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Abstract

Prenatal smoking cessation has been described as an empathic action “for the baby,” but this has
not been empirically demonstrated. We capitalized on a genetically-characterized extant dataset
with outstanding measurement of prenatal smoking patterns and maternal face processing data (as
an indicator of empathy) to test this hypothesis, and explore how empathy and smoking patterns
may be moderated by a genetic substrate of empathy, the oxytocin receptor gene (OXTR).
Participants were 143 Caucasian women from the East Boston Family Study with repeated
prospective reports of smoking level, adjusted based on repeated cotinine bioassays. Salivary
DNA and face processing (Diagnostic Analysis of Nonverbal Accuracy-2) were assessed 14 years
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later at an adolescent follow-up of offspring. Two-thirds of participants reported smoking prior to
pregnancy recognition. Of these, 21% quit during pregnancy; 56% reduced smoking, and 22%
smoked persistently at the same level. A significant interaction between face processing and
OXTR variants previously associated with increased sensitivity to social context, rs53576GG and
rs2254298A, was found (B = -.181; p = .015); greater ability to identify distress in others was
associated with lower levels of smoking during pregnhancy for rs53576(GG)/rs2254298(A)
individuals (p = .013), but not for other genotypes (p = .892). Testing this “empathy hypothesis of
prenatal smoking cessation” in larger studies designed to examine this question can elucidate
whether interventions to enhance empathy can improve prenatal smoking cessation rates.

Keywords

Pregnancy smoking; oxytocin receptor gene; social cognition; nonverbal accuracy; cognitive
empathy; differential susceptibility

Introduction

Maternal smoking during pregnancy remains a common preventable risk factor for poor
pregnancy and birth outcomes [1] and putatively, for externalizing problems across the
lifespan [2] despite decades of attempts to reduce its prevalence [3]. While there is a great
need to understand how to motivate pregnant smokers to quit and stay abstinent through
delivery, most research has focused on psychosocial risks associated with continued
smoking rather than modifiable psychological characteristics related to successful cessation

[4].

Most women who do successfully quit smoking during pregnancy appear to merely suspend
smoking during gestation, then resume after delivery [5] suggesting that motivation to
change smoking behavior upon recognition of a pregnancy may be driven by the perceived
harm of smoking to the baby, rather than perceived risks to personal health [6]. Moreover,
pregnancy involves a change in identity as viewed by others [7]; preghant women are visibly
carrying, and face pressures to conform to societal expectations to assume healthy behaviors
[8]. Thus, beyond variations in nicotine dependence [9], differences in prenatal smoking
behavior may also reflect important psychological differences among smokers [10], in
particular, processes related to concern for others, and differences in sensitivity to social
context [11-13]. We aimed to provide an initial empirical foundation for the
conceptualization of prenatal smoking behavior change as an empathic behavior, moderated
by genetic indicators of sensitivity to social context, with the ultimate goal of identifying
targets for future interventions [14].

Processing of negative facial emotions as a predictor of empathic behavior

One way to measure empathic capacity directly is to assess the ability to accurately identify
distress in others through processing of facial expressions [15]. Face processing ability,
particularly regarding distress in others, has been shown to be predictive of prosocial
(helping) behaviors [16], and individuals lacking in concern for others show deficits in
processing facial expressions of fear, sadness, and anger [17]. In this study, we draw on
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available face processing data as an indicator of empathy, and the tendency to act on behalf
of others’ needs, in this case, the needs of the fetus.

Oxytocin receptor polymorphisms and sensitivity to social context

The nanopeptide neurohormone oxytocin has been extensively studied in relation to the
tendency to exhibit concern for others, the development of early maternal behaviors [18],
neurodevelopmental disorders characterized by social deficits [19,20], and more recently,
individual responses to addictive substances [21]. Two single nucleotide polymorphisms
(SNPs) in the third intron of the oxytocin receptor gene (OXTR), rs53576 (G/A) and
rs2254298 (G/A), have been the subject of intense inquiry as they relate to individual
differences in empathy and prosocial behaviors [22]. While the effect of these SNPs on gene
functioning are unknown, and they are unlikely to confer main effects individually, there is
recent evidence linking the combination of the rs53576GG and rs2254298A variants to face
processing ability in children [23]. Moreover, as with the monoamine oxidase gene [24], the
serotonin transporter gene [25], and dopamine-related genes [26], these OXTR variants may
interact with environmental or other factors to influence psychological outcomes.

For example, relative to A carriers, individuals with the rs53576GG genotype show greater
sympathetic reactivity to social stress [27] and increased vulnerability towards attachment
problems if exposed to childhood maltreatment, yet seem to benefit more from the stress-
buffering effects of social support [28]. Thompson et al. (2011) demonstrated that girls who
were A carriers at rs2254298 had higher anxiety and depressive symptoms if exposed to
early adversity, but had lower levels under favorable environmental conditions [29]. Hence,
rather than conferring risk or protective main effects, rs53576GG and rs2254298A in
combination may potentiate an individual’s sensitivity to social context in a “for better or for
worse’ fashion [30].

Within the conceptualization of prenatal smoking cessation as an empathic behavior related
to concern for fetal health, moderated by sensitivity to social context, we analyzed an extant
genetically-characterized pregnancy cohort with ideal measurement of smoking patterns and
available maternal face-processing data to provide an initial empirical foundation for this
line of inquiry. We predicted that among women with the GG/A genotype at OXTR rs53576
and rs2254298, greater empathic capacity would be associated with lower levels of smoking
during pregnancy. Limitations of utilizing this sample are noted; face processing was
assessed in mothers many years later when offspring were adolescents and the sample is
relatively small. However, as many larger studies do not have in-depth measurement of
these constructs, the current investigation represents a first step towards larger prospective
studies specifically designed to examine this question.

Material and Methods

Participants were from a prospective pregnancy cohort recruited from a neighborhood health
clinic in East Boston before 20 weeks of gestation, enrolled in the Maternal Infant Smoking
Study of East Boston (MISSEB) between 1986 and 1992 [31] who then participated in a
follow-up study of their offspring, the East Boston Family Study (EBFS) [32]. Sample
details and study procedures have been described previously [24]. For the current paper,
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only Caucasian mothers from whom saliva was obtained for genotyping and from whom
face-processing data were obtained were included in analyses (Figure 1). Mothers with face-
processing data did not differ from those without in terms of smoking during pregnancy or
other variables, described below.

Pregnancy Smoking

Smoking was assessed at each prenatal visit (mean of 6.4 + 1.7 visits; range = 2 — 12) by
self-report using timeline follow-back methodology [33] combined with blood and urine
cotinine radioimmunoassays [34]. Smoking patterns were established via a ‘best-estimate’
approach such that non-disclosure and underreporting were corrected based on serum
cotinine values, employing statistical methods previously described [35]. A continuous
corrected mean serum cotinine measure of average cigarettes per day across pregnancy was
used as the dependent variable.

OXTR Genotyping

Salivary DNA was collected using DNA Genotek Oragene Self-Collection Kits and
quantitated with a fluorescent Quant-iT PicoGreen dsDNA Assay (Invitrogen, Carlsbad, CA,
USA) after extraction, then normalized to 10 ng/uL. SNP markers were genotyped using
TagMan® SNP Genotyping Assays (Applied Biosystems, Foster City, CA, http://
www.appliedbiosystems.com). TagMan® PCR reactions were done with Universal Master
Mix Amperase® UNG, 0.25 L Tagman probe mix and 2.25 uL water for a 5 L total
volume. PCR conditions (Perkin Elmer 9700 Thermocycler (Applied Biosystems, Foster
City, CA) were: one AmpErase® step at 50.0°C for 2 minutes, one enzyme activation step at
95.0°C for 10 minutes, 40 alternating cycles of denaturation at 92.0°C for 15 seconds, and
reannealing and extension at 58.0°C for 1 minute. Fluorescence intensity of the final PCR
product was measured using an LjL Analyst AD fluorescence microplate reader (LjL
Biosystems, Sunnyvale, CA, http://www.moleculardevices.com) and LjL Criterion-Host
Software. Genotyping was performed blind to all phenotypic data.

Empathic capacity measured by face processing accuracy

Maternal receptive knowledge of facial emotions was assessed using the computer-
administered Diagnostic Analysis of Nonverbal Accuracy-2 (DANVA-2) [36]. Participants
viewed 24 standardized child and adult faces displaying expressions of happiness, sadness,
fear, and anger for two seconds, then identified the emotion (forced choice). Following
signal detection theory we computed a D-prime variable to reflect accuracy in detecting each
discrete emotion [37-38]. To assess ability to accurately identify distress in others, key to
empathy, we used the average D-prime value for adult and child facial expressions of fear,
sadness, and anger.

Control variables

To assesses how empathic capacity was related to changes in smoking due to pregnancy
awareness, we controlled for the amount smoked prior to recognizing pregnancy, ascertained
by self-report at the baseline prenatal visit (range 0 — 61 cigarettes/day; mean = 9.9; SD =
11.7). This also served as a proxy for nicotine dependence, a known barrier to prenatal
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smoking cessation [9]. Prenatal alcohol use was controlled using a dichotomous variable
reflecting < 2 drinks versus = 2 drinks on any occasion. Prenatal drug use was controlled
using a dichotomous variable reflecting any reported illicit drug use. As the role of
impulsivity in smoking maintenance is well-documented [39], we controlled for impulsivity
using the eight-item impulsivity subscale of the Zuckerman-Kuhlman Personality
Questionnaire [40]. Since depression is known to affect face processing accuracy [41], we
controlled for depression using a dichotomous variable reflecting the presence of depressive
symptoms from the Young Adult Diagnostic Interview Schedule [42] conducted at the time
of DANVA-2 assessments.

Distributions of rs53576 and rs2254298 genotypes were tested for Hardy-Weinberg
equilibrium (HWE) using x2. SNPs were tested for linkage disequilibrium using standard
calculations based on allele frequencies [43]. As rs53576GG and rs2254298A may
dominantly moderate the influence of social context on psychological outcomes [27-30], and
relate to face processing ability in children [23], a dichotomous variable was created to
reflect the presence or absence of this allele combination. Student’s t-test and chi square
analyses were employed to examine differences in continuous and dichotomous variables,
respectively, between smokers and non-smokers. Bivariate correlation analysis was
conducted to rule out multilinear relationships among variables. The association between
face processing and smoking during pregnancy was assessed using linear regression, with
the OXTR allele combination as a moderator, and amount smoked prior to recognition of
pregnancy, prenatal alcohol and drug use, impulsivity, depression, education, and income as
covariates. Mean imputation was used for missing control variable data (smoking history
6.4%; prenatal alcohol use 3.5%; prenatal drug use 3.5%; impulsivity 7.2%; depression
5.7%; graduated high school 2.8%; family income 6.4%). Statistical analyses were
performed using SPSS 22.0 (SPSS, Inc., Chicago, IL, USA).

Participants were primarily high school graduates with annual household incomes of
approximately $40,000 and a mean age of 27.0 years (SD = 5.4). Sixty-two percent (n = 89)
reported smoking just prior to recognizing the pregnancy. Of these, 21% (n = 19) quit during
pregnancy; 56% (n = 50) reduced their smoking or smoked intermittently during pregnancy,
and 22% (n = 20) smoked persistently at the same level throughout pregnancy. Participants
smoked an average of 10.7 cigarettes per day prior to recognition of pregnancy (SD = 12.1)
and 6.6 cigarettes/day (SD = 8.9) across gestation. Rates of prenatal alcohol and drug use
were 10.9% and 6.5%, respectively.

SNPs demonstrated HWE; ¥2 for rs53576 and rs2254298 were 1.15 and 2.56, respectively (p
> .05). SNPs were in linkage equilibrium (D = 0; r2 = 0). Genotype frequencies for the
rs53576/rs2254298 allele combination were: GG/GG: 52; GG/AG: 19; GG/AA: 1; AG/GG:
34; AG/AG: 20; AG/AA: 0; AA/GG: 14; AAJAG: 3; AA/AA: 0. Prevalence of the OXTR
rs53576(GG)/rs2254298(A) allele combination was 14.3%.
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Regression coefficients testing the moderation of face processing and smoking during
pregnancy by the OXTR allele combination are shown in Table 1. Neither SNP variant
tested individually showed significant main effects or interaction effects on smoking during
pregnancy. However, the interaction of the OXTR allele combination and face processing
was significantly associated with smoking during pregnancy. Among rs53576(GG)/
rs2254298(A) individuals, greater accuracy in detecting negative emotions in others was
associated lower levels of smoking during pregnancy. Face processing was unrelated to
prenatal smoking patterns for women without this genotype (Figure 2). Findings were
specific to smoking behavior in relation to recognition of the pregnancy since smoking
history and prenatal alcohol and drug use were controlled for in the model.

To rule out the important possibility that results were driven by genetic differences between
smokers and non-smokers, we performed a post hoc analysis among only the 103 women
who smoked prior to recognizing the pregnancy. The interaction of the OXTR allele
combination and face processing was still associated with a lower level of smoking during
pregnancy in this subsample (B=-.229, p = .023), supporting the validity of results found in
the primary analysis.

Discussion

Consistent with a conceptualization of smoking during pregnancy is an early maternal
behavior driven in part, by the capacity for empathy, and moderated by sensitivity to social
pressures to assume health behaviors during pregnancy, we found that mothers with social-
context-sensitive variants of OXTR and a greater capacity to detect negative emotions in
others were more likely to have reduced or stopped smoking during pregnancy. While
intermediate mechanisms remain to be elucidated, our results contribute to this promising
field of understanding how genetic protective factors may interact with psychological
substrates to predict behavior.

Previous work in the prenatal smoking cessation field has overwhelmingly focused on risks
for continued smoking. Our results suggest that the capacity to suspend smoking during
gestation may reflect not only the relative absence of risk, but the presence of adaptive
emotional competencies, specifically, a greater ability to empathize with others, in this case,
presumably, the developing fetus. To advance the field, we need to look beyond why
smokers continue to smoke during pregnancy, to understanding how and why they may be
motivated to quit in response to pregnancy.

Our results also point to complex biologic and psychological substrates of prenatal smoking
that must be considered in transmission pathways regarding child psychopathology. In
specific genetic contexts, greater smoking during pregnancy was associated with relative
maternal deficits in the processing of negative facial expressions--deficits that may extend to
early parenting behavior. Thus, some women who smoke more during pregnancy may not
only be less able to suspend addictive behaviors, but also less likely to recognize distress
cues in their children, thereby adversely affecting responsive interaction, a crucial
foundation to children’s self-regulatory capacity [44] and attachment [45].
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1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Massey et al.

Page 7

This investigation capitalized on a genotyped prenatal cohort with outstanding multi-method
measurement of smoking patterns and a single performance-based assessment of face
processing as an indicator of emotional competence. It is important to emphasize that the
effect of variation at rs53576 and rs2254298 on OXTR functioning is unknown and
bioinformatic analysis of these SNPs was not performed. Thus, findings should be
considered a first step in a program of research designed to identify mutable targets for
reducing smoking during pregnancy. Personality traits linked to health behavior are
modifiable, and such changes have been associated with changes in health behavior [46].
The optimal follow-up study would utilize multiple measures of empathy in smokers prior to
recognition of pregnancy, and follow mothers postpartum to examine whether differences in
empathy are also evident in mother-infant interactions.

Conclusions

We add preliminary evidence to the growing body of literature on the diverse and complex
role of the oxytocin system in human socio-affiliative behaviors and addictive behaviors.
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l
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L
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n =41 mothers (21%)
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single nucleotide polymorphisms
n =11 mothers (7%)
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Figure 1.

Study Flow Chart

Neurosci Lett. Author manuscript; available in PMC 2015 January 01.

Page 10



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Massey et al.

08 * e 00 rs53576(GG)/rs2254298(A%)

06 ‘., Other

0.4 *e

0.2 b

-0.2 -3

s p=.892

Smoking during pregnancy (SD)
[=]

-06

-0.8

-15D Average +15D +25D

Processing of negative facial emotions

Figure2.

Page 11

Moderation of face processing and smoking during pregnancy by oxytocin receptor gene

(OXTR) allele combination

Smoking during pregnancy = continuous corrected mean serum cotinine during pregnancy;
Processing of negative facial emotions = accuracy in detecting child and adult sad, fear, and

angry faces, Diagnostic Analysis of Nonverbal Accuracy-2; SD = standard deviation
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