per day;
active, 6–10 cigarettes per day; active,�11 cigarettes per day),
household per capita income (�50,000, 50,001–75,000,
75,001–100,000, 100,001–150,000, �150,001 kroner), and
family history of clefts among parents or grandparents (yes/
no). Dummy variables were used for variables with more than
two levels. Further adjustment formother’smarital status, par-
ity, employment during the first trimester, folic acid supple-
ment use, dietary folate, multivitamin use, and prepregnancy
body mass index did not substantially change the estimates.

We explored the possible effect of heavy drinking before
the pregnancy by restricting analysis to mothers who drank
an average of five or more alcoholic beverages per sitting
before pregnancy but reported no drinking during preg-
nancy. We calculated the risk of infant clefts among these
women compared with women who abstained from drinking
alcohol both before and during their pregnancies.

Pearson chi-square tests were used to compare the per-
centages of beer, wine, and liquor drinkers among the
women who reported an average of five or more drinks
per sitting and those who reported four or fewer. To assess
possible differences in infant cleft risk by the type(s) of
alcohol the mothers consumed, separate multivariable logis-
tic regression models were conducted to examine beer/wine
consumption (alone or in combination) and liquor consump-
tion (alone or in combination with beer or wine).

RESULTS

Participants

There were 676 infants referred for orofacial cleft surgery
during the study recruitment period (May 1996–October
2001). Excluding 24 mothers who did not speak Norwegian
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or whose infants died after birth left 652 eligible mothers of
cases. Of these, 573 (88 percent) agreed to participate (377
infants with cleft lip with or without cleft palate, 196 with cleft
palate only). A total of 1,022 controls were randomly selected
within 6 weeks of their deliveries in September 1996–April
2001. After excluding 16 mothers who did not speak Norwe-

gian or whose infants had died, 1,006 mothers of controls
were eligible, of whom 763 (76 percent) agreed to participate.

Ninety-five percent of mothers were married or living as
married (table 1). The mean age of mothers was 29 years,
and about 40 percent were primiparous. Thirty percent of
mothers of controls reported drinking alcohol during the

TABLE 1. Characteristics of mothers of cases and controls and of their infants studied

regarding first-trimester alcohol consumption and oral clefts, Norway, 1996–2001

Cases

Controls
(n ¼ 763)

Cleft lip with
or without cleft
palate (n ¼ 377)

Cleft palate only
(n ¼ 196)

No. % No. % No. %

Current marital status

Married 182 48 91 47 405 53

Living as married 177 47 96 49 329 43

Single* 18 5 8 4 28 4

Missing 0 1 1

Maternal age (years)

<25 71 19 36 18 125 16

25–29 136 36 75 38 295 39

30–34 120 32 55 28 231 30

�35 50 13 30 15 112 15

Parity

1 151 40 88 45 292 38

2 138 37 63 32 290 38

3 63 17 36 18 132 17

�4 25 7 9 5 49 6

Education

<High school 71 19 23 12 87 11

High school 94 25 48 25 211 28

Technical college 69 18 41 21 153 20

2–4-year college 124 33 72 37 265 35

University 19 5 12 6 46 6

Missing 0 0 1

Employmenty

Yes 287 76 155 79 634 83

Missing 1 1 0

Cigarette smokingy

No exposure 152 40 92 47 414 54

Passive only 58 15 32 16 106 14

Active, 1–5 cigarettes/day 93 25 36 18 142 19

Active, 6–10 cigarettes/day 49 13 31 16 73 10

Active, �11 cigarettes/day 25 7 5 3 28 4

Total no. of alcoholic
beverages consumedy

0 230 62 120 61 527 70

1–3 70 19 37 19 123 16

4–6 26 7 17 9 40 5

�7 45 12 22 11 68 9

Missing 6 0 5

No. of drinking daysy

0 230 61 120 61 527 69

1–2 104 28 54 28 164 21

3–6 24 6 14 7 30 4

�7 19 5 8 4 42 6

Table continues
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first trimester, with a median of three drinks total (range,
1.5–780 drinks); 3 percent reported binge-level drinking of
an average of five or more drinks per occasion.

Among the cases, noncleft birth defects were present
in 17 percent of infants with cleft lip with or without
cleft palate and 40 percent of infants with cleft palate only.

TABLE 1. Continued

Cases

Controls
(n ¼ 763)

Cleft lip with
or without cleft
palate (n ¼ 377)

Cleft palate only
(n ¼ 196)

No. % No. % No. %

Average no. of drinks per sittingy

0 230 62 120 61 527 69

1 64 17 41 21 126 17

2–4 52 14 23 12 81 11

�5 25 7 12 6 24 3

Missing 6 0 5

Average no. of drinks per
sitting/no. of drinking daysy

Nondrinker 230 62 120 61 527 69

1–4 drinks/1–2 days 84 23 45 23 143 19

1–4 drinks/�3 days 32 9 19 10 64 8

�5 drinks/1–2 days 15 4 9 5 17 2

�5 drinks/�3 days 10 3 3 2 7 1

Missing 6 0 5

Folic acid supplement (mcg)z

No supplement 240 64 119 61 453 59

1–399 86 23 46 23 165 22

�400 51 14 31 16 145 19

Dietary folate (mcg) quartiley

0–171 111 31 62 33 176 25

172–214 88 25 44 23 177 25

215–264 81 23 36 19 177 25

�265 74 21 46 24 174 25

Missing 23 8 59

Used multivitamins§ 123 33 71 36 279 37

Prepregnancy body mass index

Underweight 15 4 10 5 28 4

Normal 256 68 126 65 533 70

Overweight 67 18 47 24 144 19

Obese 36 10 11 6 54 7

Missing 3 2 4

Household per capita
income (kroner)

�50,000 42 11 17 9 73 10

50,001–75,000 67 18 28 15 110 15

75,001–100,000 81 22 41 21 161 21

100,001–150,000 107 29 76 39 273 36

�150,001 69 19 31 16 136 18

Missing 11 3 10

Infant’s parent or grandparent
had an oral cleft

Yes 31 8 17 9 8 1

Missing 6 2 8

Infant had a noncleft birth defect 63 17 78 40 38 5

* Includes never married, divorced, and separated.

yDuring the first 3 months of pregnancy.

z Any intake of folic acid supplements (either alone or with multivitamins) during the month

prior to pregnancy and the first 2 months of pregnancy.

§ Intake during the month prior to pregnancy and the first 2 months of pregnancy.
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The associations between cleft defects and maternal alcohol
consumption did not differ substantially by the presence of
noncleft defects (appendix table 1), and we therefore present
the results for isolated and nonisolated clefts combined.

Maternal alcohol consumption in the first trimester

Total drinks and number of drinking days. There were no
clear patterns of increased infant cleft risk for categories of
total drinks or number of drinking sessions (table 2). Moth-
ers who drank between four and six drinks total were twice
as likely as nondrinkers to have an infant with cleft palate
(odds ratio ¼ 2.0, 95 percent confidence interval: 1.1, 3.7),
but risk declined with seven or more drinks. For both cleft
types, odds ratios rose among women who reported 1–2 or
3–6 drinking days, but they decreased among those who
drank on 7 or more days.

Average drinks per sitting. Women who reported drink-
ing five or more drinks per occasion were more than twice as
likely to have an infant with either of the cleft types: for cleft
lip with or without cleft palate, odds ratio ¼ 2.2 (95 percent
confidence interval: 1.1, 4.2); for cleft palate only, odds ratio¼
2.6 (95 percent confidence interval: 1.2, 5.6) (table 2). The
odds ratios ranged from 1.1 to 1.6 for lower levels of alcohol
consumption.

Average drinks per sitting by drinking days. Odds ratios
for mothers who consumed an average of five or more drinks
per sitting during one or two drinking days were 1.8 (95
percent confidence interval: 0.8, 4.0) for infant cleft lip with
or without cleft palate and 2.5 (95 percent confidence in-
terval: 1.0, 6.0) for cleft palate only (table 2). The odds
ratios were further increased among women who drank this
amount on three or more occasions: for cleft lip with or
without cleft palate, odds ratio ¼ 3.2 (95% confidence in-
terval: 1.0, 10.2) and cleft palate only, odds ratio ¼ 3.0
(95 percent confidence interval: 0.7, 13.0).

Binge-level drinking before pregnancy. Among the
women who drank an average of five or more drinks per
occasion before pregnancy, two thirds reported no alcohol
consumption during the first trimester of pregnancy. These
women showed no evidence of increased risk of infant clefts
compared with women who reported no alcohol consump-
tion before or during their pregnancies (table 3). Those who
continued to drink during the first trimester but reduced the
amount to one to four drinks per sitting also showed little
evidence of increased risk of clefts in their offspring. Odds
ratios were increased, however, among the women who
maintained binge-level drinking of an average of five or
more drinks per occasion in the first trimester.

Types of alcoholic beverages consumed. The types of
alcohol consumed were available for 69 percent of the
mothers who drank an average of five or more drinks per
session and 80 percent of the other drinkers. A higher per-
centage of the binge-level drinkers reported consuming
liquor compared with the lighter drinkers (36 percent vs.
14 percent; chi-square p < 0.001), whereas a lower percent-
age reported drinking wine (52 percent vs. 70 percent; chi-
square p ¼ 0.005). The percentage of beer drinkers was the
same for the two groups (54 percent). Infant cleft risk did
not appear to differ for beer/wine and liquor drinkers, but

small numbers of women in some drinking categories pre-
cluded a definite conclusion (appendix table 2).

DISCUSSION

We found increased risks of orofacial clefts among in-
fants whose mothers reported binge-level drinking of an
average of five or more drinks per occasion during the first
trimester compared with nondrinkers. Risk was further in-
creased for women who drank at this level most frequently.
The evidence was weaker for increased risk of infant clefts
at lower levels of maternal alcohol consumption. The risk
for women who reported habitual binge-level drinking be-
fore their pregnancies but who reduced or stopped drinking
during their pregnancies was similar to that for women who
abstained before and during pregnancy. The higher percent-
age of liquor drinkers and lower percentage of wine drinkers
among women who drank at binge levels compared with the
other drinkers may reflect greater alcohol dependence or
different social patterns of drinking among heavy drinkers.

Associations were weaker when measuring alcohol con-
sumption as total drinks or number of drinking days. Both
animal and human studies suggest that the dose of alcohol
consumed per episode, rather than the frequency or total
amount over time, is the most relevant alcohol measurement
for assessing potential adverse fetal outcomes (11). Mater-
nal binge drinking may be particularly harmful because it
results in greater peak blood alcohol concentrations and
prolonged fetal alcohol exposure compared with drinking
fewer drinks over more occasions (19). The body’s rate of
alcohol metabolism remains relatively constant regardless
of the amount of alcohol consumed. The greater the blood
alcohol concentration, the longer it takes to clear the alco-
hol, resulting in longer fetal exposure (19). The crucial
stages of embryonic development for lip and palate are rel-
atively brief. Even a single binge episode at the crucial time
would presumably be enough to result in harm.

Strengths of this study include the virtually complete as-
certainment of cleft cases drawn from a large, well-defined
population; the high participation rate among mothers of
cases (88 percent); and the clinical confirmation of cleft
malformations. The participation rate for controls was lower
(76 percent), although with the advantage of being drawn
from a random sample of the entire population of births. The
study collected extensive data on relevant maternal charac-
teristics assessed as potential confounders.

This study has some possible limitations that should be
considered. We relied on retrospective self-report of alcohol
consumption, which is generally considered less valid than
concurrent reports. Some studies, however, have shown
that mothers’ recall of prenatal alcohol consumption after
pregnancy revealed greater intake than concurrent reports
(20, 21), perhaps because it was easier for women to dis-
close socially sensitive behavior when it occurred in the
past. This situation was found in Norway, where Alvik
et al. (22) reported that women tended to report less drinking
when asked during pregnancy than when asked about
the same period later in the pregnancy or 6 months post-
natally. Self-administered questionnaires tend to reveal
greater consumption of alcohol than interview-administered
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questionnaires (23), suggesting that our data collection
methods were appropriate for prenatal alcohol consumption.

Mothers of controls may be more likely than mothers who
have an affected child to admit drinking alcohol during
pregnancy after giving birth to a healthy infant. This possi-
bility would tend to underestimate the association between
maternal prenatal alcohol consumption and infant clefts.
Conversely, the effect may have been overestimated if moth-
ers of cases were more likely to remember past drinking,
perhaps in an effort to explain the occurrence of the malfor-
mation. In a prospective study, Verkerk et al. (24) compared
concurrent and retrospective reports of alcohol consumption
during pregnancy among women whose infants had congen-
ital malformations and those who did not. The differences in
reporting for the two groups did not substantially change
risk estimates. Their findings suggest that recall bias may
not have a large impact on effect estimates in studies using

retrospective alcohol information; however, we cannot rule
it out in our study.

Confounding is always a potential concern in observa-
tional studies, but we were able to adjust for confounders
including mother’s smoking, education, household income,
and other important variables. Such adjustments tended to
weaken the associations with cleft lip with or without cleft
palate, whereas they strengthened the associations with cleft
palate only (table 2). Further adjustment for other variables
had little impact on the estimates.

Selection bias may have resulted if heavy drinkers se-
lected as mothers of controls were less likely to participate
in the study than heavy drinkers whose infants had clefts.
Restriction of the analysis to mothers of cases and controls
who were heavy drinkers before pregnancy led to the same
general finding of increased infant cleft risk for the mothers
who continued to drink at high levels in the first trimester,

TABLE 2. Association between maternal alcohol consumption during the first trimester and risk of infant

clefts, Norway, 1996–2001

Maternal alcohol
consumption

in the first trimester

Cleft lip with
or without cleft
palate (n ¼ 377)

Cleft palate only
(n ¼ 196)

Crude Adjusted* Crude Adjusted*

ORy 95% CIy OR 95% CI OR 95% CI OR 95% CI

Total no. of drinks

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1–3 1.3 0.9, 1.8 1.2 0.9, 1.8 1.3 0.9, 2.0 1.4 0.9, 2.2

4–6 1.5 0.9, 2.5 1.4 0.8, 2.4 1.9 1.0, 3.4 2.0 1.1, 3.7

�7 1.5 1.0, 2.3 1.2 0.8, 1.9 1.4 0.8, 2.4 1.5 0.9, 2.7

Test for linear trend p ¼ 0.99 p ¼ 0.81

No. of drinking days

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1–2 1.5 1.1, 1.9 1.4 1.0, 1.9 1.4 1.0, 2.1 1.5 1.0, 2.3

3–6 1.8 1.1, 3.2 1.6 0.9, 2.9 2.1 1.1, 4.0 2.4 1.2, 4.8

�7 1.0 0.6, 1.8 0.8 0.4, 1.5 0.8 0.4, 1.8 0.9 0.4, 2.0

Test for linear trend p ¼ 0.13 p ¼ 0.21

Average no. of drinks per sitting

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1 1.2 0.8, 1.6 1.1 0.8, 1.6 1.4 1.0, 2.1 1.6 1.0, 2.4

2–4 1.5 1.0, 2.2 1.2 0.8, 1.8 1.3 0.8, 2.1 1.3 0.8, 2.2

�5 2.4 1.3, 4.3 2.2 1.1, 4.2 2.2 1.1, 4.5 2.6 1.2, 5.6

Test for linear trend p ¼ 0.07 p ¼ 0.23

Average no. of drinks per
sitting/no. of drinking days

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1–4 drinks/1–2 days 1.4 1.0, 1.8 1.3 0.9, 1.8 1.4 0.9, 2.0 1.5 1.0, 2.2

1–4 drinks/�3 days 1.2 0.7, 1.8 0.9 0.6, 1.6 1.3 0.8, 2.3 1.4 0.8, 2.6

�5 drinks/1–2 days 2.0 1.0, 4.1 1.8 0.8, 4.0 2.3 1.0, 5.3 2.5 1.0, 6.0

�5 drinks/�3 days 3.3 1.2, 8.7 3.2 1.0, 10.2 1.9 0.5, 7.4 3.0 0.7, 13.0

Test for linear trend p ¼ 0.06 p ¼ 0.26

* Adjusted for child’s year of birth, mother’s age group, prenatal smoking, education, household income, and

family history of clefts.

yOR, odds ratio; CI, confidence interval.
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giving some reassurance that differential participation was
not responsible for the results in the full analysis.

The structure of our questionnaire did not enable us to
measure the number of binge drinking episodes or to capture
sporadic binge drinking (defined as periods of no or little
drinking punctuated by episodes of drinking large quantities
of alcohol) (11). When answering our alcohol consumption
questions, a woman who drank one alcoholic beverage a day
during 6 drinking days and had one binge episode of eight
drinks would have reported an average consumption of two
drinks per sitting (14 drinks total/seven sittings). The
women who make up our category of an average of five or
more drinks per occasion are therefore probably a mixture
of chronic heavy drinkers and episodic binge drinkers. This
group experienced a high level of alcohol consumption on
average, but we were unable to assess in more detail the
effect of periodic binge drinking. Missing data in the food
frequency questionnaire on the types of alcoholic beverages
the mothers consumed hindered our ability to assess infant
cleft risk by alcohol type. We were also unable to determine
the type(s) of alcohol consumed specifically during binge
drinking episodes, if that differed from usual drinking. Re-
spondents may have miscalculated average drinks per sitting
(and underreported consumption) if they interpreted the
question as usual (modal rather than mean) number of
drinks and did not incorporate drinks consumed during atyp-
ical drinking sessions (25). We would not expect this factor
to differ for mothers of cases and controls.

Previous studies on maternal alcohol consumption and
infant clefts have reported conflicting results (5–10, 26–
28) probably in part because of differences in ascertaining
and classifying subjects, measuring the amount and timing

of exposure, and evaluating confounders. All of the previous
studies used case-control designs, although Bille et al. (27)
conducted a case-control study nested within a cohort, thus
avoiding recall bias by collecting exposure information pro-
spectively. Their results based on 192 cases suggested an
increased risk of infant cleft lip (odds ratio ¼ 1.48, 95 per-
cent confidence interval: 0.68, 3.19) and cleft palate (odds
ratio ¼ 1.36, 95 percent confidence interval: 0.45, 4.15)
among women who drank three or more drinks per week,
but the confidence limits were wide.

Our findings are consistent with four studies reporting
risks ranging from 2.8 to 4.0 for cleft lip with or without
cleft palate among mothers in the highest drinking catego-
ries (ranging from �4 drinks per month to �5 drinks per
drinking day) (5–8). Some studies reported increased risks
of infant cleft palate among women in the highest drinking
categories, although a lack of power limits their interpreta-
tion (5, 6, 28). Four previous papers examined binge-level
drinking. Two studies used the same definition of binge
drinking as ours (average of �5 drinks per sitting), and both
reported threefold increases in cleft lip with or without cleft
palate among the binge-level drinkers compared with non-
drinkers but did not find increased risks for cleft palate (7, 8).
The other two studies based their definition on the maxi-
mum number of drinks consumed at one sitting and catego-
rized women who reported drinking a maximum of five or
more drinks as binge drinkers. These studies did not find an
increased risk of infant clefts among binge drinkers, but the
women who drank a ‘‘maximum’’ of five or more drinks on
any occasion may have consumed less alcohol than the
women in our study who drank an average of five or more
drinks per sitting (9, 10).

TABLE 3. Risk of infant clefts among mothers who reported binge-level drinking before pregnancy

compared with nondrinkers,* by first-trimester drinking status, Norway, 1996–2001

Average alcohol
consumption

before pregnancy

Average alcohol
consumption

during pregnancy

Cases Controls Unadjusted Adjustedy

No. % No. % ORz 95% CIz OR 95% CI

Cleft lip with or without
cleft palate

None None 36 24 65 25 1.0 Referent 1.0 Referent

�5 drinks per sitting None 70 46 135 53 0.9 0.6, 1.5 0.9 0.4, 1.7

<5 drinks 25 17 40 16 1.1 0.6, 2.2 0.8 0.4, 1.9

�5 drinks/1–2 sittings 10 7 10 4 1.8 0.7, 4.8 1.3 0.4, 4.2

�5 drinks/�3 sittings 10 7 6 2 3.0 1.0, 9.0 3.6 0.9, 14.6

Cleft palate only

None None 26 31 65 25 1.0 Referent 1.0 Referent

�5 drinks per sitting None 36 42 135 53 0.7 0.4, 1.2 0.7 0.3, 1.5

<5 drinks 14 17 40 16 0.9 0.4, 1.9 1.1 0.4, 3.0

�5 drinks/1–2 sittings 7 8 10 4 1.8 0.6, 5.1 2.2 0.6, 8.1

�5 drinks/�3 sittings 2 2 6 2 0.8 0.2, 4.4 1.7 0.2, 12.6

* The referent group consisted of mothers who abstained from alcohol both before and during the first trimester

(cases: n ¼ 62; controls: n ¼ 65).

y Adjusted for child’s year of birth, mother’s age group, prenatal smoking, education, household income, and

family history of clefts.

zOR, odds ratio; CI, confidence interval.
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Many previous studies have examined isolated and non-
isolated clefts separately, or only one or the other. We found
little difference in our results for infants with isolated and
nonisolated clefts. By studying the combined groups, we
increased statistical power to detect associations. There
has been debate in oral cleft research on whether cases with
associated anomalies should be included in etiologic studies
(29). Combining groups for analysis makes sense when the
exposure of interest may be an etiologic factor in both non-
syndromic and syndromic cases. This seems likely for alco-
hol, which may act through different mechanisms to cause
a variety of teratogenic effects. Besides oral clefts, children
diagnosed with fetal alcohol syndrome often have other
anomalies suspected to be related to alcohol exposure, in-
cluding those of the limb and joints, heart, kidney, and re-
productive organs (30).

In summary, our findings suggest that maternal binge-
level drinking (an average of �5drinks per occasion) in
the first trimester increases the risk of infant oral clefts.
These data on possible further teratogenic effects of alcohol
reinforce the public health message that women should not
drink alcohol during pregnancy.
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APPENDIX TABLE 1. Unadjusted associations between maternal alcohol consumption during the first

trimester and isolated and nonisolated infant clefts, Norway, 1996–2001

Maternal alcohol
consumption

in the first trimester

Cleft lip with
or without
cleft palate

Cleft palate only

Isolated
(n ¼ 314)

Nonisolated
(n ¼ 63)

Isolated
(n ¼ 118)

Nonisolated
(n ¼ 78)

OR* 95% CI* OR 95% CI OR 95% CI OR 95% CI

Total no. of drinks

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1–3 1.3 0.9, 1.9 1.3 0.7, 2.6 1.1 0.6, 1.9 1.7 0.9, 3.0

4–6 1.5 0.8, 2.5 1.7 0.6, 4.5 2.0 1.0, 4.0 1.7 0.7, 4.3

�7 1.5 1.0, 2.4 1.4 0.6, 3.2 1.5 0.8, 2.7 1.3 0.6, 3.0

No. of drinking days

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1–2 1.4 1.1, 2.0 1.5 0.8, 2.7 1.2 0.8, 1.9 1.8 1.1, 3.0

3–6 1.9 1.1, 3.4 1.4 0.4, 4.6 2.6 1.3, 5.4 1.1 0.3, 3.9

�7 1.0 0.6, 1.9 1.0 0.3, 3.3 0.9 0.3, 2.2 0.8 0.2, 2.7

Average no. of drinks per sitting

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1 1.2 0.9, 1.8 0.8 0.3, 1.7 1.4 0.8, 2.2 1.5 0.9, 2.8

2–4 1.3 0.9, 2.0 2.2 1.1, 4.2 1.2 0.7, 2.3 1.3 0.6, 2.7

�5 2.4 1.3, 4.4 2.3 0.7, 6.8 1.8 0.7, 4.5 2.9 1.1, 7.4

Average no. of drinks per
sitting/no. of drinking days

None 1.0 Referent 1.0 Referent 1.0 Referent 1.0 Referent

1–4 drinks/1–2 days 1.3 0.9, 1.8 1.5 0.5, 4.4 1.2 0.7, 1.9 1.8 1.0, 3.0

1–4 drinks/�3 days 1.2 0.8, 1.9 0.8 0.1, 5.4 1.7 0.9, 3.1 0.7 0.2, 2.2

�5 drinks/1–2 days 2.1 1.0, 4.4 1.6 0.3, 21.0 2.1 0.8, 5.8 2.7 0.9, 8.3

�5 drinks/�3 days 3.1 1.1, 8.8 3.9 0.8, 19.2 1.0 0.1, 8.4 3.3 0.7, 16.2

* OR, odds ratio; CI, confidence interval.

APPENDIX TABLE 2. Association between type and amount of maternal alcohol consumption during the

first trimester and the risk of infant clefts, Norway, 1996–2001

Average no. of drinks
per sitting

Type of
alcohol*

Cases Controls Unadjusted Adjustedy

No. % No. % ORz 95% CIz OR 95% CI

Cleft lip with or without
cleft palate

None None 230 69 527 75 1.0 Referent 1.0 Referent

1–4 drinks Beer/wine§ 76 23 133 19 1.3 0.9, 1.8 1.3 0.9, 1.8

Liquor plus{ 12 4 31 4 0.9 0.4, 1.8 0.6 0.3, 1.3

�5 drinks Beer/wine 6 2 9 1 1.5 0.5, 4.3 1.7 0.6, 5.2

Liquor plus{ 10 3 7 1 3.3 1.2, 8.7 2.5 0.9, 7.4

Cleft palate only

None None 120 64 527 75 1.0 Referent 1.0 Referent

1–4 drinks Beer/wine 50 27 133 19 1.7 1.1, 2.4 1.8 1.2, 2.8

Liquor plus{ 7 4 31 4 1.0 0.4, 2.3 0.9 0.4, 2.3

�5 drinks Beer/wine 7 4 9 1 3.4 1.2, 9.4 4.9 1.7, 14.3

Liquor plus{ 3 2 7 1 1.9 0.5, 7.4 1.8 0.4, 8.0

All clefts

None None 350 67 527 75 1.0 Referent 1.0 Referent

1–4 drinks Beer/wine 126 24 133 19 1.4 1.1, 1.9 1.5 1.1, 2.0

Liquor plus{ 19 4 31 4 0.9 0.5, 1.7 0.8 0.4, 1.4

�5 drinks Beer/wine 13 3 9 1 2.2 0.9, 5.1 2.5 1.0, 6.4

Liquor plus{ 13 3 7 1 2.8 1.1, 7.1 2.3 0.8, 6.1

*Missing for 20% of women reporting 1–4 drinks per sitting and 31% of women reporting �5 drinks per sitting.

y Adjusted for child’s year of birth, mother’s age group, prenatal smoking, education, household income, and

family history of clefts.

zOR, odds ratio; CI, confidence interval.

§ Beer or wine alone or in combination.

{ Liquor alone or in combination with beer or wine.
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