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Research on the effects of smoking, alcohol, and caffeine on the
outcomes of pregnancy is reviewed. The strength of the evidence
on the effects of these substances is varied, ranging from some
clear and consistent findings for smoking to inconsistent findings
for caffeine. Evidence regarding alcohol is strong in some areas
and less consistent in others. The implications for clinical practice,
particularly that effects vary with both the timing and the amount of

the substances used, are discussed.

Substantial evidence exists to support a causal re-
lationship between the health and health behaviors
of pregnant women and the subsequent health of
their infants. The use of tobacco, alcohol, and caf-
feine are three behaviors for which evidence of the
adverse effects of these substances on pregnancy
outcomes is increasing. Research on the effects of
these three substances has been extensive, multidis-
ciplinary, and at times inconsistent. This inconsis-
tency reflects the state of knowledge, as well as dif-
ferences in the methods used and the controls ap-
plied in the various studies. Because nurses
frequently intervene to promote positive maternal
behaviors, an understanding of this diverse research
and its clinical implications is crucial.

SMOKING DURING PREGNANCY

An estimated 20-30% of American women of child-
bearing age smoke despite clear and consistent re-
search evidence on the adverse effects of smoking on
pregnancy outcomes.! In a landmark paper in 1957,
Simpson first reported the association between ma-
ternal smoking and low birth weight.? Since that time,
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numerous studies have documented the adverse ef-
fects of maternal smoking.®¢

Smoking and Low Birth Weight

Smoking is a contributing factor in 20-40% of the
cases of low birth weight infants in the United States
and in general is associated with a 150-200 g reduc-
tion in infant birth weight.” Mochizuki et al. found
that infants born to women who smoked more than
20 cigarettes per day weighed on average 290 g less
than infants of nonsmokers.? In a prospective study
of more than 800 Norwegian women, nearly one-half
of the infants of smokers were in the lowest quartile
for birth weight—an effect related to the number of
cigarettes smoked.* Blood thiocyanate levels (a phys-
iologic measure of smoking behavior) have been neg-
atively correlated with birth weights.®

Whereas smoking is associated with premature
births, not all smoking-related low birth weight cases
are attributable to prematurity.® For example, despite
equal maternal weight-for-height indices between
smokers and nonsmokers, 60.7% of small-for-date in-
fants had mothers who smoked, whereas only 29.2%
average-for-date infant and 15.7% large-for-date in-
fants had mothers who smoked.® Further, smoking
outcomes are dose-related. The odds of a woman de-
livering an infant weighing less than 2,500 g increases
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by 26% for every five cigarettes she smokes per day.’
Lastly, women’s cessation of smoking during preg-
nancy has been demonstrated to increase birth
weights 1

Smoking is a contributing factor in 20-40%
of the cases of low birth weight infants in
the United States.

Results linking smoking to low birth weight are
consistent even if smoking is grossly defined and
persist despite reported reductions in the tar and
nicotine contents in cigarettes.'""'?> The relationship
between smoking and low birth weight also holds
across social classes, age groups, ethnic groups, and
geographic locations.!! However, the extent of the
effects attributed to smoking that may be caused by
differences in other risk factors, such as age and pre-
vious pregnancy outcome, varies.”!® For example, in
a prospective clinical study, maternal age alone had
no effect on birth weight, but among smokers, a re-
duction in birth weight was more pronounced with
increasing maternal age.'

Mechanisms of the Action of Smoking

The physiologic effects of smoking remain specula-
tive. Evidence exists that smoking reduces placental
blood flow.!® Further, plasma volume is 25% less in
pregnant women who smoke, which leads to artifi-
cially elevated hematocrits.'® Other researchers have
found that the intervillous spaces of the placentae are
larger in smokers and that serum concentrations of
human placental lactogen (HPL), an indicator of the
metabolic activity of the placenta, are lower in
smokers.? Changes and abnormal findings in the pla-
centae of smokers include toxicity caused by ele-
ments in tobacco smoke, and placental ischemia as a
consequence of nicotine-induced constriction of the
uterine vessels.!”

Specifically, smoking may affect birth weight by
direct interference with nutrition through the physio-
logic depression of maternal weight gain or indirect
interference through decreased maternal nutritional
intake. Deibel suggests that smoking causes inade-
quate nutrition directly through difficulties in ab-
sorption and/or metabolism of calcium, vitamin B;,,
vitamin C, and possibly vitamins Bg, B,, and A.'8 Dei-
bel proposed that the fetus may be compromised
from poor nutrient assimilation rather than from the
toxic effects of tobacco alone. Rush found that
smokers gained significantly less weight than non-
smokers, despite nutritional supplementation in both
groups, and that smoking and maternal weight gain
accounted for the greatest amount of variance in
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birth weight.!® Rush concluded that the effect of
smoking on birth weight may be attributable to both
a direct nutritional effect that causes a decrease in
maternal weight gain and an indirect nutritional ef-
fect from caloric restriction.

Other researchers argue that a simple nutritional
cause for growth retardation in the infants of
smokers is unlikely. For example, the infants of
smokers weigh less than the infants of nonsmokers,
even when maternal weight gain is controlled.?’ In a
prospective study of smoking and dietary habits,
mean caloric intake and weight gain were highest
among smokers and lowest among nonsmokers.?!
Further, the histologic, morphologic, and biochemi-
cal changes that occur in the placentae of smokers
persist despite high protein supplementation.?” Thus,
smoking affects birth weight separately from nutri-
tion, and maternal weight gain does not counteract
the effects of smoking.

Other Effects of Smoking on Pregnancy Outcomes

Whereas smoking clearly is implicated as a con-
tributor to low birth weight, other effects of smoking
on the outcomes of pregnancy are less clear. In a
review of the effects of smoking on 28 pregnancy
outcome variables (e.g., bleeding, premature rupture
of membranes, stillbirths), McIntosh found a “re-
markable” conformity of relative risk factors and
concluded that 15-45% of unfavorable pregnancy
outcomes may be caused by smoking.?

The Effects of Smoking on Perinatal Mortality

Some studies report inconclusive results regarding
smoking and perinatal mortality.” This inability to
obtain conclusive results may be because mortality
rates are relatively low and large samples are neces-
sary to demonstrate significant effects.?* On the other
hand, several large studies have found that smoking
clearly is associated with perinatal mortality.”'*?* For
example, the Ontario Perinatal Mortality Study,
which used a sample of more than 50,000 single
births, found strong evidence supporting a link be-
tween smoking and perinatal mortality. This study
also found that perinatal mortality was dose-related
and compounded by other risk factors.'> Women who
smoked less than 20 cigarettes per day and had few
other risk factors were at a 10% greater risk than
nonsmokers, while women who smoked more than 20
cigarettes per day and had many associated risks
were at 70-100% greater risk for losing their infants.”

Congenital Abnormalities Secondary to Smoking

Smoking has been implicated as a cause of congen-
ital anomolies,?® decreased mental and behavioral
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development,”” and lower one-minute and five-min-
ute Apgar scores.?® However, the results from studies
of congenital abnormalities associated with maternal
smoking are inconsistent, perhaps because of meth-
odologic and analytic differences in the studies.” For
example, several studies have found that mothers of
infants with oral clefts smoked more than the
mothers of infants with other birth defects.***' An
increased incidence of congenital anomalies, pri-
marily inguinal hernia and strabismus among male
offspring, also has been reported for women who
smoked more than 20 cigarettes per day. However,
overall differences in the incidence of congenital
anomolies between all smokers and nonsmokers
were not statistically significant.?

As many as 45% of all unfavorable
pregnancy outcomes may be caused by
smoking.

Small, relatively mild cognitive abnormalities (e.g.
hyperactivity, shorter attention span, and lower
reading and spelling scores) also have been found in
the children of mothers who smoked during preg-
nancy.?” Others have found attention and reaction
time to be significantly related to smoking during
pregnancy.* Because both studies controlled for
many confounding variables, their results warrant
careful consideration.

While growth rate, height, and weight do not ap-
pear to be related to maternal smoking, anthropome-
tric measures of adipose in children from 6 to 11
years of age have been found to be affected signifi-
cantly by maternal smoking; thus, children of
smokers have less adipose than do the children of
nonsmokers.*® Additionally, for children maternal
smoking has been implicated as a subsequent risk
factor for the development of leukemias, lymphomas,
and Wilms’s tumor.*

Lastly, a more than threefold lowering of one- and
five-minute Apgar scores has been demonstrated in
the infants of mothers who smoked from 41 to 60
cigarettes per day.?® However, these results were not
replicated in a similar but smaller study, so these
results must be viewed with caution.

The Clinical Implications

The clinical implications for the findings described
include the obvious need to encourage women not to
smoke during pregnancy. Because the adverse effects
of smoking are potentially dose-related and cumula-
tive, nurses need to encourage and support cessation
at any point during pregnancy. Even a decrease in
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smoking, and/or cessation in the last trimester, may
improve pregnancy outcomes. Further, women with
other risk factors for low birth weight and perinatal
mortality should be particularly targeted for assis-
tance with changing their smoking behaviors. Be-
cause the associated risk factors have been found to
increase the risks of smoking, any potential modifica-
tion of the associated factors also should be consid-
ered and facilitated, whether or not these women
cease smoking.

ALCOHOL USE DURING PREGNANCY

The evidence on the effects of alcohol on fetal out-
comes is murky, whereas that of smoking is quite
clear. The literature on the ingestion of alcohol
strongly suggests that drinking during pregnancy is
associated with teratogenic eftects and low birth
weight.>**° However, studies vary as to both the
amount and the timing of alcohol ingestion that pro-
duce these effects. For example, although birth
weight generally decreases with increased alcohol
consumption,* some investigations have found that
this relationship holds only for heavy drinkers.*'**
Results are further complicated by the differing defi-
nitions of what constitutes heavy, moderate, and
light drinking, as well as differences in the measures
used (e.g., absolute alcohol versus the number of
drinks).

Effects of Alcohol on Birth Weight

In a prospective study of more than 9,000 pregnant
women, investigators found increased still births,
low birth weight infants, and lower placental weights
for infants born to mothers who consumed in excess
of 1.6 oz of absolute alcohol per day.*® The risk for
these deleterious effects remained even after control-
ling for other risk factors such as smoking. The high-
est risk was associated with beer, rather than wine or
liquor, despite the lower actual absolute alcohol
content of beer.*

The deleterious effects of alcohol probably are ex-
erted independently of the mother’s nutritional
status, despite the pattern of poor nutrition often as-
sociated with alcoholism.* In laboratory studies, al-
cohol suppressed both maternal and fetal weight
gain in rats fed low protein, protein adequate, or
enriched diets.*®

Alcohol-induced differences in infant birth weights
are attributed to intrauterine growth retardation be-
cause alcohol consistently has been associated with
low birth weight, even when gestation is controlled.*
Russell found twice as many very low birth weight
infants born to mothers with alcohol-related psychi-
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atric diagnoses as compared to mothers with psychi-
atric diagnoses not related to alcohol. Further, three
times the expected number of infants of mothers with
alcohol-related psychiatric diagnoses experienced
retarded intrauterine growth

Alcohol deleteriously affects both birth
weight and fetal development, and no safe
levels of alcohol ingestion have been
established.

Although six drinks per day (3 oz of absolute alco-
hol) constitute a major risk no safe levels of alcohol
ingestion have been established.*”*® In one study on
moderate drinking, daily consumption of 1 oz of ab-
solute alcohol in late pregnancy was associated with
a 69 g greater decrease in birth weight than occurred
when the same amount was consumed early in preg-
nancy.*® Although this is a small difference individu-
ally, collectively this difference creates a downward
shift in the distribution of weights for all infants.
Consequently, more infants of mothers who drink
will fall into the low birth weight category and be at
risk for complications associated with low birth
weight. In addition, infants born to women who are
heavy drinkers but who reduced alcohol consump-
tion before the third trimester have outcomes similar
to those of infants born to women who are rare and
moderate drinkers.*! Therefore, the timing of alcohol
ingestion, not just the amount, can influence out-
comes.

Other Effects of Alcohol on Fetal Qutcomes

The most serious adverse effect associated with
alcohol is the fetal alcohol syndrome (FAS). The
characteristic features of FAS are consistently related
to the extreme use of alcohol during pregnancy, par-
ticularly among alcoholic women.*** One of three
infants born to alcoholic mothers has FAS.®' Fetal
alcohol syndrome is not associated with single
binges but occurs only when pregnant women con-
sistently drink more than 80-100 g (2.8-3.5 0z) of
alcohol daily.*

The effects of maternal alcoholism during preg-
nancy go beyond birth. At seven years of age, chil-
dren born with FAS exhibit signs of borderline retar-
dation or are frankly mentally retarded.’® Thus, the
future mental defects of infants born to alcoholic
mothers is as much of a concern as the effects noted
at birth.%?
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The infants of nonalcoholic mothers who drink
during pregnancy also may experience growth and
neurologic effects that extend beyond birth. One
study examined 453 infants of nonalcoholic mothers
at birth and again at eight months and found that the
average amount of alcohol consumed by these
mothers during pregnancy was significantly related
to lower infant weight and length at eight months of
age.®® Among the neurological effects reported in in-
fants are tremors, hand-to-face self-stimulation, an
atypical head-to-left positioning, and other lower
level motor activity.> Other researchers report diffi-
culties in state regulation, such as increased time to
get to sleep and to awaken and abnormal patterning
of sleep stages.®® In another study, 32% of the infants
born to heavy drinkers (more than 1.5 oz daily) dem-
onstrated congenital abnormalities as compared to
nine percent of the infants of abstinent mothers and
14% of those whose mothers were moderate
drinkers.*

Despite substantial support for the negative effects
of drinking on fetal and infant development, some
contradictory evidence exists. For example, in a
study of 12,400 women interviewed at the time of
delivery, no association was found between the num-
ber of drinks per week and the overall rate of congen-
ital malformations.>” Similarly, no congenital malfor-
mations were found among infants born to women
with alcohol-related psychiatric diagnoses despite
the infants’ lower birth weights.?®

Possible Mechanisms of the Actions of Alcohol

Clearly, alcohol deleteriously affects fetal develop-
ment and birth weight.***®* However, the amount of
alcohol needed to cause these negative conse-
quences and the mechanisms by which they occur
remain unknown. Weiner and Rosett speculate that
the adverse effects of alcohol are caused by the cu-
mulative action of high concentrations of alcohol in
the maternal-placental-fetal system, causing multi-
ple alterations in the biochemical and physiologic
processes.*! This variability of effects may be related
to high blood alcohol concentrations at different
stages of fetal development. In the first trimester, .
alcohol may affect the cell membrane and alter the
embryonic organization of tissue. Throughout preg-
nancy, alcohol may interfere with the metabolism of
carbohydrates, lipids, and proteins, and thus retard
cell growth and division. Lastly, the central nervous
system probably is most vulnerable in the third tri-
mester, during which time rapid brain growth occurs.
If heavy drinking ceases, the risk of further damage is
reduced, and physiologic restitution and modifica-
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tion of abnormalities secondary to impaired growth
may occur.*!

Because alcohol passes easily through the placen-
tal barrier, concentrations found in the fetus are at
least as high as those in the mother. Thus, the rate at
which alcohol is metabolized may affect the amount
of fetal damage.®" Further, susceptibility to these ef-
fects may be genetic, or may depend on prepreg-
nancy weight, parity, and possibly age.* Therefore,
results remain unclear as to which is critical in pre-
dicting outcomes: the duration of drinking or the in-
teraction of drinking with other factors.*

Clinical Implications

Because the exact mechanism by which alcohol
affects pregnancy outcomes and the roles of the
amount and timing of alcohol ingestion are not
clearly understood, clinical interpretation is contro-
versial. Strong arguments are advanced for both total
abstinence and moderation.**® Specifically, more
than one and one-half ounces of absolute alcohol
(three to four drinks) per day will have a deleterious
effect, and moderate drinking (defined as anywhere
from daily to monthly) may have negative effects.
Moreover, decreasing alcohol intake during preg-
nancy has lessened some effects.’® Therefore, nurses
should err on the safe side clinically and advise and
facilitate total abstinence from alcohol throughout
pregnancy. If this seems unlikely or unreasonable for
some women, decreasing alcohol consumption, par-
ticularly in the third trimester, is likely to improve
outcomes. While assessment and support for behav-
ior change need to begin at the first prenatal visit,
continuing such efforts throughout the woman’s
pregnancy is equally important and valid.

CAFFEINE USE DURING PREGNANCY

In contrast to the effects of alcohol and tobacco,
the effects of caffeine on pregnancy outcomes are the
least conclusive and least consistent. At some dos-
ages, caffeine has been found to be an animal terato-
gen.?*% However, other studies report inconsistent
results (see Brooten and Jordan for a review).5! Re-
search findings that directly link caffeine to terato-
genic effects in humans are limited, but some evi-
dence exists.5?

The Teratogenic Effects of Caffeine in Humans

Researchers conducting animal studies to demon-
strate the teratogenic effects of caffeine used dosages
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of more than 80 mg/kg. Fetal loss, decreased weight
and size, and major skeletal defects were found.®
However, dosages as high as 80 mg/kg are substan-
tially above pharmacologic levels and, in humans,
would require drinking more than 45 cups of coffee
per day. Moreover, in one study pregnant rats given
either cafieinated or decaffeinated fluids gave birth
to rat pups with similar physical and behavioral de-
fects. This suggests that the teratogenic effects may
be the consequence of some unidentified sub-
stance(s) other than caffeine.®®

Caffeine’s half-life triples during pregnancy
because of impeded caffeine clearance

during this time. High quantities of caffeine
may negatively affect pregnancy outcomes.

Human epidemiologic studies have yielded incon-
sistent results that have not supported the suspected
teratogenic effects of caffeine. An increased inci-
dence of spontaneous abortions, stillbirths, and pre-
mature births has been associated with maternal
consumption of more than 600 mg of caffeine per day
(approximately eight cups of coffee).®” However,
these findings have not been replicated with larger
samples.

For example, Linn et al. found no relationship be-
tween low birth weight, gestation, or malformations
and drinking four or more cups of cofiee per day.
However, the researchers did not consider other
sources of caffeine, such as cola or tea, and they did
not control for changes in behavior during preg-
nancy.® Further, no differences in maternal coffee
consumption were found in more than 700 matched
pairs of women who had children with and without
congenital malformations.® Nonetheless, despite the
little evidence supporting a suspected teratogenic ef-
fect, most investigators recommend that pregnant
women avoid caffeine until more conclusive evidence
is fOUnd.GO'Gl’SS'GG

Additional findings from these studies have im-
portant clinical implications. For example, because
caffeine equilibrates rapidly across the placenta, ma-
ternal concentrations of caffeine are good indicators
of fetal exposure. Also, the half-life of caffeine triples
during the third trimester of pregnancy.®® Conse-
quently, the same amount of caffeine results in much
higher blood levels in the last trimester. Women who
normally drink 10 cups of coffee per day, could ap-
proach pharmacologic plasma levels of caffeine (i.e.
11 mg/kg/day) during their last trimesters.
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The adverse effects of these substances are
potentially dose-related and cumulative,
underscoring a need to encourage and
support cessation of their use at any point
in pregnancy.

Clinical Implications

The clinical implications extracted from the litera-
ture on caffeine use during pregnancy are less clear
than those for alcohol and tobacco. However, in very
high quantities, caffeine may negatively affect preg-
nancy outcomes. Caffeine clearance decreases during
pregnancy, potentially increasing exposure of the
fetus to caffeine. Therefore, pregnant women should
be advised to avoid caffeine as much as possible and
should be informed about the common sources of
caffeine, such as colas, other soft drinks (e.g., Moun-
tain Dew, Dr. Pepper), chocolate, tea, and over-the-
counter drugs. Further, women with a history of high
caffeine intake should be particularly targeted for as-
sistance with changing their behaviors, and warned
that the amount of caffeine that remains in their sys-
tems, and therefore reaches their fetuses, will triple
by the last trimester of pregnancy.

THE COMBINED EFFECTS OF ALCOHOL,
TOBACCO, AND/OR CAFFEINE

No systematic studies of the co-occurrence of alco-
hol, tobacco, and caffeine use during pregnancy have
been reported. However, a review of community
studies supports a general co-occurrence of these
substances.’”% Smokers report greater alcohol and
coffee drinking than do nonsmokers, and alcohol
users report more coffee drinking than nonusers.®’
Moreover, nonsmokers are less likely than smokers
or ex-smokers to be in the high alcohol or high coflee
drinking groups.®” Other researchers also report a
significant positive correlation between smoking and
drinking habits.®® In a review of studies on the inter-
relationships of tobacco, alcohol, and caffeine use,
Istvan and Matarazzo reported that the use of alcohol
and tobacco and the use of tobacco and caffeine are
moderately to strongly related, whereas the use of
alcohol and caffeine is only weakly related.®

Some studies have examined changes in the use of
alcohol, tobacco, and caffteine during pregnancy,
whereas others have explored pregnancy outcomes
related to the use of at least two of these substances.
More than one-half of 4,000 subjects in one study
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reported that their decreases in coffee drinking and
smoking during pregnancy were largely attributed to
nausea and vomiting.” Consequently, some investi-
gators believe that nausea and vomiting are adaptive
responses that inhibit negative behaviors, and that
that is why others find a positive association between
nausea and vomiting and pregnancy outcomes. Little
tested this hypothesis but found no support for this
hypothesis.” Alcohol use, smoking, and nausea and
vomiting were all significantly related to lower birth
weight.”!

Some evidence of an interactive effect of maternal
alcohol intake and smoking exists.” One study found
two-day-old infants had poorer performance on two
operant learning tasks, head turning and sucking, if
the mother drank alcohol and smoked or if the
mother only smoked. Also, alcohol alone did not af-
fect performance.”” Further, studies on alcohol, to-
bacco, and caffeine interaction are complicated by a
number of other variables that may confound results.
For example, in one study, cigarettes, alcohol, and
marijuana would have each shown a greater influence
on birth weight if examined separately rather than
when these variables were examined together and
with other confounding variables.” Thus, the impact
of individual behaviors may be relatively minor, but
the impact of combined behaviors is more serious.

CONCLUSION

This review clearly indicates that smoking during
pregnancy has negative consequences for the fetus.
Heavy alcohol use (four to six drinks per day) also
clearly has negative effects, whereas more moderate
drinking has been seriously implicated in a number
of studies. The effects of caffeine remain more ques-
tionable, but research evidence suggests enough
concern to warrant caution.

That decreasing the use of either tobacco or alco-
hol at any point in pregnancy ameliorates some of the
negative effects these substances have on fetal out-
comes has been shown consistently. Consequently,
nurses need to provide support and assistance for
behavior change throughout pregnancy. Risky be-
haviors by women already at risk for other reasons,
such as past history or socioeconomic status, war-
rant particular attention—especially considering the
many studies in which variables such as age, nutri-
tional status, and other health behaviors had an im-
pact on pregnancy outcomes. However, health-care
professionals also need to be sensitive to realistic
options for change and recognize that any decrease
in any of the risky behaviors could be significant and
should be supported and acknowledged. Future re-
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Nurses must be particularly alert to the
presence of all risk factors and
combinations of risky behaviors.

search may provide a clearer picture of the impact of
the combined use of alcohol, tobacco, and caffeine on
pregnancy outcomes, as well as the potential benefits
of modifying use of these substances. Until then,
health-care professionals can best serve their clients
by helping them to understand the possible conse-
quences of smoking and drinking (both alcohol and
caffeine) during pregnancy and by encouraging and
supporting minimal use if not total abstinence from
these substances.
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