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Abstract

Background: Smoking in pregnancy constitutes a preventable risk factor for fetal/child development and maternal-
fetal attachment (MFA) seems to contain a momentum that can break the chain of adverse outcomes by
promoting maternal prenatal health practices. This study aimed to explore the association of MFA with smoking at
any time during pregnancy and smoking cessation in early pregnancy, and the modifying role of MFA on the
expected effects of education and prenatal psychological distress (PPD) on prenatal smoking behavior.

Methods: The pregnant women (n =3766) participated in the The FinnBrain Birth Cohort Study in Finland between
December 2011 and April 2015. The binary outcomes, smoking at any time during pregnancy and smoking
cessation in early pregnancy, were obtained from self-reports at gestational weeks (gwks) 14 and 34 and The
Finnish Medical Birth Register. MFA was assessed with the Maternal-Fetal Attachment Scale (MFAS) at gwks 24 and
34. Logistic regression analyses were used to determine the association between MFA and maternal prenatal
smoking behavior.

Findings: The prevalence of smoking was 16.5%, and 58.1% of the smokers quit smoking during pregnancy. The
independent associations of total MFA scores with prenatal smoking behavior were not established (aOR = 1.00-
1.02, multiplicity adjusted p > 0.05). A higher score in the altruistic subscale of MFA, Giving of self, associated with a
higher probability of smoking cessation (24 gwks: aOR =1.13, 95% Cl [1.04, 1.24], p = 0.007, multiplicity adjusted p =
0.062; 34 gwks: aOR=1.17, 95% Cl [1.07, 1.29], p < 0.001, multiplicity adjusted p =0.008). The modifying effect of
MFA on the observed associations between PPD and smoking in pregnancy and between maternal education and
smoking in pregnancy / smoking cessation in early pregnancy was not demonstrated.
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Conclusions: The altruistic dimension of maternal-fetal attachment associates with an increased probability of
smoking cessation during pregnancy and therefore strengthening altruistic maternal-fetal attachment may
constitute a promising novel approach for interventions aiming at promoting smoking cessation during pregnancy.

Keywords: Smoking in pregnancy, Smoking cessation, Smoking, Pregnancy, Prenatal, Maternal-fetal attachment,
Prenatal parenting, Prenatal stress, Prenatal psychological distress, Education

Background

Fetal exposure to maternal tobacco smoking is one of
the key risk factors for neonatal health [1-3] and impairs
health and achievements in childhood and later in the
course of life [2, 3]. Globally, the prevalence of smoking
in pregnancy is highest in the European and American
regions, around 6-8% [4], and affects nearly 15% of un-
born children in Finland [5]. Inequality in health and at-
tainment originates early since the exposure to maternal
smoking during pregnancy accumulates in more vulner-
able populations in our society [1, 5-7]. The association
between educational disadvantage and maternal prenatal
smoking has been widely recognized [1, 7, 8]. In Finland,
low maternal education constitutes the strongest pre-
dictor of smoking in pregnancy [9]. While educational
attainment is a well-established and robust predictor of
persistent smoking during pregnancy, underlying mecha-
nisms are not well-elucidated [7]. However, extensive
literature has shown that lower educational attainment
constitutes a powerful marker of psychosocial and familial
risk [7]. For example, educational attainment is closely re-
lated to heritable personality traits related to self-control
[10]. Thus, low educational attainment may be a marker
for both familial risk [11] and difficulty adapting behavior
to environmental contingencies. This possibility is sup-
ported by one prior study linking lower self-directedness
to persistent smoking during pregnancy [12]. Further,
several previous studies have revealed a deleterious associ-
ation between prenatal psychological distress (PPD) and
smoking habits during pregnancy [6, 13-16]. Unfortu-
nately, a tendency towards co-occurrence of prenatal
smoking, stress and socioeconomic disadvantage have
been found to indicate an accumulative burden for mater-
nal and child health [1, 17].

Prenatal parenting, which hereby refers to the expect-
ant mother’s attachment towards her unborn child, has
been considered a counterforce for prenatal adversities
and protective for child development, especially in popu-
lations at risk [18]. Stronger maternal-fetal attachment
(MFA), defined by Cranley (1981) as “the extent to
which women engage in behaviors that represent an
affiliation and interaction with their unborn child”, is
associated with favorable maternal prenatal health be-
havior [19, 20], neonatal [19] and child developmental
outcomes [21]. In a recent meta-analysis, maternal-fetal

attachment has been reported to be the strongest
predictor for positive maternal prenatal health practices
with a large effect [20]. Previous studies have shown that
pregnant women experiencing stronger attachment to-
wards the fetus are less likely to smoke during preg-
nancy [19, 22]. In addition, stronger MFA has associated
with lower salivary cotinine levels and a tendency to
smoke a lower maximum number of cigarettes per day
[23]. Pregnant smoking women considering smoking
cessation have been found to experience stronger attach-
ment towards the fetus than pregnant smokers in the
pre-contemplation stage [24]. The stronger altruistic
dimension of MFA especially, that is “Giving of self”, has
predicted a higher probability of smoking cessation
among pregnant smokers [25]. This specific aspect of
MEA reflects the mother’s feeling of the pregnancy being
worth all the effort, an acceptance of body changes and
image during pregnancy, a willingness and commitment
changing habits, following a healthy diet, and giving up
unhealthy behaviors, essentially for the sake of the un-
born child [26]. It is noteworthy that more profound
prenatal attachment may also protect the woman from
depressive symptoms in late pregnancy [27], which, in
turn, may contribute to abstinence from tobacco smoking
[16, 28]. In addition, MFA may have potential to modify
mechanisms underlying the adverse association between
low maternal educational attainment and smoking behav-
ior in pregnancy. It is of significance that MFA, in contrast
to maternal educational attainment, can potentially be
affected through prenatal interventions [29].

Importantly, smoking in pregnancy constitutes a pre-
ventable risk factor in the intergenerational transmission
of health related inequality [1-3] and MFA seems to
contain a momentum that can break the chain of ad-
verse outcomes by promoting maternal prenatal health
practices [19, 20, 23, 25] and fetal/child developmental
trajectories [19, 21]. Nevertheless, research to date has
been based on a few studies with relatively small sam-
ples, and the significance of MFA in the determination
of prenatal smoking behavior and the potential implica-
tion for smoking cessation interventions has not yet
been extensively studied. In addition, MFA constitutes a
promising candidate target for prenatal interventions for
other reasons also. Tobacco use disorder in pregnancy
has been found to associate with impaired postnatal
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parenting, such as an increased risk for a harsh parenting
style and child maltreatment [30]. It is of note that a
stronger MFA has been found to predict better parent-
child interaction quality [31] and postpartum maternal
sensitivity [32] which predicts child attachment security
[33]. Thus, intervening to increase MFA during pregnancy
has the potential to address both direct teratologic effects
of prenatal tobacco exposure and impaired maternal par-
enting behaviors that may amplify childhood adversity of
children exposed to maternal prenatal tobacco smoking.
The first aim of the current study was to investigate
the association of MFA with maternal tobacco smoking
at any time during pregnancy and smoking cessation in
early pregnancy. We hypothesized that a stronger MFA
associates with a lower risk of smoking in pregnancy and
an increase in smoking cessation during pregnancy.
Second, we presumed that a stronger MFA protects and
promotes maternal and child health by beneficially
modifying the effects of PPD and maternal education on
prenatal smoking behavior, especially in the presence of
maternal educational disadvantage and mental health
related adversity. Therefore, we explored the modifying
effect of MFA on the associations between maternal
education/PPD and smoking/cessation of smoking dur-
ing pregnancy. The hypotheses were pre-defined in the
Open Science Framework portal (https://osf.io/v4nd3/).

Methods

Research design

The FinnBrain Birth Cohort Study

The FinnBrain Birth Cohort was collected in the Southwest
Finland and on Aland Island in Finland between December
2011 and April 2015 (www.finnbrain.fi). Pregnant women
were screened for eligibility at a screening ultrasound at the
12th gestational week (gwk). A normal ultrasound screen-
ing result and the ability to respond to the study question-
naires in Finnish or Swedish were the criteria for eligibility.
The present study was cross-sectional, and linked the sur-
vey data with the data obtained from The Finnish Medical
Birth Register maintained by The National Institute of
Health and Welfare in Finland. A written informed consent
was obtained from all participants. The Ethics Committee
of the Hospital District of Southwest Finland approved the
The FinnBrain Cohort Study.

Participants

During the collection of the birth cohort sample, 8895
pregnant women attended the ultrasound screening visits
in the geographical area, and 65% (5790 of 8895) of them
were informed about The FinnBrain Cohort Study.
Among the eligible women (n=5790), 3808 (65.8%)
agreed to participate. Only the women with a singleton
pregnancy were included in the present study, and the
total number of pregnant women surveyed was 3766.
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By their delivery date, 7.6% (288 of 3766) of the partic-
ipants had chosen to discontinue. The discontinuation
rate did not differ between the non-smokers and the
smokers (6.9% vs. 5.4%, F[1]=1.8, p=0.179, respect-
ively), or between those who had quit smoking and the
persistent smokers (6.5% vs. 3.1%, F[1]=3.5, p=0.063,
respectively). Those participants and the pregnant smokers
who had completed the questionnaire measure of MFA at
least once during pregnancy were included in the imput-
ation and regression models (24 gwks: n = 2858 [76%] and
34 gwks: n=2836 [75%]; 24 gwks: n =429 [70%] and 34
gwks: 1 =426 [70%)], respectively).

Measures
Dependent variables

Smoking at any time during pregnancy and smoking
cessation in early pregnancy The data on smoking at
any time during pregnancy was derived by combining
the survey self-reports and the records in The Finnish
Medical Birth Register. The pattern of tobacco smoking
was surveyed twice during pregnancy. At 14 gwks, the
women responded to whether they had smoked during
the index pregnancy. At 34 gwks, the participants reported
whether they had been smoking during the last 20 weeks.
The Finnish Medical Birth Register contained data on
smoking in pregnancy in the format: no prenatal smoking,
smoking cessation in the first trimester (<12 +0 gwks),
continuation of smoking after first trimester (=12 +1
gwks) and no data available. We created a binary outcome
variable Smoking at any time during pregnancy which was
affirmative when the participant had self-reported or had a
register record of smoking during the index pregnancy.
Second, we constructed a binary outcome variable Smoking
cessation in early pregnancy. The pregnant smoker was
categorized as a persistent smoker if there was a register
record on a continuation of smoking after the first trimes-
ter (=12 + 1 gwks) or an affirmative survey self-report on
smoking in pregnancy at 34 gwks.

Independent variables

Maternal-fetal attachment MFA was assessed with the
Maternal-Fetal Attachment Scale (MFAS), which is a 24-
item self-report questionnaire [26]. The items are scored
on a five-point scale (1-5) with a total score ranging
from 24 to 120, a higher sum score indicating a stronger
attachment towards the fetus. MFAS contains five sub-
scales: “Role taking”, “Differentiation of self from fetus”,
“Interacting with the fetus”, “Attributing characteristics
to the fetus” and “Giving of self’ [26]. The MFAS ques-
tionnaire was administered to the participants at the
24th and 34th gwks. The MFAS scores were included in
the statistical models as continuous variables. Reliability
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of the MFAS was found to be good (Cronbach’s a =
0.85). For the MFAS subscales, internal consistencies
varied between poor and good (“Role taking”, Cronbach’s
a = 0.81-0.83; “Differentiation of self from fetus”, Cronbach’s
a =0.50-0.53; “Interacting with the fetus”, Cronbach’s
a=0.55; “Attributing characteristics to the fetus”,
Cronbach’s a = 0.64—0.66; and “Giving of self’, Cronbach’s
a=0.51-0.52).

Additional independent variables Maternal age, educa-
tion, single parenthood, parity and concurrent symptoms
of depression and anxiety were identified from previous
literature and adjusted to address any potential confound-
ing [5, 7-9, 15, 16, 28, 34]. The information concerning
maternal education was collected with a self-report ques-
tionnaire at the 14th gwk, and classified into: low [high
school/vocational, < 12 years], middle [polytechnics], and
high [university]. The binary variable describing single
parenthood was affirmative in cases where the participant
did not have an intimate relationship based on the survey
self-report or she was not cohabiting based on the register
data. Parity (primiparous or multiparous) and maternal
age were derived from The Medical Birth Register. Symp-
toms of PPD were assessed with the Edinburgh Pre/Post-
natal Depression Scale (EPDS) [35] and with the anxiety
subscale of the Symptom Checklist-90 (SCL-90) [36, 37]
at the 24th and 34th gwks. The symptoms of PPD were
included in the statistical models as continuous variables.
The EPDS cut-off score>10 was used to describe the
sample in terms of prevalence of prenatal depression [38].
The internal consistencies for the EPDS (Cronbach’s o =
0.84) and for the anxiety section of SCL-90 (Cronbach’s
a = 0.84-0.85) were found to be relatively good.

Analyses

In the background variables, the comparisons between
the groups with nominal variables were performed using
a Pearson’s chi-square test and for normally distributed
continuous variables using a two-tailed independent
sample’s t-test. A Mann-Whitney U test was used to
analyze the group differences in MFA and PPD. A one-
way ANOVA was performed to investigate the level of
MFA by the level of maternal education (low, middle,
high).

Multiple imputation (30 imputed datasets) was used to
treat the missing values in the predictor variables. The
MEFAS scores were imputed by the factors (subscales),
and the total sum scores were calculated based on the
imputed factors. Separate imputation models were con-
structed for smoking and smoking cessation during
pregnancy. All the variables included in the analysis
models were also included in the imputation models.

Next, logistic regression models were used to estimate
the association of MFA (both the total and the subscale
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scores of MFAS at the 24th and 34th gwks) with the bin-
ary dependent variables, smoking at any time during
pregnancy and smoking cessation in early pregnancy,
while controlling for maternal age, educational status,
single parenthood, parity and concurrent depressive and
anxiety symptoms. Finally, to explore whether MFA
modifies the associations between maternal education/
PPD and smoking behavior in pregnancy, we added
MFAS x Education and MFAS x PPD interactions, respect-
ively, in the models. Descriptive statistical analyses were
conducted using an SPSS version 24, and the multiple im-
putation and the statistical modeling were performed with
R 3.5.2. P-values < 0.05 were considered statistically signifi-
cant. For the main analyses, the correction for multiplicity
was performed separately for each of the four hypotheses.
Correlations between the MFAS sum and subscale scores
at both trimesters (r = 0.28 — 0.83) were taken into account
in the corrections by calculating the effective number of
tests [39] and using that as the correction factor for the p-
values. The correction factor thus reduced from 12 to 8.84
in the main effect analyses (hypotheses 1 and 2) and from
8 to 5.24 in the interaction analyses (hypotheses 3 and 4).

Results

Descriptive sample characteristics

The prevalence of smoking in pregnancy was 16.5% (612
of 3698). Among the women who were smoking at the
time of conception, 58.1% (354 of 609) quit smoking
during pregnancy, while 41.9% (255 of 609) continued
smoking beyond 12 -14 gwks. The data concerning
smoking in pregnancy was missing for 1.8% (68 of 3766)
of the participants, and regarding smoking cessation for
0.5% (3 of 612) of the pregnant smokers. The smoking
women were younger than the non-smokers, M,c,.s =
282(SD 5.2) vs. Myess = 30.7(SD 4.5) respectively,
£(799.1) = 11.1, p = 0.000. A difference in age was not dis-
played between those women who quit smoking in early
pregnancy compared to the women who continued
smoking in late pregnancy M., = 28.4(SD 5.0) vs.
Myears = 27.8(SD 5.5) respectively, #(511.6) = 1.6, p = 0.12.
The socio-demographic characteristics of the sample are
presented in Table 1. The descriptive statistics regarding
MFA and PPD are reported in Tables 2 and 3. The
group means of maternal-fetal attachment differed sig-
nificantly by the level of maternal education (low, mid-
dle, high) (MFAS 24 gwks: F(2, 2603) = 10.6, p <0.001;
34 gwks: F(2, 2444) =4.0, p =0.019. Post hoc compari-
sons demonstrated the statistically significant difference
in the MFAS total score between the low level and the
high level of maternal education (M =87.7, SD =10.2 vs.
M =85.6, SD =10.3, p <0.001, respectively) and between
the middle level and the high level of education (M = 87.5,
SD =109 vs. M =856, SD=10.3, p=0.001, respectively)
in the second trimester. In addition, differences were
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Table 1 Descriptive characteristics of the pregnant non-smokers and smokers, and those who quit smoking and those who

continued
Non-smokers Smokers Between-groups  Quit smoking  Continued smoking Between-groups
N = 3086 N =612 difference N =354 N = 255 difference
n/N (%) n/N (%) da xp n/N (%) n/N (%) daf  ¥p
Primiparous 1432/3086 (46.4%) 353/612 (57.7%) 1 <0.001** 231/354 (65.3%)  112/255 (47.1%) 1 <0.001**
Single parent 80/3080 (2.6%) 68/605 (11.2%) 1 <0.007** 17/353 (4.8%) 51/249 (20.5%) 1 <0.007**
Education 2 <0.001** 2 <0.001**
Low 828/2582 (32.1%)  325/462 (70.3%) 190/298 (63.8%) 133/161 (82.6%)
Middle 803/2582 (31.1%)  81/462 (17.5%) 62/298 (20.8%)  19/161 (11.8%)
High 951/2582 (36.8%)  56/462 (12.1%) 46/298 (154%)  9/161 (5.6%)
Income 3 <0.001** 3 0.015*
<1000€ 544/2577 (21.1%) 133/460 (28.9%) 72/297 (24.2%)  59/160 (36.9%)
1001-1500€ 409/2577 (15.9%) 112/460 (24.3%) 71/297 (23.9%)  41/160 (25.9%)
1501-2000€ 870/2577 (33.8%) 140/460 (30.4%) 101/297 (34.0%) 39/160 (24.4%)
>2000€ 754/2577 (29.3%)  75/460 (16.3%) 53/297 (17.8%)  21/160 (13.1%)
Self-reported prior 419/2580 (16.2%) 126/460 (27.4%) 1 <0.001** 74/297 (24.9%)  50/160 (31.3%) 1 0.146
psychiatric disorder (any)
Self-reported prior 291/2580 (11.3%)  93/460 (20.2%) 1 <0.001** 51/297 (17.2%)  40/160 (25.0%) 1 0.046*
depression
Self-reported prior 137/2580 (5.3%) 38/460 (8.3%) 1 0.012* 23/297 (7.7%) 14/160 (8.8%) 1 0.707

anxiety disorder

The descriptive sample statistics are based on the original data, not the imputed dataset
N = information available or relevant total N, n = a number of pregnant women with an affirmative response

* p-value <.05, **p-value <.01

observed in the level of MFA between the low and the
high level of maternal education (M =92.5, SD =10.2 vs.
M =914, SD=10.3, p=0.046, respectively) and between
the middle and the high level of maternal education
(M =925, SD=10.3 vs. M =914, SD=10.3, p=0.047,
respectively) in the third trimester.

The association of maternal-fetal attachment with
smoking at any time during pregnancy and smoking
cessation in early pregnancy

We performed the binary logistic regression analyses to
estimate the risk of smoking while pregnant (Table 4). We
did not find evidence for an association between the
MEAS total score at the 24th and 34th gwks and smoking
in pregnancy (aOR = 1.00-1.003, multiplicity adjusted p >
0.05) or the MFAS subscales and smoking in pregnancy
(aOR =0.97-1.04, multiplicity adjusted p >0.05) while
controlling for maternal age, education, single parenthood,
parity, and concurrent symptoms of PPD.

In the sample of pregnant smokers, we performed the
binary logistic regression analyses to evaluate the rela-
tionship between MFA and cessation of smoking during
pregnancy (Table 5). We did not observe evidence for
the association between MFA (the total sum scores of
MEAS at the 24th and 34th gwks) and quitting smoking
during pregnancy (aOR = 1.02—1.02, multiplicity adjusted
p >0.05). However, a marginally significant association

between the MFAS “Giving of self” subscale and smoking
cessation in early pregnancy was demonstrated at 24 gwks
(B=0.13,a0R =1.13, 95% CI [1.04, 1.24], p = 0.007, multi-
plicity adjusted p = 0.062). A one unit higher score in the
MEAS subscale “Giving of self” at 34 gwks associated with
an increased probability of smoking cessation (f=0.16,
aOR=1.17, 95% CI [1.07, 1.29], p<0.001, multiplicity
adjusted p = 0.008). There was no evidence of associations
between the other subscales of MFAS and smoking cessa-
tion during pregnancy (aOR =0.99-1.05, multiplicity ad-
justed p > 0.05).

Maternal-fetal attachment modifying the effects of
maternal education and prenatal psychological distress
on smoking and smoking cessation during pregnancy

A lower level of maternal education and having more
symptoms of prenatal depression associated with a
higher risk of smoking in pregnancy. The participants
who suffered from a higher level of depressive symptoms
were more likely to smoke during pregnancy (aOR =
1.05-1.06, p =0.002-0.004). Further, the probability of
smoking in pregnancy was considerably lower among
the women with a middle level (aOR =0.28-0.29, p <
0.001) or high level of education (aOR =0.17, p <0.001)
when compared with the probability of prenatal smoking
among the women with the lowest educational level
The association between anxiety symptoms and smoking
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Table 2 The descriptives statistics of MFA and PPD, and the comparisons between the pregnant smokers and the non-smokers

Between-groups

N = 3086 N =612 difference
n Mean (SD) Median (range) n Mean (SD) Median (range) p° r
24 gwks
MFAS 2331 86.9 (10.6) 87 (51-116) 409 88.0 (10.0) 88 (44-113) 0.074 0.03
Role taking 2336 16.7 (2.8) 7 (6-20) 410 16.8 (2.7) 17 (7-20) 0.703 0.01
Differentiation 2340 154 (2.5) 5 (6-20) 410 157 24) 16 (7-20) 0.032% 0.04
Interacting 2338 166 (3.1) 7 (5-25) 410 17.1 3.0 17 (8-24) 0.004** 0.05
Attributing 2335 185 (34) 19 (6-30) 409 19.0 (3.2) 19 (11-29) 0.006** 0.05
Giving 2338 19.7 (2.5) 0 (9-25) 410 19.5 (2.5) 20 (8-25) 0.091 0.03
EPDS 2317 48 (4.1) 4 (0-25) 408 6.0 (4.3) 5(0-23) <0.001** 0.11
SCL-90 Anxiety 2314 38 (4.2) 3 (0-30) 408 4.7 (4.6) 4 (0-24) <0.001** 0.08
34 gwks
MFAS 2188 920 (10.2) 93 (52-116) 373 93.1 (10.2) 93 (55-117) 0.137 0.03
Role taking 2202 17.1 (2.6) 18 (7-20) 374 17.1 (2.5) 18 (8-20) 0.886 0.00
Differentiation 2204 159 (24) 16 (8-20) 374 16.2 (2.2) 6 (10-20) 0111 0.03
Interacting 2202 18.1 (3.1) 18 (5-25) 374 185 (2.8) 19 (10-25) 0.037* 0.04
Attributing 2198 21.1 (34) 22 (9-30) 373 218 (34) 2 (12-30) 0.001** 0.07
Giving 2198 19.8 24) 20 (10-25) 374 19.6 (2.5) 0 (10-25) 0171 0.03
EPDS 2191 4.7 (4.0) 4 (0-26) 373 59 (45) 5(0-23) <0.001** 0.10
SCL-90 Anxiety 2186 3.1 (38) 2 (0-27) 374 3.8 (4.6) 3(0-33) 0.012% 0.05
n/N % n/N % X2p Cramer’s ¢
24 gwks 299/2317 12.9% 73/408 17.9% 0.007** 0.05
EPDS210
34 gwks 287/2191 13.1% 84/373 22.5% <0.001** 0.09
EPDS=10

The estimates are based on the original data, not the imputed dataset

Attrition in the MFAS questionnaire responses was higher among the smoking women in comparison with the non-smokers (24 gwks: 33.2% vs. 24.5%, 2 = 20.2,

p < 0.001; 34 gwks: 39.1% vs. 29.1%, x2 = 23.8, p < 0.001, respectively)

MFAS Maternal-Fetal Attachment Scale and the subscales of Maternal-Fetal Attachment Scale: Role taking, Differentiation Differentiation of self from fetus,
Interacting Interacting with the fetus, Attributing Attributing characteristics to the fetus and Giving Giving of self, EPDS Edinburgh (Pre) Postnatal Depression Scale,

SCL-90 Anxiety Symptom Checklist -90, the Anxiety Subscale
* p-value <.05, **p-value <.01
@ Mann-Whitney U test

in pregnancy was not observed. Therefore, the inter-
action effects MFAS x Education [low, middle, high] and
MFAS x PPD [EPDS] on smoking in pregnancy were
estimated (Table 4). Our preliminary findings suggested
that a higher level of MFA associated with a decrease in
the risk of smoking among the women with a middle
level of education when compared to the risk of smoking
among the women with low ( = -0.03, aOR =0.97, 95%
CI [0.95, 0.996], p=0.026, multiplicity adjusted p =
0.137) or high education (f = -0.04, aOR =0.96, 95% CI
[0.93, 0.998], p =0.038, multiplicity adjusted p =0.199).
The effect of maternal education on smoking in preg-
nancy did not exhibit any difference in the way it was
dependent on MFA among the women with a high edu-
cation compared to the women with a low education
(B =0.006, aOR =1.006, 95% CI [0.98, 1.04], p =0.698,
multiplicity adjusted p = 1.00). However, the evidence for

the modifying effect of MFA on the association between
maternal education and smoking in pregnancy was not
considered sufficiently convincing because the results
did not survive the corrections for multiple comparisons
(multiplicity adjusted p>0.05). Further, the modifying
effect of MFA on the strength or direction of the associ-
ation between prenatal depressive symptoms and smok-
ing in pregnancy was not demonstrated.

In the population of pregnant smokers, the probability
of smoking cessation during pregnancy was higher among
the women with a middle level of education (aOR = 2.20—
245, p =0.008-0.021) and the women with a high level of
education (aOR = 3.15-3.23, p = 0.007-0.008) when com-
pared with the probability of smoking cessation among
the women with the lowest educational level. However, we
did not find evidence of an association between PPD (nei-
ther EPDS nor SCL-90 Anxiety subscale) and smoking
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Table 3 The descriptives statistics of MFA and PPD, and the comparisons between the smokers who quit and the persistent

smokers
Between-groups
N =354 N =255 difference
n Mean(SD) Median(range) n Mean(SD) Median(range) p° r

24 gwks
MFAS 257 886 (10.0) 88 (57-113) 152 87.0 (10.0) 87 (44-112) 0.102 0.08
Role taking 258 16.6 (2.7) 17 (8-20) 152 16.7 (2.6) 17 (7-20) 0.237 0.06
Differentiation 258 15.7 24) 16 (9-20) 152 156 (2.3) 16 (7-20) 0.644 0.02
Interacting 258 171 3.0) 17 (8-24) 152 17.0 2.9) 17 (9-24) 0.574 0.03
Attributing 257 19.1 3.2) 19 (11-29) 152 19.0 (3.2) 19.0 (11-29) 0.773 0.01
Giving 258 19.8 (2.4) 20 (13-25) 152 18.8 (2.6) 19 (8-25) <0.001** 0.18
EPDS 256 5.6 (4.1) 5 (0-20) 152 6.8 (4.5) 6 (0-23) 0.006** 0.14
SCL-90 Anxiety 256 43 (4.5) 3(0-24) 152 54 (4.7) 4 (0-20) 0.007** 0.13

34 gwks
MFAS 236 93.9(9.7) 93 (67-115) 137 91.8 (10.9) 91 (55-117) 0.093 0.09
Role taking 236 173 (25) 18 (8-20) 138 170 (25) 17 (8-20) 0.136 0.08
Differentiation 236 16.2 (2.3) 16 (10-20) 138 16.1 (2.2) 6 (10-20) 0.883 0.01
Interacting 236 185 (27) 19 (12-25) 138 184 (3.0) 8 (10-25) 0.555 0.03
Attributing 236 219(33) 22 (12-28) 137 216 3.7) 2 (12-30) 0.542 0.03
Giving 236 20.1 (2.5) 20 (12-25) 138 18.8 (2.5) 8 (10-25) <0.001** 0.26
EPDS 235 54 (42) (0-20) 138 6.8 (4.9) 6 (0-23) 0.007** 0.14
SCL-90 Anxiety 235 35 (45) 2 (0-33) 139 4.5 4.7) 3 (0-26) 0.016* 0.12

n/N % n/N % X2p Cramer’s @

24 gwks 36/256 14.1% 37/152 24.3% 0.009** 0.13

EPDS=10
34 gwks 42/235 17.9% 42/138 30.4% 0.005** 0.15

EPDS=10

The estimates are based on the original data, not the imputed dataset

Attrition in the MFAS questionnaire responses was higher among the persistent smokers in comparison with the women who quit smoking during pregnancy
(24gwks: 40.9% vs. 26.0, X2 = 14.5, p < 0.001; 34 gwks: 46.8% vs. 29.6%, X2 = 18.2, p < 0.001, respectively)

MFAS Maternal-Fetal Attachment Scale and the subscales of Maternal-Fetal Attachment Scale: Role taking, Differentiation Differentiation of self from fetus,
Interacting Interacting with the fetus, Attributing Attributing characteristics to the fetus and Giving Giving of self, EPDS Edinburgh (Pre) Postnatal Depression Scale,

SCL-90 Anxiety Symptom Checklist -90, the Anxiety Subscale
* p-value <.05, **p-value <.01
@ Mann-Whitney U test

cessation during pregnancy (aORs = 0.96-1.00, p = 0.179—
0.965). Therefore, we estimated only the interaction effect
of MFAS x Education [low, middle, high] on smoking cessa-
tion (Table 5). We did not confirm that the relationship be-
tween maternal education and smoking cessation during
pregnancy was modified depending upon the level of MFA.

Discussion

The aim of this study was to assess the role of MFA in
prenatal smoking habits in a large population-based
pregnancy cohort study with over 3700 participants. In
this study, we did not find evidence of an association
between the total score of MFA and smoking at any time
during pregnancy or smoking cessation in early pregnancy.
Nevertheless, a higher level of the altruistic dimension of

MEFA, Giving of self, associated with an increased probability
of smoking cessation in early pregnancy. The second ques-
tion in this study sought to determine the modifying role of
MFA on the expected effects of maternal education and
PPD on prenatal smoking behavior. The evidence for the
modifying effect of MFA on the association between mater-
nal education and smoking at any time during pregnancy
was not considered sufficiently convincing as the result
did not survive the correction for multiple compari-
sons. Further, we did not confirm that the association
between maternal education and smoking cessation in
early pregnancy was modified depending upon the level
of MFA. The modifying effect of MFA on the strength
or direction of the association between prenatal depressive
symptoms and smoking in pregnancy was not demonstrated.
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Our findings did not provide evidence for the association
between MFA and maternal prenatal smoking behavior,
and therefore MFA seems not to play such a significant
role in the determination of smoking in pregnancy.
This finding is contrary to previous studies suggesting
that MFA significantly associates with positive maternal
prenatal health practices [19, 20, 22], also with building
healthier smoking habits [22, 23, 25]. Nevertheless, our
most important finding suggested a one unit stronger
altruistic attachment, that is a one point higher score in
the Giving of self subscale of MFAS, associated with a
1.13-1.17 fold increase in the odds of smoking cessa-
tion in early pregnancy. Qualitative studies have re-
vealed that the expectant mother’s willingness to do her
best for the unborn child facilitates smoking cessation
in pregnancy [40]. In addition, altruistic caregiving has
been found to be the most significant life experience
promoting abstinence in the context of addictions [41].
In the recent comprehensive review and meta-analysis
maternal-fetal attachment was not yet recognized as a
predictor of smoking cessation during pregnancy [16].
Our finding addressing the beneficial association be-
tween maternal altruistic attachment towards the fetus
and cessation of smoking during pregnancy replicates
the previous finding of Massey et al. (2015) and contrib-
utes to prior knowledge by providing empirical evidence
that especially maternal desire and endeavor to help the
fetus offers a motivational stance for quitting smoking in
pregnancy.

The total level of MFA was equal among the non-
smokers and the smokers, but the women who smoked
scored higher in some of the subscales of MFAS. Our
study revealed that of the women who smoked those
who were able to quit smoking scored higher in the one
subscale of MFAS, “Giving of self’. Prior research has ad-
dressed the importance of this particular dimension of
MEFA as a predictor of smoking cessation [25]. Interest-
ingly, pregnant smokers considering smoking cessation
have been shown to display a stronger attachment to-
wards the fetus than pregnant women who have never
smoked [24]. This finding has been explained by cogni-
tive dissonance caused by an awareness of the harmful
effects of smoking on the fetus and the awakening of
prenatal attachment; this results in a tendency to resolve
the contradicting situation by preparing to quit smoking,
which may affirm attachment [24].

Our descriptive sample characteristics revealed that
the smoking women, and particularly the persistent
smokers, constitute high-risk populations among preg-
nant women as regards the level of PPD, the prevalence
of prenatal depression and maternal educational attain-
ment. Our study confirmed the adverse associations of
low maternal education and prenatal depressive symp-
toms with smoking in pregnancy, which is consistent
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with the previous literature [5, 7, 8, 28, 34]. The finding
to emerge from our analyses is that other underlying
mechanisms, for example those related to maternal edu-
cational disadvantage and poor maternal prenatal mental
health as regards symptoms of depression, seem to have
a stronger relationship with prenatal smoking habits
than MFA. In contrast to earlier findings [16, 42], the
adverse association between prenatal anxiety and smok-
ing habits during pregnancy was not substantiated in the
current study. Further, no evidence for the detrimental
associations between PPD and smoking cessation in
early pregnancy was detected in the current study, which
is contrary to previous findings [16]. However, the lower
academic achievements of the expectant mothers associ-
ated with a lower probability of smoking cessation in early
pregnancy which accords with previous studies [7, 16]. To
our knowledge, prenatal parenting — MFA — has not pre-
viously been evaluated as a potential moderator of the ef-
fects of maternal education and PPD on smoking behavior
in pregnancy. The current study found that the level of
MFA was the highest among the women with the lowest
educational attainment. Previous studies investigating the
level of MFA in relation to maternal education have
reported inconclusive findings [43, 44]. Our preliminary
finding suggested that stronger MFA associated with a
decrease in the risk of smoking in pregnancy among the
women with a middle level of education when compared
to the risk of smoking among the pregnant women with a
low or high education level. However, the evidence for the
modifying effect of MFA on the association maternal
education and smoking in pregnancy was not considered
convincing as the result did not survive the correction for
multiple comparisons. Further, we did not confirm the
modifying effect of MFA on the strength or direction of
the association between prenatal depressive symptoms
and smoking in pregnancy or the association between
maternal education and cessation of smoking in early
pregnancy. Therefore, the potentially protective moder-
ation effect of MFA was not demonstrated in the presence
of educational disadvantage or prenatal depressive symp-
toms, both of which presented with independent associa-
tions with smoking behavior during pregnancy. These
negative findings may refer to the fact that MFA is not
sufficiently efficient to modify the associations between
maternal education/PPD and maternal smoking behavior
in a protective manner. For several reasons, it is necessary
to interpret the result carefully. First, our variable describ-
ing the participants’ educational attainment was relatively
rudimentary. In addition, a cross-sectional study is not
able to consider longitudinal interferences. Smoking in
pregnancy has been perceived as an unfavorable cas-
cade starting from the mother’s childhood or adoles-
cence [45-48] and strongly predicted by socioeconomic
factors and environmental influences [7, 9, 46, 47, 49],
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which precede an awakening of MFA. On the other
hand, the transition to parenthood may already inspire
a change in smoking habits in the preconception
period; many smokers, especially women with higher
education, quit smoking just before pregnancy [50, 51].
The FinnBrain Birth Cohort has shown to be well repre-
sentative of the source population [52]. The survey data
suggested a somewhat lower prevalence of prenatal smok-
ing than in the general population of the same hospital
district (12.7% vs. 16.6%, respectively) [52]. Therefore, the
register data was linked with the survey self-reports lead-
ing to an approximately similar prevalence of smoking in
pregnancy than presented in the general population of the
same area [52] and in the Finnish national statistics [53].
Unfortunately, smoking in pregnancy is still found to be
considerably more common in Finland than in the other
Scandinavian countries [5] and in many European regions
[4]. The present study showed a cessation rate of 58%,
which is slightly higher than the cessation rate of 39-49%
presented in the Finnish national statistics [53] and a
frequent cessation rate of less than 50% reported in the
previous population based studies [4]. A relatively high
level of maternal education and attendance in prenatal
care may have contributed to the high cessation rate [16].

Strengths and limitations

A large sample size and a study design integrating the
data from a prospective birth cohort survey with good
quality register data can be considered the important
strengths in the present study. However, several limita-
tions should be noted. Due to the cross-sectional design
a conclusion regarding causality cannot be drawn.

Our results, mainly negative, may also be partly related
to limitations in the methodology. Despite the many
years of research, there is still a lack of consensus about
the construct of MFA and its assessment [54]. In this
study, MFA was evaluated with a self-report measure,
which primarily delineates behavioral aspects of prenatal
attachment [26, 55]. Consequently, we may not have
been able to capture the phenomenon of MFA com-
pletely [54-56], and the question of how critical a role
the awakening of MFA plays in prenatal smoking behav-
ior remains partly open. In addition, the subscales of
MFAS have been criticized [55, 57, 58]. In the present
study, the internal consistencies of some of the MFAS
subscales were unfortunately found to be relatively weak
which may, to some extent, undermine our results.

In addition, we may not have been able to control for
all the confounding factors. The mother’s altruistic
personality traits have shown to promote smoking cessa-
tion during pregnancy [59], but maternal personality
characteristics were not controlled for in this study.
Addictiveness of tobacco smoking and the severity of
nicotine dependence may override the health promoting
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potential of MFA as tobacco products are considered to
exert the strongest dependence potential among addict-
ive substances [60]. Heavier smoking and more severe
nicotine dependence have shown to predict a lower rate
of smoking cessation during pregnancy [16, 25]. Prenatal
smoking behavior was not biochemically verified, and
the severity of nicotine dependence and possible inter-
ventions for tobacco use disorder were not adjusted for.
In addition, the relationship between MFA and prenatal
smoking habits may be multidirectional and complex.
Addictions have been shown to diminish the reward
from caregiving and the regulation of stress, as the
neural circuitries essential in both overlap with the neur-
onal pathways dysregulated in substance use disorders
[61]. This may also apply to maternal processes impli-
cated in sensitive parenting and tobacco use disorder.
The same conditions, such as adverse childhood experi-
ences and lack of social support, may influence both
MFA and smoking in pregnancy [62-64].

Conclusions

Psychosocial interventions have shown to increase the
smoking cessation rate in pregnancy [65]. Nevertheless,
only 13% of pregnant smokers reach and maintain abstin-
ence after receiving a smoking cessation intervention [66].
Qualitative studies have addressed the fact that pregnant
women who smoke rarely consider smoking cessation in-
terventions to enable them to quit whereas the desire to be
a good mother, to protect the fetus, and to quit smoking
for the baby’s sake are perceived as facilitating smoking ces-
sation [40]. Our study shows that the stronger level of altru-
istic dimension of maternal-fetal attachment associates with
an increased probability of smoking cessation and suggests
it should be given more emphasis in prenatal smoking ces-
sation interventions. It is noteworthy that several interven-
tions to enhance maternal-fetal attachment have already
been introduced [29]. The aim of these interventions is to
enhance the mother’s emotional wellbeing, her awareness
of the fetus and her abilities to conceptualize the unborn
child as an individual person, as well as providing antenatal
education, social and psychological support [29]. Maternal-
fetal attachment including the altruistic caregiving relation-
ship with the unborn child can potentially be strengthened
[29] which may constitute a promising novel approach for
interventions aiming at promoting cessation of smoking
and other substance use during pregnancy [67].
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