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Abstract

Rapid infant weight gain predicts childhood obesity. We aimed to estimate effect size and identify
critical timing for intervention-assisted smoking cessation during pregnancy to impact infant
weight gain. We followed 25 mother-infant dyads in the UB Pregnancy and Smoking Cessation
Study (Buffalo, NY, USA). Maternal smoking status was biochemically verified and monitored
through pregnancy. Birth weight and length were extracted from birth records. Research staff
measured infant weight and length at 2 weeks and monthly from 1-12 months of age. Mixed
models were used to fit infant BMI-for-age z-score (ZBMI) trajectories. We found infants of
quitters had lower ZBMI gain from birth to 12 months (mean £ SD, 1.13 £ 1.16) than infants of
persistent smokers (2.34 £ 1.40; p=0.035), with Cohen’s d effect size being large (0.96). The
infant ZBMI gain from birth to 12 months was low (<0.47) if smoking cessation was initiated
between 15 and 27 weeks of pregnancy, but started to increase if quitting at 28 weeks (0.65) and
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accelerated with time (e.g., 3.16 if quitting at 36 weeks). We concluded maternal smoking
cessation during pregnancy may reduce fetal origins of obesity through reducing infant weight
gain, especially if quitting smoking by 27 weeks of pregnancy.
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INTRODUCTION

One important contributor to fetal origins of obesity is maternal smoking during pregnancy.
A recent meta-analysis concluded that the pooled adjusted odds ratio of childhood obesity
related to maternal smoking during pregnancy was 1.55 (95% confidence interval, 1.36 to
1.70).[1] However, the potential protective effect of maternal smoking cessation during
pregnancy against childhood overweight/obesity remained understudied. Observational
research has shown preschool children (aged 3—-4) of mothers who spontaneously stopped
smoking before or during early pregnancy had a mean body mass index (BMI) and risk of
overweight/obesity similar to children of mothers who never smoked, but lower than
children of mothers who continued smoking during pregnancy.[2—-4] A gap in research
literature is the evaluation of the effects of /ntervention-assisted smoking cessation during
pregnhancy on childhood BMI or risk of overweight/obesity.

Previous research suggests that timing (i.e., weeks of pregnancy) of maternal smoking
cessation initiation during pregnancy was associated with the magnitude of health benefits in
offspring at birth such as improved birth weight, e.g., infants of mothers who quit smoking
by the end of the 15 trimester of pregnancy had a mean birth weight (3,441 g) similar to
infants of nonsmokers (3,452 g), whereas infants of mothers who quit smoking in the 2nd
(3,268 g) or 3" trimester (3,191 g) of pregnancy had substantially lower mean birth weight.
[5] However, the critical timing of smoking cessation initiation on postnatal growth
trajectory remains largely unknown, which may differ from birth outcomes.[6] Research is
needed to compare the effects of smoking cessation at different time points throughout
pregnancy on childhood BMI or risk of obesity.

Therefore, we had two aims in this intervention study: 1) to estimate the effect size of
intervention-assisted smoking cessation during pregnancy on infant weight gain throughout
the first 12 months of age, a well-established risk factor for later childhood obesity,[7] and
2) to identify the critical timing of smoking cessation initiation during pregnancy to
maximize its benefits on infant weight gain.

SUBJECTS AND METHODS

Study participants

We analyzed data of 25 mother-infant dyads (8 persistent smokers and 17 quitters) in the UB
Pregnancy and Smoking Cessation Study (NCT03514602), an intervention study conducted
in Buffalo, NY, USA during 2015-2018. Details on its study design (i.e., hon-concurrent
multiple baseline) and intervention protocol can be found in our previous publication.[8] In

Int J Obes (Lond). Author manuscript; available in PMC 2020 July 01.


https://clinicaltrials.gov/ct2/show/NCT03514602

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wen et al.

Measures

Page 3

this particular design, the intervention is introduced in a staggering order among participants
recruited at different times. A total of 30 pregnant mothers (mean gestational age at
enrollment, 14.8 weeks [range, 6—-33 weeks]) who still smoked daily after 1 week (early
intervention, n=9), 2 weeks (delayed intervention, n=14), or 3 weeks (late intervention, n=7)
of multiple baseline (i.e., a waiting period with smoking monitoring only) received our 8-
week multicomponent intervention. The intervention components included education and
counseling, monitoring and feedback, contingent financial incentives, and family support.
After post-test (i.e., 8 weeks after Quit Date), their smoking status was verified once every 2
weeks until 35 weeks, once a week between 36 weeks and delivery, and then monthly
between delivery and 12 months postpartum. We were able to follow 27 participants at
delivery but 2 infants were then excluded due to birth-defect-related death and very preterm
delivery. Therefore, 25 infants were included in the final analysis. This study was approved
by the UBIRB and all participants signed a consent form.

Participants recorded the number of smoked cigarettes every day. At each prenatal and
postpartum visit, smoking abstinence was confirmed if both NicAlert urine cotinine test[9]
(<100-ng/mL) and breath carbon monoxide test (CO, <8 ppm)[10] results were within the
non-smoking range. Timing of smoking cessation initiation or Quit Date was defined as the
first day of smoking abstinence for at least 7 consecutive days. According to the Society for
Research on Nicotine and Tobacco,[11] we defined continuous abstinence as abstinence
between the Quit Date and delivery without any relapse; 7-day point prevalence abstinence
at delivery as the prevalence of abstinence during the 7-day window preceding delivery.

Infant gestational age, birth weight and length were obtained from birth records. Low birth
weight was defined as birth weight below 2,500 grams.[12] Small-for-gestational-age (SGA)
was defined as birth weight below 10t percentile within a reference population of American
newborns.[13] Research staff measured infant weight with Seca 374 Digital Baby Scale and
length with Seca 416 Infant Meter at approximately 2 weeks, 1, 2, 3, 4,5, 6, 7, 8, 9, 10,11,
and 12 months of age (Supplemental Figure 1). We calculated infant BMI by dividing
weight in kilograms by the square of length in meters. According to the World Health
Organization Child Growth Standard,[14] we calculated infant age- and sex-specific BMI z-
score (ZBMI).

Statistical analysis

Birth outcomes were compared using #test (for continuous variables) and Chi-square test
(for categorical variables). We used mixed model in SAS 9.4 software to analyze infant
ZBMI trajectories. Independent variables included actual child age, smoking cessation
status, their interaction term (child age xsmoking cessation), and unbalanced confounders
(i.e., gestational age at enrollment and prepregnancy BMI). Other potential confounders,
including socio-demographic, pregnancy, and smoking characteristics, were tested but not
included in the final mixed model as they were not significantly associated with smoking
cessation (p>0.1). The quadratic age term (child age x child age) was tested but not
significant (p=0.635) and thus not included into the final model. Based on the fitted mixed
model, we estimated group differences in infant ZBMI gain from birth to 12 months (ZBM
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12m - ZBMI pirn) by smoking cessation status during pregnancy. We also calculated Cohen’s
d effect size as the mean difference in infant ZBMI gain between groups divided by the
pooled standard deviation (SD). An exploratory analysis on timings of smoking cessation
initiation were conducted among the 15 quitters with continuous abstinence. Independent
variables in the mixed model included child age, timing of smoking cessation initiation, their
interaction term (child age x timing of smoking cessation initiation), and confounders. We
estimated infant ZBMI gain, based on the range of timings (i.e., weeks of pregnancy) of
smoking cessation initiation within our sample. We recognized the potential random errors
from this exploratory analysis due to small sample size and emphasized the need of
validation in a larger sample.

Most socio-demographic, pregnancy, and smoking characteristics were comparable between
persistent smokers (N=8) and quitters (N=17) (Supplemental Table 1), but quitters tended to
be enrolled at earlier weeks of pregnancy (mean = SD, 14.9 + 6.6 vs 20.4 £ 7.9, p=0.081)
and have higher prepregnancy BMI (29.6 + 7.8 vs 24.2 + 5.7, p=0.092), compared to
persistent smokers throughout pregnancy. At birth, infants of quitters had higher mean
weight (3.16 + 0.50 vs 2.64 + 0.35 kg; p=0.015; Cohen’s d effect size=-1.13), length (49.21
+2.72 vs 46.89 + 1.94 cm; p=0.041; d=-0.93), and ZBMI (-0.39 + 1.02 vs —1.29 + 0.97;
p=0.049; d=—0.89), compared to infants of persistent smokers (Supplemental Table 2).
Maternal smoking cessation during pregnancy was significantly (p=0.017) associated with a
lower risk of SGA: 11.8% among infants of quitters vs 62.5% among infants of persistent
smokers. Similarly, infants of quitters tended to have a lower risk of low birth weight (5.9%
vs 37.5%; p=0.081) compared to infants of persistent smokers. There was no significant
difference in mean gestational age at birth between two groups.

In the final mixed model, the regression coefficient for the interaction term of “child age x
smoking cessation” was 0.101 (standard error, 0.047) and significant (p=0.035), adjusting
for gestational age at enroliment and prepregnancy BMI (Supplemental Table 3). Infants of
quitters had a lower mean ZBMI gain from birth to 12 months (mean = SD, 1.13 + 1.16)
than infants of persistent smokers (2.34 + 1.40; p=0.035 (Figure 1); and their estimated
mean difference was —1.21 (95% confidence interval, —=2.34 to —0.09). The estimated
Cohen’s d effect size was 0.96. The estimated ZBMI at 12 months of age among infants of
quitters (0.46) was closer to normal reference (0.00), whereas was high among infants of
persistent smokers (1.11). Among the 15 quitters with continuous abstinence, timings of
smoking cessation initiation ranged from 14.7 to 36.3 weeks (mean = SD, 21.9 +5.8)
(Supplemental Figure 2). The infant ZBMI gain from birth to 12 months of age was low
(<0.47) if smoking cessation was initiated between 15 and 27 weeks of pregnancy, but
started to increase if quitting at 28 weeks (0.65) and accelerated with time (e.g., 3.16 if
quitting at 36 weeks) (Figure 2).

DISCUSSION

Consistent with previous studies,[5,15,16] we found that intervention-assisted smoking
cessation during pregnancy was associated with improved birth outcomes including
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normalized birth weight and length as well as lower risk of SGA (a risk factor for abdominal
or central obesity in later life). In our sample, infants of quitters had mean birth weight (3.15
kg) and risk of low birth weight (5.9%) similar to the U.S. national levels (e.g., 3.27 kg and
8.1%, respectively in 2016).[17] Therefore, smoking-induced fetal growth restriction can be
largely reduced by smoking cessation.

Maternal smoking cessation during pregnancy is an opportunity neglected in existing
childhood obesity interventions.[18] Our finding that infants of /ntervention-assisted quitters
had slower ZBMI gain compared to infants of persistent smokers extended and supported
previous observational research among spontaneous quitters.[19,20] Rapid infant weight
gain is a strong risk factor for later obesity, e.g., each +1 unit increment in infant weight SD
score from birth to 1 year is associated with a twofold higher risk of childhood obesity, and a
23% higher risk of adult obesity, according to a meta-analysis of 10 cohort studies.[7]
Therefore, we expect that infants of quitters in our study (mean ZBMI gain, 1.13) will have a
substantially reduced risk (~50%) of obesity in later childhood than infants of persistent
smokers (mean ZBMI gain, 2.34). The estimated effect size was relatively large (Cohen’s
d=0.96). This supports our hypothesis that maternal smoking cessation during pregnancy
may reduce fetal origins of childhood obesity through reducing infant weight gain.

Our study provided the unique evidence that 27 weeks of pregnancy might be the latest
critical timing to obtain maximal benefits of smoking cessation during pregnancy on
reducing infant ZBMI gain, after which the effect size was attenuated. Possible reasons are
related to trajectories of fetal development of energy-balance-related organs (e.g.,
hypothalamus, central and sympathetic norepinephrine systems, fat cells, liver, and
pancreas) and/or hormone profiles (e.g., leptin, ghrelin, and thyroid hormones).
Alternatively, mothers who quit smoking during pregnancy might also change their other
health behaviors that could alter infant ZBMI gain, such as diet, physical activity, alcohol,
marijuana and other substance use. Furthermore, these mothers might be more likely to
adhere to infant feeding guidelines including breastfeeding; they might also invest more time
on infant care, which could serve as an alternative reinforcement to infant eating.

Our study had several strengths. First, smoking status was biochemically verified and
monitored throughout pregnancy, which allowed us to identify critical timing of smoking
cessation initiation. Second, monthly infant growth data facilitated trajectory analyses on
infant ZBMI gain. However, our study was limited by 1) relatively small sample size,
especially for the exploratory analysis on timing of smoking cessation initiation; 2) regional
generalizability due to single-city recruitment from Buffalo, N that is characterized with
high proportions of African Americans and of populations living in poverty; 3) inclusion of
a partial period of pregnancy (15-36 weeks) in analyzing timing of smoking cessation
initiation; 4) relative short follow-up (12 months) that prevented us from examining risk of
childhood overweight/obesity; and 5) residual confounding by other factors such as partner
smoking.

In conclusion, our intervention study suggested that maternal smoking cessation during
pregnhancy was associated with improved birth outcomes, slower infant ZBMI gain, and
closer-to-normal ZBMI at 12 months of age, especially if the mother quit smoking by 27
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weeks of pregnancy. A larger randomized controlled trial is needed to confirm our novel
findings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Infant ZBMI gain from birth to 12 months by maternal smoking cessation status
during pregnancy
Infant ZBMI estimated from the mixed model, adjusting for maternal gestational age at

enrollment and prepregnancy BMI.

Int J Obes (Lond). Author manuscript; available in PMC 2020 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Wen et al.

Infant ZBMI gain from birthto 12 months

3.5

Page 9

| —Infants of quitters with continuous abstinence (n=15)
R - =Normal reference
15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Timing of smoking cessationinitiation during pregnancy, weeks

Figure 2. Infant ZBMI gain from birth to 12 months by timing of maternal smoking cessation
initiation during pregnancy among 15 quitterswith continuous abstinence

Infant ZBMI gain estimated from the mixed model, adjusting for maternal gestational age at
enrollment and prepregnancy BMI.
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