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Abstract

Background Women who smoke cigarettes while pregnant are at elevated risk of having low birth weight infants
(LBW, <2500 g) which increases risks of infant mortality and morbidity, including chronic conditions later in life.
Objective Smoking cessation during pregnancy can reduce the risk of poor birth outcomes. However, the effect that timing
of smoking cessation has on the reduction of poor birth outcomes in term pregnancies is unknown.

Study Design This retrospective cohort study used birth certificate data from Missouri singleton, full-term, live births from
2010 to 2012 (N=179,653) to examine the rates and timing of smoking cessation during pregnancy on birthweight. Smok-
ing exposure was categorized as non-smoker, preconception cessation, first trimester cessation, second trimester cessation,
and smoker. The outcome was low birth weight (LBW). Covariates included maternal race/ethnicity, age, education level,
type of payment for the delivery, marital status, paternal acknowledgement, prenatal sexually transmitted infection (STI),
comorbidities, and body mass index. Bivariate and multivariable analyses were used to assess relationships between smok-
ing and LBW status.

Results Preconception cessation did not have a statistically higher risk for LBW than mothers who never smoked (aOR 1.12;
95% CI 0.98, 1.28). First trimester cessation (aOR 1.26; 95% CI 1.05, 1.52), second trimester cessation (aOR 2.00; 95% CI
1.60, 2.67), and smoker (aOR 2.46; 95% CI 2.28, 2.67) had increasing odds for LBW relative to mothers who did not smoke.
All covariates had significant relationships with the smoking exposure.

Conclusion Preconception cessation yielded LBW rates comparable to non-smokers. The risk for LBW increased as smoking
continued throughout pregnancy among full term births, an important new finding in contrast with other studies.
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Significance

Women who smoke cigarettes while pregnant are at elevated
risk of having low birth weight infants (LBW, < 2500 g)
which increases risks of infant mortality and morbidity,
including chronic conditions later in life. Smoking cessation
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during pregnancy can reduce the risk of poor birth out-
comes. However, the effect that timing of cessation has on
the reduction of smoking’s effects on birth outcomes in term
pregnancies is unknown. To our knowledge, by employing
the methodology in our study that required the limiting of
our sample to full term births, we were able to add to the lit-
erature that there are progressive increases to risks for LBW
as smoking continues throughout the pregnancy.

Introduction

Approximately 23% of women in Missouri smoke cigarettes
(i.e., smoking) compared to 17.4% in the entire US, a rate
that drops to only 17% among pregnant women (Center for
Tobacco Policy Research [CTPR] 2007; Missouri Informa-
tion for Community Assessment [MICA] 2014). Smoking is
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directly linked to having a low birth weight (LBW) baby, and
LBW babies are more likely to die before their first birthday
or suffer other physical and developmental morbidities than
those infants that were not LBW (Dietz et al. 2010; Kim
and Saada 2013; Osterman et al. 2011; Mazurek and Eng-
land 2016; US Department of Health and Human Services
2013; Beyerlein et al. 2011; Grzeskowiak et al. 2015; Ko
et al. 2014; Martin 2015; Mathews and MacDorman 2013;
Xaverius et al. 2015). Healthy People (2020) has established
a goal to reduce smoking among pregnant women to 1.4%
by the year 2020 (CTPR 2007; Dietz et al. 2010; Kim and
Saada 2013; Cnattingius et al. 1999; Lamminpéi et al. 2013;
Carter et al. 2006; Healthy People 2020).

A large meta-analysis shows a twofold increased risk
for LBW when women smoke during pregnancy (Pereira
et al. 2017). Smoking cessation during pregnancy is more
likely for women who have a higher educational attainment,
private insurance, or women of Asian and Hispanic races/
ethnicities (Curtin and Mathews 2016; Wallace et al. 2017).
The timing of smoking cessation during pregnancy is also
important, however conflicting results have been reported
when considering the relationship between timing of cessa-
tion and LBW. For example, some researchers have reported
that when a woman quits smoking before pregnancy or in
her first trimester, she has no additional risk for LBW than
non-smokers (Yan and Groothuis 2015; Vardavas et al.
2009), preterm birth (Moore et al. 2015), and fetal growth
restriction (Blatt et al. 2015; Polakowski et al. 2009). A sig-
nificantly increased risk for adverse birth outcomes has also
been reported when smoking continues into the second and
third trimesters (Yan and Groothuis 2015; Blatt et al. 2015).
In contrast, Wallace et al. (2017) report that women who quit
smoking in their third trimester have a higher prevalence
of LBW (48%) than women who smoked throughout their
entire pregnancy (31%), among their sample of pregnant
women who had a previous preterm birth (Wallace et al.
2017). Moore et al. (2015) report a lower odds for preterm
birth among women who quit smoking before pregnancy
when compared to women who never smoked, and a higher
odds for preterm birth for women who quit smoking in
their second trimester compared to women who smoked
throughout their entire pregnancy (Moore et al. 2015). We
hypothesize that the risk for LBW increases as smoking
continues throughout pregnancy, and that by limiting our
sample to full-term births only, all full-term babies will have
had an equal chance of exposure to tobacco throughout the
pregnancy.

We examined the timing of smoking cessation during
pregnancy—i.e., non-smoking, preconception cessation, and
cessation by trimester—as related to LBW. Because babies
that are born preterm (<37 weeks gestation) are typically
LBW as a result of having a shorter gestation period, we
decided to remove all preterm births and focus solely on

those pregnancies that had an equal chance of tobacco expo-
sure throughout an entire pregnancy (Mohlman and Levy
2016). In addition, we explored paternal acknowledgement
and Medicaid utilization, two social and health factors that
could potentially confound the relationship between timing
of tobacco cessation and LBW.

Methods

This retrospective cohort study examined all Missouri live
singleton, full term (37—46 weeks) births from 2010 to 2012.
Exclusions were made based on implausible birth weight
(> 8000 g, N=1388) and missing data on smoking cessation
(N=1581), BMI (N=2974) race/ethnicity (N=5421), age
(N =10), education (N =329), paternity acknowledgement
(N'=286), and marital status (N =45). Missing data resulted
in a total reduction of 5.7% (meeting the 10% rule posed
by Bennett 2001) from the original sample (N =194,387),
yielding a final sample of 183,353 births. With the excep-
tions of birth weight and gestational age, all measures are
self-reported on birth certificates shortly after the birth of
the child.

Exposure

The primary exposure variable was smoking status of the
mother during before and during pregnancy, classified into
one of five categories: non-smoker; smoked pre-pregnancy
but quit before pregnant (preconception cessation); did not
smoke beyond the first trimester (1st trimester cessation); did
not smoke beyond the second trimester (2nd trimester cessa-
tion); and smoked in the third trimester (smoker throughout
pregnancy). If a woman was in a smoking category later in
pregnancy, that also represented consistently smoking earlier
in the pregnancy, with few exceptions. However, there were
1371 women (0.8% of the sample) that reported sporadic
smoking patterns, and they were placed into the category
that represented the last trimester in which they smoked.

Outcome

The primary outcome was LBW, defined as a birth
weight <2500 g.

Covariates

Covariates included maternal race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, and Other), maternal
age (<19, 20-34, and > 35), maternal education level (< HS,
HS or GED, some college, or college degree or higher), type
of payment used to pay for the delivery (Medicaid, private
insurance, or other), maternal marital status at the time of
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delivery (married/unmarried), paternal acknowledgement
(yes/no), maternal sexually transmitted infection (STI)
during pregnancy [e.g. HIV, gonorrhea, syphilis, Hepatitis
B or Hepatitis C (yes/no)]; maternal chronic disease [pre-
pregnancy diabetes, gestational diabetes, pre-pregnancy
hypertension, gestational hypertension, or preeclampsia/
eclampsia (yes/no)]; and maternal body mass index (BMI)
in four categories (underweight BMI< 18.5, normal weight
if BMI is 18.5-24.9, overweight if BMI is 25.0-29.9, and
obese if BMI is >30.0).

Analysis

All analyses were conducted using SPSS. Chi square tests
were used to assess the distribution of the five categories
of the smoking exposure among the covariates. Bivariate
logistic regressions were used to assess the crude relation-
ships between the covariates and LBW status with odds
ratios (ORs) and 95% confidence intervals (CIs). Multivari-
able logistic regression included all covariates in the model
with the exception of marital status which was collinear with
paternity acknowledged, and thus excluded from the model.
Models also included a three-way interaction term for cessa-
tion, paternity acknowledged, and Medicaid status (because
this was found to be significant), rather than stratified, to
ensure accuracy of the data and to ensure the results of this
study are comparable with the findings reported in previ-
ously published literature, which was a statistically signifi-
cant, p=.05. This secondary analysis of de-identified data
was deemed exempt by the Saint Louis University, Intui-
tional Review Board (IRB).

Results

All covariates were significantly distributed differently
between smoking cessation groups. Non-Hispanic, White
women made up 86.8% of the mothers who smoked through-
out pregnancy while mothers aged 35 and older comprised
only 5.8% of women who smoked throughout their preg-
nancy. Similarly, mothers with a college degree or higher
made up 35.4% of non-smokers. The proportion of non-
smoking was highest among births to married women
(67.6%) and even higher among births when paternity was
acknowledged (89.3%). Adequate prenatal care (42.1) was
associated with the highest proportion of women who did
not smoke. Proportions of sexually transmitted infections
(STIs) were nearly four times higher in women who smoked
throughout pregnancy (2.4%) than in women who did not
smoke at all (0.6%). Among smokers, 10.6% had at least
one chronic condition, a rate that slightly rose within the
preconception cessation (11.8%), 1st trimester cessation
(11.7%) and 2nd trimester cessation (11.9%), but decreased
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slightly among smokers (9.8%). Distributions of smoking
trends across covariates are displayed in Table 1.

Bivariate logistic regression found that relative to non-
smokers, preconception cessation was associated with a 16%
(cOR 1.16, 95% CI 1.02, 1.32) increased odds for LBW, with
the odds increasing to 48% (cOR 1.48, 95% CI 1.24, 1.76),
156% (cOR 2.56, 95% C12.07, 3.16) and 186% (cOR 2.86,
95% C12.68, 3.06) for 1st trimester cessation, 2nd trimester
cessation and smoking throughout pregnancy. Demographic
characteristics significantly associated LBW, included Afri-
can American, Hispanic race/ethnicity (cOR 2.51, 95% CI
2.34, 2.68) and lower education attainment (< High school:
cOR 3.06, 95% CI 2.77, 3.37; High school or GED cOR
2.39,95% CI 2.17, 2.63; some college cOR 1.70, 95% CI
1.54, 1.87). Relative to teenage mothers, older age was asso-
ciated with a decreased odds of LBW (20-34 years cOR
0.61, 95% CI 0.56, 0.67; 35 and > 35 years cOR 0.56, 95%
CI 0.49, 0.64). Women with private or self-pay health insur-
ance had a 55% decreased odds of having a LBW baby in
reference to women with Medicaid (cOR 0.45, 95% C10.42,
0.48). Non acknowledgement of paternity was associated
with a 101% increased odds for LBW (cOR 2.10, 95% CI
1.95, 2.25). Increasing levels of prenatal care were associ-
ated with decreased odds for LBW (intermediate: cOR 0.72
95% CI 0.63, 0.82; adequate: cOR 0.45, 95% CI1 0.41, 0.50;
adequate plus: cOR 0.86, 95% CI 0.79, 0.94). Finally, a
112% increased odds for LBW was reported when a woman
was diagnosed with an STI (cOR 2.12, 95% CI 1.70, 2.64)
and a 69% increased odds when a woman had a chronic
condition (cOR 1.69, 95% CI 1.56, 1.83).

Multivariable logistic regression demonstrated that moth-
ers who quit smoking prior to conception were not statis-
tically different than mothers who never smoked in terms
of their odds for having a LBW baby (aOR 1.12, 95% CI
0.98, 1.28). Mothers who quit smoking in their first trimes-
ter (aOR 1.26, 95% CI 1.05, 1.52), second trimester (aOR
2.00, 95% CI 1.60, 2.50), or smoked through their third
trimester (aOR 2.46, 95% CI 2.28, 2.67) had respectively
increasing odds for LBW status in reference with mothers
who did not smoke. Table 2 contains the findings of the
logistic regression.

After adjustment non-Hispanic Black women remained
at a significantly higher risk to having a LBW baby when
compared to non-Hispanic White women (aOR 2.37, 95%
CI2.19, 2.56). Compared to teen-aged women (< 19 years),
women aged 20-34 remained at a significantly decreased
risk for LBW (aOR 0.90, 95% CI .82, 0.99). As educa-
tional attainment decreased, odds for LBW remained sig-
nificantly higher (some college: aOR 1.12, 95% CI 1.01,
1.25; high school or GED: aOR 1.27, 95% CI 1.14, 1.42;
and < high school aOR 1.39, 95% CI 1.23, 1.57, in refer-
ence with college grad or higher). Self or private pay of
prenatal care remained at significantly decreased odds of
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Table 1 Smoking trends by covariates—183,353

Smoking trend Non-smoker Smoker p value

Preconception cessation 1st trimester cessation 2nd trimester cessation Smoker

N=136,140 (%) N=12,701 (%) N=5039 (%) N=2068 (%) N=27,405 (%)
Total 74.25 6.93 2.75 1.13 14.95
Race/ethnicity <0.0001
Non-Hispanic White ~ 77.37 84.04 81.70 79.50 86.75
Non-Hispanic Black  15.64 11.52 13.87 16.20 10.59
Hispanic 6.20 3.51 3.47 3.14 1.86
Other 0.78 0.93 0.95 1.16 0.79
Age <0.0001
<19 8.67 11.46 15.42 16.92 11.73
20-34 79.87 83.03 79.76 79.11 82.44
>35 11.46 5.51 4.82 397 5.83
Education <0.0001
<HS 12.18 13.87 20.06 26.69 33.85
HS or GED 20.28 31.15 36.10 38.64 37.20
Some college 32.17 41.52 37.59 31.62 26.60
College grad or higher 35.37 13.47 6.25 3.05 2.35
Married <0.0001
Yes 67.56 45.99 32.13 28.63 33.14
No 32.44 54.01 67.87 71.37 66.86
Paternity acknowledged <0.0001
Yes 89.26 85.55 78.77 76.02 77.55
No 10.74 14.45 21.23 23.98 22.45
Payment method <0.0001
Medicaid 35.15 49.61 62.51 70.94 75.41
Private 60.43 45.57 32.78 25.15 21.15
Other 4.42 4.82 4.70 3.92 3.44
Prenatal care index <0.0001
Inadequate 11.32 10.92 16.45 20.94 21.10
Intermediate 6.86 6.85 7.56 8.90 8.82
Adequate 42.09 41.74 35.98 33.17 33.67
Adequate plus 30.29 31.53 30.20 26.93 27.17
Unknown 9.43 8.96 9.80 10.06 9.25
BMI <0.0001
Normal weight 48.54 46.16 46.22 4521 44.20
Overweight 24.11 24.59 23.48 23.45 23.23
Obese 23.97 24.53 24.49 24.95 25.39
Under weight 3.39 472 5.81 6.38 7.18
STI <0.0001
No 99.38 99.16 98.65 98.07 97.57
Yes 0.62 0.84 1.35 1.93 2.43
Chronic disease <0.0001
No 89.37 88.25 88.29 88.15 90.19
Yes 10.63 11.75 11.71 11.85 9.81
LBW (<2500 g)
No 98.17 97.88 97.32 95.45 94.94 <0.0001
Yes 1.83 2.12 2.68 4.55 5.06

All p-values calculated using Chi square analysis
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Table 2 Crude and adjusted

. . . cOR 95% CI1 aOR 95% CI
odds ratios for low birth weight
status Smoking pattern
Non-smoker 1.00 Reference 1.00 Reference
Preconception cessation 1.16 1.02 1.32 1.12 0.98 1.28
Ist trimester cessation 1.48 1.24 1.76 1.26 1.05 1.52
2nd trimester cessation 2.56 2.07 3.16 2.00 1.60 2.50
Smoker 2.86 2.68 3.06 2.46 2.28 2.67
Race/ethnicity
Non-Hispanic White 1.00 Reference 1.00 Reference
Non-Hispanic Black 2.51 2.34 2.68 2.37 2.19 2.56
Hispanic 0.96 0.83 1.12 1.02 0.87 1.19
Other 1.43 1.04 1.95 1.35 0.98 1.85
Age category
19 and younger 1.00 Reference 1.00 Reference
20to 34 0.61 0.56 0.67 0.90 0.82 0.99
35 and older 0.56 0.49 0.64 1.00 0.87 1.15
Education level
<High school 3.06 2717 3.37 1.39 1.23 1.57
High school or GED 2.39 2.17 2.63 1.27 1.14 1.42
Some college 1.70 1.54 1.87 1.12 1.01 1.25
College grad or higher 1.00 Reference 1.00 Reference
Paternal acknowledgement
Yes 1.00 Reference 1.00 Reference
No 2.10 1.95 2.25 1.13 1.04 1.23
Payment method
Medicaid 1.00 Reference 1.00 Reference
Private/self-pay/other 0.45 0.42 0.48 0.80 0.73 0.87
Unknown 0.62 0.53 0.73 0.93 0.78 1.01
Prenatal care index
Inadequate 1.00 Reference 1.00 Reference
Intermediate 0.72 0.63 0.82 0.85 0.75 0.97
Adequate 0.45 0.41 0.50 0.72 0.65 0.79
Adequate plus 0.86 0.79 0.94 1.27 1.16 1.40
Unknown 0.78 0.69 0.87 1.02 0.91 1.15
BMI category
Underweight 2.19 1.96 2.45 1.77 1.59 1.99
Normal weight 1.00 Reference 1.00 Reference
Overweight 0.85 0.79 0.92 0.78 0.72 0.84
Obese 0.86 0.80 0.93 0.69 0.63 0.74
STI status
Yes 2.12 1.70 2.64 1.11 0.88 1.39
No 1.00 Reference 1.00 Reference
Chronic disease status <0.0001
Yes 1.69 1.56 1.83 1.75 1.61 1.91
No 1.00 Reference 1.00 Reference

Numbers in bold indicate significant odds ratios

Multivariate model also included a three way interaction between payment method and paternal acknowl-
edgment and smoking cessation, as well as maternal race/ethnicity, age, education level, payment method,
paternal acknowledgement, adequacy of prenatal care, sexually transmitted infection (STI), chronic disease
status, and body mass index
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LBW in reference with Medicaid (aOR 0.80, 95% CI 0.73,
0.87). Lack of paternal acknowledgement remained at a sig-
nificantly increased odds for LBW (aOR 1.13, 95% CI 1.04,
1.23). Intermediate and adequate prenatal also remained at a
reduced risk for LBW in reference with inadequate prenatal
care (aOR 0.85, 95% CI1 0.75, 0.97; aOR 0.72, 95% CI 0.65,
0.79). While the increased risk for LBW no longer held after
adjustments regarding STI, the risk for LBW strengthened
after adjustments for those with a chronic condition (aOR
1.75,95% CI1 1.61, 1.91).

Discussion

This study demonstrates that timing of smoking cessation
reduces the effect of smoking on LBW in full-term preg-
nancies. By limiting our sample to full term births, we were
able to add to the literature that that there are progressive
increases to risks for LBW as smoking continues through-
out the pregnancy. Mothers who quit smoking during their
pregnancy had a 30.4%, 108%, and 149% increased odds of
delivering a LBW baby in reference to non-smokers, depend-
ing upon quitting during the first or second trimester, or not
quitting at all, respectively. These findings are biologically
plausible, as nicotine constricts blood vessels, restricts blood
flow to the placenta, and decreases the ability of red blood
cells to carry oxygen. These effects can result in reduced
oxygen delivery to the developing baby, which in turn can
restrict growth. Our findings indicate a dose response for
this effect, the longer a mother smokes during pregnancy,
the greater the risk of giving birth to a LBW baby. These
findings are consistent with previous studies Blatt et al.
(2015) that reported an association between smoking cessa-
tion and birth weight restriction, strengthening the evidence
that smoking cessation at any trimester during pregnancy
can significantly reduce one’s risk for having a LBW baby
(Blatt et al. 2015).

Also notable in this study are the significant social, eco-
nomic and maternal health contributions to LBW. Compa-
rable to other studies, LBW babies had an increased odds of
being born to Black non-Hispanic mothers, mothers with a
high school degree or less, teenage mothers, mothers with
inadequate prenatal care, and mothers with a chronic health
condition. Utilization of prenatal care and having chronic
conditions also contributed to an increased risk for LBW,
although the additional risk for LBW for those women with
an STI disappeared after adjustments. Targeting higher-risk
groups when planning prenatal interventions may have the
greatest impact on reducing LBW. Importantly, the pater-
nity acknowledgement-Medicaid-smoking interaction that
emerged warrants further exploration. This may indicate an
important interplay between interpersonal support systems
as they impact individuals living within poverty. Future

work should explore the differences among these categories
in a stratified analysis.

This study’s large sample size (n=183,353) provides
statistical power that strengthens the confidence in our find-
ings. In addition, by limiting the sample to full-term births
we were able to remove the influence of preterm bias on
LBW, in order to isolate the influence of smoking through-
out a pregnancy. Focusing in full term births is important
because prior studies that examined the effects of smok-
ing on birth outcomes included both preterm and full-term
births, and lack of adjustment for gestational age/preterm
birth could introduce bias that leads to inaccurate estimates
of the effects of smoking on LBW. The fact that a positive
association exists between smoking and LBW even when
restricted to term births emphasizes the risk of smoking and
importance of smoking cessation for all pregnant women.

In spite of the aforementioned strengths, several limita-
tions have been identified with this study. Because smoking
was self-reported, and because many women know that they
should not smoke while pregnant, women may have under-
reported their smoking history due to social desirability. If
under-reporting occurred, the negative effects of smoking
would be counted as non-smoking, and the study’s findings
would be biased towards the null, suggesting our current
estimates would be conservative. Additionally, the omis-
sion of alcohol and drug use during pregnancy may also
confound the relationship between smoking cessation and
LBW; because these variables are not available on MO birth
certificate date, and a better understanding of the role that
alcohol and drug play when a woman smokes during preg-
nancy remains an avenue for future study. Lastly, beyond the
dichotomous classification of smoking during each trimester,
the frequency of smoking and depth of inhaling likely has a
differential impact across smokers.

Significantly increased risk for LBW as smoking contin-
ues throughout pregnancy has important clinical and public
health implications. Importantly, when a woman quits smok-
ing before pregnancy, she has no additional risk for LBW
when compared with a women who never smoked. This
underscores the importance of modifying health behaviors
before pregnancy, that is, preconceptionally. This further
supports the CDC recommendation that the first prenatal
visit should be preconceptionally, a practice not yet widely
adopted. Similarly, the relationship between smoking dura-
tion and odds of LBW shows that quitting smoking during
the first trimester of pregnancy, while not quite as good as
non-smoking, is still better than continuing to smoke into the
second and third trimesters (Polakowski et al. 2009; Ngui
et al. 2009). The association of LBW with both paternal
acknowledgement and Medicaid suggests that future stud-
ies should explore the role that social support and access
to care have on the health of women. Finally, at the policy
level, higher cigarette taxes (Missouri has lowest tax rate
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in the country), minimum purchase ages, smoke-free envi-
ronments, and improved cessation interventions can help
reduce smoking prevalence (Tobacco Free Kids 2017). Tar-
geting smoking cessation on high risk groups such as those
pregnant women on Medicaid, of younger ages, with lower
education, and/or with chronic conditions may help in deter-
mining how to allocate limited resources for this important
public health problem (Moore et al. 2015).

Acknowledgements This project was completed as part of the epi-
demiology concentration’s MPH degree requirements at Saint Louis
University, College for Public Health and Social Justice, a course
co-instructed by Pamela K. Xaverius, PhD, MBA and Joanne Salus,
MPH. The data used in this manuscript was acquired from the Missouri
Department of Health and Senior Services (DHSS). The contents of
this document including data analysis, interpretation or conclusions are
solely the responsibility of the authors and do not represent the official
views of DHSS or Saint Louis University.

References

Bennett, D. (2001). How can i deal with missing data in my study?
Australian and New Zealand Journal of Public Health, 25(5),
464-469.

Beyerlein, A., Ruckinger, S., Toschke, A., Rosario, A., & VoonKTries,
R. (2011). Is low birth weight in the causal pathway of associa-
tion between maternal smoking in pregnancy and higher BMI in
the offspring? European Journal of Epidemiology, 26, 41-420.

Blatt, K., Moore, E., Chen, A., VanHook, S., & DeFranco, E. (2015).
Association of reported trimester-specific smoking cessation
with fetal growth restriction. Obstetrics and Gynecology, 125,
1452-1459.

Carter, S., Percival, T., Paterson, J., & Williams, M. (2006). Maternal
smoking: Risks related to maternal asthma and reduced birth
weight in a Pacific Island birth cohort in New Zealand. The New
Zealand Medical Journal, 119(1238), 19-30.

Center for Tobacco and Policy Research (CTPR). (2007). Where do
we stand? Characteristics of Missouri Tobacco Users, 2007.
Retrieved February 8, 2016, from https://mfth.org/wordpress/
wp-content/uploads/2016/04/Characteristics_of_Missouri_
Tobacco_Users.pdf.

Cnattingius, S., Granath, F., Petersson, G., & Harlow, B. L. (1999).
The influence of gestational age and smoking habits on the
risk of subsequent preterm deliveries. New England Journal of
Medicine, 341(13), 943-948.

Curtin, S., & Mathews, T. (2016). Smoking prevalence and cessation
before and during pregnancy: Data from the birth certificate,
2014. National Vital Statistics Reports, 65, 1-13.

Dietz, P. M., England, L. J., Shapiro-Mendoza, C. K., Tong, V. T.,
Farr, S. L., & Callaghan, W. M. (2010). Infant morbidity and
mortality attributable to prenatal smoking in the US. American
Journal of Preventive Medicine, 39(1), 45-52.

Grzeskowiak, L. E., Hodyl, N. A., Stark, M. J., Morrison, J. L., &
Clifton, V. L. (2015). Association of early and late maternal
smoking during pregnancy with offspring body mass index at 4
to 5 years of age. Journal of Developmental Origins of Health
and Disease, 6(06), 485-492.

@ Springer

Healthy People. (2020). Washington, DC: U.S. Department of Health
and Human Services, Office of Disease Prevention and Health
Promotion. Retrieved May 5, 2017, from https://www.healt
hypeople.gov/2020/topics-objectives/topic/maternal-infant-and-
child-health/objectives.

Kim, D., & Saada, A. (2013). The social determinants of infant mor-
tality and birth outcomes in western developed nations: A cross-
country systematic review. International Journal of Environ-
mental Research and Public Health IJERPH, 10(6), 2296-2335.

Ko, T., Tsai, L., Chu, L., Yeh, S., Leung, C., Chen, C., et al. (2014).
Parental smoking during pregnancy and its association with low
birth weight, small for gestational age, and preterm birth off-
spring: A birth cohort study. Pediatrics & Neonatology, 55(1),
20-27.

Lamminpéi, R., Vehvildinen-Julkunen, K., Gissler, M., & Heinonen,
S. (2013). Smoking among older childbearing women—a
marker of risky health behavior a registry-based study in Fin-
land. BMC Public Health, 13(1), 1179.

Martin, J. A. (2015). Measuring gestational age in vital statistics
data: Transitioning to the obstetric estimate [Abstract]. National
Vital Statistics Reports, 64(5), 1-20.

Mathews, T., & MacDorman, M. (2013). Infant mortality statistics
from the 2009 period linked birth/infant death data set. National
Vital Statistics Report, 60(5), 1-28.

Mazurek, J. M., & England, L. J. (2016). Cigarette smoking among
working women of reproductive age—United States, 2009—
2013. Nicotine & Tobacco Research, ntv292. Chicago.

Missouri Information for Community Assessment (MICA). (2014).
Birth outcomes. Retrieved August 12, 2016, from http://healt
h.mo.gov/data/mica//mica/birth.php.

Mohlman, M. K., & Levy, D. T. (2016). Disparities in maternal child
and health outcomes attributable to prenatal tobacco use. Mater-
nal and Child Health Journal, 20, 701-709.

Moore, E., Blatt, K., Chen, A., Van Hook, J., & DeFranco, E. (2015).
Relationship of trimester-specific smoking patterns and risk of
preterm birth. Obstetrics and Gynecology, 125, 109.e1-109.e6.

Ngui, E., Cortright, A., & Blair, K. (2009). An investigation of pater-
nity status and other factors associated with racial and ethnic
disparities in birth outcomes in Milwaukee, Wisconsin. Journal
of Maternal and Child Health, 13, 467-478.

Osterman, M. J., Martin, J. A., Matthews, T. J., & Hamilton, B. E.
(2011). Expanded data from the new birth certificate, 2008.
National Vital Statistics Reports, 59(7), 1-28.

Pereira, P., Da Mata, F., Figueiredo, A., de Andrade, K., & Pereira,
M. (2017). Maternal active smoking during pregnancy and low
birth weight in the Americas: A systematic review and meta-
analysis. Nicotine & Tobacco Research, 19, 497-505.

Polakowski, L., Akinbami, L., & Mendola, P. (2009). Prenatal smok-
ing cessation and the risk of delivery preterm and small for
gestational age newborns. Obstetrics and Gynecology, 114,
318-325.

Tobacco Free Kids. (2017). State cigarette excise tax rates and rank-
ings. Retrieved May 5, 2017, from https://www.tobaccofreekids
.org/research/factsheets/pdf/0097.pdf.

U.S. Department of Health and Human Services, Health Resources
and Services Administration, Maternal and Child Health
Bureau. (2013). Child Health USA 2013.

Vardavas, C., Chatzi, L., Patelarou, E., Plana, E., Sarri, K., Kafatos,
A., etal. (2009). Smoking and smoking cessation during early
pregnancy and its effect on adverse pregnancy outcomes and
fetal growth. European Journal of Pediatrics, 169, 741-748.


https://mffh.org/wordpress/wp-content/uploads/2016/04/Characteristics_of_Missouri_Tobacco_Users.pdf
https://mffh.org/wordpress/wp-content/uploads/2016/04/Characteristics_of_Missouri_Tobacco_Users.pdf
https://mffh.org/wordpress/wp-content/uploads/2016/04/Characteristics_of_Missouri_Tobacco_Users.pdf
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://www.healthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
http://health.mo.gov/data/mica//mica/birth.php
http://health.mo.gov/data/mica//mica/birth.php
https://www.tobaccofreekids.org/research/factsheets/pdf/0097.pdf
https://www.tobaccofreekids.org/research/factsheets/pdf/0097.pdf

Maternal and Child Health Journal (2019) 23:1434-1441

1441

Wallace, J., Aland, K., Blatt, K., Moore, E., & DeFranco, E. (2017).
Modifying the risk of recurrent preterm birth: Influence of tri-
mester-specific changes in smoking behaviors. American Jour-
nal of Obstetrics and Gynecology, 216, 310.e1-310.e8.

Xaverius, P., Alman, C., Holtz, L., & Yarber, L. (2015). Risk factors
associated with very low birth weight in a large urban area,
stratified by adequacy of prenatal care. Maternal and Child
Health Journal, 20, 623-629.

Yan, J., & Groothuis, A. (2015). Timing of prenatal smoking ces-
sation or reduction and infant birthweight: Evidence from the

United Kingdom Millennium Cohort Study. Maternal Child
Health Journal, 19, 447-458.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Smoking Cessation and Pregnancy: Timing of Cessation Reduces or Eliminates the Effect on Low Birth Weight
	Abstract
	Background 
	Objective 
	Study Design 
	Results 
	Conclusion 

	Significance
	Introduction
	Methods
	Exposure
	Outcome
	Covariates
	Analysis

	Results
	Discussion
	Acknowledgements 
	References




