Nicotine Replacement Therapy
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CIGARETTE smoking is 8 major pre-
veniabie cause of feral death and injury,
vet many women continue to smoke cig-
arettes throughout pregnancy. The most
effective pharmacolome adjunct Lo smok-
ing cessation therapy is nicotine replace-
ment, including nicotine chewing gum
or transdermal nicotine. However, the
use of nicotine replacement therapy is
contraindicated during pregnancy. The
analysis presented herein suggests that
the benefits of nicotine repiacement ther-
apy tu aid smoking cessation in preg-
nant women who cannot stop smoking
without such therapy substantially
outweigh the risks of continued smok-
ing or the risks of nicotine repiacement
per se.

PREVALENCE OF CIGARETTE
SMOKING DURING PREGNANCY

Although the prevalence of smoking
has declined in recent vears and many
women quit smoking when they become
pregnant, 20% 1o 25%. of pregnant Amer-
jcan women continue to smoke through-
out pregnancy: many of these women
are heavy smokers. The National Health
Interview survey of women pregnant in
1985 or with a birth in the previous 5
vears found that 32% of white women
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smoked before pregnancy.’ Although
39% of these smokers gquit during
their pregnancy. about 20% of the pop-
ulation of pregnant women continued to
smoke.

Other recent survevs report smoking
rates guring pregnancy of 21% in 1985
and 1986 in 25 states and the District of
Columbia.” 27.5% in 1986 in Missouri.*
19.9% in 1985 in Idaho, 26.1% in 1988
and 1989in New York.‘ and 23% in 1989
in Ohio.* Among pregnant teenagers in
Washingwon State, 32% and 37% smoked
during pregnancy in 1984 and 1988, re-
spectively.“Of note is that heavier smok-
ers are much less likely Lo guit sponte-
neously .during pregnancy than are
lighter smokers, presumabiy refiecting
a high level of dependence. Thus, al-
though the average number of cigareties
smoked per day deciines during preg-
nancy.’ the prevalence of heavy smok-
ing. defined as one pack (20 cigareties)
or more per day. during pregnancy re-
mains substanual: 13.1%, 12.1%, and
11.6% in the Missouri. 1daho, and New
York Suate studies, respectively.?

RISKS OF CIGARETTE SMOKING
DURING PREGNANCY

Cigarette smoking during pregnancy
substantially increases the risk of spon-
taneous abortion, prematurity, low birth
weighi, and perinatal morality. Smok-
ers have an increased risk of spontane-
ously aborting a chromosomally normal
fetus. with an odds ratio of 1.2 to 1.8
compared with nonsmokers.*" The in-
cidence of low birth weight (<2500 g)
increases with increasing cigarette con-
sumption. and 21% 1o 39% of low-birth-
weight births have been attributed 1o
maternal cigarette smoking.” 1t is esti-
mated that maternal smoking resulisin
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4600 infant deaths in the United States
each vear.”" These deaths are related 1o
a higher than usual incidence of prema-
ture debvery related to abruptio pia-
tentue, placentia previz, and premature
rupture of the membranes in smoking
mothers. as well as intrauterine growth
retardation. F urthermore. babies born
to smoking mothers have a four times
greater risk of a iow Apgar score if the
mother smokes two packs per day com-
pared with babies of nonsmoking moth-
ers (with correction for gestational
age).V

Smoking does not appear 10 increase
the risk of teratogenicity. Some studies
show adverse efiects of maternal cige-
retie smoking on child development. ¥
However, these studies are somewhat
difficult Lo inrerpret because of confound-
ing with sociceconomic class, equeation
of the paren:t, and passive smoking.

The major effect of cigaretie smoking
on birth weight has been termed tne
fetal twbacco syndrome. defined in terms
of the foliowing four points*:

1. Tne mother smokeg five or more
cigareties per day throughout the preg-
nancy. .

2. The mother had no evidence of hy-
pertension during pregnancy.

3. The newborn had symmetrical
growth retardation at term (greater than
37 weeks’ pesiation). defined as a birth
weight of less than 2500 g and a pond-
eral index (weight in grams/ength in
centimeters cubed) exceeding 2.32.

4. No other cause of intrauterine
growth relardation 1s obvious.

1tis ciear that cigarette smoking rep-
resents a major (if not tite major) known
risk to the fetus, and pregnant women
should be strongiy encouraged and as-
sisted in stopping smoking. Prospective
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Fludies 07 SMOKING ceSsaton therapy
cuning®rermnancy indicate that smoking
eessallon goes result i improved birth
‘.elgh‘.f.lin.h.

BENEFTT OF NICOTINE
REPLACEMENT THERAPIES

Nicoune repiacement therapies can
enhance cessanuon rates in smokers who
have been unable to stop smoking on
their own. Tobaceo smoking is main-
tained in most smokers by addiction 10
nicotine.’” Tobaccu dependence can be
treated successfully. Behavioral thera-
pies are successful for sRome smokers.
Premant women who smoke are often
highiy motivated w quit and may be
more responsive than are other pavients
o advice that they stop smoking. Pre-
natal smoking cessation programs have
resulted in quitting rates of 9% to
43%.%%* But many smokers, particu-
larly heavy smokers who are more de-
pendent on nicotine, are still unable to
quit.

Because of the pharmacologic nature
of the addiction process, pharmacother-
apy of tobacco dependence makes sense.
At this time, the only pharmacologic
therapy shown to be effective in smok-
ing cessation is nicoline replacement
therapy. Nicotine replacement therapy,
using nicotine poiacrilex chewing gum
or transdermal nicotine deliverv svs-
tems, can reduce tobacco withdrawal
symptoms and enhance the efficacy of
behavioral therapy. A meta-analyvsis of
nicotine chewing gum therapy indicated
an overall smoking cessation rate tin
men and nonpregnant women) a: 6
months of 27% for nicotine chewing
fFum compared with 18% for placebo
thewing gum.” The trials were per-
formed in smoking cessation clinics that
were able to provide expert behavioral
counseling. Another trial has shown a
dose-response reiationship for mcotine
therapy and smoking cessation out-
come. ™ Inthis trial, treatment with4-mg
nicotine chewing gum was found to pe
more effective than 2-mg nicotine chew-
ing gum in highly dependent smokers.

This rate of effectiveness was compa-
rable with that obtained with 2-mg nic-
otine chewing gum in smokers with a
medium or low level of dependence.
Thus. nicotine replacement appears to
be of particular value in more-depen-
Gent smokers. Similar data for smoking
cessatlion raies nave been observed with
the use of transdermai nicotine delivery
Eystems. &2

Of note is a recent survey of Michigan
family physicians indicating that 51%
were dissatisiied with the efiectiveness
of available smoking cessation methods. =
Twelve percent prescribed nicotine
chewing gum 1o pregnant women who
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smo'g«ed. even though the label savs its
use 1s contraindicated in pregnancy.

POTENTIAL RISKS OF NICOTINE
N PREGNANCY

Nicotine could contribute to tobacco-
related reproductive disorders: how-
ever. the nature and magnitude of its
adverse effects are a: vel unknown.
While evidence for a causal link between
cigaretie smoking and reproductive dis-
orders is well established. the patho-
physiology is not. Smokers are exposed
to several thousand chemicals in tubaceo
smoke. including nicotine and carbon
monoxide. Nicotine and carbon monox-
ide are suspected to contribute to re-
productive disturbances. Anassessment
of the potential contribution of nicotine
is important for making decisions about
risks vs benefits of nicotine substitution
therapy during pregnancy.

A likely cause of growth retardation
in fetuses of smoking mothers is induc-
tion of fetal hypoxia andsor ischemia,
which could be pruduced by both carbon
monoxide and nicotine. The developing
fetus is normally in 2 state of relatively
low oxygen tension. Oxygen delivery w
the fetus is enhanced by adapiations that
include the presence of fetal hemogio-
bin. which has a greater affinity for ox-
veenthan does adult hemoglobin; higher
hematocrit: higher fetal cardiac output;
and high red biood cell 2.3-diphospho-
glvceraie level. which facilitates the re-
lease of oxygen from hemoglobin Lo tis-
sues. Carbon monoxide impairs oxygen
availability by binding avidly to fetal
hemogiobin. thereby reducing the avail-
ability of oxygen to the fetus.* A ma-
ternal 10% blood carboxyhemoglobin
level. which can be observed in a two-
pack-per-dayv cigarette smoker, can be
associated with a 10% 1o 15% higher
carpoxyvhemoglobin level in the fetus
than in the mother. This has been
equated to a 60% reduction in fetal blood
ﬁo“..:i.z,

Nicotine may contribute to fetal is-
chemia by its effects on the placental
circuiation. Nicotine infusion in preg-
nant sheep increases uterine vascular
resistance and reduces uterine blood
fiow, effects that appear to be mediated
by catecholamine release.® Smoking
acutely and chronically reduces piacen-
tal biood flow in pregnant women, pre-
sumably due to nicotine.#* Both ciga-
retie smoking and nicotine chewing gum
increase fetal heart rate during the sec-
ond trimester in humans, consisient with
svmpathetic neuroactivation.® During
the third trimester in humans, cigarette
sSmoKIng or nicotine gum chewing de-
creases fetal heart rate and reduces fe-
tal breathing movements. both of which
may be signs of {etal hypoxia.®* Ele
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vaied levels of catecholamines in amni-
oti¢ fiuid in pregnant women wWho smoke
during their third tmmester indicate
fympathetic activation in the fetus, con-
sistent with fetal hypoxia andsor direct
efiecis of micotine.® Nicotine can also
inhibit production of prostacvcelin, a po-
ten! local vasodilator and inhibior of
platelet aggregation, in artenes. Re-
duced prostacyvclin-like activity has been
noted in umbilical arienier of cigaretie-
smoking mothers.® The above findings
suggest that nicotine contributes to the
adverse effects of cigarette smoking on
reproduction. probabiy by acting on the
uleropiacental circulation.

Fetal hvpoxemia has also been con-
sidered 10 be a contributory cause of
behavioral abnormalities, such as hy-
peractivity, short attention span. and
lower scores on speliing and reading
tests, which occur at a higher frequency
in children whose mothers have smoked
throughout pregnancy than in those born
10 nonsmoking mothers. In addition,
chronic prenatal exposure to nicotine
via maternal infusions in rats resuits in
neurcbehavioral disturbances in the off-
spring.* Other neonatal rat studies sug-
gest that fetal exposure to nicotine may
resul. in abnormal neurochemical de-
velopment of the brain. Rats exposed Lo
nicotine during gestation snow delaved
neural maturation and persistent defects
in central catecholaminergic and cholin-
ergic neuronal activity.** It is specu-
lated that nicotinic cholinergic recep-
tors normally function 1o modulate neu-
ronal maturation in the fetus and tnat
excessive neonatal exposure to nicotine
impairs that development.

RELATIVE RISKS OF
CIGARETTE SMOKING AND
NICOTINE REPLACEMENT
DURING PREGNANCY

Cigarette smoking delivers not only
nicotine and carbon monoxide but also
many other toxic chemicais to smokers.
Smoking in general delivers more nic-
otine al a.more rapid rate. resulting in
more intense cardiovascular and central
stimulation, than does nicotine from nic-
otine chewing gum or transdermal nic-
otine delivery svstems. Therefore, nic-
otine replacement therapies are likely
to present substantialiy lower risk than
cigaretie smoking, particuiarly heavy
smoking, during pregnancy.

Delivery of Nicotine

Cigaretie smokers systemically ab-
sorb about 1 mg of nicotine and 10 to 15
mg of carbon monoxide per cigarette.”
Thus. a pack-per-day smoker consumes
on average 20 mg of nicotine and 200 1o
300 mg of carbon monoxide. Concentra-
tions of nicotine and carboxyvhemogic-
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bin in the blood tend to build up through-
out the dav with repular cigarette smok-
ing. plateauing at teveis of 2010 35 ng of
meotine per milliliter and 5% w 10%
carboxvhemoglobin. Significant concen-
trauons of micotine and carboxvhemo-
globin persist overnight, even whiie the
smoker sleeps. and smokers tymeally
awaken with plasma nicotine concentra-
tions of about 3 ng'mL and carboxyhe-
moglobin concentrations of 3% 1o 5%.

The average svstemic absorption of
nicotine from one piece of 2-mg nicotine
poiacrilex chewing gum is 1 mg.* No
carbon monoxide or other toxins are ab-
sorbed. With the use of 12 pieces of
nicotine chewing gum per dav (which is
more than most smokers use), about 12
mg of nicotine are absorbed. resulting
in blood nicotine levels with chewing
gum averaging one third to one half those
observed in cigaretie smokers (although
in some peopie concentratons of nico-
tine may be similar when smoking and
chewing the gum).

Transdermal nicotine delivery gvs.
tems typically deliver about 15 to 20 mg
of nicotine per day.* Peak plasma con-
centrations of nicotine typicaliv ranpe
from 10 to0 15 ngrmL and tend to fall
somewhat overmight (owing to declin-
ing rates of nicotine reiease from the
patch). Thus, the dailv dose of nicotine
and peak biood levels of nicotine from
nicotine chewing gum or transdermal
delivery svstems are lower than those
of one-pack-per-dav cigaretie smokers.
Transdermal delivery svstems do result
in persistent exposure 10 nicotine that
aL some times of day, particularly over-
night, may exceed those found in ciga-
retie SMoKers.

Pharmacodynamic Consigerations

Nicotine from cigaretie smoke is ab-
sorbed rapidiv through the lungs and
into the circulation and results in tran-
sient high arterial blood concentrations
that are delivered to the brain and other
organs. The efiects of nicotine are
greater when doses are admimstered
rapidly compared with when the same
dose is given more slowly.’” The rapid
high-dose delivery of nicotine to the brain
is thought to be responsible for much of
the psychological stimulation and reward
assvciated with cigaretie smoking.

Nicotine from polacrilex chewing gum
or transdermal deiiverv systems is ab-
sorbed slowly and does not produce the
mental stimulation or euphoria reporied
after cigaretie smoking. The biunted re-
sponse is due both to lower concentra-
tions reaching the brain and other tar-
pel organs and to the development of
acute toierance, which is well known to
occur to many efiects of nicotine.

Despite the development of substan-
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tial toierance o efiects of micotine. oi-
erance. at jeast to some effect:. 15 not
compiele. For example, heart rate ac-
ceieration and catechojamune release
have been shown to persist overnight in
habitual cigaretie smokers. ** Persis-
lent svmpathetic neural activation is of
importance because this could be a mech-
anism of adverse effecis on the fetus.
Presumably, the same patiern of sym-
pathetic neural activation occurs in us-
ers of nicotine polacriiex chewing gum
or transdermal nicotine delivery sys-
tems. ,

Cardiovascular Etiects in Humans

The major cardiovascular effects of
nicotine result from sympathetic neural
activation." In healthy peopie, cigarette
smoking increases gvstolic blood pres-
sure about 10 mm Hg and diastolic biood
pressure o mm Hg, increases heart rate
1010 20 beats per minute. and increases
‘cardiac output, owing to bath increased
heart rate and cardiac contractility. Pe-
ripheral vascular changes include cuta-
DNEOUs VASOCONStrCLion. §vstemic veno-
constriction, and increased muscuiar
blood flow. Asdiscussed previously, pie-

—cental blood fiow mayv decrease, pre-
sumably due to contraction of the al-
ready maximally dilated uterine blood
vessels,

As comparative data on effects on the
uteroplacental circulation in humansare
not available. it iz reasonable to com-
pare the svstemic cardiovascular effects
of smoking and mcotine replacement
therapes 1o consider reiative risks. The
cardiovascular effeets of singie admin-
istrations of nicotine chewing gum (two
2-mg pieces) are similar in nature but a
smalier magnitude to those of smoking
a singie cigarette.* Studies of the-car-
diovascular effect of -nicotine gum
chewed throughout the Gay have shown

.a simiiar increase in biood pressure but

a smaller increase in heart rate com-
pared with ad libitum cigaretie smok-
ing 4

Circadian cardiovascular effects of
transdermal nicotine delivery svstems
have not vet been reported in the med-
ica) literature. In unpublished studies

from my laboratory, the effects of trans-
dermal nicotine on blood pressure and
heart rate were less than those of cig-
arette smoking.

Of potential relevance to predicting
effects of transdermal nicotine are stud-
ies of the effects of 14-hour intravenous
infusions of nicotine, with or without
concomitant cigarette smoking. < Circa-
dian cardiovascular effects, including 24-
hour unnary catecholamine excretion,
were similar during intravenous nico-
tine and cigarette smoking conditions.
Of note, the combined efiects of intra-

_Vvenous nicoune ang cigaretie smoxing
-wwhich resulte in average piasma ruce-
tine concentrations 175% of those with
either aione) were similar 1o the efiects
of either smoking or intravenous nicoe-
une ajone. This indicates a flat dose-
response curve and suggesis tha: if a
person were to use NICOLINe replacement
products and smoke as well. the cardic-
vascular effects will not be enhanced.

SUMMARY AND CONCLUSIONS

Epidemiologic evidence indicates a
causa!l and dose-related relationshiu be-
tween cigaretie smoking and adverse
reproductive outcomes. Smoking cessa-
tion duning pregnancy reduces the risk
of reproductive problems and can be the
opportunity for a permanent change In
life-style to reduce the risk of later smok-
ing-related chronic diseases. Because
cigarette smoking results in exposure
w many chemicals. il 15 impossibie o
asceriain the contribution of nicotine per
se from epidemiologic data. Studies of
the pharmacologic and Loxicologic effects
of nicotine in animals and expenmental
studies of the effects of cigaretie smok-
ing and mcotine in humans suggest that
nicotine may contribute to adverse re-
productive outcomes. Mecnanisms of
particular concern inciude reduction of
uteroplacenta! blood flow and direct ef-
fects on the developing fetal brain.

Nicotine replacement therapyv 1is
cleariy beneficial as an adjunct to smok-
ing cessation therapy, particulariy in
more highiy dependent smokers. 1t is
the more dependent (ie, heavier)smoker
who is a2t more risk for adverse repro-
Guctive outcome and wnois less likely to
stop smoking when becoming pregnant.
Nicotine replacement therapy is likely
to present less risk to the fetus than
cigaretie smoking. Cigaretie smoking
exposes the mother and the fetus to high
levels of carbon monoxide and simiiar or
higher concentrations of nicotine com-
pared with those from nicotine replace-
ment therapies. In additior. the more
rapid deiivery of nicotine from cigarette
smoke produces higher concentrations
of nicotine in the brain and other organs
and more intense physiological efiects.
There is some coneern that 24-hour-per-
day sustained concentrations of nicotine,
such as result from transdermal deiiv-
ery svstems, might have different ef-
fects than the rising and falling levels of
nicotine seen in cigaretie smokers. How-
ever, significant levels of micotine are
presentovernight evenin smokers when
they do not smoke overnigh:. and avail-
able cardiovascular studies comparing
cigarette smoking ang nicotine replace-
ment therapies show, if anvthing,
smaller circadian cardiovascular effects
with mcotine replacement com-_
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pared with cigarette smoking.

Thus. 1 conciude that the benefits of
nicoune repiacement therapy to aid
£MOoKINg cessalion in pregnant women
whu cannol sLop smokang without such
therapy substantialiy outweigh the risk
of conunued smoking or nicotne repiace-
ment therapy per se, at least in heavy
smoxers. 1 recommend formal clhinical
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