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Abstract

Background—~Quitting smoking is often associated with weight gain and prenatal cessation may
lead to increased gestational weight gain (GWG). Although previous reports have suggested a link
between prenatal smoking cessation and GWG, no studies have examined the relationship between
cessation and guideline-recommended GWG, and there is little information about the relationship
between the timing of prenatal cessation and GWG. Thus, we examine GWG among women in a
community prenatal smoking cessation program and assess the relationship between the timing of
prenatal cessation GWG.

Methods—Pregnant women health care clinics serving economically disadvantaged women who
participated in a smoking cessation intervention offered free of charge, self-reported weight, and
provided biochemical verification of smoking. Relationships between duration of cessation and
GWG were evaluated in t-tests and regression models. GWG was calculated from self-reported
weight before pregnancy and self-reported weight at the last visit before delivery.

Findings—Women who quit earlier during pregnancy had greater GWG (16.9 + 7.5 kg) than did
those who never quit (13.6 £ 8.9). After adjusting for timing of weight assessment and
prepregnancy body mass index, however, GWG was not different between women who did and
did not quit.

Conclusion—Quitting earlier in pregnancy is associated with greater GWG, but women who do
and do not quit do not differ on total GWG. Despite increased GWG with early cessation, the
maternal and fetal health benefits of prenatal smoking cessation outweigh risks of potential risks
of excessive GWG.

Maternal smoking during pregnancy is an important preventable health risk behavior, and
current estimates suggest that 10% to 12% of women smoke during pregnancy. Women who
smoke during pregnancy have lower incomes and are often younger and less well-educated
than women who never smoked or who quit smoking during pregnancy (Kendrick et al.,
1995; Martin et al., 2007; Suellentrop, Morrow, Williams, & D'Angelo, 2006; Windsor et
al., 1993). Although prenatal smoking cessation has well-documented benefits for maternal
fetal health (Bernstein et al., 2005; Butler, Goldstein, & Ross, 1972), a recent review of
cessation interventions for pregnant women concluded that cessation intervention succeeds
with only 6% of pregnant smokers (Lumley et al., 2009). Thus, efforts to understand factors
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associated with prenatal smoking cessation are needed to support cessation efforts among
pregnant women.

Typically, smoking cessation is associated with weight gain. Smokers gain approximately
4.5 kg during the first 6 months after smoking cessation (Hudmon, Gritz, Clayton, &
Nisenbaum, 1999; Klesges et al., 1997), although some smokers gain even greater amounts
of weight after cessation (Perkins et al., 2001; Williamson et al., 1991). Given the link
between smoking cessation and weight gain, it is possible that quitting during pregnancy
could result in gaining more gestational weight. Excessive gestational weight gain (GWG),
or weight gain during pregnancy that exceeds the Institute of Medicine (IOM) guidelines
(Rasmussen & Yaktine, 2009) increases the risk of obstetric complications (Cedergren,
2006, 2007) and is associated with greater risk for overweight among offspring (Oken,
Rifas-Shiman, Field, Frazier, & Gillman, 2008; Schack-Nielsen, Michaelsen, Gamborg,
Mortensen, & Sorensen, 2010; Wrotniak, Shults, Butts, & Stettler, 2008).

To date, several reports have documented a link between prenatal smoking cessation
(Adegboye, Rossner, Neovius, Lourenco, & Linne, 2010; Favaretto et al., 2007; Groff,
Mullen, Mongoven, & Burau, 1997; Mongoven, Dolan-Mullen, Groff, Nicol, & Burau,
1996; Washio et al., 2011) or reduction in the number of cigarettes smoked during
pregnancy (Favaretto et al., 2007) and increased GWG. For example, Washio and colleagues
(2011) found that women who quit smoking gained 2.8 kg more than did those who
continued to smoke, although this difference in GWG was not significant after adjusting for
prepregnacy BMI. Similarly, Favaretto and colleagues (2007) reported that women who quit
after conception gained more gestational weight than did never smokers. Thus, quitting
relates to greater GWG than continuing to smoke.

Despite data suggestive of an association between smoking cessation and weight gain,
several questions remain. First, the IOM revised its guidelines on GWG in 2009 and now
recommends weight gains of 11 to 16 kg for normal weight (i.e., BMIs 18.5-24.9), 7 to 11.5
kg for overweight (i.e., BMIs 25.0-29.9), and 5 to 9 kg for obese women (BMls = 30.0) to
mitigate the consequences of inadequate or excessive GWG to mother and fetus (Rasmussen
& Yaktine, 2009). Given that these revised guidelines include an upper limit for obese
women, and that obese women are more likely than normal weight women to gain excessive
weight during pregnancy (Linne, Dye, Barkeling, & Rossner, 2004), it is important to
examine factors related to excessive GWG. To date, the relationship between prenatal
smoking cessation and the current IOM guidelines regarding GWG based on prepregnancy
BMI has not been evaluated. Second, it is unclear whether the timing of cessation during
pregnancy and GWG are related. For example, women who quit smoking earlier in
pregnancy may gain more than those who quit closer to delivery. Finally, previous reports
describing the relationship between smoking cessation and GWG have not consistently been
based on biochemically validated cessation rates. Indeed, only one study provided
biochemical validation of smoking status on all women (Washio et al., 2011). In some
studies, only a subset of women's smoking status has been validated by cotinine or expired-
air carbon monoxide (CO; Groff et al., 1997; Mongoven et al., 1996), whereas others used
only self-report of smoking status (Favaretto et al., 2007).

Accordingly, we examined GWG among women smokers enrolled in an evidence-based
community prenatal smoking cessation program for low-income women (reference blinded
by WHI editors for peer review) in which all women provided biochemical validation of
smoking status. We hypothesized that women who continued to smoke would be more likely
to experience inadequate GWG, whereas those who quit would be more likely to have
excessive GWG. We also examined the relationship between the timing of biochemically
validated cessation during pregnancy and GWG.
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Pregnant smokers were recruited to a smoking cessation intervention funded primarily by
state master tobacco settlement funds. Participants who were smoking or had recently quit
smoking were referred directly from obstetrical providers inhospital-based clinics serving
primarily Medicaid-insured individuals, other community clinics, drug and alcohol treatment
centers, school-based programs for pregnant teens, health plan pregnancy case management
programs, or viewed flyers publicizing the program and contacted the program directly.
Additional details of the Stop Tobacco in Pregnancy (STOP) prenatal smoking cessation
program have been described elsewhere (Reference Blinded by WHI Editors for Peer
Review). Briefly, the STOP program was designed to encourage cessation among women
from lower income groups. Intervention was offered free of charge and all pregnant women
who smoked or had recently quit smoking seen in the community clinics participating in
STOP were eligible to enroll in the cessation intervention program.

Participants for the current study were all women enrolled in STOP during the period when
weight data were being collected and thus have data on prepregnancy weight available for
analysis (n = 357). All women were pregnant with singletons and there were no additional
exclusionary criteria. Participant characteristics by end of pregnancy smoking status are
shown in Table 1.

Smoking Cessation Intervention

Prenatal smoking cessation treatment was delivered individually and in-person in
community health clinics where participants received prenatal services and included
treatment components recommended by the Public Health Service Guideline for general
smoking cessation (Fiore et al., 2000; Fiore et al., 2008). Participants were rewarded with
inexpensive baby items for attendance.

Smoking Status

At each intervention visit, women provided an expired-air CO sample and reported on recent
cigarette use. Smoking status was documented at the final session before delivery and was
based on the self-report and biochemical validation with CO (Society for Research on
Nicotine and Tobacco Subcommittee on Biochemical Verification, 2002). End of pregnancy
smoking cessation was defined as the self-report of no cigarettes in the past week and a CO
level of no more than 8 ppm. If either self-report or CO indicated smoking, women were
classified as continuing smokers. In contrast, quitters were women who self-reported zero
cigarettes in the past week and had a CO level of 8 or fewer ppm at the final intervention
session before delivery. All women also completed the Fagerstrom Test of Nicotine
Dependence at enrollment in the cessation intervention (Heatherton, Kozlowski, Frecker, &
Fagerstrom, 1991).

Weight, Prepregnancy BMI, and GWG

Maternal height and prepregnancy weight were collected by self-report at intake and GWG
was obtained by review of medical charts. Prepregnancy BMI was calculated as
prepregnancy weight (kg) divided by height (m?). GWG was determined by subtracting
prepregnancy weight from the final weight available, and was defined as excessive
according prepregnancy BMI per IOM guidelines (Rasmussen & Yaktine, 2009). Because
the timing of the final weight measurement varied across subjects, and because the time
between this assessment and delivery would affect total GWG, we calculated time between
final assessment and delivery. Time of assessment before delivery was defined as the
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number of weeks between the measurement of final weight and a woman's delivery date.
This variable was then used as a covariate in analyses of GWG.

Data Analysis

Results

We first generated descriptive statistics on demographic characteristics, GWG, timing of
weight assessment, nicotine dependence, and prepregnancy BMI for all participants. Women
who stopped smoking during pregnancy, women who quit (Q), and those who did not,
women who continued to smoke (CS), were compared using chi-square or Fisher exact tests
and two-sample t-tests for categorical or continuous data, respectively. To examine the
effect of smoking cessation during pregnancy on GWG, we regressed GWG on smoking
status, controlling for prepregnancy BMI and time between assessment and delivery. We
also evaluated the effect of nicotine dependence on GWG.

Next, we divided women according to when during pregnancy they quit smoking. The
median number of days before delivery that women had been quit was 54, and women who
quit before the median were considered early quitters; those quitting less than 54 days before
delivery were considered late quitters. The GWG of women who quit early, late, and not at
all were compared using a regression model, with controls for prepregnancy BMI and timing
of weight assessment, which is included to account for variance in the length pregnancy
among women.

Finally, we evaluated the relationship between smoking cessation and the 2009 IOM
guidelines for GWG. Each woman's GWG was categorized as inadequate, adequate, or
excessive according to her self-reported prepregnancy BMI. We then used a Mantel-
Haenszel test to evaluate the effect of cessation on weight gain across these categories. To
adjust for prepregnancy BMI and the amount of time women had been abstinent, we ran a
logistic regression model for ordinal responses (inadequate, adequate, and excessive)
controlling for prepregnancy BMI and duration of prenatal smoking cessation, defined as the
time abstinent from cigarettes.

On average, women gained 14.0 + 8.6 kg during gestation and delivered at 38.3 + 2.7 weeks.
Overall, 21.1% of women (n = 76) had stopped smoking before delivery, and there were no
differences between those who did and did not quit smoking in marital status, prepregnancy
BMI, or length of gestation. However, older, White women were less likely to quit smoking
than were younger, non-White women (p = .02 and p = .01; Table 1).

Prenatal Smoking Cessation and Total GWG

As expected, prepregnancy BMI was significantly associated with GWG, with women who
began pregnancy at higher BMlIs having smaller total GWG (p < .0001). As shown in Table
2, women who quit smoking had greater GWGs (15.3 + 7.4 kg) than did those who
continued to smoke throughout pregnancy (13.6 + 8.9 kg), although the difference in total
GWG was not significant overall (p = .12) or after adjusting for prepregnancy BMI and time
between assessment and delivery (p = .10). Nicotine dependence also was not related to
GWG (p =.19).

We also evaluated GWG by the duration of smoking abstinence during pregnancy. After
adjusting for timing of weight assessment and prepregnancy BMI, women who quit earlier
in pregnancy gained significantly more weight (16.9 + 7.5 kg) than did those who never quit
(13.6 £ 8.9), t (347) = 2.23, p = .03. There was no difference in GWG between those who
quit later in pregnancy (13.8 + 7.6) and those who never quit.

Womens Health Issues. Author manuscript; available in PMC 2014 November 01.
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Prenatal Smoking Cessation and IOM Guidelines for GWG

As hypothesized, there was a relationship between smoking cessation and inadequate,
adequate, and excessive GWG (chi square = 5.34; p = .02; Table 2). Women who continued
to smoke during pregnancy were more likely than those who quit to gain inadequate GWG.
Similarly, those who quit smoking during pregnancy were more likely to gain adequate or
excessive weight than were those who continued smoking. Specifically, 57.9% of women
who quit smoking had excessive GWG, whereas 28.9% of those who continued to smoke
gained had inadequate GWG (Figure 1). The effect of cessation on the IOM weight
categories remained significant after adjusting for prepregnancy BMI and time between
assessment and delivery (chi square = 4.38; p =.04).

Discussion
Main Findings

Quitting smoking and gaining an adequate amount of weight during pregnancy are important
behavioral health goals for pregnant women. Given that smoking cessation is associated
with weight gain, prenatal smoking cessation may increase a woman's risk of excessive
GWG. Thus, understanding the relationship between weight gain and prenatal smoking
cessation is important, particularly among women at risk for poor pregnancy outcomes. The
current data from a sample of lower income women enrolled in a community-based prenatal
cessation intervention suggest that women who continue to smoke are at risk for inadequate
GWG. In contrast, women who quit smoking during pregnancy are more likely to gain either
adequate or excessive gestational weight, regardless of the time between weight assessment
and delivery or prepregnancy BMI than are continuing smokers.

The link between excessive GWG and smoking cessation using the 1990 IOM guidelines
(Adegboye et al., 2010) has been reported previously. However, the present results are the
first to examine GWG using the revised 2009 GWG guidelines. Results indicate that more
than half of women who quit smoking during pregnancy exceed GWG guidelines.
Specifically, 58% of women who quit smoking had excessive GWG. In contrast, 29% of
women who continued to smoke during pregnancy gained less than the recommended
amount of gestational weight. Thus, smoking increases the risk of inadequate GWG and
quitting is associated with either adequate or excessive weight gain.

Strengths and Limitations

Although these data document a relationship between prenatal smoking cessation and GWG,
there are several limitations to this study. First, all of the pregnant women participating were
enrolled in a clinical program designed to encourage or sustain prenatal smoking cessation.
Thus, the women in this trial who quit may not be representative of pregnant smokers who
quit without smoking cessation programs. However, given that the majority of smokers who
quit as a result of pregnancy do so without intervention (Fingerhut, Kleinman, & Kendrick,
1990; Quinn, Mullen, & Ershoff, 1991), these data provide important information about
women for whom quitting may be most difficult. Second, the data presented are derived
from a subset of women enrolled in the larger clinical service project, and thus we are
unable to compare information on GWG from women without weight to those on whom
data are available. Finally, there are limitations to the use of self-reported weight data.
Although the use of self-report for pregravid weights is common in research on GWG
(Gunderson, Abrams, & Selvin, 2000; Rosenberg et al., 2003), pregravid weight in this
study was collected at various points in pregnancy, and the timing may have increased the
inaccuracy of women's recall.
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Implications for Practice and Policy

These data are the first to document rates of inadequate and excessive GWG using the
current IOM guidelines. The findings verify that continuing to smoke during pregnancy is
associated with inadequate GWG, which is directly related to infant birth weight and health
(Davis & Hofferth, 2012; Rasmussen & Yaktine, 2009). Thus, continued efforts to promote
prenatal smoking cessation are crucial, and this study confirms the need for additional
research on the role of other health behaviors that may be linked with continued prenatal
smoking. For example, given the strong link between mood and smoking generally (Niaura
et al., 2001), and with prenatal smoking specifically (Zhu & Valbo, 2002), as well as the
association of depression and inadequate GWG (Bodnar, Wisner, Moses-Kolko, Sit, &
Hanusa, 2009), research on comprehensive behavioral health programs that address mood,
smoking, and weight behaviors is needed.

The current data also indicate that women who quit smoking during pregnancy, particularly
women who quit earlier, may be at risk for excessive GWG. Similarly, if these findings are
confirmed in other samples, the results suggest that women may benefit from programs that
target both smoking cessation and weight management to maximize the health benefits of
smoking cessation for mothers and infants. Given the well-established risks of smoking
during pregnancy for mothers and infants (Bernstein et al., 2005; Butler et al., 1972), the
benefits to maternal and neonatal health associated with prenatal smoking cessation clearly
outweigh the potential risks of excessive GWG.
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Figurel.
Weight gain according to IOM guidelines by smoking status.
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Table 1
Participant Characteristics by Smoking Status at the End of Pregnancy
Quitters(n=76) Continuing Smokers(n =281) p-Value
Mean (SD) Mean (SD)
Age (y) 23.9 (5.5) 25.6 (6.2) 02
Weeks gestation at assessment 38.6 (2.5) 38.2 (2.7) .26
Prepregnancy BMI 26.1(6.8) 25.6 (6.6) .52
Baseline cigs/day 1.0 (.6) 1.4 (.6) <.0001
Prepregnancy nicotine dependence(0-10) 25(2.2) 3.8(2.7) .0006
%(n) % (n)
Married 36.8 (28) 33.1(93) 54
White 54 (41) 69 (194) 01
Prepregnancy weight status .70
Under weight (BMI < 18) 7.9 (6) 7.5(21)
Normal weight (BMI = 18-25) 44.7 (34) 52.3 (147)
Overweight (BMI = 25.1-30) 19.7 (15) 17.1 (48)
Obese (BMI > 30.1) 27.6 (21) 23.1 (65)

Abbreviations: BMI, body mass index; SD, standard deviation.
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Table 2
Total GWG and GWG According to |OM Guidelines by Smoking Status
Overall (n=357) Q(n=76) CS(n=281) Comparisonof QandCS
Mean (SD) GWG (kg) 14.0 (8.6) 15.4(7.5) 13.6(8.9) t (df =355) = 1.54, p=.12
Gaining excessive weight, % (n) 46.5 (166) 57.9 (44) 43.4 (122) Chi square (df = 1) = 5.34,
Gaining adequate weight, % (n) 26.9 (96) 23.7 (18) 27.8 (78) p=.02
Gaining inadequate weight, % (n)  26.6 (95) 18.4 (14) 28.9 (81)

Abbreviations: CS, continuing smokers; GWG, gestational weight gain; IOM, Institute of Medicine; Q, quitters.
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