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Abstract

Identifying social determinants of tobacco and alcohol use during pregnancy is critical to
improving health outcomes for the next generation. This is especially important on a rural
Tribal Nation where influences such as isolation, cultural barriers, and historical trauma
have made it uniquely challenging to prevent substance use during pregnancy. The purpose
of this study is to identify population-specific factors that are protective against smoking and
drinking during pregnancy. We used data from 421 pregnancies collected as a part of the
Safe Passages study from a rural Tribal Nation in the central United States. Pregnant
women were classified as women who did not smoke (n = 84), women who quit during preg-
nancy (n = 23), women who smoked during pregnancy (n = 314), and women who both
smoked and drank alcohol during pregnancy (n = 149). Demographic data revealed that
28.8% of the mothers were currently employed, and 91.8% of mothers reported a household
income of less than $3,000 per year. Substance use rates were higher than national aver-
ages: 74.6% smoked during pregnancy and 35.4% of the women both smoked and drank
alcohol during pregnancy. Five factors were identified as being protective against substance
use during pregnancy: 1) living with someone (81% less likely to smoke and 92% less likely
to smoke and drink), 2) having at least 12 years of education (128% less likely to smoke,
and 126% less likely to smoke and drink), 3) having over 12 years of education (235% less
likely to smoke, and 206% less likely to smoke and drink), 4) being employed (158% less
likely to smoke, and 111% less likely to smoke and drink), and 5) not being depressed
(214% less likely to smoke, and 229% less likely to smoke and drink). These social determi-
nants should be considered for intervention research to decrease rates of substance use
during pregnancy.
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Introduction

Substance use during pregnancy is a major public health concern. Prenatal exposure to
tobacco and alcohol can cause detrimental effects which persist throughout the offspring’s life-
time. Smoking during pregnancy is the most common preventable cause of infant morbidity
and mortality [1]. Smoking during pregnancy increases the risk of placental abruption, pla-
centa previa, fetal growth restriction, and fetal loss [2, 3]. Maternal cigarette use is significantly
associated with preterm deliveries, term low birth weight deliveries, and preterm-related
deaths [2]. Up to 34% of sudden unexpected deaths in infants are attributed to prenatal smok-
ing [2]. Some of these deaths are preventable by eliminating smoking during pregnancy. Expo-
sure to tobacco in utero is also associated with birth defects involving the mouth/face, heart,
limbs, and gastrointestinal systems [3]. Prenatal tobacco exposure has long-term consequences
as well. It has been shown to increase the risk of multisystem effects including childhood
asthma [4], recurrent otitis media [5], obesity [6], ADHD [7], and future nicotine addiction
[8].

Smoking during pregnancy can compound the effects of prenatal alcohol exposure. Alcohol
is a teratogen that freely crosses the maternal-placental barrier and remains in the fetal circula-
tion for an extended period. Maternal alcohol use during pregnancy can cause fetal alcohol
spectrum disorders (FASD) characterized by growth retardation, facial deformity, and central
nervous system abnormalities [9]. FASD is the leading preventable cause of mental disability
[10]. In North Dakota, the prevalence rate of FASD is about 1% of live births [11], although
the true rate is certainly higher because the majority of FASD cases remain undiagnosed. Sub-
stance use during pregnancy is also an indicator of the mother’s health status. In North
Dakota, mothers of children with an FASD diagnosis have a 44.82 fold increase in mortality
risk [12].

Although the health risks of substance use during pregnancy are well known, the prevalence
is alarming. In the United States, approximately one in five women smoke before pregnancy
[13]). These rates are substantially higher in American Indian (AI) populations, where 55.1%
of women report smoking during the three months before pregnancy [13]. Although some
women are able to successfully quit smoking when they discover the pregnancy, many con-
tinue smoking. In the United States, 14.3% of women smoke during pregnancy [13]. The high-
est prevalence of smoking during pregnancy was reported among American Indian/Alaska
Native people with a rate of 26.0% [13]. It has been suggested that Indigenous women in high-
income countries “face a disproportionate burden of socioeconomic deprivation and access to
culturally appropriate tobacco cessation interventions” [1]. A similar trend is seen in alcohol
use during pregnancy. In the United States, it is estimated that 15% of pregnant women con-
sume alcohol and 3% engage in binge drinking [14]. These rates are substantially higher in Al
populations of the United States. Approximately 43% of AI women in the United States con-
sume alcohol during pregnancy, and 15% engage in binge drinking [14]. The infant mortality
rate from 2010 to 2012 for infants born to Al women was 3.5 times higher than whites [15],
and much of the increased mortality may be associated with increased rates of prenatal sub-
stance exposure.

These health disparities among Al people must be viewed in the context of a history of
genocide, boarding schools, and broken treaties. A study measuring historical trauma among
AT found a significant portion of Indigenous adolescents and adults think about historical loss
daily or more, and these perceptions are associated with emotional distress and depressive
symptoms [16]. This emotional burden, coupled with poverty, discrimination, and other fac-
tors, has created conditions permissive of substance abuse in the population. Although sub-
stance use rates are a major concern in many Tribal Nations, it is important to recognize that
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the AI population also has high rates of abstinence. For example, a recent survey indicated that
the majority (59.9%) of Al individuals abstain from alcohol, whereas only 43.1% of white indi-
viduals abstain from alcohol [17].

Each Tribal Nation has a distinct creation story, history, tradition, and socioeconomic con-
dition and should be considered as such. The Indian Health Service delineates service units to
divide the country. One of these service units is the Great Plains Indian Health Service. A
recent study from the Indian Health Service reported that out of the 12 regions in the United
States, the Great Plains Indian Health Service Area has the highest mortality rates when
adjusted for age, the lowest life expectancy at birth (68.1 years), and some of the highest alco-
hol-related death rates. It is also among the lowest median household incomes and the highest
rates of unemployment and poverty [18].

This research was conducted in partnership with the tribe with a goal of developing infor-
mation for use by the Tribal Nation. The current study will analyze social determinants to
identify women at greatest risk for substance use during pregnancy and to determine which
social interventions may be effective. The World Health Organization defines social determi-
nants of health as “the conditions in which people are born, grow, live, work, and age” [19].
Differences in these social determinants can produce health inequities, “the unfair and avoid-
able differences in health status seen within and between countries” [19]. One such health
inequity is poor outcomes associated with prenatal exposure to tobacco and alcohol. Several
social determinants have been identified as factors correlated with the prevalence of substance
use during pregnancy. Most of the research involving substance abuse focuses on risk factors;
however, identifying and promoting protective factors is often simpler and more effective.
Some protective factors that have been identified against alcohol use during pregnancy include

2" or 3" trimester of pregnancy

maternal employment [20], being married [20], and in the
[20]. Risk factors for alcohol use include depression [21, 22], anxiety [21], being unmarried
[22], belonging to a lower socioeconomic status [22], and being black [22] or white [20]. Pro-
tective factors against smoking during pregnancy include attending one prenatal consult [23],
more years of schooling [23], living with a partner [21, 23], having no previous children [23],
and the absence of alcohol use [23]. Having PTSD [24] or depression [21, 25] increases the risk
of both alcohol and tobacco use during pregnancy.

None of these studies focused on Tribal Nations, where culturally appropriate screening
and interventions are desperately needed. Previous researchers have called for population spe-
cific studies to direct resources and policy. The purpose of this study is to examine the demo-
graphic information of pregnant women from one Tribal Nation and to identify any
characteristics that are protective against prenatal substance use.

Methods

A waiver of participant consent was approved by the University of North Dakota Institutional
Review Board. Access to the data was approved by the tribal council.

Enrollment

Data were collected in the Safe Passage Study conducted by the Prenatal Alcohol in Sudden
Infant Death Syndrome (SIDS) and Stillbirth (PASS) Network. The full methodology of the
study can be found in Dukes et. al., 2014 [26]. Screening and enrollment occurred at a clinical
site on a Tribal Nation. Consenting women were enrolled between 6 weeks gestation up to
delivery. From the Safe Passage Study, “A woman is eligible if all of the following criteria are
met: (1) able to provide informed consent, (2) pregnant, (3) 16 years of age or older, and (4)
gestational age of at least 6 weeks, 0 days and not at the delivery admission. A woman is
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excluded if any of the following criteria are met: (1) planned abortion, (2) planned relocation
from catchment area prior to delivery, or (3) advice against participation by a health care pro-
vider (e.g. requires additional medical care)” [26].

In a published study the Safe Passage group after adjustment for demographic and clinical
characteristics demonstrated an increase in relative risk for SIDS of 11.97 which was highly sig-
nificant (95% CI: 2-59-53-7, p < 0-001) in infants whose mothers reported both prenatal
drinking and smoking beyond the first trimester [27]. For drinking only after the first trimes-
ter and for smoking only beyond the first trimester a significant increase in risk was not
detected when compared to those unexposed or women who reported quitting early in preg-
nancy [27]. Another study by the group demonstrated that even low levels of exposure to pre-
natal alcohol or smoking were associated with changes in brain development [28]. Prenatal
alcohol and cigarette exposure also appear to impact newborn cardiac physiology [29].

Factors studied

A previous study analyzed congregate data from the Safe Passage Study including white and
Al women in the Great Plains Indian Health Service Northern Plains of the US, and women of
mixed ancestry in South Africa [30]. Group-based trajectories were used. Women who smoked
and drank continuously through pregnancy were more likely to have enrolled in the study
later in pregnancy, have less than 12 years of education, be of mixed ancestry, and be depressed
than those categorized in the none/minimal or quit groups. The purpose of this current study
is to look specifically at one distinct Tribal Nation in the Great Plains Area to determine if the
same exposure relationships applied. This study is unique in that it does not use group-based
trajectories as the sample size is much smaller.

In addition to the mother’s education and depression classification, the current study looks at
other factors which have been studied in relation to prenatal substance use: maternal living
arrangement (alone or with someone) [21, 23], yearly income [22], and PTSD classification [24].
It also investigates if the education or employment of the father and mother together would alter
maternal smoking rates. Resilience is the ability to resist stress and return to normal homeostasis
state [30]. Previous studies have shown resilience to be inversely related to substance use [31], so
this study examines resiliency classification as a protective factor that might offset the difficult
conditions on this Tribal Nation. Protective factors were chosen for analysis as they can be a
focus of future health promotion activities to counteract risk factors and decrease substance use.

Maternal interviews

Women were interviewed at up to three prenatal visits at 20-24 weeks, 28-32 weeks, and 34

+ weeks. At the first prenatal visit, maternal demographic characteristics were self-reported
including age, race, education, and partner status. Behavioral risk factors of the mother were
obtained using medical record abstraction and through the administration of several surveys
including the Edinburgh Postnatal Depression Scale (positive was defined as greater than 13),
Harvard Trauma Questionnaire (high PTSD was defined as a score of 45 or greater), and the
Connor Davidson Scale (low resiliency was defined as a score less than 100). In the Safe Pas-
sage study, several embedded studies that were site-specific were added over the 13 year study
period. These included measures of PTSD and trauma. As a result, the sample sizes for these
variables differ from the larger study.

Prenatal exposure assessment

Alcohol exposure information was collected by maternal self-report using the well validated
Timeline Follow-Back method [32]. Reported alcohol intake was standardized to total grams
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of alcohol consumed and converted into standard drinks (14 g of absolute alcohol). Prenatal
smoking exposure information was obtained by asking how often the participant smoked a
tobacco cigarette and the number of cigarettes smoked on a typical day.

Statistical analysis

Women were classified into four groups: 1) women who did not smoke, 2) women who quit
during pregnancy, 3) women who smoked during pregnancy, and 4) women who both
smoked and drank alcohol during pregnancy. Demographic risk factors were categorized as
living alone (single, partnered living alone, divorced, widowed) or with someone (married,
partnered living together), mother’s education in years, employment of the mother and the
partner in the past year, and mother’s yearly income. Maternal behavioral risk factors that
were analyzed were feelings of depression, resiliency score, and post-traumatic stress disorder
(PTSD) score.

Chi-square tests were used to find associations between the risk factors and three levels of
smoking: quit smoking, smoked during pregnancy, and both smoked and drank during preg-
nancy. Women who did not smoke were compared to the three levels of smoking. Relative
risks (RRs) were estimated for the binary risks to find protective factors for not smoking versus
the any smoking and combined smoking and drinking. The confidence intervals are at the 95™
percentile. Quit smoking was not used as a separate group comparable to not-smoking due to
small number of women who quit. Two logistic regressions were run with living status, moth-
er’s years of education, mother’s unemployment, and depression as predictors of the smoking
levels. Resiliency and PTSD were not used in the logistic regressions due to the low number of
mothers being measured for these variables.

Results

There were 421 births in the data set between August 2007 to January 2015. As the birth rate is
about 125 births per year on this Tribal Nation, our sample of 421 of 916 births (44.9%) was
substantial. The average age of the mother was 24.7 (S.D. 0.3, range 16 to 43).

Approximately half (47.0%) of the women lived alone, and 52.9% lived with a partner.
47.7% of the women completed 6-11 years of education, 27.8% completed 12 years of educa-
tion, and 24.5% had more than 12 years of education. A similar trend is seen with the partner’s
education, with both partners completing high school in 41.6% of couples.

The unemployment rate is elevated in this Tribal Nation. Among study participants, 33.3%
of the mothers had been unemployed for over a year, and 28.8% of the mothers were currently
employed. In 39.7% of the couples, neither parent was employed. The 2020 poverty guideline
set by the U.S. Department of Health and Human Services for a 3 person household is $21,720
[33]. In this Tribal Nation, 91.8% of mothers reported a household income of less than $3,000
per year. 18.7% of women reported a household income of less than $500 per year.

Assessment of smoking found that 19.9% of mothers did not smoke, 5.5% of the mothers
quit smoking during pregnancy and 74.6% smoked during pregnancy. Those who smoked
averaged 16.5 (S.D. 1.16, range 0.02 to 112) cigarettes per week. In Fig 1, we present the distri-
bution of smoking and drinking. Many women quit smoking and drinking when pregnant.
This is likely due to the cost of cigarettes and that they smoke mostly when they drink. Also,
many women do not smoke in their house if they have children. In this sample, 35.4% of the
women both smoked and drank alcohol during pregnancy. In the study period, 40% of the
women drank during pregnancy, 34% quit drinking during pregnancy, and 2% drank continu-
ously during pregnancy. The rates of drug use during pregnancy was very low. Table 1 shows
the possible maternal protective factors for not smoking. Some associations were found
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Fig 1. Prenatal exposure to alcohol and cigarettes. The distribution of cigarettes per week and the drinks during pregnancy.

https://doi.org/10.1371/journal.pone.0243924.9001

between those who quit smoking when they learned of their pregnancies and those who never
smoked, including whether the mother is living with someone, her education level, and her
income level. Mothers who lived with someone were more likely to not smoke (25% to 14%)
than those who quit smoking (4% to 7%), smoked (70% to 79%), or both smoked and drank
(30% to 42%) (all p < .001). Completing high school or a higher level of education was also
associated with not smoking. Being employed at least part time during the past year was associ-
ated with not smoking relative to both women who smoked and those who smoked and drank.
Not having depression and PTSD were also associated with not smoking, though resiliency
was not. Depression was a finding in the medical record review for 18.7% of the mothers. Clin-
ically diagnosed depression was associated with an increased risk of smoking, drinking, or
both during pregnancy, but depression as assessed on the Edinburgh Scale was not associated
with an increased risk.

The protective risk of not smoking from smoking or both smoking and drinking given
maternal attributes are shown in Fig 2. The relative risk (RR) of not smoking compared to any

PLOS ONE | https://doi.org/10.1371/journal.pone.0243924  February 11, 2021 6/14


https://doi.org/10.1371/journal.pone.0243924.g001
https://doi.org/10.1371/journal.pone.0243924

PLOS ONE

Protective factors for substance use in a Tribal Nation

Table 1. Prevalence of smoking and drinking during pregnancy associated with mother’s demographics.

Total Did not smoke Quit Smoked Smoked & Drank
N N (%) N (%) N (%) N (%)
421 84 (19.9%) 23 (5.5%) 314 (74.6%) 149 (35.4%)

Living;: N =421

Alone 198 (47.0%) 28 (14.1%) 13 %(6.6%) 157 *(79.3%) 83 *(41.9%)

With Someone 223 (52.9%) 56 (25.1%) 10 (4.5%) 157 (70.4%) 66 (29.6%)
Mother’s Education: N =421

6-11 Years 201 (47.7%) 25 (12.4%) 14 %(6.9%) 162 *(80.6%) 76 *(37.8%)

12 Years 117 (27.8%) 28 (23.9%) 3 (2.6%) 86 (73.5%) 40 (34.2%)

More Than 12 Years 103 (24.5%) 31 (30.1%) 6 (5.8%) 66 (64.1%) 33 (32.0%)
Parents’ Education: N =320

Neither Completed HS 53 (16.6%) 10 (18.9%) 1*(1.9%) 42 *(79.3%) 22 (41.5%)

Mother Completed HS 43 (13.4%) 11 (25.6%) 3(6.9%) 29 (67.4%) 15 (34.9%)

Partner Completed HS 91 (28.4%) 10 (10.9%) 11 (12.1%) 70 (76.9%) 29 (31.9%)

Both Completed HS 133 (41.6%) 41 (30.8%) 4(3.0%) 88 (66.2%) 42 (31.6%)
Unemployed > 1 Year: N =421

Yes 140 (33.3%) 17 (12.1%) 6 (4.3%) 117 *(83.6%) 50 *(35.7%)

No 281 (66.8%) 67 (23.8%) 17 (6.1%) 197 (70.1%) 99 (35.2%)
Parents’ Employment: N =320

Neither Employed 127 (39.7%) 13 (10.2%) 8(6.3%) 106 *(83.5%) 46 *(36.2%)

Mother Employed 39 (12.2%) 15 (38.5%) 3(7.7%) 21 (53.9%) 10 (25.6%)

Partner Employed 101 (31.6%) 23 (22.8%) 5(4.9%) 73 (72.3%) 32 (31.7%)

Both Employed 53 (16.6%) 21 (39.6%) 3 (5.7%) 29 (54.7%) 20 (37.7%)
Yearly Income: N =379

< =$500 71 (18.7%) 12 (16.9%) 5%(7.04%) 54 *(76.1%) 27 *(38.0%)

$500 - $1,000 125 (32.9%) 26 (20.8%) 11 (8.8%) 88 (70.4%) 35 (28.0%)

$1,001 - $2,000 104 (28.2%) 21 (20.2%) 2 (1.9%) 81 (77.9%) 42 (40.4%)

$2,001 - $3,000 45 (11.9%) 4 (8.9%) 4 (8.9%) 37 (82.2%) 22 (48.9%)

> $3,000 34 (8.9%) 17 (50.0%) 1(2.9%) 16 (47.1%) 9 (26.5%)
Depressed: N =379

Yes 71 (18.7%) 8(11.3%) 3 (4.2%) 60 *(84.5%) 33 *(46.5%)

No 308 (81.3%) 72 (23.4%) 20 (6.5%) 216 (70.1%) 102 (33.1%)
Resiliency:

Low (<100) 52 12 (23.1%) 2 (3.8%) 38 (73.1%) 20 (38.5%)

High (> = 100) 61 17 (27.9%) 5 (8.2%) 39 (63.9%) 17 (27.9%)
PTSD:

High (> = 45) 17 1 (5.9%) 1 (5.9%) 15 *(88.2%) 9 *(52.9%)

Low (<45) 28 13 (46.4%) 1(3.6%) 14 (50.0%) 5(17.9%)

No smoking at all during pregnancy compared to quit smoking, smoked during pregnancy, and both smoked and drank during pregnancy.

*p<.05

https://doi.org/10.1371/journal.pone.0243924.t001

smoking is presented in the blue bar; the RR compared to smoking and drinking is also shown
with the orange bar with 95™ percentile limits. Not living alone is a similar protective factor
for not smoking when compared to both smoking groups. The RRs were 1.7 (CI = 1.2-2.6)
and 1.8 (CI = 1.3-2.6) respectively. Not having a record of depression in the medical record
was also a very similar protective factor for both smoking groups; RR = 2.1 (CI = 1.1-4.2) and
RR = 2.1 (CI = 1.1-4.0) respectively. Employment by the mother had a stronger protective
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12 |

11 [

10 |

RR

Living with someone Being employed Not having depression Not having PTSD
(N=421) (N=421) (N=379) (N=45)
. Not Smoking . Not Smoking and Drinking

Fig 2. Likelihood of not smoking or not both smoking and drinking during pregnancy. This figure shows the relative risk of 1) not smoking during pregnancy and 2)
not both smoking and drinking during pregnancy. These risks are based on maternal factors: living with someone, being employed, not having depression, and not having
PTSD. They are all statistically significant. Each factor is protective against smoking during pregnancy and both smoking and drinking during pregnancy. Being employed
is a stronger factor against only smoking than both smoking and drinking. Not having PTSD is the strongest protective factor, but also has the largest error due to small
sample size. The upper limits of the CI’s for PTSD are not shown- they are 53.5 and 47.4.

https://doi.org/10.1371/journal.pone.0243924.g002

effect against smoking (RR = 2.0, CI = 1.2-3.3) than smoking and drinking (RR = 1.6,
CI = 1.0-2.5). Not having PTSD appeared to have the strongest protective factor against smok-
ing (RR = 7.7, CI = 1.1-53.5) and smoking and drinking (RR = 7.2, CI = 1.1-47.4), though the
small number of women (N = 45) created the largest error estimate.

Logistic regressions were run to determine if any confounding of mother’s factors affected
the strengths of their relationships to not smoking. Mother and father’s education and employ-
ment were highly correlated, and only mother’s education (6-11 years reference value) and
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Table 2. Logistic regression for not smoking or not both smoking and drinking.

Not Smoking (N = 356) Not Both Smoking and Drinking
(N =215)
OR 95% CI OR 95% CI
Living with someone 1.8 (1.0-3.2) 1.9 (1.0-3.6)
Education 12 years 2.30 (1.2-4.3) 2.3 (1.1-4.6)
Education >12 years 34 (1.7-6.5) 3.1 (1.5-6.5)
Being employed 2.6 (1.4-4.7) 2.1 (1.1-4.2)
No record of depression 32 (1.4-7.2) 33 (1.4-8.0)

https://doi.org/10.1371/journal.pone.0243924.1002

mother’s employment within the past year were used. Final models of four variables are shown
in Table 2.

Women who live with someone were 81% less likely to smoke, and 92% less likely to smoke
and drink. Education showed an increase in likelihood of not smoking as the years of educa-
tion increased (OR = 2.3 to OR = 3.4, and OR = 2.3 to OR = 3.1). Women with at least 12 years
of education were 128% less likely to smoke, and 126% less likely to smoke and drink than
women. Women with over 12 years of education were 235% less likely to smoke, and 206%
less likely to smoke and drink. Working more than doubled the likelihood of not smoking.
Not being diagnosed with depression more than tripled the likelihood of not smoking.
Women who were employed were 158% less likely to smoke and 110% less likely to smoke and
drink. Women who were not depressed were 214% less likely to smoke and 228% less likely to
smoke and drink during pregnancy.

Discussion

This research reveals a disproportionate rate of poverty and unemployment among pregnant
women from this Tribal Nation. Approximately half of the women did not complete high
school, under 30% were currently employed, and over 90% reported a household income of
less than $3,000 per year. According to the USDA’s 2015 report, it costs approximately $9,330
per year to raise a child for a family in the lower third of the income distribution [34]. Over
90% of the pregnant women in the study make less than one third of the estimated yearly cost
of providing for one child. There is a need for improved employment opportunities for fami-
lies on this rural reservation. While food stamps, Women Infant Child (WIC), Healthy Start,
food banks, and tribal support are widely used, these are currently inadequate. Commodities
are used but have considerable stigma and are considered as unhealthy.

Disparities in substance use rates among women in this study were also evident. Nearly
three quarters of the women smoked during pregnancy. Given previous reports that 14.3% of
women smoke during pregnancy in the U.S. [13], pregnant women on this Tribal Nation were
over 5 times more likely to smoke. Even compared to American Indian/Alaska Native popula-
tion data that indicated a smoking rate of 26.0% during pregnancy [13], women on this rural
Tribal Nation were 2.9 times more likely to smoke during pregnancy. Alcohol use during preg-
nancy on this Tribal Nation was also higher than the U.S. average (40% vs. 15% respectively)
[14]. However, the rates of drinking during pregnancy reported by the Indian Health Service
were slightly lower than the American Indian/Alaska Native population overall (43%) [14].

Additional resources are clearly needed to address the disparities associated with the high
rates of substance use during pregnancy on this Tribal Nation. Healthy People 2020 includes
three national health objectives related to smoking among women during the perinatal period:
reduce the prevalence of smoking before pregnancy to 14%, reduce the prevalence of cigarette
smoking among pregnant women to 1.4%, and increase the percentage of pregnant women
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who stop smoking during pregnancy to 30% [35]. Progress toward achieving these goals
requires empowering Al women and promoting the factors that protect against substance use
during the prenatal period, such as those identified in this study.

Prioritizing decreasing substance use during pregnancy is motivated by both health risks
and cost. The adverse maternal and infant health outcomes due to smoking and drinking dur-
ing pregnancy carry heavy financial costs. In 2004, it was estimated that approximately $122
million in healthcare costs for infant hospitalization after delivery were attributed to prenatal
smoking in the United States [36]. This is $653 per mother who smoked [36]. It is financially
worthwhile to spend money on prevention of maternal substance use in order to save money
treating infants in the Neonatal Intensive Care Unit (NICU) and to prevent long term health
care utilization as a result of chronic conditions.

Pregnancy can bring many changes in a woman’s life and is often an opportune time to
encourage lifestyle changes such as smoking cessation. Women who quit smoking during
pregnancy are more likely to be abstinent up to 21 years after pregnancy than women who
continue to smoke during pregnancy [37]. Pregnant women who smoke should be provided
information and offered effective smoking cessation interventions.

There are several intervention options currently available including screening for substance
use with a validated screen, counseling, financial incentives, and pharmacotherapy. On this
rural Tribal Nation, the local health center pharmacy provides a smoking cessation program
that is offered to women during their prenatal visits. An addiction counselor in the behavioral
health program is also available to help pregnant women with alcohol or drug use concerns.
The results of these preventive programs are likely represented in this study by the 25% of
women who never smoked or quit smoking during pregnancy, as well as the 34% of women
who quit drinking during pregnancy.

We propose supplementing these programs with population-specific data-based interven-
tions involving the protective social determinants identified in this study. No current interven-
tion has a success rate as great as the social determinants results. For example, women who are
not depressed were 228% less likely to smoke and drink during pregnancy. Resources used
toward mental health screening and treatment would have the dual effect of promoting posi-
tive mental health and decreasing prenatal substance use. Other interventions might include
promoting education up to and beyond 12 years, providing employment opportunities, and
promoting social support.

The protective social determinant results of this study could also be used to stratify women
into high and low risk groups for substance use during pregnancy. Identifying protective fac-
tors could have a practical use for healthcare professionals working with this population. For
example, a screening tool could be developed that would look for women who are unem-
ployed, have depression, or have less than 12 years of education. By understanding these fac-
tors, it is possible to examine the effect of focusing resources toward women who are most at
risk for substance use during pregnancy.

This study has several limitations. Since the alcohol and cigarette exposure information was
collected through maternal self-report, our data could substantially underestimate substance
use due to social stigma and recall error. Therapeutic drift might also be a concern, in which
women would have altered their behavior because they were enrolled in the study. There are
also some gaps in the data due to women enrolling late in pregnancy or missing assessments.
The sample size for some of the behavioral factors such as PTSD rating and resiliency was
small, as not all participants were evaluated using those questionnaires. Finally, the goal of this
study was to examine population specific conditions on this small, rural Tribal Nation. The
sample was uniform, and the results are not generalizable to other populations.
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Further research is needed to determine if there are causal relationships between the social
determinants and substance use during pregnancy. More information is also needed to
develop strategies for implementing changes to social determinants such as providing access to
more education, preventing, identifying, and treating depression, increasing employment
rates, and promoting familial bonding and social support.

Conclusion

Smoking during pregnancy is a major cause of preventable morbidity and mortality among
infants. AI populations in rural areas face additional challenges in preventing substance use
during pregnancy. On one Tribal Nation, approximately three quarters of the women smoked
during pregnancy and 35.4% both smoked and drank during pregnancy. These rates are much
greater than the United States national average, and the results of substance use during preg-
nancy will affect this population for generations. In Fig 3 we depict the five factors that are pro-
tective against both smoking and drinking during pregnancy: 1) not being depressed (228%
less likely), 2) having more than 12 years of education (206% less likely), 3) having at least 12
years of education (126% less likely), 4) being employed in the past year (110% less likely), and

Women who are
not depressed are

228%

less likely.... Women who were employed

in the past year are

110%

less likely....

Women who have 12 years
of education are

126%

g |
1
]
less likely....
— Women who live with
their partner are
92% /\
Women who have greater than less likely....

12 years of education are

206%
LR .. ...to smoke and drink

during pregnancy

Fig 3. Protective factors—-what factors protect against smoking and drinking during pregnancy?. The five maternal factors which were associated with decreased risk
for both smoking and drinking during pregnancy.

https://doi.org/10.1371/journal.pone.0243924.g003
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5) living with a partner (92% less likely). These social determinants are modifiable factors that
should be the emphasis of future research to decrease substance use during pregnancy.

Author Contributions
Data curation: Jyoti Angal, Larry Burd.

Formal analysis: Mariah Jorda, Bradley J. Conant, Anne Sandstrom, Marilyn G. Klug, Jyoti
Angal.

Methodology: Mariah Jorda, Bradley J. Conant, Anne Sandstrom, Marilyn G. Klug, Larry
Burd.

Project administration: Jyoti Angal, Larry Burd.
Supervision: Jyoti Angal.

Writing - original draft: Mariah Jorda, Bradley J. Conant, Anne Sandstrom, Marilyn G. Klug,
Larry Burd.

References

1. Crume T. Tobacco Use During Pregnancy. Clinical obstetrics and gynecology. 2019; 62(1):128—41.
https://doi.org/10.1097/GRF.0000000000000413 PMID: 30668557

2. Dietz PM, England LJ, Shapiro-Mendoza CK, Tong VT, Farr SL, Callaghan WM. Infant morbidity and
mortality attributable to prenatal smoking in the U.S. Am J Prev Med. 2010; 39(1):45-52. https://doi.org/
10.1016/j.amepre.2010.03.009 PMID: 20547278

3. US Department of Health and Human Services. The health consequences of smoking: A report of the
Surgeon General Atlanta, GA: Department of Health and Human Services, Centers for Disease Con-
trol and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Office on
Smoking and Health; 2004 [Available from: https://www.ncbi.nim.nih.gov/books/NBK44695/pdf/
Bookshelf_NBK4465.pdf.

4. Pattenden S, Antova T, Neuberger M, Nikiforov B, De Sario M, Grize L, et al. Parental smoking and chil-
dren’s respiratory health: independent effects of prenatal and postnatal exposure. Tobacco control.
2006; 15(4):294-301. https://doi.org/10.1136/tc.2005.015065 PMID: 16885578

5. Strachan DP, Cook DG. Health effects of passive smoking .5. Parental smoking and allergic sensitisa-
tion in children. Thorax. 1998; 53(2):117-23. https://doi.org/10.1136/thx.53.2.117 PMID: 9624297

6. Rayfield S, Plugge E. Systematic review and meta-analysis of the association between maternal smok-
ing in pregnancy and childhood overweight and obesity. Journal of epidemiology and community health.
2017; 71(2):162-73. https://doi.org/10.1136/jech-2016-207376 PMID: 27480843

7. Huangl,WangY, ZhangL, Zheng Z, Zhu T, Qu Y, et al. Maternal Smoking and Attention-Deficit/Hyper-
activity Disorder in Offspring: A Meta-analysis. Pediatrics. 2018;141(1). https://doi.org/10.1542/peds.
2017-2465 PMID: 29288161

8. Rydell M, Cnattingius S, Granath F, Magnusson C, Galanti MR. Prenatal exposure to tobacco and
future nicotine dependence: population-based cohort study. The British journal of psychiatry: the journal
of mental science. 2012; 200(3):202-9. https://doi.org/10.1192/bjp.bp.111.100123 PMID: 22322457

9. Chiriboga CA. Fetal alcohol and drug effects. The neurologist. 2003; 9(6):267—79. https://doi.org/10.
1097/01.nr.0000094941.96358.d1 PMID: 14629781

10. Abel EL, Sokol RJ. Incidence of fetal alcohol syndrome and economic impact of FAS-related anomalies.
Drug and alcohol dependence. 1987; 19(1):51-70. https://doi.org/10.1016/0376-8716(87)90087-1
PMID: 3545731

11. Poitra BA, Marion S, Dionne M, Wilkie E, Dauphinais P, Wilkie-Pepion M, et al. A school-based screen-
ing program for fetal alcohol syndrome. Neurotoxicol Teratol. 2003; 25(6):725-9. https://doi.org/10.
1016/j.ntt.2003.07.007 PMID: 14624972

12. LiQ, Fisher WW, Peng CZ, Williams AD, Burd L. Fetal alcohol spectrum disorders: A population based
study of premature mortality rates in the mothers. Maternal and child health journal. 2012; 16(6):1332—
7. https://doi.org/10.1007/s10995-011-0844-3 PMID: 21710184

13. Tong VT, Dietz PM, Morrow B, D’Angelo DV, Farr SL, Rockhill KM, et al. Trends in smoking before, dur-
ing, and after pregnancy—Pregnancy Risk Assessment Monitoring System, United States, 40 sites,

PLOS ONE | https://doi.org/10.1371/journal.pone.0243924  February 11, 2021 12/14


https://doi.org/10.1097/GRF.0000000000000413
http://www.ncbi.nlm.nih.gov/pubmed/30668557
https://doi.org/10.1016/j.amepre.2010.03.009
https://doi.org/10.1016/j.amepre.2010.03.009
http://www.ncbi.nlm.nih.gov/pubmed/20547278
https://www.ncbi.nlm.nih.gov/books/NBK44695/pdf/Bookshelf_NBK4465.pdf
https://www.ncbi.nlm.nih.gov/books/NBK44695/pdf/Bookshelf_NBK4465.pdf
https://doi.org/10.1136/tc.2005.015065
http://www.ncbi.nlm.nih.gov/pubmed/16885578
https://doi.org/10.1136/thx.53.2.117
http://www.ncbi.nlm.nih.gov/pubmed/9624297
https://doi.org/10.1136/jech-2016-207376
http://www.ncbi.nlm.nih.gov/pubmed/27480843
https://doi.org/10.1542/peds.2017-2465
https://doi.org/10.1542/peds.2017-2465
http://www.ncbi.nlm.nih.gov/pubmed/29288161
https://doi.org/10.1192/bjp.bp.111.100123
http://www.ncbi.nlm.nih.gov/pubmed/22322457
https://doi.org/10.1097/01.nrl.0000094941.96358.d1
https://doi.org/10.1097/01.nrl.0000094941.96358.d1
http://www.ncbi.nlm.nih.gov/pubmed/14629781
https://doi.org/10.1016/0376-8716%2887%2990087-1
http://www.ncbi.nlm.nih.gov/pubmed/3545731
https://doi.org/10.1016/j.ntt.2003.07.007
https://doi.org/10.1016/j.ntt.2003.07.007
http://www.ncbi.nlm.nih.gov/pubmed/14624972
https://doi.org/10.1007/s10995-011-0844-3
http://www.ncbi.nlm.nih.gov/pubmed/21710184
https://doi.org/10.1371/journal.pone.0243924

PLOS ONE

Protective factors for substance use in a Tribal Nation

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

2000-2010. Morbidity and mortality weekly report Surveillance summaries (Washington, DC: 2002).
2013; 62(6):1-19. PMID: 24196750

Popova S, Lange S, Probst C, Parunashvili N, Rehm J. Prevalence of alcohol consumption during preg-
nancy and Fetal Alcohol Spectrum Disorders among the general and Aboriginal populations in Canada
and the United States. Eur J Med Genet. 2017; 60(1):32—48. https://doi.org/10.1016/j.ejmg.2016.09.
010 PMID: 27638329

Danielson R, Wallenborn J, Warne D, Masho S. Disparities in Risk Factors and Birth Outcomes Among
American Indians in North Dakota. Maternal and Child Health Journal. 2018. https://doi.org/10.1007/
510995-018-2551-9 PMID: 29936660

Whitbeck LB, Walls ML, Johnson KD, Morrisseau AD, McDougall CM. Depressed affect and historical
loss among North American Indigenous adolescents. American Indian and Alaska native mental health
research (Online). 2009; 16(3):16—41. https://doi.org/10.5820/aian.1603.2009.16 PMID: 20052631

Cunningham J, Solomon T, Muramoto M. Alcohol use among Native Americans compared to whites:
Examining the veracity of the 'Native American elevated alcohol consumption’ belief. Drug and Alcohol
Dependence. 2015; 160. https://doi.org/10.1016/j.drugalcdep.2015.12.015 PMID: 26868862

Indian Health Service. Regional differences in Indian Health 2002—2003 edition: Department of Health
and Human Services, Indian Health Service, Office of Public Health Support, Division of Program Statis-
tics; 2008 [Available from: https://www.ihs.gov/sites/dps/themes/responsive2017/display_objects/
documents/RegionalDifferences2012Edition.pdf.

Social determinants of health [Internet]. World Health Organization; 2017 [Available from: https://www.
who.int/social_determinants/sdh_definition/en/.

Havens JR, Simmons LA, Shannon LM, Hansen WF. Factors associated with substance use during
pregnancy: results from a national sample. Drug Alcohol Depend. 2009; 99(1-3):89-95. https://doi.org/
10.1016/j.drugalcdep.2008.07.010 PMID: 18778900

Brown RA, Dakkak H, Gilliland J, Seabrook JA. Predictors of drug use during pregnancy: The relative
effects of socioeconomic, demographic, and mental health risk factors. Journal of neonatal-perinatal
medicine. 2019; 12(2):179-87. https://doi.org/10.3233/NPM-1814 PMID: 30584173

Shmulewitz D, Hasin DS. Risk factors for alcohol use among pregnant women, ages 15-44, in the
United States, 2002 to 2017. Preventive medicine. 2019; 124:75-83. https://doi.org/10.1016/j.ypmed.
2019.04.027 PMID: 31054285

Domingues R, Figueiredo VC, Leal MDC. Prevalence of pre-gestational and gestational smoking and
factors associated with smoking cessation during pregnancy, Brazil, 2011-2012. PLoS One. 2019; 14
(5):€0217397. https://doi.org/10.1371/journal.pone.0217397 PMID: 31125373

Sanjuan PM, Pearson MR, Poremba C, Amaro HLA, Leeman L. An ecological momentary assessment
study examining posttraumatic stress disorder symptoms, prenatal bonding, and substance use among
pregnant women. Drug Alcohol Depend. 2019; 195:33-9. https://doi.org/10.1016/j.drugalcdep.2018.11.
019 PMID: 30572290

Hyer J, Ulrickson C, Yerelian E, Metz TD, Allshouse AA, Hoffman MC. Self-Reported Alcohol, Tobacco,
and Marijuana Use in Pregnant Women with Depressive Symptomatology. American journal of perina-
tology. 2020; 37(12):1223-7. https://doi.org/10.1055/s-0039-1692685 PMID: 31238345

Dukes KA, Burd L, Elliott AJ, Fifer WP, Folkerth RD, Hankins GD, et al. The safe passage study: design,
methods, recruitment, and follow-up approach. Paediatr Perinat Epidemiol. 2014; 28(5):455-65. https://
doi.org/10.1111/ppe.12136 PMID: 25131605

Elliott AJ, Kinney HC, Haynes RL, Dempers JD, Wright C, Fifer WP, et al. Concurrent prenatal drinking
and smoking increases risk for SIDS: Safe Passage Study report. EClinicalMedicine. 2020; 19:100247.
https://doi.org/10.1016/j.eclinm.2019.100247 PMID: 32140668

Shuffrey LC, Myers MM, Isler JR, Lucchini M, Sania A, Pini N, et al. Association Between Prenatal
Exposure to Alcohol and Tobacco and Neonatal Brain Activity: Results From the Safe Passage Study.
JAMA network open. 2020; 3(5):e204714. https://doi.org/10.1001/jamanetworkopen.2020.4714 PMID:
32396193

Myers MM, Elliott AJ, Odendaal HJ, Burd L, Angal J, Groenewald C, et al. Cardiorespiratory physiology
in the safe passage study: protocol, methods and normative values in unexposed infants. Acta paedia-
trica (Oslo, Norway: 1992). 2017; 106(8):1260—72. https://doi.org/10.1111/apa.13873 PMID: 28419567

Werner EE. Journeys from childhood to midlife: risk, resilience, and recovery. Pediatrics. 2004; 114
(2):492.

Fadardi JS, Azad H, Nemati A. The relationship between resilience, motivational structure, and sub-
stance use. Procedia—Social and Behavioral Sciences. 2010; 5:1956-60.

PLOS ONE | https://doi.org/10.1371/journal.pone.0243924  February 11, 2021 13/14


http://www.ncbi.nlm.nih.gov/pubmed/24196750
https://doi.org/10.1016/j.ejmg.2016.09.010
https://doi.org/10.1016/j.ejmg.2016.09.010
http://www.ncbi.nlm.nih.gov/pubmed/27638329
https://doi.org/10.1007/s10995-018-2551-9
https://doi.org/10.1007/s10995-018-2551-9
http://www.ncbi.nlm.nih.gov/pubmed/29936660
https://doi.org/10.5820/aian.1603.2009.16
http://www.ncbi.nlm.nih.gov/pubmed/20052631
https://doi.org/10.1016/j.drugalcdep.2015.12.015
http://www.ncbi.nlm.nih.gov/pubmed/26868862
https://www.ihs.gov/sites/dps/themes/responsive2017/display_objects/documents/RegionalDifferences2012Edition.pdf
https://www.ihs.gov/sites/dps/themes/responsive2017/display_objects/documents/RegionalDifferences2012Edition.pdf
https://www.who.int/social_determinants/sdh_definition/en/
https://www.who.int/social_determinants/sdh_definition/en/
https://doi.org/10.1016/j.drugalcdep.2008.07.010
https://doi.org/10.1016/j.drugalcdep.2008.07.010
http://www.ncbi.nlm.nih.gov/pubmed/18778900
https://doi.org/10.3233/NPM-1814
http://www.ncbi.nlm.nih.gov/pubmed/30584173
https://doi.org/10.1016/j.ypmed.2019.04.027
https://doi.org/10.1016/j.ypmed.2019.04.027
http://www.ncbi.nlm.nih.gov/pubmed/31054285
https://doi.org/10.1371/journal.pone.0217397
http://www.ncbi.nlm.nih.gov/pubmed/31125373
https://doi.org/10.1016/j.drugalcdep.2018.11.019
https://doi.org/10.1016/j.drugalcdep.2018.11.019
http://www.ncbi.nlm.nih.gov/pubmed/30572290
https://doi.org/10.1055/s-0039-1692685
http://www.ncbi.nlm.nih.gov/pubmed/31238345
https://doi.org/10.1111/ppe.12136
https://doi.org/10.1111/ppe.12136
http://www.ncbi.nlm.nih.gov/pubmed/25131605
https://doi.org/10.1016/j.eclinm.2019.100247
http://www.ncbi.nlm.nih.gov/pubmed/32140668
https://doi.org/10.1001/jamanetworkopen.2020.4714
http://www.ncbi.nlm.nih.gov/pubmed/32396193
https://doi.org/10.1111/apa.13873
http://www.ncbi.nlm.nih.gov/pubmed/28419567
https://doi.org/10.1371/journal.pone.0243924

PLOS ONE

Protective factors for substance use in a Tribal Nation

32.

33.

34.

35.

36.

37.

Jacobson SW, Chiodo LM, Sokol RJ, Jacobson JL. Validity of maternal report of prenatal alcohol,
cocaine, and smoking in relation to neurobehavioral outcome. Pediatrics. 2002; 109(5):815-25. https://
doi.org/10.1542/peds.109.5.815 PMID: 11986441

Federal Register 2020 poverty guidelines. 2020 [Available from: https://aspe.hhs.gov/poverty-
guidelines.

Lino M, Kuczynski K, Rodriguez N, Schap T. Expenditures on children by families, 2015: United States
Department of Agriculture, Center for Nutrition Policy and Promotion. Miscellaneous Report N. 1528—
2015; 2017 [Available from: https://fns-prod.azureedge.net/sites/default/files/crc2015_March2017_0.
pdf.

Maternal, infant, and child health | Healthy People 2020 [Available from: https://www.halthypeople.gov/
2020/topics-objectives/topic/maternal-infant-and-child-health/objectives.

Adams EK, Melvin CL, Raskind-Hood C, Joski PJ, Galactionova E. Infant delivery costs related to
maternal smoking: an update. Nicotine & tobacco research: official journal of the Society for Research
on Nicotine and Tobacco. 2011; 13(8):627-37. https://doi.org/10.1093/ntr/ntr042 PMID: 21778148

Rattan D, Mamun A, Najman JM, Williams GM, Doi SA. Smoking behaviour in pregnancy and its impact
on smoking cessation at various intervals during follow-up over 21 years: a prospective cohort study.
BJOG: an international journal of obstetrics and gynaecology. 2013; 120(3):288-95; discussion 96.
https://doi.org/10.1111/1471-0528.12027 PMID: 23127211

PLOS ONE | https://doi.org/10.1371/journal.pone.0243924  February 11, 2021 14/14


https://doi.org/10.1542/peds.109.5.815
https://doi.org/10.1542/peds.109.5.815
http://www.ncbi.nlm.nih.gov/pubmed/11986441
https://aspe.hhs.gov/poverty-guidelines
https://aspe.hhs.gov/poverty-guidelines
https://fns-prod.azureedge.net/sites/default/files/crc2015_March2017_0.pdf
https://fns-prod.azureedge.net/sites/default/files/crc2015_March2017_0.pdf
https://www.halthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://www.halthypeople.gov/2020/topics-objectives/topic/maternal-infant-and-child-health/objectives
https://doi.org/10.1093/ntr/ntr042
http://www.ncbi.nlm.nih.gov/pubmed/21778148
https://doi.org/10.1111/1471-0528.12027
http://www.ncbi.nlm.nih.gov/pubmed/23127211
https://doi.org/10.1371/journal.pone.0243924

