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An extensive body of literature demonstrates
that maternal smoking during pregnancy has
numerous adverse effects on maternal, fetal,
and infant health, including increased risk of
abruption, placenta previa, premature rupture
of membranes, preterm birth, fetal growth re-
striction, and sudden infant death syndrome.1,2

Increased awareness of the dangers of smoking
and the implementation of tobacco control
policies likely have contributed to declines in
smoking during pregnancy over recent de-
cades, but the prevalence remains unaccept-
ably high. A goal of Healthy People 2010 is to
decrease the percentage of women who smoke
during pregnancy to 1.2%,3 but recent esti-
mates indicate that more than 16% of pregnant
women still smoke.4

Numerous approaches to prenatal smoking
cessation have been studied, including coun-
seling, cognitive and behavioral therapy, hyp-
nosis, acupuncture, and pharmacotherapy. Be-
cause of concerns about the safety and efficacy
of pharmacologic therapies, approaches such
as nicotine replacement therapy or use of
bupropion are recommended for consideration
only in women who fail nonpharmacologic
methods and in whom the potential benefits of
the therapy outweigh the unknown risks of
the medications.5,6 Many efforts to further
decrease smoking among pregnant women
focus on clinic-based cessation interventions.
Current recommendations for a first-line ap-
proach (beyond simply advising pregnant
smokers to quit) advocate extended or aug-
mented psychosocial intervention delivered in
a clinical setting.5,6 This endorsement is based
on numerous studies that found that aug-
mented cessation interventions were more
effective than was usual care in achieving
smoking cessation during pregnancy.

An augmented psychosocial intervention is
commonly implemented in the form of the
5 A’s (ask, advise, assess, assist, and arrange);
clients receive a provider-administered, 5-
to 15-minute counseling intervention and

self-help materials. This approach, which can be
integrated into routine clinical care, is endorsed
by the American College of Obstetricians and
Gynecologists as best practice for smoking ces-
sation during pregnancy.6 A study that used
findings from a previous study that an inter-
vention would achieve a 30% to 70% im-
provement over baseline quit rates7 found the 5
A’s to be cost effective or cost neutral.8 To date,
however, the efficacy of an augmented clinic-
based intervention in reducing the prevalence of
smoking during pregnancy at the population
level has not been formally evaluated. There-
fore, we sought to estimate the number of
additional women who would stop smoking
during pregnancy and the change in US prenatal
smoking prevalence if an augmented psychoso-
cial intervention were implemented universally.

METHODS

Weused the most recently available data from
US birth certificates on women who delivered
live infants and from the Pregnancy Risk As-
sessment Monitoring System (PRAMS). PRAMS
is an ongoing, population-based surveillance

system that collects self-reported information in
participating states on maternal behaviors be-
fore, during, and after pregnancy. All partici-
pants are state residents who delivered a live
infant in the preceding 2 to 4 months. A mother
completes a self-administered questionnaire or
phone interview, with results linked to her
child’s birth certificate. Details of PRAMS have
been published elsewhere.9

Estimates of Women Eligible for

Intervention

We included pregnancies ending in a live
birth in 2005 as our initial hypothetical cohort.
After correcting for multifetal pregnancies, we
estimated that 4.07 million women delivered
a live infant in the United States in 2005
(Figure 1).10 We then estimated the number of
women who were smoking when they learned
they were pregnant by using data from the
2004 PRAMS question, ‘‘In the three months
before you got pregnant, how many cigarettes
or packs of cigarettes did you smoke on an
average day?’’ In the 26 states participating in
PRAMS in 2004 with response rates over
70%, 23.2% of the women stated that they
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smoked more than 0 cigarettes per day during
the 3 months before pregnancy.9 We applied
this percentage to the 2005 US birth cohort
and estimated that of 4070000 women,
944240 were smokers at the time they be-
came pregnant.

We reviewed the relevant literature and
derived an estimate of the percentage of
women who quit smoking spontaneously when
they found out they were pregnant and before
they entered prenatal care. To our knowledge,
the most recent available data on spontaneous
quit rates in the US population was collected
by the 1990 National Health Interview Survey
on Health Promotion and Disease Prevention,
in which 23% of self-reported female smokers
who had a live birth in the preceding 5 years
reported that they stopped smoking when they
learned of their pregnancy.11 Therefore, of
the estimated 944240 women who were
smoking at the time they became pregnant, we
estimated that 727065 (77%) continued to
smoke after learning of their pregnancy and
before entering prenatal care (Figure 1).

We assumed that women would have to
enter prenatal care before the third trimester to
receive a clinic-based, augmented cessation in-
tervention. Data on time of entry into prenatal

care from the 1989 and 2003 birth certificates
were not directly comparable. Therefore, we
used 2005 data from the 37 states that used the
1989 birth certificate to estimate the percentage
of women entering prenatal care before the
third trimester. These 37 states reported that in
2005, 3.5% of women received prenatal care
beginning in the third trimester or received no
prenatal care at all.10 Thus, of the estimated
727065 women who continued to smoke after
learning of their pregnancy, we estimated that
701618 (96.5%) of them entered prenatal care
before the third trimester (Figure 1).

Next we estimated the percentage of
smokers who likely would disclose to their
provider on entry into prenatal care that they
smoked. To our knowledge, there are nonational
estimates of the prevalence of nondisclosure of
smoking status among pregnant smokers. In the
3 clinic-based studies conducted between 1990
and 2003 that biochemically validated self-
reported smoking among pregnant women,
nondisclosure at baseline (before receiving the
intervention) ranged from 24% to 28%.12–14

For the prevalence of nondisclosure in our study,
we used the median of this range (25%).
Therefore, of an estimated 701618 active smokers
who entered prenatal care, we estimated that

75% (n=526213) would disclose their smok-
ing status to their providers and so would be
eligible for the intervention (Figure 1).

Because we wanted to estimate the greatest
possible effect of the intervention on prenatal
smoking prevalence, we assumed that the in-
tervention would be fully implemented and
that 100% of the 526213 eligible women
would receive it.

Analysis

To calculate how many more women would
quit smoking if the augmented intervention
were implemented than if they received usual
care, we used a pooled relative risk (RR) esti-
mate for continued smoking with exposure to
the intervention (0.94; 95% confidence inter-
val [CI]=0.92, 0.95), which we obtained from
the 2004 Cochrane Review.15 This RR trans-
lated to an absolute difference in the propor-
tion of women continuing to smoke with the
augmented intervention of 6% (out of every
100 smokers, an extra 6 would quit if exposed
to the intervention). It included data from 36
randomized controlled trials (33 behavioral
intervention trials and 3 trials of nicotine re-
placement therapy) of biochemically validated
smoking cessation programs implemented
during pregnancy. A pooled RR based on
behavioral intervention trials alone with bio-
chemically validated quit status was not avail-
able in the Cochrane Review. However, we
assumed that an RR based on behavioral in-
terventions would be similar to the overall RR
found in the Cochrane Review, because the RR
for the 3 nicotine replacement trials (RR=0.94)
did not differ from the pooled RR for the 36
trials.

To better understand the contributions of
the intervention to overall smoking prevalence
and quit rates at a population level, we first
estimated the quit rate among smokers who
received usual care. Among US-based, bio-
chemically validated, randomized controlled
trials of smoking cessation interventions from
1990 to 2003,15 the quit rates in the control
groups (who received only usual care) ranged
from 0% to 34%. For our analysis, we used
the median of these estimates (11.3%). An
increase of 6 percentage points would change
the quit rate from 11.3% to 17.3%. We used
this usual care quit rate and the increase of
6 percentage points to estimate the overall

Note. For the initial scenario, we used the best available published population-based or summary estimates of women

eligible to receive a smoking cessation intervention.9–14

FIGURE 1—Estimated number of pregnant smokers who go on to have a live birth and are

eligible to receive a clinic-based smoking cessation intervention: United States.
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change in smoking prevalence in late preg-
nancy resulting from implementation of the
intervention.

To determine the effects of the intervention
under a best-case scenario (i.e., if we were
able to maximize the number of women eligible
to receive it and the efficacy of the interven-
tion), we then recalculated the number of new
quitters gained and the decrease in overall
smoking prevalence attributable to implemen-
tation of the intervention, assuming that 100%
of women entered prenatal care before the
third trimester, 100% disclosed their smoking
status to their provider, and the RR for con-
tinued smoking was 0.92 (the lower bound of
the CI from the Cochrane estimate). Our esti-
mates for this scenario and for our initial
scenario are shown in Table 1.

Finally, we used the usual care quit rate and
the Cochrane RR estimate of 6 percentage points
to calculate the change in theoverall quit rate (the
percentage of smokers who quit at any time
during pregnancy, including those who quit
spontaneously and those who quit with usual
care) with implementation of the intervention.

RESULTS

We used the Cochrane estimated RR of 0.94
to estimate that of the 526213 women who
informed their providers that they smoked
(Figure 1), 31573 (6%) new quitters would be
gained with universal implementation of a
clinic-based, augmented smoking cessation in-
tervention. These new quitters would be in
addition to the women who would have quit in

the absence of the intervention (i.e., those who
quit spontaneously before entering prenatal
care and those who would have quit had they
received usual care).

Among all pregnant women (4070000), the
calculated overall smoking prevalence by late
pregnancy would decrease from 16.4% to
15.6% with implementation of the intervention,
an absolute difference of 0.8 percentage points.

If we were able to maximize the efficacy of
the intervention and the number of women
eligible to receive it, 58165 more pregnant
women would quit smoking and the calculated
overall smoking prevalence by late pregnancy
would decrease from 15.8% to 14.4% (an
absolute difference of 1.4 percentage points).

In our initial scenario, of the 944240
smokers who became pregnant, the overall quit
rate would increase from 29.3% ([217175+
59462]/944240) to 32.6% ([217175+
59462+31573]/944240) with implementa-
tion of the intervention (Figure 2). In other
words, 67.4% of the 944240 women who were
smoking when they became pregnant would still
be smoking by late pregnancy ([435178+
175405+25447]/944240; Figure 2).

DISCUSSION

As awareness of the risks associated with
smoking during pregnancy has increased, the
prevalence of prenatal smoking has decreased,
but it remains unacceptably high. We esti-
mated the extent to which universal imple-
mentation of a clinic-based, augmented smok-
ing cessation intervention could increase the

number of quitters. We calculated that the gain
in quitters would be more than 31000 women
because of the intervention, but of the 944240
women who were smokers at the time they
became pregnant, 67.4% would still be smok-
ing by the end of pregnancy and the overall
decline in prenatal smoking prevalence would
be only 0.8 percentage points.

Data suggest that smoking cessationbefore the
third trimester reduces the risk of adverse preg-
nancy outcomes.5,6 Therefore, increasing quit
rates during pregnancy should result in im-
provements in infant health. For example, a
gain of 58165 quitters (our best-case scenario)
could prevent approximately 2560 cases of low
birth weight, assuming that 7.5% of nonsmokers
deliver low-birthweight babies and that infants
born to smokers have a relative risk of 1.59.10

However, nearly 28000 infants would still be
born with low birthweight because of smoking.

We chose to use the recent Cochrane Re-
view’s estimated RR for continued smoking
of 0.94 (95% CI=0.92, 0.95) because that
review provided the most recent and most
comprehensive meta-analysis of smoking ces-
sation interventions during pregnancy. If we
assumed a baseline quit rate of 11.3% among
women who enter prenatal care still smoking,
and an increase of 6 percentage points in the
quit rate to 17.3%, our estimated RR for ces-
sation with the intervention was 1.5. This esti-
mated RR is similar in magnitude to other
widely cited risk estimates.7,16

Because we wanted to estimate the greatest
possible effect of the intervention on prenatal
smoking prevalence, we assumed that all
women who disclosed their smoking status to
their provider after entering prenatal care
would receive a clinic-based, augmented inter-
vention, but in reality, the evidence suggests
that universal implementation of the interven-
tion would be extremely difficult to achieve.
For example, Hartmann et al. recently reported
that only one third of prenatal care providers
administered the 5 A’s to their pregnant pa-
tients.17 If we assumed that only 30% of eligi-
ble women would receive the intervention,
the gain in quitters would be 9472 and there
would be no change in smoking prevalence.

Several factors may limit the potential effect
of a clinic-based, augmented intervention on
smoking cessation at the population level. We
found that a large percentage of smokers quit

TABLE 1—Estimates Used to Calculate the Effect of a Clinic-Based Cessation Intervention

Among Pregnant Women in the Initial and Best-Case Scenarios: United States

Initial Scenario Best-Case Scenario

Women entering prenatal care, % 96.5 100

Women smoking at the time they became pregnant, % 23.2 23.2

Smokers who quit spontaneously,a % 23 23

Smokers who do not disclose their smoking status to their provider, % 25 0

Eligible women receiving the intervention, % 100 100

Risk ratio for continued smoking 0.94 0.92

Quit rate with usual care, % 9.7 9.7

Note. For the best-case scenario, our estimates assumed that the maximum number of women were eligible to receive the
smoking cessation intervention and that the intervention had maximum possible efficacy.
aWomen who quit when they found out they were pregnant but before they entered prenatal care.
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before or upon learning they were pregnant,
and those who continue to smoke may be a
highly addicted subgroup and especially resis-
tant to cessation interventions.18–20 This phe-
nomenon has been observed in the general
population of smokers, among whom it has been
noted that cessation interventions appear to
have become less effective over time because of
their ‘‘hardening.’’ This ‘‘hardening’’ may be at-
tributable to an increase in the proportion of
residual smokers who are heavily addicted or
who have a mental illness or codependency on
drugs or alcohol.21 Consistent with this phe-
nomenon, smoking among pregnant women has
become increasingly concentrated among lower
socioeconomic populations, who are least able
to give up tobacco.22–24

Moreover, a substantial percentage of
smokers do not reveal their smoking status to
their providers and so are never identified as
being eligible to receive an intervention. Al-
though nondisclosure rates theoretically could
be improved, more research is needed to
determine how to minimize this problem.25

Moreover, women who do not disclose their
smoking status may be more resistant to ces-
sation interventions than are women who
readily admit to smoking. If so, improving
disclosure of smoking status may not result in
the expected improvement in cessation rates.

The RR estimates we used from the
Cochrane Review were based on results from
clinical trials, which involve a unique subset of
the population: those who are willing to par-
ticipate in research trials. Smokers in the gen-
eral population may be less compliant with the
requirements of an intervention than are
smokers in clinical trials, and thus the magni-
tude of the effect of the intervention on quit
rates might be lower than our estimates. Evi-
dence of this potential obstacle can be found in
numerous clinical trials with low participation
and high attrition.13,20,26 If we presume that
those declining to participate in trials are more
resistant to quitting, then clinical trials are
likely to produce more quitters than are inter-
ventions in typical community settings. Realis-
tic estimates of the effect of a cessation inter-
vention are best assessed through studies with
clustered designs in which the clinic is the unit
of randomization. Unfortunately, to our
knowledge, pooled estimates of the effect size
from studies with such designs among pregnant
women are not available.

Researchers have long contended that
clinic-based interventions alone are unlikely to
have more than a modest effect on smoking
prevalence in either the pregnant27 or the gen-
eral28 population. The importance of compre-
hensive strategies such as increasing excise taxes

on cigarettes, banning all forms of tobacco
advertisement, improving the enforcement of
laws that prohibit sales to children and adoles-
cents, and promoting smoke-free areas in public
places and the workplace was recently empha-
sized by the Institute of Medicine,29 and these
strategies were found to be effective after
widespread implementation through the World
Health Organization Framework Convention for
Tobacco Control.30–32

The Centers for Disease Control and Pre-
vention promotes several comprehensive
tobacco-use reduction strategies, including
community-based programs (such as develop-
ing partnerships with local organizations and
promoting governmental and voluntary poli-
cies to promote clean indoor air), restricting
access to tobacco products, and providing in-
surance coverage for cessation treatment.33

In addition, the agency promotes the enforce-
ment of tobacco control policies, including
restricting minors’ access to tobacco, outlawing
smoking in public places, and an increased
availability of cessation programs. These
strategies are derived from analysis of
evidence-based comprehensive state tobacco
control programs and could decrease smoking
initiation among youths, which in turn could
lead to declines in smoking during pregnancy.33

Limitations

Our analysis had several limitations. Imple-
mentation of a smoking cessation intervention
could have a greater or lesser effect in specific
communities or subpopulations, depending
on local demographics and spontaneous quit
rates. Our hypothetical cohort population in-
cluded only women with a live birth and so did
not include women whose pregnancies ended
in a miscarriage, fetal death, or stillbirth. Al-
though it has been documented that some
spontaneous quitters relapse to smoking during
pregnancy,34 our estimate of the number of
spontaneous quitters was based on data from
women who reported after delivery that they
did not smoke after learning they were preg-
nant and so did not include quitters who later
relapsed. Excluding women who had quit at the
time they entered prenatal care but later re-
lapsed may have caused us to overestimate the
number of women eligible for the intervention.

We also made several assumptions. We
assumed that women who did not disclose their

aAdditional quitters with the intervention among women who are eligible for intervention (n = 526 213) is 6% of 526 213,

which is 31 573.
bQuit with usual care among women who are eligible for intervention (n = 526 213) is 11.3% of 526 213, which is 59 462.

FIGURE 2—Proportion of pregnant smokers (n=944240) who quit or continue to smoke, by

entry into prenatal care, nondisclosure, and exposure to the intervention.
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smoking status to their providers did not quit
later in pregnancy. If a substantial proportion
of these women quit on their own, then we
would have underestimated the percentage of
spontaneous quitters. We also assumed that
women needed to enter prenatal care before
the third trimester to receive a clinic-based,
augmented cessation intervention and that
cessation later in pregnancy did not improve
pregnancy outcomes.5 It is possible that there
are some health benefits from cessation in the
third trimester.

Some of the estimates used in our analysis
were based on data that were not current or may
not have been nationally representative. For
example, our estimate of the percentage of
women who were smoking at the time they
became pregnant (23.2%) was derived from
population-based surveillance conducted in
27 states, and thus it may not be generalizable to
the United States as a whole. However, we
believe our estimate is a reasonable approxima-
tion for the entire country because it is consistent
with the results of the 2004–2005 National
Survey on Drug Use and Health, in which16.6%
of pregnant women and 29.6% of nonpregnant
women of reproductive age reported that they
smoked cigarettes.4 Our estimate of the rate of
spontaneous quitting (23%) was based on na-
tional data from1990, and the rate may have
increased since then. However, this estimate is
consistent with recent studies conducted in
health care settings in which rates of spontaneous
quitting ranged from 23% to 29%.35–38

Similarly, our estimate of the percentage of
women who enter prenatal care was based on
data from the1989 version of thebirth certificate.
Comparisons of data on prenatal care from the
1989 and 2003 versions of the birth certificate
indicated that the percentage of women entering
prenatal care before the third trimester was lower
for the2003version.This discrepancy isbelieved
to be attributable to changes in reporting and not
changes in utlization.10 Therefore, data from the
1989 birth certificate may have overestimated
the percentage of women entering prenatal care
before the third trimester. If the percentage
of women receiving early prenatal care is
lower than the estimate we used, the effect of the
intervention on quit rates and prenatal smoking
prevalence might be less than we estimated.

Finally, population-based estimates of nondis-
closure rates were not available for pregnant

women, and thus we relied on studies based in
medical centers, which may not be representative
of the US population as a whole. We addressed
this limitation by conducting a subanalysis in
which we assumed that 100% of smokers dis-
closed their smoking status to their providers.

Conclusions

Universal use of a clinic-based, augmented
intervention for smoking cessation in pregnant
women would likely increase the total number
of quitters, but it would not result in substantial
changes in smoking prevalence among preg-
nant women in the United States. Even under
the most optimistic assumptions, the vast ma-
jority of smokers would continue to smoke
during pregnancy. Therefore, comprehensive
tobacco control approaches at the population
level, particularly those targeting youths, will
be needed if most pregnant smokers are to be
reached. Efforts to promote these approaches
should be intensified. j
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