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Intouton
It has been known for many years

that smoking during pregnancy reduces
fetal growth' and it is also well established
that growth retardation is part of the fetal
alcohol syndrome.2 Tobacco smoking re-
lates to fetal growth and birthweight in a
dose-response manner' but the associa-
tion with alcohol consumption remains
less clear. In a recent publication,3 only
alcohol intake of 120 grams or more per
week was associated with low birth-
weight, and it was suggested that health
education should be directed mainly
toward mothers who drink 100 grams of
alcohol or more per week. Another recent
study4 found that alcohol had an effect on
birthweight only in smokers.

The purpose of our study was to in-
vestigate whether it is reasonable to as-
sume a threshold for the effect of alcohol
on birthweight and other growth parame-
ters according to smoking habits.

Methods
Detailed information was collected

on drinking and smoking habits of preg-
nantwomen attending the midwife centers
in Odense and Aalborg, Denmark during
their 36th week of gestation, from April
1984 to April 1987. The mothers sent a
completed questionnaire directly to the
Department of Social Medicine, Odense
University. The medical records and
questionnaires were given a study number
which was not related to the personal
identification number. After delivery, ob-
stetrical information was extracted from
the medical records and linked to the
questionnaire data by means of the study
number.

More than 95 percent of all pregnant
women in two defined geographical areas
at the 36th week of gestation were cov-
ered, for a total of 13,815 women. After
excluding multiple births, data were avail-
able from the questionnaires and medical
files for 11,850 women. Most of the non-
responders failed to answer reminders,
and some left the study area before deliv-
ery so that no data were available regard-
ing the child. Also excluded were 152
women who gave birth before the 36th
week of gestation; the data file thus con-
sisted of 11,698 women.

Detailed questions were asked con-
cerning beer, wine, spirit, coffee, and tea
consumption before and during preg-
nancy. The number ofalcoholic drinks per
weekwas calculated; each drink was con-
sidered to contain 12 grams of absolute
alcohol according to normal quantities of
alcoholic beverages per glass (or bottle of
beer) in Denmark. The data on smoking
and drinking were self-reported and re-
ferred to average consumption during the
first 36 weeks of gestation.

Data on gestational age, weight in-
crease during pregnancy, placental weight
and measurements of the child (weight,
length and head circumference) were re-
corded from the mothers' and infants'
hospital records. All were measured blind
to knowledge of questionnaire data. All
deliveries took place at one central hospi-
tal in each region. The midwives who car-
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ried out the recording had a comparable
training and conducted the assessments in
a standardizedway. The studywas part of
a large community trial among pregnant
women in Denmark.5

In the data analysis, multiplicative as
well as additive models have been used
(logistic regression and analysis of vari-
ance). The variables which were most
closely associated with alcohol consump-
tion and which were known to be predic-
tors of fetal growth were included as con-
founders.

Results
Table 1 displays the characteristics of

the participating women. Smoking and
drinking habits during the first 36weeks of
gestation are shown in Table 2. Thirty-five
percent were non-smokers who drank
1-29 grams of alcohol per week. Almost
200 women reported that they consumed
120 grams (10 drinks) or more per week
and 832 indicated a smoking history of 15
cigarettes or more per day. The propor-
tion ofnewborns with a birthweight ofless
than 2500 grams varied widely with a ten-
dency to correlate with the frequency of
alcohol and tobacco use.

Most newborn measures decrease
with increasing cigarette and alcohol in-
take. Among smokers the decrease asso-
ciated with alcohol is greater than among
non-smokers (see Table 3).

In Table 4, the results of the analysis
of variance of the data shown in Table 3
are presented. Among non-smokers, alco-
hol consumption was found to be statisti-
cally significantly associated with placen-
tal weight and birthweight (test for trend).
Among smokers of 1-9 cigarettes, alcohol
was associated with birth length, and in
the subgroup of heavy smokers alcohol
was significantly associated with all mea-
sures (except birth length).

All of the variables in Table 4 de-
pended upon the duration of pregnancy
and in two additional analyses ofvariance,
confounding by gestational age was ad-
dressed (data not shown). In one model,
gestational agewas included as a covariate
and, in another model, the analyses were
restricted to women who gave birth be-
tween the 39th and 41st weeks of gesta-
tion. In these analyses, the adjusted dif-
ferences from the mean were in the same
direction but usually a little smaller. A sta-
tistically significant association between
alcohol consumption and placental weight
was still found for non-smokers. In the

weight, birthweight and birth length (but
not in the restricted analyses). In the group
of heavy smokers, all associations re-
mained statistically significant at the 0.05
level (except in the restricted model with
birth length).

Clear "dose-response" relationships
were not seen in any models in Table 4,
except for birthweight among heavy
smokers. However, random variation due
to small numbers in the sub strata should
be taken into consideration. Among heavy
smokers, women who drank more than 30
grams of alcohol per week had a substan-
tially lower birthweight. This is particu-
larly striking considering the generally low
mean for that group of women.

Table 5 presents odds ratios for low
birthweight according to alcohol con-
sumption comparedwith frequency oflow
birthweight for non-drinkers. Each smok-
ing stratum represents a separate analysis.
A two- to three-fold increase was seen for
all consumers of 120 grams of alcohol or
more perweek. The marginalvalues in the
table show an excess risk of low birth-
weight in the group of "heavy drinkers"
only. The prevalence of low birthweight
increased steadily with increasing ciga-
rette consumption, as can be seen in the
right hand column.

All analyses in Table 5 were repeated
with the subset ofwomen who gave birth
in the 39th-41st weeks of gestation and
weight increase during pregnancy was
also included in the models. By restricting
analyses to deliveries at term, a four-fold
increase of low birthweight was found for
consumers of more than 120 grams of al-
cohol per week (data not shown).

After controlling for average alcohol
consumption, no association between

binge drinking and any of the pregnancy
outcome measures was seen (data not
shown).

According to the present data set,
neither the additive nor the multiplicative
model of interaction between alcohol con-
sumption and tobacco smoking on any of
these measured outcomes fitted the data
very well, despite the fact that both mod-
els were acceptable according to formal
statistical testing of interaction terms.

Discussion
Birthweight was closely correlated

with the combined exposure to alcohol as

group ofmoderate smokers, significant as-
sociations were found for placental
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well as smoking, but a number of limita-
tions of the study should be kept in mind.
The sample was truncated at 36 weeks,
and therefore precluded study of babies
bom at earlier gestation. Since data on
smoking and drinking habits are self-re-
ported, intake of alcohol especially was
likely to be underreported, particularly
high consumption levels. For this reason,
no estimates were made for alcohol con-
sumption of more than 120 grams per
week. Few women indicated no drinking
at all during pregnancy, which agrees with
our impression that Danish women usu-

ally report moderate and socially accept-
able levels of drinking without hesitation.

It is likely that the heavy drinkers
were more prevalent among non-respond-
ers than responders, but since exposure
data were collected prior to the deliveries,
bias is not a serious problem. Neverthe-
less, the effects shown may be underesti-
mates.

Sulaiman, et al,3 suggested that
health education during pregnancy should
be directed toward mothers who drink
more than 100 grams of alcohol per week
since no statistically significant effect was

seenbelow this level. However, that study
was rather small with only a few women
consuming more than 100 g absolute alco-
hol per week. Lumley, et al,6 did not de-
tect any harmful effect on fetal outcome of
alcohol consumption during pregnancy at
levels below two glasses a day. Our data
indicate that health education should take
smoking habits into consideration when
giving advice about alcohol use during
pregnancy. Ifpregnantwomen do notgive
up smokingwhile pregnant, a much lower
level of alcohol intake should be aimed at.
Furthermore, it must be taken into con-
sideration that only a limited set of poten-
tial adverse effects of alcohol or smoking
combined have been studied. Martin, et
al,7 found that maternal alcohol intake,
coupled with smoking, exerted an inter-
active and deleterious effect upon new-
born learning.

Our data to some extent supported
the findings that consumption of beer is
more closely related to adverse outcomes
of pregnancy,3.9,10 but it is likely that the
association was confounded by social fac-
tors not recorded in the study (data not
shown). We cannot recommend that
health education should address the types
of beverages differently at present.

We found that the average consump-
tion of alcohol was much more important
than binge drinking (data not shown).
However, this may not be true for other
adverse outcomes of pregnancy. Keeping
alcohol's teratogenic effect in mind,2 it is
still wise to warn against binge drinking
while pregnant.

Kariniemi, et al," found that mater-
nal alcohol consumption only decreased
the birthweight among female fetuses.
However, no such effect was seen in our
study (data not shown).

Low birthweight remains the most
important determinant of perinatal mor-
tality and impaired development. When
alcohol consumption increases among
women, one should be aware of the fact
that combined exposure of both alcohol
and tobacco may reduce birthweight to a
substantial degree, as illustrated by the in-
creased ORs of low birthweight. The dif-
ference in birthweight between the lowest
level of alcohol and tobacco use and the
highest levels was found to be more than
500 grams.

In a large scale study, Mills, et al,12
found somewhat different effects than we
did. In our data, heavy alcohol consump-
tion seemed to have a stronger effect on
birthweight among smokers than non-
smokers, whereas this phenomenon was
apparently absent in Mills' data. Like
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Mills, et al, we found little effect of low to
moderate drinking among non-smokers
but among heavy smokers reductions in
average birthweight tended to appear al-
ready at an alcohol consumption of 30-59
g/week, and this pattern was not evident
from the Mills data. One problem of com-
paring the two studies is that they did not
use the same standards for alcohol and
smoking exposure. More important, how-
ever, is the fact that our exposure data

were collected at the 36th week of gesta-
tion while Mills' data were collected at the
first visit in the first trimester. The gener-
ally stronger effects of alcohol on birth-
weight seen in our study may thus reflect
the impact of a more relevant time period.

Although the significance of placen-
tal weight is disputed, it has been found to
be a predictor of growth later in the child-
hood.13 It is therefore interesting that al-
cohol consumption was found to be asso-

ciated with relatively large reductions in
average placental weight, although it
should be kept in mind that the effects
might have been exerted via fetal growth
since birthweight and placental weight are
closely associated.

Unfortunately, only some of the po-
tential confounders could be controlled in
this study. Nutrition, in particular, may be
an important confounder in a study of al-
cohol consumption and fetal growth. Fur-
thermore, it is likely that heavy drinkers
maybe less willing to follow prenatal care.
Use ofother drugs maybe a confounder in
some countries but it is unlikely in this
sample.

The combined effect of alcohol and
tobacco smoking should be taken into
consideration when advising on health be-
havior during pregnancy. [
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