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Abstract

Perinatal smoking, including smoking during pregnancy and postpartum smoking relapse, is a
persistent public health problem. While childhood trauma has been linked to perinatal smoking,
less is known about the association with more proximal stressful life events (SLES). The objective
of this study was to examine the association between SLEs that occurred during the year prior to
childbirth with perinatal smoking.
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Using the Pregnancy Risk Assessment Monitoring System 2009-2011, perinatal smoking was
assessed at three time points: (1) three months prior to pregnancy, (2) the last three months of
pregnancy, and (3) two to six months postpartum. Survey respondents endorsed up to 13 SLEs
(i.e., death of someone close). SLES were analyzed individually, as well as using a cumulative
score (range 0-13). Weighted analyses included unadjusted and adjusted logistic regression.

Among those who smoked prior to pregnancy (n=15,316), 48% (n=7,308) reported quitting
smoking during pregnancy. Of those, 44% (n=3,126) reported postpartum smoking relapse. A total
of 11 SLEs were associated with smoking during pregnancy and 2 SLEs were associated with
postpartum smoking relapse. The odds of continued smoking during pregnancy was 12% higher
for each SLE endorsed (adjusted odds ratio [aOR] =1.12, 95% confidence interval [CI]: 1.09, 1.15)
and this association was attenuated in relation to the odds of postpartum smoking relapse
(aOR=1.03, 95% CI: 0.99, 1.08).

SLEs are associated with perinatal smoking. Additional research is needed to elucidate the
mechanisms of action and to develop interventions specific to the needs of women who experience
SLEs.
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1. Introduction

Among women in the United States (US) who smoked cigarettes prior to pregnancy,
approximately half continue to smoke during pregnancy.! Smoking during pregnancy causes
serious health risks for both women and their unborn children. Women who smoke during
pregnancy have an increased risk of placenta previa, placenta abruption, premature rupture
of membranes and maternal death.23 Unborn children with prenatal exposure to cigarette
smoke have an increased risk of premature birth, low birth weight, fetal and infant mortality,
as well as problems later in life including obesity, type two diabetes and possibly academic,
social and behavioral problems.4-5

Unfortunately, of the 20% of women who quit smoking cigarettes during pregnancy, about
half relapse within six months of childbirth and 70% relapse within two years.” This
observation occurs against the background of grim statistics indicating that postpartum
relapse rates have been stagnant since 2000.7 Smoking after pregnancy entails serious health
risks for the mother and newborn child. Women are more likely to suffer smoking-related
morbidity and mortality compared to men.22 Mothers are the primary source of secondhand
smoke exposure for children, which increases the child’s risk of acute (e.qg., ear infection)
and chronic (e.g., asthma) illnesses, as well as death (e.g., sudden infant death syndrome).?
Further, postpartum relapse increases the risk of subsequent miscarriage, as well as health
risks for additional pregnancies.?-10 Thus, identifying novel risk factors for perinatal
smoking will help improve the health of both mother and child via the development of
innovative and effective perinatal smoking cessation interventions.
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Stress has a complex relationship with cigarette smoking.11 Psychological and social stress
increases the risk of smoking initiation.12:13 Chronic nicotine exposure has been shown to be
associated with the dysregulation of the stress response systems including the hypothalamic-
pituitary-adrenal (HPA) axis.1#15 Tobacco use is associated with elevated baseline cortisol
levels, as well as blunted cortisol response to acute stress.1416.17 Experimental studies have
shown that inducing stress decreases the time to the next cigarette.® Finally, a sex-specific
relationship between cortisol and smoking cessation has been documented indicating that
lower cortisol levels are predictive of smoking relapse in men whereas higher cortisol levels
are predictive in women.16 Despite these observations, the relationship between stress and
perinatal smoking is not well characterized.

Stressful life events (SLESs), such as job loss or death of a loved one, are experiences or
events that cause severe strain on the individual. While childhood trauma, a type of SLE, has
been linked to smoking during pregnancy,1? less is known about the effect of more proximal
life stress (i.e., within a year of pregnancy) on perinatal smoking in US women. SLEs are
easily identifiable in a clinical setting and may serve as a marker of someone who is at high
risk of perinatal smoking. Therefore, the purpose of this study was to explore the association
between SLEs during the year prior to childbirth and perinatal smoking. We hypothesized
that: (1) SLEs would be positively associated with the odds of smoking during pregnancy,
and further that, (2) SLEs would be positively associated with odds of postpartum smoking
relapse. Understanding the relationship between SLEs and perinatal smoking may inform
clinical guidelines, as well as the development of novel perinatal smoking interventions.

Material and methods

2.1 Data source and study design

This cross-sectional study utilized data from Phase 6 (2009-2011) of Preghancy Risk
Assessment Monitoring System (PRAMS). PRAMS is an ongoing, mixed-mode,
population-based surveillance system developed between specific state health departments
and the Centers for Disease Control and Prevention (CDC). It evaluates certain maternal
behaviors and experiences before and during pregnancy as well as during early postpartum.

Using state birth certificate files, the PRAMS population is sampled from women who have
had a recent live birth (between 1,300 and 3,400 women per year per participating state).20
Women were contacted two to six months after delivery. This population is stratified to
oversample certain subpopulations including mothers from racial and ethnic minority groups
and mothers who delivered low birthweight babies.2? Data are collected via mailed
questionnaires and later via telephone for repeated non-responders. All data collection
protocols and instruments are standardized to allow comparisons between states. From 2009
through 2011, the Phase 6 PRAMS Questionnaire was administered to 38 participating sites.
Data from the sites that met a 65% response threshold were included in the analysis.
PRAMS data are weighted to account for the sampling design, nonresponse, and non-
coverage. Detailed information about the PRAMS surveillance methodology and
questionnaires have been described previously.29 The CDC Institutional Review Board
approved the PRAMS protocol.
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2.2 Eligible participants

The present analysis consisted of PRAMS participants who responded to the Phase 6
PRAMS Questionnaire administered from 2009 through 2011. Respondents were excluded
if they had missing data on stress or smoking variables. We also excluded respondents who
were defined as nonsmokers (i.e., those who reported not smoking any cigarettes in the three
months prior to pregnancy). In the analyses examining postpartum relapse, we further
restricted our analysis to respondents who quit smoking during pregnancy (defined as
reporting any smoking in the three months before pregnancy and no smoking during the last
three months of pregnancy; i.e., we excluded those who reported smoking both before and
during pregnancy, as well as those who reported not smoking before and during pregnancy).

2.3 Study variables

Stressful life events (SLESs), the primary exposure of interest, was measured in PRAMS
using a 13-item subset of the Modified Life Events Inventory.2! Participants endorsed each
SLE that occurred during the 12 months prior to delivery. We assessed each stressful item as
a binary event (yes/no) as well as a cumulative SLE score where the presence of each item
contributed one point (0-13 points).

One of the study outcomes was smoking during pregnancy. Participants were asked, “In the
last 3 months of your pregnancy, how many cigarettes did you smoke on an average day?”
Participants who reported “I didn’t smoke then” were categorized as not smoking during
pregnancy and participants with responses from “less than 1 cigarette” through “41
cigarettes or more” were categorized as smoking during pregnancy. The second study
outcome was postpartum smoking relapse. Participants were asked at approximately two to
six months postpartum, when the survey was completed, “How many cigarettes do you
smoke on an average day now?” Mothers who sustained smoking abstinence had responses
of “I don’t smoke now”, and mothers who relapsed had responses of “less than 1 cigarette”
through “41 cigarettes or more.”

The following information was included as covariates and/or sample descriptors: maternal
age (<17, 18-19, 20-24, 25-29, 30-34 and =35 years), years of education (0-8, 9-11,
12,13-15, and 16+ years), marital status (married or other), race (white, black, American
Indian/Alaskan Native, Asian/Pacific Islander, other), ethnicity (Hispanic, non-Hispanic),
parity (primiparous, multiparous), type of insurance (Medicaid or private insurance/other),
quality of prenatal care (measured and categorized using the Kessner Adequacy of Prenatal
Care Index 22 as adequate, intermediate and inadequate), physical abuse during pregnancy
(yes, no or not reported), mode of survey participation (mail or telephone), and number of
days between delivery and survey completion.

2.4 Statistical methods

All analyses were weighted for the complex survey design. Descriptive statistics
(percentages, means) were used to describe the study sample, with chi-square or t-tests used
to compare study groups. Separate logistic regression were used to estimate unadjusted and
adjusted associations between SLEs (cumulative score and each item separately) and
smoking outcomes. To determine adjusted associations, covariates included in the models
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were prespecified and based on theoretical relevance. All reported adjusted odds ratios
(aORs) between SLEs and smoking and 95% confidence intervals (Cls) were adjusted for all
covariates in the model. The association between SLEs and smoking during pregnancy was
adjusted for maternal age, race, ethnicity, level of education, marital status, parity, method of
payment, days between delivery and survey completion, and mode of survey participation.
The association between SLEs and smoking relapse after pregnancy was adjusted for the
same variables as well as quality of prenatal care and reported physical abuse, as these
additional variables were associated with postpartum smoking status.

Sensitivity analysis was performed to assess the influence of covariates with more than 10%
missingness.23 Separate logistic regression models were re-run including missing responses
combined with existing categories, and as a separate additional category. Results that were
significantly different than the main results were reported. Linearity in the logit for
continuous variables was tested by using restricted cubic splines.?* If linearity was not met
for a continuous covariate, the covariate was categorized to meet the assumption for logistic
regression. All statistical tests were conducted in 2017-2018, used a significance level of
0.05, and were performed using SAS version 9.4 (SAS Institute Inc).

3. Results

3.1 Study Sample

Among the 118,067 women in the PRAMS 2009-2011 dataset, 30,690 reported smoking
cigarettes in the three months before becoming pregnant (Figure 1). Regarding smoking
during pregnancy, a total of 15,136 women had complete data and were used to analyze the
association between SLEs and smoking during pregnancy. There were 7,308 women (48%)
who reported smoking during pregnancy and 7,828 (52%) who reported not smoking during
pregnhancy. Regarding postpartum smoking relapse, a total of 7,151 women had complete
data and were used to analyze the association between SLEs and postpartum smoking
relapse. There were 3,126 women (44%) who reported postpartum smoking relapse and
4,025 (56%) who reported sustained abstinence postpartum. Within our study sample, the
highest rate of missingness (~40%) occurred within the variable method of payment for
childbirth (e.g., private insurance, Medicaid), which was the only variable with more than
10% missingness. The results of the sensitivity analysis generally supported the results of
the main analyses (see Supplemental Tables 1 and 2).

The study sample is described by smoking status in Table 1. In general, women who
reported smoking during pregnancy or in the postpartum were more likely to be younger,
less educated, unmarried, non-Hispanic, multiparous, receive less than adequate prenatal
care, have Medicaid coverage, and report physical abuse compared to women who did not
smoke during pregnancy or who sustained postpartum abstinence. However, women who did
smoke during pregnancy were more likely to be White compared to those who did not
smoke during pregnancy. In comparison, women who reported postpartum smoking relapse
were more likely to be Black compared to those who reported postpartum sustained
abstinence.
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3.2 Association between Stressful Life Events and Smoking during Pregnancy

Among women who reported smoking during the three months prior to pregnancy, women
who quit smoking during pregnancy (n=7,828) had significantly lower cumulative SLEs
compared to women who continued to smoke during pregnancy (n=7,308; 2.53+2.2 versus
3.29+2.4, respectively; difference between means and 95% CI of difference = -0.759
(-0.83, - 0.68); p<0.0001; Table 2). The women who continued to smoke during pregnancy
were significantly more likely to endorse each individual SLE compared to the women who
quit smoking (p-values<0.0001).

Significant associations were seen in unadjusted and adjusted models, although adjusted
associations were slightly attenuated (Table 3). Of the 13 individual SLEs, 11 were
significantly associated with increased odds of smoking during pregnancy. This included
three with at least 70% higher odds of smoking during pregnancy: being in a physical fight
(aOR=1.70; 95% CI= 1.35, 2.14), the husband/partner or mother going to jail (aOR=1.74;
95% Cl=1.41, 2.15), and being homeless (aOR= 2.03; 95% CIl= 1.55, 2.66). The two that
were not related to smoking during pregnancy were having a close family member who was
sick and had to go to the hospital and the mother becoming separated or divorced.

3.3 Association between Stressful Life Events and Postpartum Smoking Relapse

Among women who smoked in the three months prior to pregnancy and reported smoking
abstinence during the last three months of pregnancy, women who sustained abstinence into
the postpartum period (n=4,025) reported significantly lower cumulative SLEs compared to
women who relapsed to smoking during the postpartum (n=3,126; 2.35+2.1 versus 2.71+2.2,
respectively; difference between means and 95% CI of difference = -0.357 (—0.46, 0.26);
p<0.0001; Table 3). The women who relapsed to smoking during the postpartum were
significantly more likely to endorse each individual SLE compared to the women who
remained abstinent (p-values<0.03) except for the SLE of being close to someone who had a
drug or alcohol problem (p=0.086).

The association between the cumulative SLE score and postpartum smoking relapse was
significant in the unadjusted model (OR=1.07 per additional SLE; 95% CI=1.03, 1.12).
However, the association was attenuated in the adjusted model (aOR=1.03 per additional
SLE; 95% CI1=0.99, 1.08). After adjustment, the individual SLEs that remained significantly
associated with postpartum smoking relapse were having a husband/partner lose their job
(aOR=1.30; 95% CIl= 1.03-1.63) and having someone close to the mother die (aOR=1.36;
95% Cl=1.11, 1.67).

4. Discussion

This study, which utilized data from a large, representative, population-based surveillance
system, indicated that stressful life events (SLES) were positively associated with smoking
during pregnancy and, to a lesser degree, with postpartum smoking relapse. Specifically, of
the 13 SLEs assessed, 11 were significantly associated with higher odds of smoking during
pregnancy and two were significantly associated with higher odds of postpartum smoking
relapse. The strength of the relationship with smoking during pregnancy ranged from 21%
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higher odds for those who endorsed husband/partner job loss to 74% higher odds for those
who endorsed jail time for mother or husband/partner. The SLESs related to increased odds of
postpartum smoking relapse including husband/partner lost job (30% higher odds) and the
death of someone close to the mother (36% higher odds). Two SLEs were not significantly
related with either prenatal smoking or postpartum smoking relapse — hospitalization of a
family member and separation/divorce. While only the minority of events predicted relapse,
the fact that they were particularly relevant to relapse and not to prenatal smoking suggests a
unique association, direct or indirect, exerted by these particular events on relapse.

The increased odds of perinatal smoking could be driven by resource loss and the related
emotional distress. Many SLEs measured in this study, such as becoming homeless or
having a partner lose their job, involved a significant loss of financial and social resources.
Resource loss has previously been identified as a significant source of emotional distress for
women in general 2> and losing a significant amount of resources shortly before or during
pregnancy may also influence women to engage in perinatal smoking, perhaps in an attempt
to cope with resource loss, or the emotional distress from resource loss.28 This may be one
of the reasons why contingency management interventions (i.e., financial incentives for
smoking abstinence) are effective during the perinatal period. 27 However, resource loss is
just one of the many possible mechanisms that may play a role in perinatal smoking, and
additional research is needed to elucidate the specific mechanisms of action responsible for
these observations. This knowledge will inform additional research that should develop,
examine and implement novel smoking cessation interventions aimed at effectively
managing stress to reduce the prevalence of prenatal smoking.

Further evidence for the relationship between stress and perinatal smoking is available from
research utilizing other indicators of stress. For example, perceived stress, stress about
money, and symptoms of abuse-related post-traumatic stress disorder (i.e., inability to cope
with significant life event-related emotions and problems) have been implicated as
predictors of smoking during pregnancy.?8-30 However, the advantage to utilizing SLES as
compared to other measures of stress, is that SLEs may be particularly easy to identify in a
clinical setting, as well as more applicable to a diverse patient population. Some, however,
have strongly challenged the reliability of self-report of SLEs using paper and pencil
measures like the one used in this study and they suggest that clinical interviews are a
preferred approach.31:32 While such intensive interviewing is prohibitive in population
surveys such as the PRAMS, within clinical practice stressful life event screening may be a
useful tool for individualized care and referral to treatment programs where providers skilled
in substance use and addiction evaluation and treatment can assess the potential impact of
SLEs. Ease of identification may allow clinical providers to determine who may be at high
risk for continued smoking during pregnancy and then, refer that patient to more intensive
smoking cessation services. For example, Tragea and colleagues randomized 60 pregnant
women to a stress management program or a placebo-control condition. The stress
management program, which included twice a day relaxation breathing and progressive
muscle relaxation, was found to significantly lower perceived stress compared to the
placebo-control condition.33 However, the effect of this type of intervention has not yet been
examined within the context of perinatal smoking.
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This study, while strengthened by a large, diverse, and representative sample, relies on self-
reported cross-sectional data, which limits our ability to assess the temporality of the
observed relationships and limits the reliability of our observations. Most notably, perhaps,
is that the item used to measure postpartum smoking status is a single item that asks
participants how many cigarettes they are smoking per day “now.” It is possible that
individuals who quit smoking during pregnancy, relapsed early in the postpartum period,
then quit again at the time of the survey. These individuals did not “sustain postpartum
abstinence.” However, we expect these instances to be few and would also expect this to bias
our results towards the null. Further, our findings are consistent with previous observations
made by Hauge and colleagues who followed over 71,000 women from pregnancy to six
month postpartum in the Norwegian Mother and Child Cohort Study. Specifically, women
who experienced SLEs were at significantly lower odds (OR=0.93, 95% CI: 0.90-0.96) of
achieving smoking abstinence during pregnancy; however, SLES were unrelated to
postpartum smoking relapse (OR=0.97, 95% C1=0.93-1.01).34 In contrast, observations
from a smaller sample of women (n=403) from the Netherlands indicated that SLEs were
not related to smoking during pregnancy.3® These conflicting observations may be driven by
societal differences. Similarly, the PRAMS survey did not assess smoking earlier in
pregnancy, which made investigation into early pregnancy smoking cessation impossible.
This is an area of future study. Lastly, all of these data rely on self-report, which contains
error and bias.

5. Conclusions

Women who experience stressful life events are at higher odds of perinatal smoking. The
urgency for novel smoking cessation interventions for pregnant women is particularly high
given that women in general are more vulnerable to stress-related relapse, including life
events stress, than men.38 Additional research is needed to elucidate the specific
mechanisms of action responsible for these observations. This knowledge will inform
additional research that should develop, examine and implement novel smoking cessation
interventions aimed at effectively managing stress to reduce the prevalence of prenatal
smoking.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

The prevalence of perinatal cigarette smoking (PCS) remains high despite
known risks.

Stressful life events (SLEs) may increase the risk of PCS, but this is not yet
known.

Continued smoking during pregnancy was significantly associated with 11 of
13 SLEs.

Postpartum smoking relapse was significantly associated with 2 of 13 SLEs.

SLEs are associated with PCS, especially continued smoking during
pregnancy.
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Women in Pregnancy Risk Assessment Monitoring System

2009-2011 dataset (n= 118,067)
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Table 1:

Study Sample Description, PRAMS, 2009 — 2011.

Page 13

Women who smoked before pregnancy n=15,136

Women who quit smoking during pregnancy

n=7,151
Did not smoke Smoked during p-value  Sustained Postpartum
during pregnancy  pregnancy n= abstinence smoking relapse
n=7,828 7,308 postpartum n=3,126
n=4,025 p-value
Age (years) <.0001 <.0001
<=17 278 (3.6) 185 (2.6) 121 (3.0) 137 (4.4)
18-19 777 (9.9) 665 (9.1) 311 (7.7) 390 (12.5)
20-24 2,556 (32.7) 2,541 (34.8) 1,219 (30.3) 1,110 (35.5)
25-29 2,170 (27.7) 2,083 (28.5) 1,136 (28.2) 847 (27.1)
30-34 1,391 (17.8) 1,160 (15.9) 825 (20.5) 459 (15.0)
35-39 552 (7.0) 518 (7.1) 344 (8.6) 158 (5.1)
>=40 104 (1.3) 156 (2.1) 69 (1.7) 25 (0.8)
Education level (years) <.0001 <.0001
0-8 82 (1.1) 173 (2.4) 40 (1.0) 36 (1.2)
9-11 1,262 (16.1) 1,843 (25.2) 503 (12.5) 644 (20.6)
12 2,440 (31.2) 2,814 (38.5) 1,136 (28.2) 1,082 (34.6)
13-15 2,858 (36.5) 2,202 (30.1) 1,588 (39.5) 1,016 (32.5)
>=16 1,186 (15.2) 276 (3.8) 758 (18.8) 348 (11.1)
Marital Status <.0001 <.0001
Married 3,531 (45.1) 2,511 (34.4) 2,068 (51.4) 1,194 (38.2)
Other 4,297 (54.9) 4,797 (65.6) 1,957 (48.6) 1,932 (61.8)
Race <.0001 <.0001
Other Asian 110 (1.4) 64 (0.9) 61 (1.5) 39 (1.3)
White 5,178 (66.2) 5,012 (68.6) 2,810 (69.8) 1,936 (61.9)
Black 1,081 (13.8) 1,087 (14.9) 367 (9.1) 577 (18.5)
American Indian 600 (7.7) 444 (6.1) 308 (7.7) 256 (8.2)
Chinese 9(0.1) 1(0.0) 7(0.2) 2(0.1)
Japanese 11(0.1) 6 (0.1) 9(0.2) 2(0.1)
Filipino 27(0.3) 17 (0.2) 21 (0.5) 4(0.1)
Hawaiian 4(0.1) 4(0.1) 2(0.1) 2(0.1)
Other race 251 (3.2) 104 (1.4) 140 (3.5) 91 (2.9)
Alaskan Native 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Mixed race 557 (7.1) 5269 (7.8) 300 (7.5) 217 (6.9)
Hispanic ethnicity <.0001 0.0055
No 6,918 (88.4) 6,817 (93.3) 3,506 (87.1) 2,790 (89.3)
Yes 910 (11.6) 491 (6.7) 519 (12.9) 336 (10.8)
Quality of prenatal care <.0001 0.0037
Adequate 4,931 (63.0) 3,905 (53.4) 2,835 (70.4) 2,088 (66.8)
Intermediate 1,743 (22.3) 1,915 (26.2) 933 (23.2) 803 (25.7)
Inadequate 493 (6.3) 767 (10.5) 257 (6.4) 235 (7.5)
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Women who smoked before pregnancy n=15,136 Women who quit smoking during pregnancy

n=7,151
Did not smoke Smoked during p-value  Sustained Postpartum
during pregnancy  pregnancy n= abstinence smoking relapse
n=7,828 7,308 postpartum n=3,126
n=4,025 p-value
Unknown 661 (8.4) 721(9.9)
Parity <.0001 <.0001
Primiparous 3,956 (50.5) 5,658 (36.4) 2,157 (53.6) 1,480 (47.3)
Multiparous 3,872 (49.5) 4,650 (63.6) 1,868 (46.4) 1,646 (52.7)
Method of payment <.0001 <.0001
Medicaid 4,143 (52.9) 5,191 (71.0) 1,892 (47.1) 1,881 (60.2)
Other 3,685 (47.1) 2,117 (29.0) 2,133 (53.0) 1,245 (39.8)
Physical abuse during <.0001 <.0008
pregnancy
Yes 355 (4.5) 578 (7.9) 152 (3.8) 170 (5.4)
Not reported 7,473 (95.5) 6,730 (92.1) 3,873 (96.2) 2,956 (94.6)
gagl)s since delivery, mean 119.33 (34.6) 121.13 (37.0) 0.0021  114.85(31.5) 123.88 (37.1) <.0001
Mode of participation 0.0426 <.0001
Mail 6,095 (77.9) 5,589 (76.5) 3,319 (82.5) 2,269 (72.6)
Phone 1,733 (22.1) 1,719 (23.5) 706 (17.5) 857 (27.4)

PRAMS= Pregnancy Risk Assessment Monitoring System; SD= standard deviation; n= number; %= percentage Distribution of characteristics and
smoking status was assessed using chi-square tests or t-tests. Percentages may not sum to 100 due to rounding.
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Stressful Life Events by Perinatal Smoking Status, PRAMS 2009 — 2011.

Table 2:

Page 15

Women who smoked before pregnancy

Women who quit smoking during pregnancy

n=15,136 n=7,151
Did not smoke ~ Smoked p-value  Sustained Postpartum p-value
during during abstinence smoking
pregnancy pregnancy n= postpartum relapse
n=7,828 7,308 n=4,025 n=3,126
Cumulative stress score (0 —13), mean
(SD) 2.53(2.2) 3.29 (2.4) <0001 235(2.1) 2.71(2.2) <.0001
Stressful life events?
Husband/partner lost job <.0001 0.0198
Yes 1,398 (17.9) 1,742 (23.8) 667 (16.6) 584 (18.7)
No 6,430 (82.1) 5,566 (76.2) 3,358 (83.4 2,542 (81.3)
Lost job despite wanting to continue
working 0.0214
Yes 1,169 (14.9) 1,463 (20.0) <0001 553 (13.7) 490 (15.7)
No 6,659 (85.1) 5,845 (80.0) 3,472 (86.3) 2,636 (84.3)
Had a lot of bills couldn’t pay <.0001 0.0004
Yes 2,332 (29.8) 3,064 (41.9) 1,120 (27.8) 990 (31.7)
No 5,496 (70.2) 4,244 (58.1) 2,905 (72.2) 2,136 (68.3)
Moved to new address <.0001 0.0005
Yes 3,534 (45.2) 3,620 (49.5) 1,750 (43.5) 1,489 (47.6)
No 4,294 (54.9) 3,688 (50.5) 2,275 (56.5) 1,637 (52.4)
Mother was homeless <.0001 0.0011
Yes 387 (4.9) 719 (9.8) 166 (4.1) 181 (5.8)
No 7,441 (95.1) 6,589 (90.2) 3,859 (95.9) 2,945 (94.2)
Close family member was very sick and
went to hospital <.0001 0.0064
Yes 2,053 (26.2) 2,159 (29.5) 994 (24.7) 861 (27.5)
No 5,775 (73.8) 5,149 (70.5) 3,031 (75.3) 2,265 (72.5)
Someone close to mother died <.0001 0.0024
Yes 1,647 (21.0) 1,856 (25.4) 783 (19.5) 700 (22.4)
No 6,181 (79.0) 5,452 (74.6) 3,242 (80.6) 2,426 (77.6)
Mother got separated/divorced <.0001 0.0167
Yes 1,003 (12.8) 1,236 (16.9) 476 (11.8) 429 (13.7)
No 6,825 (87.2) 6,072 (83.1) 3,549 (88.2) 2,697 (86.3)
Argued with husband/partner more
than usual <.0001 <.0001
Yes 2,584 (33.1) 2,979 (40.8) 1,233 (30.6) 1,104 (35.3)
No 5,244 (67.0) 4,329 (59.2) 2,792 (69.4) 2,022 (64.7)
Husband/partner or mother went to jail <.0001 <.0001
Yes 615 (7.9) 1,086 (14.9) 263 (6.5) 298 (9.5)
No 7,213 (92.1) 6,222 (85.1) 3,726 (93.5) 2,828 (90.5)
Was in a physical fight <.0001 <.0001

Prev Med. Author manuscript; available in PMC 2020 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Allen etal. Page 16
Women who smoked before pregnancy Women who quit smoking during pregnancy
n=15,136 n=7,151
Did not smoke ~ Smoked p-value  Sustained Postpartum p-value
during during abstinence smoking
pregnancy pregnancy n= postpartum relapse
n=7,828 7,308 n=4,025 n=3,126

Yes 513 (6.6) 747 (10.2) 222 (5.5) 247 (7.9)
No 7,315 (93.5) 6,561 (89.8) 3,802 (94.5) 2,879 (92.1)
Husband/partner didn’t want mother to
be pregnant <.0001 0.0007
Yes 888 (11.3) 1,063 (14.6) 408 (10.1) 397 (12.7)
No 6,940 (88.7) 6,245 (85.5) 3,617 (89.9) 2,729 (87.3)
Someone close to mother had drug or
alcohol problem <.0001 0.0863
Yes 1,683 (21.5) 2,300 (31.5) 830 (20.6) 697 (22.3)
No 6,145 (78.5) 5,008 (68.5) 3,195 (79.4) 2,429 (77.7)

PRAMS= Pregnancy Risk Assessment Monitoring System; SD= standard deviation; n= number; %= percentage Distribution of characteristics and
smoking status was assessed using chi-square tests or t-tests. Percentages may not sum to 100 due to rounding

alB-item stressful life events a subset of Modified Life Events Inventory.
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Associations between maternal stressful life events and smoking outcomes,PRAMS 2009-2011

Table 3:

Page 17

Smoking during pregnancy among women who

smoked before pregnancy (n=15,136)

Unadjusted®OR (95% ClI)

Adjusted®PoR (95% CI)

Postpartum smoking relapse among women who quit

during pregnancy (n=7,151)

Unadjusted®OR (95% CI)

Adjusted®“OR (95% CI)

Cumulative stressful life
events score (0-13)

Stressful life eventsd (yes vs.
no)

Husband/Partner lost job

Lost job despite wanting to
continue working

Had a lot of bills couldn’t pay
Moved to new address
Was homeless

Close family member was
very sick and had to go to the
hospital

Someone close to mother died
Mother got separated/divorced

Argued with husband/partner
more than usual

Husband/partner or mother
went to jail

Was in a physical fight

Husband/partner didn’t want
mother to be pregnant

Someone close to mother had
drug or alcohol problem

115 (1.12, 1.18)

1.32 (1.15, 1.52)

1.44 (1.24, 1.67)
1.68 (1.49, 1.89)
1.32 (1.18, 1.47)
2.31(1.82, 2.93)

1.08 (0.95, 1.22)
1.28 (1.12, 1.46)
1.26 (1.07, 1.49)

1.43 (1.28, 1.61)

2.01 (1.66, 2.44)
1.69 (1.35, 2.10)

1.31(1.11, 1.55)

1.67 (L.46, 1.90)

1.12 (1.09, 1.15)

1.21 (1.04, 1.41)

1.27 (1.08, 1.49)
1.45 (1.28, 1.65)
1.24 (1.10, 1.40)
2.03 (1.55, 2.66)

1.07 (0.94, 1.21)
1.24 (1.07, 1.43)
1.11(0.93, 1.32)

1.39 (1.23, 1.58)

1.74 (141, 2.15)
1.70 (1.35, 2.14)

1.23 (1.03, 1.47)

1.55 (1.35, 1.79)

1.07 (1.03, 1.12)

1.34 (1.07, 1.68)

1.01 (0.80, 1.27)
1.23 (1.02, 1.47)
1.10 (0.93, 1.29)
1.18 (0.80, 1.72)

1.19 (0.99, 1.43)
1.44 (1.18, 1.76)
1.16 (0.90, 1.49)

1.12 (0.94, 1.34)

1.37 (0.99, 1.91)
1.43 (0.99, 2.00)

1.16 (0.90, 1.50)

1.10 (0.90, 1.35)

1.03 (0.99, 1.08)

1.30 (1.03, 1.63)

0.86 (0.68, 1.09)
1.17 (0.97, 1.42)
1.01 (0.85, 1.20)
0.91 (0.62, 1.35)

1.19 (0.99, 1.43)
1.36 (1.11, 1.67)
0.96 (0.74, 1.25)

0.99 (0.82, 1.20)

1.04 (0.74, 1.46)
1.22 (0.81, 1.82)

0.99 (0.7, 1.28)

1.01 (0.82, 1.25)

PRAMS= Pregnancy Risk Assessment Monitoring System

aOdds ratios and 95% Cls have been weighted to account for the PRAMS survey design and the statistical weighting of the data.

Adjusted for maternal age, race, ethnicity, level of education, marital status, parity, methods of payment and days since delivery.

Adjusted for maternal age, race, ethnicity, level of education, marital status, parity, method of payment, quality of prenatal care, reported physical
abuse, days since delivery and mode of participation.

d13-item stressful life events, a subset of Modified Life Events Inventory.
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