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Abstract

Cigarette smoking and alcohol consumption during pregnancy can have detrimental effects

on the developing fetus, including fetal alcohol syndrome and low birth weight. Surprisingly

little is known about the association of personality traits with smoking and alcohol consump-

tion in the specific subpopulation of pregnant women. This study analyzed data from a geo-

graphically diverse sample of 603 pregnant women, aged 18 years and older, who provided

information regarding their smoking and drinking habits before and during pregnancy. We

compared women who consumed alcohol or smoked cigarettes before pregnancy with

women who quit or continued smoking or drinking during pregnancy. Associations between

personality and maladaptive behaviors prior to and during pregnancy were modeled using

logistic regression. The study revealed that women who scored high on openness to experi-

ence were significantly more likely to continue alcohol consumption during pregnancy (OR =

1.07, 95% CI 1.01, 1.14, p = .02). This association was maintained after adjusting for poten-

tial confounds. This study demonstrated a significant relationship between personality traits

and women’s likelihood of continued alcohol consumption prior to and during pregnancy.

Understanding personality-based determinants of health-detrimental behavior is important

in order to design interventions that aim at decreasing rates of maladaptive health behaviors

among pregnant women.
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Introduction

The rationale for encouraging pregnant women to avoid smoking and consuming alcohol is

compelling. One largely unexplored avenue for identifying who is at risk for these detrimental

behaviors is the identification of personality traits. Although these traits are well-known pre-

dictors of smoking and excessive drinking, they have not been well studied in the context of

pregnancy. In this study, we examined these associations within a large sample of pregnant

women.

There is strong evidence that smoking and alcohol consumption pose adverse short and

long-term risks for pregnancy outcomes. Smoking during pregnancy is associated with an

increased risk of Sudden Infant Death Syndrome (SIDS), decreased birth-weight, placental

abruption, preterm premature rupture of membranes (PPROM), and pre-term labor [1–5].

The effects of maternal smoking are also associated with motor, sensory, and cognitive deficits

in infants and toddlers [6]. The harmful effects of smoking during pregnancy continue into

late childhood and even adulthood. A systematic review of cross-sectional and longitudinal

studies revealed that there is an association between maternal smoking during pregnancy and

an increased risk for attention deficit hyperactivity disorder (ADHD) and developing adoles-

cent-onset drug dependence [7]. The magnitude of the harm caused by alcohol consumption

during pregnancy is also staggering. The most severe consequences associated with alcohol

consumption include an increased risk for miscarriage, stillbirth, fetal alcohol spectrum disor-

der (FASD), alcohol-related neurodevelopmental disorder (ARND), and low birth-weight [8,

9]. Alcohol consumption during pregnancy can also lead to a range of adverse lifelong physi-

cal, behavioral, and intellectual outcomes in children, such as poor coordination, hyperactive

behavior, difficulty with attention, poor memory, and speech and language delays [10]. Even

low levels of alcohol consumption (less than one drink per week) may cause adverse neurobe-

havioral effects [11, 12]. Therefore, the American Congress of Obstetricians and Gynecologists

(ACOG), the American Academy of Pediatrics, and other national and international medical

societies (e.g., Centers for Disease Control and Prevention) recommend that women should

avoid alcohol entirely while pregnant or trying to become pregnant [13,14].

Although warnings about the adverse impact of continued smoking and alcohol consump-

tion have led to declining rates of these harmful behaviors in the United States, recent data

show that about 8.4% of women smoked and 10% consumed alcohol at some point during

pregnancy [13, 15, 16]. Researchers have been trying to identify factors that differentiate

women who quit from those who continued to smoke or drink during pregnancy, despite the

well-known health risks. Among the established predictors of continued smoking and drink-

ing during pregnancy are certain sociodemographic characteristics such as lower levels of edu-

cation, higher parity, being single, and lower levels of social support [17, 18]. Because cigarette

smoking and alcohol use remain common modifiable risk factors for adverse pregnancy and

birth outcomes [19], there is a need to better understand the determinants of continued smok-

ing and drinking beyond demographic factors. A substantial body of literature suggests that

personality traits, which comprise individual variation in behavioral tendencies, are potentially

useful as predictors and may guide efficient intervention [20, 21].

Personality refers to individual differences in characteristic patterns of behaving, feeling,

and thinking [22]. Although personality has been conceptualized in different ways, the Five

Factor Model (FFM) has become a commonly accepted and reliable representation of person-

ality. According to this model, the structure of the personality trait domain can be encom-

passed by five major dimensions: neuroticism (vs. emotional stability), extraversion (vs.

introversion), openness to experience (vs. closeness to experience), conscientiousness (vs. lack

of direction), and agreeableness (vs. antagonism) [23]. There have been a number of cross-
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sectional and longitudinal studies that have investigated the relationship between personality

and various health behaviors in the general population. Many studies have shown that person-

ality is an important predictor of cigarette smoking and alcohol consumption.

Neuroticism was found to be associated with an increased likelihood of smoking [24–26].

Individuals who scored high on instruments used to detect this trait tend to struggle with emo-

tional control, more often display negative affect such as sadness, depression, and anxiety [23]

and, consequently, may smoke to reduce stress and feelings of worry [27]. In addition, smokers

with elevated levels of neuroticism tend to smoke more and have greater difficulty quitting

[20, 28–30]. The evidence for a relationship between high neuroticism and excessive drinking

is more equivocal, but some evidence demonstrates that higher neuroticism is related to alco-

hol abuse and dependence [28, 31–34]. Similar to those who smoke, individuals with greater

levels of neuroticism may use alcohol as a way to self-medicate feelings of anxiety [25].

A number of studies have shown that extraversion, which is associated with larger social

networks and increased social interaction [e.g., 34, 35, 36] is positively associated with smoking

[29, 37–39] and alcohol consumption [21, 40]. Some researchers have noted that the associa-

tion between smoking and extraversion has decreased in recent decades [41–43]. One of the

possible explanations is that smoking has become a non-normative behavior as more people

have become aware of the adverse consequences of smoking [44]. Research has demonstrated

that individuals who score high on extraversion initiate alcohol use at an earlier age [45, 46]

and tend to consume more alcohol [47]. In addition, individuals high in extraversion derive

more mood-enhancing effects from alcohol than those with low levels of extraversion [48].

Conscientiousness and aspects of conscientiousness are also associated with smoking and

alcohol consumption. Individuals with high levels of conscientiousness are more self-disci-

plined, hardworking, dutiful, reliable, and achievement-oriented [23], tending to be careful

about taking action that could possibly damage their reputation [49]. In a meta-analysis, Mal-

ouff and colleagues [33] found that alcohol consumption was higher in individuals with low

conscientiousness. Bogg and Roberts [50] found that low conscientiousness was associated

with excessive alcohol use. Low conscientiousness has been also found as a risk factor for

smoking. Results of a longitudinal study revealed that low conscientiousness in children was a

predictor of smoking in adulthood [51].

The findings on other personality traits (agreeableness and openness to experience) as

related to smoking and alcohol consumption are less consistent. While some researchers

reported that low agreeableness is associated with an increased chance of being a smoker [20,

52, 53], the meta-analysis by Hakulinen and colleagues [54] of nine cohort studies from Aus-

tralia, Germany, the UK, and the US (n = 79,757) did not find this association. Two large

meta-analyses investigating the associations between personality traits and alcohol consump-

tion found that low agreeableness is associated with alcohol consumption, [33, 55] whereas

individuals high on this trait are more likely to quit drinking or abstain from alcohol [55].

The findings regarding openness to experience and maladaptive behaviors are also largely

inconsistent [56]. Some individual studies have found that openness is associated with binge

drinking among college women [57], but other studies also conducted on college females

found the opposite- binge drinkers rated lower in openness than non-binge drinkers [58].

Rush et al. [59] did not find that openness was associated with drinking when conducting

research on both male and female college students. One meta-analysis found that low openness

to experience was associated with abstinence or a decrease in alcohol consumption [60]. While

some studies suggest the association between high openness to experience and smoking [56,

61], other studies did not find this association [20].

Given these existing findings in the general population, there is reason to suspect that per-

sonality traits may also predict smoking and drinking behaviors among women during
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pregnancy. The associations between maladaptive behaviors and personality traits in a popula-

tion of pregnant women may be stronger than those of the general population. Research has

shown that new roles, such as becoming a mother, are related to certain social expectations

and adaptive processes which in turn may lead to changes in personality such as an increase in

conscientiousness and a decrease in neuroticism [62, 63]. On the other hand, pregnancy is a

unique period in a woman’s life in which they are highly motivated to quit maladaptive behav-

iors and this factor may have a greater impact on changing behavior than is attributable to per-

sonality traits. Nevertheless, understanding the association between personality traits and

maladaptive behaviors is crucial and may offer insights into how to design effective interven-

tions for pregnant women.

To our knowledge, very few studies have addressed the issue of personality traits and mal-

adaptive behaviors among pregnant women. Beijers and colleagues [64] found that higher lev-

els of openness to experience and lower levels of conscientiousness among pregnant women

were associated with alcohol consumption, but none of the personality traits were associated

with continued smoking. Using the same measure of personality, NEO-FFI, Maxon and col-

leagues [65] found that low levels of agreeableness were associated with continued smoking.

Looking specifically at smoking status before and during pregnancy, Massey and colleagues

[66] found that women with a tendency to worry in anticipation of future problems were more

likely to continue smoking during pregnancy. Low self-directedness, which can be expressed

by an inability to delay immediate gratification, was also associated with smoking during preg-

nancy. The differences in findings may be due to different sample sizes, measures of personal-

ity and the retrospective nature of the Massey et al. [66] study.

The current study examined the associations between personality and continued smoking

and alcohol use prior and during pregnancy. Specifically, we analyzed differences among

women who did not smoke nor consume alcohol prior, women who continued smoking or

drinking, and women who quit these maladaptive behaviors. Based on the previous research

reviewed above, we hypothesized that women with high levels of extraversion would be less

likely to smoke cigarettes, mainly because smoking has become a socially undesirable habit,

especially among pregnant women. Because pregnancy is a life event considered to be stressful

by many women [67, 68] we hypothesized that individuals high on neuroticism would be

more likely to continue smoking and drinking during pregnancy in order to cope with stress.

Based on the findings that show that conscientiousness is positively related to all beneficial

health-related behaviors [50], we expect that women with low conscientiousness would be

more likely to continue smoking and drinking during pregnancy. The majority of previous

studies compared women who quit maladaptive health behaviors (smoking or drinking) with

those who continued these behaviors throughout their pregnancy. Few studies differentiate

between women who never smoked, women who quit smoking during pregnancy, and

women who continued smoking [66]. It has been suggested that women who quit smoking

during pregnancy possess adaptive characteristics and report fewer depressive symptoms [69].

Therefore, in this study we also analyzed data from women who did not smoke or consume

alcohol prior to pregnancy and compared them to women who either continued or quit mal-

adaptive behaviors.

Materials and methods

Participants

The study population comes from the Measures of Maternal Stress (MOMS) Study, a sub-

study of the National Children’s Study (NCS), which aimed to optimize the measurement of

stress and key correlates of stress in women during pregnancy. Women were enrolled from
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prenatal clinics as part of a multisite prospective cohort study that included four geographically

and racially diverse regions (Pittsburgh, PA, Chicago IL, Schuylkill County PA, and San Anto-

nio TX) between June 2013 and May 2015. Detailed information about the study has been pro-

vided in previous reports [70, 71]. Eligible participants were 18 years of age or older, carrying a

singleton pregnancy, English-speaking, and had no evidence of fetal, congenital, or genetic

anomalies. Detailed information on the socio-economic, health, and demographic characteris-

tics of the study population used in this analysis was collected via survey and bio sample collec-

tion between 12 and 20 weeks of gestation, and after delivery via postpartum medical chart

review. Of the 744 participants, 603 provided complete data on the key variables (smoking,

alcohol consumption, and personality traits). Attrition analyses revealed that respondents who

were excluded from the analysis (n = 141) did not differ significantly from those who were

included on demographic variables. Prior to data collection, ethics approval for the original

data collection was provided by the Institutional Review Board of Northwestern University in

Evanston, IL (project number STU00039484). All participants signed written informed con-

sent and received 40 U.S. dollars for their participation. The current study is a secondary anal-

ysis of de-identified data.

Measures

Smoking status. The dichotomous dependent variable, cigarette smoking, was measured

during the second trimester by asking each participant “In the 3 months before you became

pregnant, did you use any cigarettes?” The answer was coded “1” for those who smoked and

“0” for nonsmokers.

Alcohol consumption status. At the second trimester assessment, all participants were

asked, “Did you drink alcohol before pregnancy?” If they responded “yes”, they were asked

whether they consumed alcohol during pregnancy. The answer was coded “1” for those who

consumed alcohol and “0” for those who stopped drinking.

Personality traits. Personality was measured using the NEO Five-Factor Inventory

(NEO-FFI) [23]. The NEO-FFI is a self-report questionnaire consisting of 60 items answered

on a five-point Likert scale ranging from 0 (strongly disagree) to 4 (strongly agree). The

NEO-FFI is a shortened version of the NEO Personality Inventory (the NEO-PI-R) and

assesses neuroticism, extraversion, conscientiousness, agreeableness, and openness to experi-

ence; each of the five subscales is comprised of 12 items. Respondents were given a list of state-

ments such as “I like to have a lot of people around me” and “Too often, when things go

wrong, I get discouraged and feel like giving up.” The summary score for each domain ranges

from 0 to 48. NEO-PI-R scales have shown longitudinal stability, cross-observer agreement,

and convergent and discriminant validity in a large body of studies [23, 72].

Measurement of covariates. Sociodemographic variables included maternal age, educa-

tion, race/ethnicity, and number of previous births. Race/ethnicity was categorized as White,

Black, Hispanic, and other. Educational attainment was categorized into four groups: “less

than high school diploma”, “high school diploma or GED”, “some college”, and “Bachelor’s

and higher”. Annual household income was reported in brackets: under $15,000; $15,000–

$50,000; $50,000–$100,000; and more than $100,000.

Statistical analyses

Descriptive statistics. The first step of the analysis was to investigate whether personality

traits differed between groups of women who were not users of alcohol and cigarettes before

pregnancy and those who continued or quit these behaviors during pregnancy. Comparisons

of demographic characteristics were conducted using chi-square tests of independence for
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categorical variables. Missing categories (e.g., income or educational attainment) were

included in all analyses in order to retain the full sample. To test differences in mean levels of

personality traits between smoking and drinking categories, we performed a series of one-way

analysis of variance (ANOVA). Then we followed up with post-hoc tests where appropriate. In

order to further explore differences among women based on their smoking or drinking status,

we conducted secondary comparisons using t-tests. The effect sizes were estimated with partial

eta squares (ηp
2). According to Cohen [73], η2 values of .01, .06, and .14 correspond to small,

medium, and large effect sizes, respectively.

Adjusted and unadjusted logistic regressions. In order to examine the relationship

between personality traits and the likelihood of smoking and drinking before pregnancy, as

well as the likelihood of continuing smoking or drinking, we carried out multiple logistic

regressions, adjusting for demographic characteristics, including maternal age, race-ethnicity,

education, income, and number of previous births. In each regression model, five factors of

personality and demographic characteristics were included to examine the likelihood of each

smoking and drinking outcome. We computed the odds ratios (OR) with a 95% confidence

interval to estimate the risk for continuing smoking or drinking. A two-tailed alpha of 0.05

was used to define statistical significance. IBM SPSS software platform version 23.0 was used

for statistical analyses [74].

Results

Sample characteristics

Table 1 presents the descriptive statistics for the personality scales used in the analyses grouped

by smoking and drinking status. The sample for the current study was composed of 603 preg-

nant women who ranged in age from 18 to 50 years (M = 29.5, SD = 5.7). The sample was fairly

well educated, 256 (42.6%) had attained a bachelor’s or higher degree. Among all women, 381

(63.2%) were White, 80 (13.3%) were Black, and 110 (18.2%) were distributed across other

racial categories. Of the total 603 women, smoking before pregnancy was reported by 143

(23.7%). More than half (n = 78, 55%) of these women reported that they had quit smoking

after finding out about the pregnancy. Sixty-five (45%) of women reported that they had

smoked during their pregnancy. Rates of alcohol consumption were higher: 440 (73%) women

reported drinking before pregnancy. Of these women, 305 (69.3%) quit drinking after learning

about the pregnancy and 44 (10%) continued to consume alcohol. Engaging in both smoking

and consuming alcohol before pregnancy was reported by 110 (19% of women), and 37 (34%)

of those who engaged in both behaviors prior to pregnancy reported continuing both smoking

and drinking during pregnancy. None of the non-smoking and non-drinking women reported

that they started smoking or consuming alcohol during pregnancy.

Differences between groups based on smoking status

Women differed significantly on almost all sociodemographic characteristics. Women who

continued smoking were more likely to be White, less educated, had lower income, and more

children compared to women who quit smoking. Based on smoking status, one-way ANOVAs

revealed that there were significant differences in age and personality traits. The groups dif-

fered in age (F(2, 599) = 11.7, p< .001, ηp
2 = .038). Post hoc comparisons using the Tukey

HSD test revealed that women who never smoked were significantly older than women who

continued or quit smoking (p< .001, p = .005, respectively). There were statistically significant

differences in neuroticism, F(2, 601) = 9.07, p = .001, ηp
2 = .031, extraversion, F(2, 599) = 6.58,

p = .001, ηp
2 = .022, and agreeableness, F(2, 600) = 6.40, p = .002, ηp

2 = .021 among groups.

Post hoc comparisons revealed that women who quit smoking and those who continued
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smoking during pregnancy had higher levels of neuroticism than women who did not smoke

prior to their pregnancy (p = .04, p< .001, respectively). Women who did not smoke before

pregnancy had higher levels of extraversion than women who quit smoking and those who

continued smoking during pregnancy (p = .04, p = .001, respectively). Women who did not

smoke had also higher levels of agreeableness than women who quit smoking during preg-

nancy (p = .001). Participants did not differ on the levels of openness to experience nor on the

levels of conscientiousness.

Table 1. Descriptive statistics of the study population.

Smoked cigarettes Consumed alcohol

Variable Did not smoke

cigarettes

Quit

smoking

Continued

smoking

p-value� Did not

drink

Quit

drinking

Continued

drinking

p-value�

(n = 460)g (n = 78) (n = 65) (n = 123) (n = 305) (n = 44)

Age, mean (SD) 30.1 (5.6) 27.3 (5.1) 27.8 (6.0) < .05a,b 27.6 (5.5) 29.5 (5.5) 31.5 (5.6) < .05d,e

Education, n (%) < .05 < .05

Less than high school 26 (5.7) 7 (9.0) 12 (18.5) 15 (12.2) 21 (6.9) 1 (2.3)

High school diploma or

GED

54 (11.8) 28 (35.9) 20 (30.8) 36 (29.3) 47 (15.5) 7 (15.9)

Some college 137 (29.9) 33 (42.3) 28 (43.1) 42 (34.1) 94 (30.9) 12 (27.3)

Bachelor’s Degree and

higher

241 (52.6) 10 (12.8) 5 (7.7) 30 (24.4) 142 (46.7) 24 (54.5)

Race or ethnicity, n (%) < .05 .03

Non-Hispanic white 283 (65.4) 51 (67.1) 47 (75.8) 69 (60.5) 199 (69.1) 36 (83.7)

Black 61 (14.0) 11 (14.5) 8 (12.9) 14 (12.3) 40 (13.9) 2 (4.7)

Hispanic 89 (20.6) 14 (18.4) 7 (11.3) 31 (27.2) 49 (17.0) 5 (11.6)

Income, n (%) < .05 < .05

<15k 44 (10.1) 17 (22.3) 21 (38.9) 23 (21.7) 39 (13.8) 4 (9.5)

15-50k 125 (29.3) 30 (42.9) 22 (40.7) 47 (44.3) 82 (29.0) 9 (21.4)

50-100k 136 (31.9) 19 (27.1) 10 (18.5) 28 (26.4) 85 (30.0) 16 (38.1)

>100k 122 (28.6) 4 (5.7) 1 (1.9) 8 (7.5) 77 (27.2) 13 (31.0)

Number of previous births .06 .02

Nulliparous 209 (45.5) 42 (53.8) 22 (33.8) 42 (34.1) 145 (47.5) 23 (52.3)

Multiparous 250 (54.5) 36 (46.2) 43 (66.2) 81 (65.9) 160 (52.5) 21 (47.7)

Personality traits (M, SD)

Neuroticism 20.5 (7.5) 22.3 (7.6) 24.0 (7.6) < .05a,b 22.0 (7.0) 20.2 (7.9) 22.0 (7.0) .06

Extraversion 29.2 (5.7) 27.5 (6.0) 26.8 (6.0) < .05a,b 27.6 (5.4) 29.4 (5.9) 28.4 (6.6) < .05d

Openness to experience 26.5 (5.9) 26.7 (5.0) 24.9 (6.0) .08 25.2 (5.9) 26.5 (5.7) 29.1 (6.2) < .05e,f

Conscientiousness 24.9 (3.2) 25.8 (3.0) 25.4 (3.1) .08 25.4 (3.5) 24.9 (3.0) 25.2 (2.6) .03

Agreeableness 32.9 (5.7) 30.8 (5.3) 31.3 (5.4) < .05a 32.2 (5.2) 32.3 (5.7) 32.0 (5.3) .09

M = mean; SD = standard deviation

�ANOVA or chi-square Test
a p< .05 between women who did not smoke cigarettes and quit smoking
b p< .05 between women who did not smoke cigarettes and continued smoking
c p< .05 between women who quit smoking and continued smoking
d p < .05 between women who did not drink alcohol and quit drinking
e p< .05 between women who did not drink alcohol and continued drinking
f p< .05 between women who quit drinking and continued drinking
g Numbers may not add to totals or percents to 100 due to missing data.

https://doi.org/10.1371/journal.pone.0232668.t001
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Differences between groups based on alcohol consumption

Women who continued drinking alcohol were more likely to be White, highly educated, to

have high income, and fewer children than women who quit drinking alcohol during preg-

nancy. Women also differed significantly in regard to age, F(2, 469) = 9.88, p< .001, ηp
2 = .04.

Women who continued drinking were significantly older than those who did not drink before

pregnancy (p< .001). ANOVAs also indicated significant differences in levels of extraversion,

[F(2, 469) = 4.37, p = .01, ηp
2 = .018] and openness to experience, F(2, 468) = 6.88, p = .001,

ηp
2 = .028. Post hoc comparisons using the Tukey HSD test indicated that women who did not

report consuming alcohol before pregnancy scored lower in levels of extraversion than women

who quit drinking (p = .01). Women who continued drinking during pregnancy had signifi-

cantly higher scores in openness to experience than women who never drank (p = .001) or

who quit drinking (p = .026). Women who continued drinking reported higher openness to

experience (M = 29.1, SD = 6.2) than women who quit drinking (M = 26.5, SD = 5.7), t(347) =

-2.89, p = .004, d = .5, 95% CI = [-4.44, -.85]. No significant differences were found in the levels

of agreeableness [F(2, 471) = 0.12, p = .89], neuroticism [F(2, 471) = 2.86, p = .058], nor consci-

entiousness [F(2, 463) = 1.07, p = .345].

Predictors of smoking prior to and during pregnancy. Table 2 shows the results of logis-

tic regression analyses using smoking before pregnancy and during pregnancy as dependent

variables. We ran an unadjusted model and a fully adjusted model that included all five per-

sonality traits as well as the demographic variables. Higher neuroticism and conscientiousness

were associated with an increased likelihood of being a smoker prior to pregnancy (OR = 1.05;

95% CI 1.02, 1.08, p< 0.001; OR = 1.1; 95% CI 1.01, 1.1; p = .02, respectively), whereas higher

agreeableness and extraversion were associated with lower likelihood of being a smoker

(OR = 0.94; 95% CI 0.91, 0.97; p = .001; OR = 0.94, 95% CI 0.91, 0.97; p< .001, respectively.

In fully adjusted model analyses, only agreeableness remained a significant predictor of

smoking before getting pregnant (OR = 0.95, 95% CI 0.91, 0.99 p = .03). Other predictors of

smoking were low income and educational attainment. None of personality traits were associ-

ated with an increased likelihood of continuing to smoke during pregnancy.

Predictors of alcohol consumption prior and during pregnancy. As shown in Table 3,

drinking alcohol before pregnancy was associated with lower levels of neuroticism and consci-

entiousness (OR = 0.97, 95% CI 0.94, 0.99, p = .02; OR = .095, 95% CI 0.83, 1.01, p = .002,

respectively). Compared to the never drinking group, women who reported higher levels of

extraversion and openness to experience were more likely to consume alcohol (OR = 1.05,

Table 2. Associations between women’s personality and smoking before and during pregnancy.

Variable Smoking before pregnancya Continuing to smoke during pregnancyb

unadjusted adjusted� unadjusted adjusted�

OR (CI) p value OR p value OR (CI) p value OR (CI) p value

Neuroticism 1.05 (1.02–1.08) < .001 1.02 (0.99–1.05) .18 1.03 (0.99–1.08) .18 1.01 (0.96–1.06) .61

Extraversion 0.94 (0.91–0.97) < .001 0.97 (0.93–1.01) .15 0.98 (0.93–1.04) .52 1.02 (0.95–1.09) .54

Openness 0.98 (0.95–1.01 .27 1.03 (0.98–1.07) .14 0.94 (0.89–1.00) .06 0.96 (0.89–1.04) .37

Conscientiousness 1.1 (1.01–1.1) .02 1.03 (0.95–1.1) .46 0.96 (0.86–1.07) .50 1.01 (0.88–1.1) .83

Agreeableness 0.94 (0.91–0.97) .001 0.95(0.91–0.99) .03 1.02 (0.96–1.08) .56 1.02 (0.94–1.01) .62

OR = odds ratio.

�Model adjusted for demographic variables (income, parity, maternal age, education, race)
aWomen who smoked before pregnancy compared to women who did not smoke before pregnancy
bWomen who continued to smoke during pregnancy compared to women who quit smoking during pregnancy

https://doi.org/10.1371/journal.pone.0232668.t002
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95% CI 1.01, 1.08, p = .004; OR = 1.04, 95% CI 1.01, 1.08, p = .009, respectively). However,

these associations were no longer significant after adjusting for demographic variables. There

was no association between agreeableness and alcohol consumption before pregnancy (see

Table 3).

Openness to experience predicted increased odds of drinking during pregnancy

(OR = 1.08, 95% CI 1.02, 1.1, p = .005). This personality trait remained a significant predictor

even after controlling for demographic variables (OR = 1.07, 95% CI 1.01, 1.14, p = .02). None

of the demographic variables emerged as a significant predictor of continued drinking.

Discussion

In this large, diverse study of pregnant women we compared women who consumed alcohol

or smoked cigarettes before pregnancy with women who quit or continued drinking or smok-

ing while pregnant. The majority of women in this study quit smoking or drinking after learn-

ing about the pregnancy. However, 45% of women continued to smoke and 10% of women

continued to consume alcohol during pregnancy.

Compared to non-drinkers, women who reported drinking before pregnancy and contin-

ued to drink were more likely to have high educational attainment and income. This confirms

the findings of previous research which has demonstrated that individuals with higher socio-

economic status (SES) can be more likely to consume alcohol because of their greater eco-

nomic resources. Higher SES not only allows individuals to buy alcohol but also to be exposed

to it during social interactions (e.g., in restaurants) [75]. A growing body of research has also

demonstrated that individuals with low SES are either more likely to abstain from consuming

alcohol or to engage in heavy drinking whereas individuals with higher SES consume alcohol

more frequently but in smaller amount [76]. Therefore, future research should address drink-

ing frequencies and quantities to examine its relationship with sociodemographic correlates

among pregnant women.

Contrary to women who consumed alcohol, women who smoked cigarettes and continued

to smoke during pregnancy were more likely to be less educated and had lower income in

comparison to non-smokers. A few meta-analyses have reported that lower education and

income were consistently associated with higher smoking prevalence [77]. Perhaps less edu-

cated women are not aware of the detrimental effects of smoking on health. Another possible

explanation is that women who continued smoking had struggled with withdrawal symptoms

due to nicotine dependence.

Table 3. Associations between women’s personality and alcohol consumption before and during pregnancy.

Alcohol before pregnancyc Continued alcohol consumption during pregnancyd

Variable unadjusted adjusted� unadjusted adjusted�

OR (CI) p value OR p value OR (CI) p value OR (CI) p value

Neuroticism 0.97 (0.94–0.99) .02 0.97 (0.94–1.0) .17 1.02 (0.98–1.06) .19 1.04 (0.99–1.08) .07

Extraversion 1.05 (1.01–1.08) .004 1.03 (0.98–1.07) .16 0.96 (0.91–1.01) .20 0.96 (0.91–1.01) .17

Openness 1.04 (1.01–1.08) .009 1.02 (0.98–1.07) .22 1.08 (1.02–1.1) .005 1.07 (1.01–1.14) .02

Conscientiousness .095 (0.83–1.01) .002 1.01 (0.94–1.09) .63 1.07 (0.96–1.18) .18 1.08 (0.96–1.22) .18

Agreeableness 1.01 (.09–1.05) .31 .097 (0.93–1.01) .26 .097 (0.92–1.03) .40 0.94 (0.88–1.00) 0.6

cWomen who consumed alcohol before pregnancy compared to women who did not drink before pregnancy
d Women who consumed alcohol during pregnancy compared to women who quit drinking

https://doi.org/10.1371/journal.pone.0232668.t003
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In addition, women who continued to smoke while pregnant were more likely to already

have had a child than women who continued to drink (66.2% vs. 47.7%, respectively). Prior

research on smoking during pregnancy has documented that women who already have had a

child were less likely to quit smoking than women who were pregnant for the first time [78,

79]. The prevalence of cigarette smoking among women with previous pregnancies can be

higher if they did not experience complication but rather may have an experience of giving

birth to healthy children [80], which in turn, may decrease their motivation to limit exposure

to smoking.

While this study confirms the role of sociodemographic variables in predicting the likeli-

hood of smoking and drinking during pregnancy, is it also one of the few studies that investi-

gates the role of personality traits and maladaptive behaviors among a large group of pregnant

women. Previous studies have shown that people with high levels of neuroticism and extraver-

sion tend to consume more alcohol and smoke more cigarettes. We found that women with

higher levels of extraversion were also more likely to use alcohol prior to pregnancy but were

less likely to smoke. Although these results are contrary to some older findings where extraver-

sion was strongly related to smoking, they confirm more recent findings that the association

between extraversion and smoking has become weak in recent years [41–43]. This shift may

reflect today’s attitudes toward smoking and the raising awareness of the adverse consequences

of smoking.

The results emerging from this study also indicate that higher levels of agreeableness were

related to lower rates of smoking before pregnancy. This association persisted even after

adjusting for demographic characteristics. We did not find any significant associations

between personality traits and continued smoking during pregnancy.

The most important finding is that women with higher levels of openness to experience are

more likely to continue drinking alcohol during pregnancy. This effect was observed even

after correction for potential confounders, such as age, income, parity, and educational attain-

ment. This finding was consistent with a recent study conducted in the Netherlands on a

group of pregnant women [64] where high levels of openness to experience were also found to

be associated with continued alcohol consumption during pregnancy. Interestingly, a relation-

ship between openness to experience and alcohol consumption was found only in samples on

pregnant women and other studies in the U.S. general population failed to confirm this associ-

ation [54]. This may suggest that openness to experience plays an important role in reducing

maladaptive behaviors among pregnant women. Further research is necessary to understand

these discrepancies.

One of the possible explanations for an association between this particular personality trait

and alcohol consumption, suggested by Massey and colleagues [66], is that women who score

high on openness to experience get bored easily, are impulsive, and initiate smoking and

drinking earlier than individuals with lower levels of this trait. In addition, this trait has been

associated with both a predisposition to developing drug dependence and more difficulty in

sustaining abstinence from alcohol. Perhaps higher levels of alcohol consumption among

women who continued to drink during pregnancy reflect openness-related addictive tenden-

cies and a struggle to abstain from alcohol during pregnancy [66, 81]. Another possible expla-

nation is that women who are high on openness to experience have difficulty adhering to

social norms and values and may question their doctors’ recommendations to abstain from

alcohol [50]. This corresponds with the tendency for those scoring high on openness to experi-

ence to think and act in individualistic and nonconforming ways and to question authority

[23].

This study was not without limitations. First, we relied on self-reported measures of smok-

ing and alcohol consumption. Previous studies have demonstrated that smoking and alcohol
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consumption is often underreported, especially among pregnant women [82]. The analysis

also lacks the frequency of smoking and drinking. In our study, participants who indicated

that they smoked or consumed alcohol during pregnancy were then asked for a rating of the

frequency of smoking cigarettes and drinking alcohol per day. Due to a high proportion of

missing data regarding the frequency of smoking and drinking, we excluded these variables for

the current analyses. Researchers point out that participants often refuse to answer a certain

test item, therefore the problem of missing data regarding frequency of smoking and drinking

is common in research studies. One of the possible explanations why participants refrain from

reporting having engaged in such behavior may be a fear of reprisal. Thus, it is the number of

cigarettes smoked that is causing a nonresponse on the smoking frequency item [83]. Pregnant

women likely underreport maladaptive behaviors because most of them are aware that smok-

ing and drinking is stigmatized during pregnancy, or as Wong and Koren [84] suggest, under-

reporting has been associated with maternal guilt. Our study is also limited by its cross-

sectional design. It would be interesting to see if women who quit drinking or smoking

returned to their habit after giving birth. DiClemente and colleagues [85] found that close to

half of smokers suspend smoking over the many months of gestation without treatment, then

resume smoking postpartum. Hannöver and colleagues [86] reported that the majority of

those who quit returned to smoking within 12 months. Pregnancy provides a unique window

of opportunity to quit smoking and drinking, and many women are highly motivated to do so

[68]. A relapse of habits after delivery can negatively impact a woman’s health as well as expose

her child to the environmental tobacco smoke [88]. A longitudinal study designed to observe

which individuals return to smoking and drinking would extend the current line of research

and provide a broader picture of the relationship between personality and maladaptive behav-

iors. It would also offer insights to support relapse-prevention strategies. Furthermore, the

study did not assess levels of nicotine or alcohol dependence. Some studies demonstrated that

the degree of tobacco or alcohol addiction is an important factor in predicting difficulties in

quitting smoking and alcohol consumption [18, 87, 88, 89].

Nevertheless, we have demonstrated the link between certain personality traits and the like-

lihood of alcohol consumption before and during pregnancy. Given the potential harm of

smoking and alcohol consumption on the woman and her child, it is of growing importance to

prenatal and pediatric health care providers, midwives, and public health officials to learn

more about the role of personality in decreasing the rates of continued smoking and drinking

during pregnancy.

In summary, the findings provide important information that can be used in the design of

interventions to decrease maternal smoking and alcohol consumption. It is clear that some

women will quit on their own but others will need assistance [76]. Therefore, personality mea-

sures might be used as part of a general battery of assessments that index the risk of continued

smoking or alcohol consumption post-pregnancy. Personality-informed risk assessment may

be useful in determining how to tailor resources with respect to pregnant women (e.g., who

should be directed to consult with a social work or counselor, who should be encouraged to

attend educational classes that improve maternal-fetal health). For example, our research sug-

gests that women who scored high on openness to experience are less likely to quit alcohol

consumption in pregnancy, which may be due to these women doubting their doctor’s recom-

mendations or evidence about the harmful effects of drinking alcohol during pregnancy. Better

understanding of personality traits associated with health behaviors in pregnancy may allow

for more targeted and effective health-promotion communication that improve women’ abili-

ties to exercise appropriate control over their health. Pregnant women are usually highly moti-

vated to improve their health and a targeted health promotion communication may be more
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effective in helping women to understand that quitting maladaptive habits reduces health risks

to their children as well as themselves [76].
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86. Hannöver W, Thyrian JR, Röske K, Grempler J, Rumpf HJ, John U, et al. Smoking cessation and

relapse prevention for postpartum women: results from a randomized controlled trial at 6, 12, 18 and 24

months. Addict Behav. 2009 Jan; 34(1):1–8 https://doi.org/10.1016/j.addbeh.2008.07.021 PMID:

18804331

87. Curry SJ, McBride C, Grothus L, Lando H, Pirie P. Motivation for smoking cessation among pregnant

women. Psychol. Addict. Behav. 2001; 15(2):126–32. https://doi.org/10.1037//0893-164x.15.2.126

PMID: 11419228

88. Magnusson A, Göransson M, Heilig M. Hazardous alcohol users during pregnancy: psychiatric health

and personality traits. Drug Alcohol Depend. 2007 Jul 10; 89(2–3):27–81.
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