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CIGARETTE smokin~ is a rna~jor pre. 
ventabie cause of fetal death and in,tory, 
yet many women continue to smoke cig- 
arettes throut:rhou: pregnant'. The mos~ 
effecuve pharmacolo~c ad3unct to smok- 
ing" ces~tion therapy is nicotine replace- 
ment, including nicotine chewing B~rn 
or transdermal nicotine. However, the 
u~ of nicotine replacement therapy is 
contraindicated during pregnancy. The 
ana)ysis ]~resented herein suggests that 
the benP.fiL~ of nicoune repiacement ther- 
apy tu aid smoking cessation in preg- 
nant women who cannot stop smoking 
without such therapy substantially 
outweiizh the risks of conunued smok- 
ing or the risks of nicoune repiacement 
per se. 

PREVALENCE OF CIGARETTE 
SMOKING DURING PREGNANCY 
Although the prevalence of smoking 

has declined in recen~ years and man)' 
women quit smoking when they become 
pregnanL 20~to 25% of preirnant Amer. 
ican women continue to smoke through- 
ou: pre~,nancy- man), of these women 
are heavy smokers. The National Health 
Interview survey of women pregnant in 
1985 or with a birth in the previous 5 
years found that 32% of white women 

FrOm 1hi D l~ l f l f t t l n l !  ol M I ~ ¢ ~  ~>l~¢llll~ry. in~l 
J~f t f~Cy.  Umv'ef$11y O! Clll,tortlll. S41n Ftlfl¢l~¢O. In0 
me D~s~on 0t Cm¢~, Pnarmacoz)gy anO E x ~ e ~  
~; 3 I~ra~L~l~S. ~ Fr l f~ l~O GOfl~rlll PIOSDnOi I ~ o .  
¢al Ce~e- 

ln~ moon wai s u ~ . l O  Io 1he s ~  ln¢ D~u@ ~k~. 
m~m$lrll~on PlUgS O1AJDuse &ovlsory C,off~nrllcH~ Mly  
e 19. Qn 1he oDm~Dns exDrlm;eo are mose oi Ine ju- 
tf~Ot If'tO OO r~01 I~d~(.'~l~Jrltv toilet1 I~$e  01 l r~ ~'OO~ 
anti Drug A ~ n l ~ o ~ .  

ReDr,nl lIQUell~ tO the DN~I.~On 01 Cl~ncal ~'t~n~t~. 
¢ o ~ y  ant Ex~emt~'~a} lnera~eu~l,'s, bin Frane.~a¢o 
G, enerll t '~o~l t  MeO¢ll Clme:, 1011 Pottero Ave. 
~10~ ~ .  ~ln retOOl. Sin FIIf~IIIPD. CA ~1110 |D~ 
Eenowrj) 

smoked before prelznancy. ~ Although 
39rh of these smokers quit dunng 
their pregnanc.~', about 20% of the pop- 
ulation of pregnant women continued to 
smoke. 

Other recent surveys report smoking 
rates during: pregnancy of 21~ in 19~ 
and 1986 in ~ states and the Disu~ct of 
Columbiz/27.5% in 1986 in Missouri, ~ 
19.9% in 1985 in Idaho, 26.1% in 19~ 
and 1989 in New York,' and 2%% in 1989 
in Ohio.; Among preirnant teenagers in 
Washington State. 32~ and 37% smoked 
during preirnancy in 1984 and 1988. re- 
spectively. ~ Of note is that heavier smok- 
ers are much less likely to quit spon~- 
.neously during preEnancy than are 
lighter smokers, presumably reflecting 
a hi~'h level of dependence. Thus, a~- 
though the average number of cigarettes 
smoked per day" deciines during preg- 
nancy," the prevalence of heavy smok- 
ing. defined as one pack (20 cigarettes) 
or more per day. during pregnancy re 
mains substantial: 13.1~, 12.1~, and 
11.6~ in the Missouri. Idaho. and New 
~'ork State studies, respecuvely. ~" 

RISKS OF CIGAREI'rE SMOKING 
DURING PREGNANCY 

Cigarette smoking during pregnancy 
substantially increases the risk of spon- 
taneous abortion, prematurizy, low birth 
weighL and permatal mortality. Smok- 
ers have an increased risk of spontane- 
ously abortin[r a chromosomally normal 
fetus, u%h an odds ratio of 1.2 to 1.8 
compared u'/th nonsmokers. ~ ' '  The in- 
cidence of low birth weight (<2500 g) 
increases xvith increasing ciB~reue con- 
sumption, and 21% to 39% of Iow-birth- 
weighl births have been attributed to 
maternal cip'arette smoking/]t is esti- 
rnated Lhat maternal smokin~ results in 

4600 infant deaths in the United States 
each year.' These deaths are related to 
a higher than usual incidence of prema- 
ture deliver)' related to abrup¢io pla- 
centae, piacenta previa, and premature 
rupture of the membranes in smoking 
mothers, as well as intrautenne ~r(n~'th 
retardation. Furthermore. babies born 
to smoking mothers have a four umes 
Itrreater ask of a low Ap~ar score if the 
mother smokes two packs per day com- 
pared with babies of nonsmoking moth- 
ers (~-;th correction for gestauonal 
age). l~ 

Smoking does not appear to increase 
the ris'K of teratogenicity. ~ome studies 
~how adverse efiects of maternal cilza- 
rette smoking on child developmenL '"'~ 
However. these studies are somewhat 
difi'2cuh to interpret because of co~ound- 
ing ~th socioeconomic ciass, education 
of the parent, and passive smoking. 
Tne major effect of ciF1trette smoking 

on birth weight has been termed the 
.feral ~obacco s~miro,stc, defined in terms 
of the folio~-mg four points": 

i. The mother smoked five or more 
cigzrettes per day throughout the preg- 
r~crlcv. 

2. The mother had no evidence of hy- 
pertension during pre~.n~.. 

3. The newbor~ had symmetrical 
~ro~'th reutrdauon at term tgreater than 
37 weeks" gestation,L defined as a birth 
weight of less than 2500 F and a pond- 
eral index (weight in ~,~am~enl~1.h in 
centimeters cubed) exceeding °.32. 

~. No other cause of intrauterine 
~rou'th retardation is obvious. 

It is clear that cigarette smokin[., rep- 
resents a ma.~or (if not the major) knou'n 
risk to the fetus, and pregnant women 
should be strongiy encouraged and ~- 
sisted in stopping smoking. Prospective 
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stud~r: of smokin~ ee.ssatlon u,erapy 
aunng@regnane)' md~cme tna~ smolong 
¢(-ssatzon ooes resu] l m zmprovecl birth 
~t.elght. :.z"..z~ 

BENEFIT OF NICOTINE 
REPLACEMENT THERAPIES 

~icotme repiacement therapies can 
enhance c~ssatmn rates in smoker.~ who 
have been unable to stop smoking on 
their own. Tobacco .eznoking is main- 
mined in mo.~ smokers by" addiction to 
nicotine. ~ Tobacco dependence can be 
treated successfully. Behavioral thera- 
pies are successful for some smoker:. 
Pregnant women who smoke are often 
highly motivated h, qui~ and me)" be 
more responsive than are other patients 
to advice that they' stop smoking. Pre- 
natal smoking cessation programs have 
resulted in quitting rates of 9~; to 
43~. "'~='~r 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- 
spy of tobacco dependence makes sense. 
At this time, the oni.v pharmacologic 
therapy, shoxxm to be effective in smok- 
ing cessation is nicotine replacement 
therapy'. Nicotine replacement therapy, 
using nicotine poiacri}ex chewing gum 
or transdermal nicoune delivery, sys- 
tems, can reduce tobacco withdrawal 
symptoms and enhance the efficacy of 
behavioral therapy. A mesa-analysis of 
nicotine chewing gum therapy indicated 
an over',dl smoking cessation rate fin 
men and nonpregnant women) a'. 6 
months of 27~ for nicotine chewing 
gum compared with 18~ for placebo 
chewing gum. ~" The trials were per- 
formed in smoking cessation clinics thin 
were able to provide expert behavioral 
counseling, Another trial has shown a 
dose-response relationship for mcotine 
therapy and smoking cessation out- 
come. ~'~ In this trial, treatment ~ t h  4-rag 
nicotine chewing gum was found to De 
more effective ~ 2-ms nicotine chew- 
ing gum in highly dependent smokers. 
This rate of effectiveness was compa- 
rable with that obtained with 2-ms nic- 
vzine che~nng gum in smokers ~'ith a 
medium or low level of dependence. 
Thus. nicotine replacement appears to 
be of parucular value in more~iepen. 
dent smokers. Similar data for smoking 
cessation rates have been observed with 
the use of transderrnai mco~ine deliver)." 
systems. ~-~ 

Of note is a recent survey of Michigan 
family, physicians indicating tha~ 51~ 
were dissatisfied v,'i~h the effectiveness 
of ava/Jable smoking cessation methods. = 
T~,elve percenl prescribed nicotine 
che~'ing gum to pregnant women who 

smoked, even though the l~bel uys its 
use is eontraindlcated in pregnancy. 

POTENTIAL RISKS OF NICOTINE 
IN PREGNANCY 

Nicotine could contribute to tobacco. 
related reproductive dlsorder.~; how- 
ever, the nature and mzgmtude of its 
adverse effects are a.- yet unknown. 
While evidence for a causal hnk between 
cigarette smoking and reproducuve dis- 
orders is well establisned, the patho- 
physiolog3, is not. ~mokers art. exposed 
to several thousand c~emicals m tukmc~:o 
smok~, including nicotine and carbon 
monoxide. NJcoune and carbon monox- 
id~ are suspected to contribute to re- 
productive disturbances. An as~ssment 
of the potential contribution of nicotine 
is important for making decisions about 
risks vs benefits of nicoune substitution 
therapy dunng pregnancy. 

A likely' cause of growth retardation 
in fetu~s of smoking mothers is induc- 
tion of fetal hypoxia and~or ischemia, 
which could be produced by both carbon 
monoxide and nicotine. The developing 
fetus is normally in a state of relatwely 
low oxygen tension. Oxygen deliver),, to 
the fetus is enhanced by adaptations that 
include the presence of fetal hemoglo- 
bin. which has a greater Rffinity for ox- 
ygen than does adult hemoglobin: higher 
hematocrit: higher fetal cardiac output; 
and high red biood cell 2.3-diphospho- 
glyeerate level, which facilit~Les the re- 
lease of oxygen from hemoglobin to tis- 
sues. Carbon monoxide impairs ox~,gen 
availability by' binding avidly to fetal 
hemogiobin, thereby reducing the avail- 
ability of oxygen to the fetus. =̀  A ma- 
ternal 10~ blood carboxyhemoglobin 
level, wifich can be observed in a two- 
pack-per-day cigarette smoker, can be 
associaLed with n 10~ to 15~, higher 
carboxyhemoglobin level in the ferns 
than in the mother. This has been 
equated to a 60% reduction in fetal blood 

Nicotine may, contribute to fetal is- 
cherma by its effects on the placental 
circulation. Nicotine infusion in preg- 
nant sheep increases uterine vascular 
resistance and reduces uterine blood 
flow. effects that  appear to be mediated 
by' catecholarnine release. ~ Smoking 
acutely' and chronically reduces piacen- 
tal blood flow in pregnant women, pre. 
sumab}y due to nicotine. ~'~ Both ciga- 
rette smoking and nicotine chewing gum 
increase fetal nears rate during the sec- 
ond trimester in humans, consistent with 
s.~nnnpathetic neuroacuvation. ~ During 
the third trimester in humans, cig'aret~,e 
smoking or nicotine gum che~ung de- 
creases fetal hear~ rate and reduces fe- 
tal breathing movements, both of which 
may be signs o, t fetal hypoxia. ~'*' Ete- 

rated teveis of catechotaymnes in anlni- 
oti~ fluid in pregnant women who smoke 
during their  thzrd znmester indicate 
sympatheuc activation in the Setus, con- 
mstem ~Jth fetal hypoxm an&or direct 
effects of nicotine. ~ N~eotine can also 
inhibit production of prostacyclin, a go- 
tern local va.codilator mud mhibltor of 
platelet aggregation, in arteries. Re- 
duced prostacyciin-like activity" has been 
noted in umbilical arteries of cigarette- 
smoking mothers, r The above findings 
suggest that nicotine contributes to the 
mh'erse effects of cigarette smoking on 
reproduction, probably by acting on the 
uteropiacental mrcu~tion. 

Fetal h.vpoxemia has also been con- 
sidered to be a contributor).' cause of 
behavioral abnormalities, such as hy- 
peractivity, short attention span, and 
lower scores on spelling and reading 
t~sts, which occur at a higher frequency' 
in children whose mothers have smoked 
throughout pregnancy than in those born 
to nonsmokang mothers. In addition, 
chronic prenatal exposure to nicotine 
via maternal infusions in rats results in 
neurobehavioral disturbances in the off- 
spring, x' Other neonatal rat studies sug- 
gest that feud exposure to nicotine may 
resuh in abnormal neurochemical de- 
velopment of the brain. Rats exposed ~o 
nicotine during gesuation show delayed 
neural hinT, oration and persistent defects 
in central catecholarnznergic and cholin- 
ergot neuronal actwity. ~.'~' it is specu- 
lated that nicounic chohnergic recep- 
tors normally function to modulate neu- 
ronal maturation in the fetus and that 
excessive neonatal exposure to nicotine 
impairs that development. 

RELATIVE RISKS OF 
CIGARETTE SMOKING AND 
NICOTINE REPLACEMENT 
DURING PREGNANCY 

Cigarette smoking delivers not oniy 
nicotine and carbon monoxide but also 
many other toxic chermcals to smokers. 
~moIung in general delivers more nic- 
ot.ine at a more rapid rate. resulting in 
more intense cardiovascular and central 
sumulation, than does nicotine from nic- 
oune che~ung gum or transdermal nic- 
brine delivery systems. Therefore, nic- 
otine replacement therapies are likely 
to present substantially lower risk than 
cigarette smoking, pRrt~cularly hea~" 
smoking, during pregnancy. 

Delivery of Nicot ine 

Cigarette smokers systemically ab- 
sorb about Img 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 ~o 
300 mg of carbon monoxide. Concentra- 
tions of nicotine and carboxyhemoglo- 
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bin in the blood tend to build up through- 
out the day with reR'ular ci~'arette smok- 
ing, piateaumg at ~eveis of 2U to 35 n~ of 
mcotine per millihter and 59~ to ]0~ 
carboxyhemoglobm. Significant concen- 
trations of rucoune and carboxyhemo- 
~lobm persist overnight, even whiie the 
smoker sleep,~, and smokers typically 
awaken xxath plasma nicotine concentra- 
tans of about 5 ng~mI, and carboxyhe- 
mol~lobin concentrations of 3~ to 5%. 

The average systemic absorption of 
rucotine from one piece of 2-mg nicotine 
polacriJex che~rin~ l~um is I m[~. ~ No 
carbon monoxide or other toxins are ab- 
sorbed. V,:ith the use of 12 pieces of 
nicotine che~'ing l~m per day iwhich is 
more than most smokers use}. about 12 
mp of nicotine are absorbed, resulting 
in blood nicoune levels u'ith che~'ing 
~um averapinp one third to one ha~those 
observed in ci~rare~te smokers (ahhough 
in some people concenu'ations of nico- 
tine ma.v be similar when smoking and 
che~'ing the t~um). 

T~ansderma] nicotine deliver)., sys- 
tems typically deliver about 15 to 20 mg 
of nicotine per day. ~ Peak plasma con- 
cenu'ations of nicotine ~.vpica]ly range 
from 10 to 15 nl~/mL and tend to fall 
somewhat overni~.,ht (o~'in~" to declin- 
ing rates of nicotine release from the 
patch}. Thus. the daily dose of nicotine 
and peak biood levels of nicotine from 
nicotine che~ang [zum or rxansdern~ 
delwers." systems are lower than those 
of one-pack-per-day cip'~rette smokers. 
'1"ransderma} deliver)., systems do result 
in pe~istent exposure to nicotine that 
at some times of day, particularly over. 
ni~'hL Tnay exceed those found in ciga- 
rette smokers. 

Pnarmacoclynemic Consiclerations 
Nicotine from ciB-a,,'ette smoke is ab- 

sorbed rapidiy throuFh the lun~ and 
into the circulation and results in u-a~- 
sient hiFh Rrteria] blood concenrxations 
that are delivered to the brain and other 
organs. The effects of nicotine m-e 
~eater when doses are administered 
rapidly compared ~-ith when the same 
dose is wen more slow)y, i; The rapid 
high-dose delivery, of nicotine tothe brain 
is thought to be responsible for much of 
the p~'chological stimulation and reward 
associated ~'ith ciTaxette smoking. 

Nicotme from polacrilex chewing gum 
or u-,msderma] deiivers.' systems is ab- 
sorbed slowly and does not produce the 
men~ stimulation or eu=)horia revorted 
after ciTarette smokinl:.'The biun~,ed re- 
sponse is due bo~h to lower concentra- 
tions reachin~ the brain and other ~zr- 
get or@-ans and to the development of 
acute tolerance, which is well kno~,n to 
occur to many effects of nicotine. 

Despite the development of substan- 

tial to)ersnce t(, ef/ect~ of nicotine, t~,i- 
erance, at iea.e, to some effect,-. ~s no t 
compiete. For example, heart rate ac- 
eeieration and catechoiarmne re~ease 
have been shown to persist overnil~ht in 
habitual c~Irarette smokers. =~.'~ Persia- 
tent s.Vml~thetic neural activation is of 
importance becau~ this could be a mech- 
anism of adverse effects on the fetus. 
Presumably. the same pattern of Eva- 
pathetic neural activation occurs in us- 
ers of nicotine polacriiex chet~nng ~¢um 
or u'ansdertnal nicotine delivery sys- 
tems. 

Csrdiovascular Effect= m Humans 

The major cardiovascular effects of 
nicotine result from sympathetic neura 
activation. ~: In healthy people, ci~-a~_ _tie 
Emokin~z increas-~-~-~vstobc blood p~- 
sure =bout 10 mm Idg and diastolic b~ood 
pressure on~m I-I~, increases heart rate 
10 to 20 beats per mmute, and into'eases 
-~iac.'output. owinc to b~.gt.h increased 
heI~'t rate and cardiac con~c~i~ 
riphera] vascular changes include cuta- 
neous va~)constriction, systemic veno- 
coast_action, and increased muscular 
blood flow. As discussed previously, pia- 
-eentzl blood flow may decreue, pre- 
sumably due to conxraction of the al- 
ready maximally dilated uterine blood 
vessels, 

As comparative dam on effects on the 
uteroplacenml circulation in humans are 
not available, it is reasonable to com- 
pare the systemic cardiovascuiar effects 
of smoking and nicotine replacement 
therapies to consider reiative risks. The 
cardiovascular effects of single admin- 
isunttions of nicotine chewing ~,~m (two 
2-rag pieces) axe similar in nature but a 
smal=er malznitude to those of smoking 
a single ci~rette. ~' Studies of the-car- 
diovascular effect of"nicotine [rum 
chewed throutzhouz the day have shown 
,a similarincrease in blood pressure but 
a srnaJ|er increase i~ hea~ rate com- 
pared with ~ llbittlm m~-azette smok- 
m~. "~ 

Circadian cardiovascular effects of 
transderma] nicotine delivers., systems 
have not yet been reported in the med- 
ical literature. In unpublished studies 
from my laboratory, the effects of Ix~ns- 
derma] nicotine on blood pressure and 
heart r~te were Jess than those of cig- 
arette smoking. 

Of potential relevance to predicting 
effects of tra~sdermaJ nicotine are s~ud- 
ies of the effects of 14-hour intravenous 
infusions of nicoune, ~'ith or ~'ithout 
concomitant ci~rette smoking:. ~ Circ~- 
dian ca~iovascular effects, mciuding 24- 
hour urinal" catecholarmne excretion, 
~,ere similar durmg intravenous nico- 
tine and ci~re~e smoking conditions. 
Of note. the combined eft'eels of inu'a- 

• venous nicotine and clt~arettt- smokJn~: 
-lwhich results in lver~ge p~asma ruc(.- 
one concentraI.ion~ 175~ of those ~'ith 
either mone; were similar to the effects 
of either smokinp or mtravenous n~co- 
one aiont. Thi. ~ indlcates a flat dose- 
response curve and suggests that if a 
person were to use nlcotlne replacement 
products and smoke as well. toe cardio- 
vascular effects will not be enhanced. 

SUMMARY AND CONCLUSIONS 
Epidemiolopic evidence indicates a 

causal and dose-related relationshlu be- 
tween m~arette smokinl~ and adverse 
reproductive outcomes. Smoking cessa- 
tion dunny pregnancy reduces th~ ask 
of reproductive problems and can be the 
opportunity" for a permanent chanpe in 
life-style to reduce the risk of later smok- 
ing-related chronic diseases. Because 
cigarette smoking results in exposure 
to man)' chemicals, it is impossibie to 
ascertain the contribution of nicotine per 
se from epidemiolo~c da~. Studies of 
the pha.,'maco}o~c and toxiculo~c effects 
of mcotine in animals and expenment~l 
studies of the effects of cigarette smok- 
ing and nicotine ua humans sugtzest that 
nicotine may conzribute to adverse re- 
productix'e outcomes. Mechanisms of 
particular concern include reduction of 
uteroplacent~l blood flow and direct ef- 
fects on the developing fe~l brain. 

Nicotine replacement therapy is 
clearly beneficial as an adjunct to smok- 
ing cessation therapy, p~'~iculariy in 
more hi~hiy dependent smokers, h is 
the more dependent (ie, heavier) smoker 
who is at more risk for adverse repro- 
ductive outcome and who is less likely 
stop smoking when becoming, pre&man'. 
NicoT, ine replacement therapy is likeiy 
to present less risk to the fetus than 
ci~rette smoking. Cigarette smoking 
exposes the mother and the fetus to high 
levels of carbon monoxide and similar or 
hivher concentrations of nicotine com- 
pared ~'ith those from nicotme repiace- 
ment therapies. In addiuor, the more 
rapid deiwery of nicotine from ciR'are~te 
smoke produces hi~her concentrations 
of nicoune in the brain and other or~"ans 
and more intense physioloRica] effects. 
There is some concern that 24-hour-per- 
day sustained concenrxations ofnicoune, 
such as result from ~ansderrna] deiJv- 
erv systems, mi~'ht have different ef- 
fects than the rising and falling levels of 
rncorine seen in ci~axette smokers. I-i ow- 
ever, sitLrniflcant levels of mcotine are 
present overnight even in smokers ~'hen 
they do not smoke overnight, and avail- 
able cardiovascular studies comparing 
cigarette smoking and nicotme replace- 
ment therapies show, iJ" anything;, 
smaller arcadian cardiovascular efiects 
~'ith rucotme replacement comz. - 
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.:tared ~ t h  cll~arette smvkmg. 
Tnu~. ] conclude tn~t the benefit=~ of 

mcoune replacemem therapy to aid 
smoking cess=uon in prelz~mm women 
who cannot s~op smoJon~ without such 
merapy su0stan~ial]y outwe)~'h the nsk 
of conunued smokmg or meoune repmee 
ment therapy per so, at lea-~t in heavy 
=rnokers. 1 recommend formal chmcal 
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