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A B S T R A C T

Smoking during pregnancy is associated with a multitude of health behaviors and with the psychosocial and
socio-economic circumstances of pregnant women. Limited research has so far been conducted on the clustering
of these characteristics and on their effect on pregnancy outcomes. This study aimed to identify different groups
of pregnant women based on their behavioral, psychosocial and socio-economic characteristics and their
pregnancy outcomes.

In total, 2455 women who were 12 weeks pregnant completed a questionnaire on smoking behavior, health
behaviors and psychosocial and socio-economic characteristics. Neonatal and maternal outcomes were extracted
from the Dutch perinatal registration. Subgroups were identified with latent class analysis and adverse preg-
nancy outcomes were compared between subgroups with logistic regression.

Women were classified into four latent classes. Two classes represented the healthy higher-educated pregnant
women who did not smoke: one group of multigravida women and one of primigravida women, also char-
acterized by less pregnancy-specific knowledge and more pregnancy-related stress. The remaining women were
grouped into two less healthy groups. One group frequently quit smoking, reported less healthy eating, less
physical activity and comparable stress levels as the healthy higher-educated groups. The last group contained
the most smokers, had the highest scores on psychosocial and pregnancy-related stress and the most adverse
socio-economic circumstances. This group had an increased risk of adverse maternal outcomes, in particular
developing diabetes during pregnancy.

A comprehensive and integrated approach is needed to improve outcomes in pregnancies with a combination
of adverse health, psychosocial, and socio-economic conditions.

1. Introduction

Smoking during pregnancy can lead to adverse pregnancy outcomes
(Aagaard-Tillery et al., 2008). Although smoking rates during preg-
nancy are declining, about 6% of pregnant women in the Netherlands
still smoke (Lanting et al., 2012). Socio-economic status – including
level of education, ethnicity, income and employment – is frequently
found to be a predictor of smoking during pregnancy (Lanting et al.,
2009; Riaz et al., 2018; Passey et al., 2014).

Although smoking in the general population often co-occurs with

other health behaviors, such as intake of alcohol, fruits and vegetables,
there is limited data on whether and how smoking clusters with other
health behaviors during pregnancy (Meader et al., 2016). Lanting et al.
(2009) studied the co-occurrence of smoking with alcohol use and with
breastfeeding after pregnancy and concluded that smoking might be a
proxy for other health risks. A review reported that use of folic acid and
abstention from alcohol were predictors of smoking cessation during
pregnancy (Riaz et al., 2018). These studies, however, did not in-
vestigate other health behaviors as potential predictors, such as eating
habits and physical activity.
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There is also evidence that women's psychosocial state is associated
with smoking during pregnancy (Passey et al., 2014; Powers et al.,
2013). Studies highlight the importance of stress and anxiety for
smoking and smoking cessation during pregnancy (Riaz et al., 2018;
Lobel et al., 2008). Smoking during pregnancy is also described as a
potential buffer against psychosocial stress (Hauck et al., 2013) and as a
coping mechanism to deal with psychosocial stress (Hauck et al., 2013;
Jesse et al., 2006; Guardino and Schetter, 2014). In addition to health
behaviors and psychosocial characteristics, smoking has been found to
be associated with lower social support (Powers et al., 2013) and de-
creased pregnancy-specific knowledge and behavior (e.g. folic acid use)
(Smedberg et al., 2014; Riaz et al., 2018).

In short, smoking behavior during pregnancy relates to a multitude
of factors, which suggest a co-occurrence or interaction of these factors
in pregnant women. Studies have found that looking at risk factors in
combination was important for predicting adverse birth outcomes (Pei
et al., 2017) and that a combination of healthy lifestyles was predictive
for a lower risk of low birth weight and adverse maternal outcomes
(Badon et al., 2017; Petherick et al., 2017). However, limited research
has been conducted to examine the combination of smoking with a
physical and psychosocial risk factors for adverse pregnancy outcomes.
The main purpose of this study was therefore to explore whether dif-
ferent groups of pregnant women could be identified based on smoking
behavior, other health behaviors, and psychosocial and socio-economic
characteristics. We applied a latent class analysis (LCA) to identify
subgroups. To judge the health impact of membership of these sub-
groups, we compared the prevalence of adverse neonatal and maternal
outcomes between subgroups.

Distinguishing these subgroups of women and their perinatal out-
comes might inform professionals providing care to pregnant women
about at-risk groups in their population. The co-occurrence of specific
health, psychosocial, and socio-economic conditions in certain groups
could for example highlight the need for preventive practices that si-
multaneously address these conditions. These preventive practices
would need to operate through multiple mechanisms and not be fo-
cused on just a single conditions (Singer et al., 2017).

2. Materials and methods

Data of a larger study were used (van Zwicht et al., 2016), specifi-
cally the baseline measurements of the participating pregnant women
and their perinatal registrations.

2.1. Sample and sampling technique

Participants were recruited at midwifery practices (n=13) and
hospitals (n=2) in the Netherlands. Midwives and obstetricians ap-
proached all low- and medium-risk pregnant women to participate (van
Zwicht et al., 2016). All women under 24 weeks of gestational age at
their first prenatal consultation who were able to communicate in
Dutch (with assistance) were asked to participate in the study between
mid-November 2013 and the first of May 2016. The care provider
verbally informed the women at their first prenatal consultation (gen-
erally around 8–12weeks gestational age) and asked them for informed
consent. Participation included permission to collect women's routine
pregnancy outcomes registered in the National Dutch Perinatal Data
Registry (Perined). For participants under the age of 18, informed
consent of their parents or caregivers was obtained.

Pregnant women were excluded if they had high-risk pregnancies
(e.g. expecting twins, having severe chronic conditions, needing spe-
cialized antenatal care), did not provide written informed consent or
had insufficient Dutch language skills.

2.2. Materials

At the intake, a questionnaire on health behavior, psychosocial and

socio-economic characteristics was provided to the pregnant women.
The neonatal and maternal outcomes were extracted from the National
Perined database, which contains validated routine care information
concerning pregnancy, delivery, hospital (re)admissions and pregnancy
outcomes (Perined, n.d.).

2.3. Measurements

The following items were included in the analysis:
Smoking behavior. Women were categorized as non-smoker during

pregnancy, quit smoking when aware of being pregnant, or current
smoker.

Other health behaviors. For eating behaviors, we included the con-
sumption of alcohol, vegetables, fruit, breakfast and snacks in the last
seven days. For breakfast, vegetables, and fruits, the answers were ca-
tegorized as 1 when consuming them 7 days a week and as 2 when
consuming them<7 days a week. Snacks were categorized into 1 for
3 days a week or less or 2 for> 3 days a week (following the norm of
the Dutch Food Authority). Alcohol use in the last week was dichot-
omized into 1 (no alcohol) and 2 (one or more glasses). Folic acid use
was categorized into (1) using or (2) not using folic acid prior to
pregnancy.

Women were asked how many days in the last week they had been
moderately to highly physically active for at least 30min. Answers were
categorized as 1 when active 5 days or more or 2 when active< 5 days
a week.

Lifestyle and pregnancy-specific knowledge was measured using the
nutrition test of the Nutrition Center in the Netherlands combined with
the Prenatal and Postnatal Care Knowledge test by Ickovics and col-
leagues (Ickovics et al., 2007), resulting in an 18-statement list with the
answers 1 or 2 being incorrect answers, 3 do not know and 4 or 5 being
correct answers. An example statement about lifestyle-specific knowl-
edge is: “When you are pregnant, you have to eat twice as much (eat for
two).” An example of pregnancy-specific knowledge is: “A sudden in-
crease in blood pressure could be a sign of pre-eclampsia.” A mean
sumscore was calculated, ranging from 1 to 5 with a higher score in-
dicating more knowledge. The average score for lifestyle-specific
knowledge was 4.59 and for pregnancy-specific knowledge 4.22: in-
dicating relatively high knowledge scores. First women were categor-
ized in below/equal or above this average score, but as we explicitly
wanted to distinguish women with lower knowledge scores we also
added a category reflecting women with low scores. Women were ca-
tegorized into three groups: 1 lower levels of knowledge (< 4), 2
moderate levels (4 to 4.22/ 4 to 4.59) or 3 high levels (above the
average).

Pregnancy-related and psychosocial stress. Pregnancy-related stress
was measured by the 9-item Revised Pregnancy Distress Questionnaire,
with answers ranging from 1 (not at all) to 3 (very) (Yali and Lobel,
1999) (Lobel et al., 2008). For instance, “Are you worried or anxious, at
this moment of pregnancy, about whether your baby will be born
prematurely?” A mean sumscore was calculated, ranging from 1 to 3
with a higher score indicating more stress (Cronbach's α 0.64). Average
stress score was 1.35. Comparable to the knowledge scales we cate-
gorized women based on the average score and additionally included a
category with women that have frequent stress: scores between 1.00
and 1.35 indicated limited stress, scores between 1.35 and 2.00 in-
dicated some stress and scores equal or over 2.00 indicated frequent
stress.

Psychosocial stress was covered by four items of the Cambridge
Worry Scale, referring to concerns regarding housing, money, work or
relationships with answers from 1 (not at all) to 3 (very) (Green et al.,
2003). Cronbach's α of 0.45 was low. Instead of calculating a mean
sumscore, women were therefore categorized as having no concerns on
any of these topics (category 1), some concerns (category 2) or frequent
concerns (category 3).

Coping was measured by the 9-item Revised Prenatal Coping
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Inventory, asking about the use of coping strategies in the last month.
The inventory uses a 5-point scale ranging from 0 (never) to 4 (very
often) (Hamilton and Lobel, 2008). For the current study, two items
were selected that reflected negative coping styles. One question was
about using food, alcohol, or drugs to feel better and the other about
abreacting on others to feel better. Answers were categorized as 1
(never), 2 (sometimes) or 3 (often or very often).”

Social support was measured by the validated Prenatal Psychosocial
Profile, a 12-item questionnaire using a 4-point Likert scale ranging
from 1 (rarely or never) to 4 (very often) (Curry et al., 1998). An ex-
ample question is: “Do people ever comfort you?” A mean sumscore was
calculated, ranging from 1 to 4 with a higher score indicating a higher
level of social support (Cronbach's α 0.91). The average score was 2.92.
Comparable to the knowledge and pregnancy-related stress measures
we categorized women based on the average score and added a cate-
gory with women that had lower levels of support. Women were cate-
gorized as having a higher than average level of social support when
scoring above average, a moderate level when scoring between 2.00
and 2.92 and a lower level when scoring below 2.00.

2.4. Demographic and socio-economic characteristics

Ethnicity was based on the country of origin of the biological parents
of the pregnant women. Women were coded as originating from the
Netherlands when both parents were born in the Netherlands. They
were coded as being born in another high-income country (based on the
classification of the World Bank) or as originating from a low- to
middle-income country when at least one of their parents was born in
one of such countries. Level of education was determined by the highest
level of education completed in that household (based on the level of
education of the woman and her partner) and classified according to the
International Standard Classification of Education: 1) low level: no
education, primary education only or lower secondary education; 2)
average level: higher secondary education or post-secondary non-ter-
tiary education, or 3) high level: recognized tertiary education
(Statistics UIf, 2012). Age was categorized into four groups: 22 or
younger, 23 to 28 years old, 29 to 35 years old, or 36 or older. Parity
was categorized into primigravida or multigravida. Employment was
categorized into three categories: both prospective parents had paid
work, one prospective parent had paid work, or neither prospective
parent had paid work. Marital status was categorized as having a
partner or not having a partner.

2.4.1. Neonatal and maternal health outcomes
Adverse neonatal outcomes are perinatal mortality and perinatal

morbidity. Perinatal mortality is defined as deaths per 1000 births –
including stillbirths and live births – from a gestational age (GA) above
22 weeks to seven days postpartum. Neonatal morbidity comprised: low
birth weight (< 2500 g), small for gestational age (birth weight below
10th percentile), preterm birth (< 37weeks of GA), Apgar score below
7 after 5min, admission to a neonatal intensive-care unit immediately
after birth, and congenital birth defects/abnormalities. Adverse ma-
ternal outcomes included hypertension/eclampsia/HELLP, diabetes,
placental abruption and postpartum hemorrhage (≥1000ml). These
neonatal and maternal outcomes were categorized as 0 (no adverse
outcome) or 1 (one or more adverse outcomes).

2.5. Statistical analysis

First, χ2 analyses and univariate regression analyses were con-
ducted to examine the association between smoking behavior, the other
health behaviors and the psychosocial and socio-economic character-
istics.

LCA were conducted using RStudio (poLCA). The central idea of
LCA is that a heterogeneous group of individuals can be classified into
to several homogeneous subgroups based on their similarity in multiple

indicator variables. Based on these indicators the group of individuals is
divided into mutually exclusive and exhaustive latent classes (Lanza,
2012). In current study, the indicator variables that were used to
identify the latent classes were smoking behavior, eating behavior,
physical activity, lifestyle- and pregnancy-specific knowledge, preg-
nancy-related stress and general stress, coping behaviors, social sup-
port, demographic and socio-economic characteristics. The competing
models were compared for fit using the consistent Akaike Information
Criterion (cAIC) and Bayesian Information Criterion (BIC), where lower
values indicate a better fit of the model to the data (Nylund et al., 2007;
Tein et al., 2013). Entropy is a measure that summarizes how clearly
the latent classes can be distinguished (Ramaswamy et al., 1993). En-
tropy had values ranging from 0 to 1, with higher values indicating
clearer distinctions between the latent classes. The models were then
evaluated and compared according to the interpretability of the ob-
tained solutions.

All women were categorized into one of the identified latent classes
based on their predicted class memberships. These memberships were
then linked to the neonatal and maternal outcomes of the women. Using
logistic regression analyses, with neonatal and maternal outcomes as
dependent variables and the latent classes as independent variables, we
assessed the effects of class membership on adverse outcomes.

2.6. Results

Of the 2608 women that completed the questionnaire, 153 partici-
pants were excluded because of missing values; 2455 pregnant women
were included in the analysis. 3.8% of these women continued smoking
during pregnancy, 10.2% abstained after finding out they were preg-
nant and 86.0% of the women never smoked during pregnancy.
Compared to women who quit smoking or continued smoking during
pregnancy, women who had never smoked during their pregnancy
often had higher levels of education, were older, had less stress, used
abreaction on others less often as a coping mechanism, scored higher on
pregnancy-related literacy, ate vegetables more often and took folic
acid prior to pregnancy. Compared to women who quit smoking or did
not smoke at all during their pregnancies, women who continued
smoking more often had no partner, were unemployed, drank alcohol in
the last week or used food, cigarettes or alcohol as coping mechanism.
They less often reported high levels of social support, scored lower on
knowledge and ate breakfast and fruit less often. There were no sig-
nificant differences in adverse neonatal and maternal outcomes (see
Table 1).

The next step was to identify the number of classes using LCA. a
four-class model fits the data best according to the BIC and cAIC (see
Appendix 1): thees indicators for goodness of fit decreased in the first
four models.

In the four-class model (Fig. 1), two of the classes resembled each
other when looking at smoking, alcohol use, eating behavior, ethnicity,
age and socio-economic characteristics. Their members did not smoke
during pregnancy, had relatively healthy eating and exercise habits,
had limited psychosocial stress, were or Dutch origin and had higher
levels of education. They differed, however, on parity, pregnancy-re-
lated knowledge and stress. One class consisted of women that were
pregnant with their first child, while the women in the other class were
pregnant with a subsequent child. The primigravida class had less often
used folic acid prior to pregnancy, had less knowledge regarding
pregnancy and had more pregnancy-related stress than the multi-
gravida class. These women could be defined as the healthy, higher-
educated primigravida women (28% of the women based on estimated
class membership), and the healthy higher-educated multigravida
women (40% of the women). The two other classes contained the less
healthy pregnant women. One class included a high percentage of
women with an average level of education, women who had quit
smoking during pregnancy and women who reported more unhealthy
eating and exercise behavior than the other classes: 22% of women

M.R. Crone, et al. Preventive Medicine 127 (2019) 105817

3



Table 1
Health behaviors and psychosocial and socio-economic characteristics sorted by smoking behavior.

Total Non-smoker n=2112, %n Quit when pregnant, n=250, %n Current smoker, n=93, %n

Parity Primigravida 47.9 47.1 52.0 54.8
Level of education Low 8.0 6.0 15.2 34.4

Average 35.3 32.8 47.6 58.1
High 56.6 61.0 37.2 7.5

Age < 23 years 3.1 2.5 6.0 8.6
23–28 33.6 32.1 42.0 46.2
29–35 53.4 54.8 47.6 35.5
> 35 years 9.9 10.7 4.2 9.7

Ethnicity Dutch 85.5 85.4 86.0 88.2
Low/middle-income country 7.8 8.1 6.4 4.3
Other high-income country 6.6 6.4 7.6 7.5

Partner With partner 98.5 98.8 98.4 90.3
Employment Both partners employed 84.6 85.7 85.2 59.1

One partner employed 14.0 13.3 14.0 30.1
Not employed 1.4 1.0 0.8 10.8

Pregnancy-related stress No stress 62.1 63.6 56.0 43.0
Some stress 35.5 34.5 40.0 45.2
Frequent stress 2.4 1.8 4.0 11.8

Psychosocial stress No stress 70.9 72.3 65.2 53.8
Some stress 26.9 25.8 31.2 39.8
Frequent stress 2.2 1.9 3.6 6.5

Social support High level of support 48.7 49.0 50.0 37.6
Moderate level of support 49.1 48.8 48.0 59.1
Low level of support 2.2 2.2 2.0 3.2

Abreacting as coping Never last month 58.9 61.1 47.6 38.7
Sometimes last month 32.7 31.7 36.8 45.2
Often last month 8.4 7.2 15.6 16.1

Eating/smoking/drinking as coping Never last month 88.4 89.3 89.2 59.1
Sometimes last month 8.6 7.9 7.2 26.9
Often last month 3.3 2.8 3.6 14.0

Lifestyle knowledge High 61.2 62.0 59.8 48.4
Moderate 31.5 31.0 34.8 35.5
Low 7.3 7.1 6.0 16.1

Pregnancy knowledge High 54.3 56.7 45.2 29.0
Moderate 18.0 18.0 16.0 23.7
Low 27.6 25.3 38.8 27.6

Alcohol last week No 99.4 99.6 99.2 96.8
Breakfast 7 days a week 93.5 94.4 91.2 79.6
Vegetables 7 days a week 45.3 47.4 36.4 22.6
Fruit 7 days a week 57.8 59.3 53.2 37.6
Snacks Max 3 days a week 79.4 80.4 72.0 78.5
Physical activity 5 days a week or more 28.1 27.8 28.4 35.5
Folic acid use Yes 63.7 66.9 47.2 36.6
Adverse neonatal outcome >0 adverse outcome 18.5 18.8 15.2 21.5
Adverse maternal outcome >0 adverse outcome 13.2 12.8 16.8 10.8

Fig. 1. Outcomes of the LCA: four-class model.
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were classified into this group. These women also scored lower on
knowledge regarding lifestyle and pregnancy and had stress levels si-
milar to the healthy primigravida women. They were more often be-
tween 23 and 29 years old. The last class included most of the current
smokers and can be considered the less healthy, more stressed class (9%
of the women). Compared to the other classes, these women in parti-
cular had higher pregnancy-specific and psychosocial stress scores and
most often reported lower levels of social support and higher use of
negative coping mechanisms for dealing with stress. Folic acid use was
less than in the other classes, and women in this class scored the lowest
on lifestyle- and pregnancy-related knowledge. They more frequently
had a non-Dutch origin, were younger than 23 years old, only attained a
lower or average level of education, had no or just one paid job in the
household, or had no partner.

In Table 2, the two latent class models are regressed against the
neonatal and maternal outcomes of 2226 women that could be linked to
the National Perined database. The group with healthy primigravida
women most frequently had at least one adverse neonatal outcome.
Being classified in the less healthy, more stressed group was in parti-
cular related to adverse maternal outcomes. Differences were most
prominent when comparing the unhealthy and stressed group to the
healthy multigravida women. Looking at the specific outcomes, com-
pared to the less healthy, more stressed group, the other groups were
less likely to develop diabetes during pregnancy. The less healthy, more
stressed group was also more likely to have a child with a low birth-
weight compared to the healthy multigravida group. In the separate

analyses for primigravida or multigravida women these differences in
low birth weight and pregnancy diabetes were no longer statistically
significant.

3. Discussion and conclusion

The main purpose of this study was to explore whether classes of
pregnant women could be identified based on smoking and other health
behaviors, and psychosocial and socio-economic characteristics. We
identified four different groups of pregnant women. Two groups in
which women hardly smoked, had a relatively healthy lifestyle and a
higher level of education; one with first pregnancies and the other with
subsequent pregnancies. The group of women pregnant for the first
time had less knowledge about pregnancy and had more pregnancy-
related stress than the group of women pregnant of a subsequent child.
A third, less healthy group frequently quit smoking during pregnancy,
but had lower scores on physical activity and eating behaviors. Overall
they had similar levels of psychosocial stress and social support as the
higher-educated, healthy women. The last group, the less healthy and
more stressed group, contained most of the current smokers. These
women also scored less favorably on other health behaviors and scored
least favorable on nearly all psychosocial, and socio-economic char-
acteristics. Women classified in this last group had less favorable ma-
ternal outcomes, in particular gestational diabetes.

This study confirms that the vast majority of pregnant women in
The Netherlands do not smoke during pregnancy (Lanting et al., 2009).

Table 2
Likelihood of adverse neonatal and maternal outcomes for the four classes identified in the LCA; for the total group of women, for only primigravida women, and for
only multigravida women.

Stressed and less healthy %n, reference Less healthy %n, OR (95%) Healthy primi %n, OR (95%) Healthy multi %n, OR (95%)

Total group, n=2226 205 494 629 898
Perinatal mortality 0.5 0.4 0.87 (0.17–11.51) 0.5 0.98 (0.10–9.34) 0.7 1.38 (0.17–11.51)
Small for gestational age 7.4 5.7 0.76 (0.40–1.46) 5.6 0.75 (0.40–1.39) 6.7 0.91 (0.51–1.64)
Low birth weight < 2500 g 4.5 3.3 0.73 (0.32–1.68) 4.3 0.97 (0.45–2.10) 1.8 0.39 (0.17–0.90)
Apgar score < 7 3.4 1.8 0.52 (0.19–1.43) 3.3 0.97 (0.41–2.33) 1.6 0.45 (0.18–1.13)
Premature < 37weeks 4.4 5.5 1.26 (0.58–2.73) 6.2 1.44 (0.69–3.03) 3.0 0.68 (0.32–1.47)
Hospitalization 7.3 7.5 1.02 (0.55–1.89) 11.9 1.70 (0.96–3.03) 4.5 0.60 (0.33–1.10)
Birth defects 6.3 5.9 0.92 (0.47–1.79) 7.3 1.16 (0.62–2.19) 4.7 0.73 (0.39–1.39)
Adverse neonatal outcome, > 0 22.0 20.4 0.90 (0.61–1.33) 25.4 1.19 (0.82–1.72) 16.3 0.70 (0.48–1.01)
Postpartum hemorrhage 8.3 4.9 0.56 (0.30–1.07) 5.6 0.69 (0.38–1.25) 5.0 0.59 (0.33–1.05)
Gestational diabetes 4.9 2.0 0.40 (0.17–0.98) 1.7 0.35 (0.15–0.83) 2.0 0.40 (0.18–0.89)
Hypertension 6.3 9.9 1.60 (0.85–3.03) 10.0 1.63 (0.88–3.03) 3.8 0.59 (0.31–1.14)
Adverse maternal outcome, > 0 20.1 17.2 0.82 (0.54–1.23) 17.3 0.86 (0.58–1.27) 11.9 0.55 (0.37–0.82)

Primigravida, n=1047 117 309 629
Perinatal mortality 0.0 0.3 Too small 0.5 Too small
Small for gestational age 6.8 4.9 0.71 (0.29–1.72) 5.6 0.81 (0.37–1.79)
Low birth weight 4.3 4.3 1.00 (0.35–2.86) 4.3 1.01 (0.38–2.68)
Apgar score < 7 3.4 2.3 0.66 (0.19–2.30) 3.3 0.98 (0.33–2.92)
Premature < 37weeks 5.1 6.8 1.36 (0.54–3.46) 6.2 1.23 (0.51–2.97)
Hospitalization 8.5 9.1 1.06 (0.50–2.25) 11.9 1.46 (0.73–2.90)
Birth defects 6.0 7.1 1.20 (0.50–2.87) 7.3 1.25 (0.55–2.84)
Adverse neonatal outcome, > 0 23.9 23.3 0.96 (0.58–1.57) 25.4 1.10 (0.70–1.73)
Postpartum hemorrhage 8.5 4.5 0.51 (0.22–1.17) 5.6 0.68 (0.33–1.40)
Gestational diabetes 5.1 1.9 0.37 (0.12–1.16) 1.7 0.33 (0.12–0.92)
Hypertension 8.5 12.9 1.57 (0.76–3.25) 10.0 1.20 (0.60–2.41)
Adverse maternal outcome, > 0 22.2 19.1 0.83 (0.49–1.38) 17.3 0.76 (0.48–1.23)

Multigravida, n=1171 88 185 898
Perinatal mortality 1.1 0.5 0.47 (0.03–7.60) 0.7 0.58 (0.07–4.89)
Small for gestational age 8.0 7.1 0.86 (0.33–2.25) 6.7 0.82 (0.36–1.86)
Low birth weight 4.7 1.6 0.34 (0.07–1.55) 1.8 0.37 (0.12–1.14)
Apgar score < 7 3.4 1.1 0.30 (0.05–1.86) 1.6 0.44 (0.13–1.58)
Premature < 37weeks 3.4 3.2 0.94 (0.23–3.87) 3.0 0.88 (0.26–2.96)
Hospitalization 5.7 4.9 0.84 (0.28–2.59) 4.5 0.77 (0.30–2.00)
Birth defects 6.8 3.8 0.54 (0.18–1.64) 4.7 0.67 (0.28–1.61)
Adverse neonatal outcome, > 0 19.3 15.7 0.77 (0.40–1.49) 16.3 0.81 (0.47–1.41)
Postpartum hemorrhage 8.0 5.4 0.66 (0.27–1.79) 5.0 0.61 (0.27–1.39)
Gestational diabetes 4.5 2.2 0.46 (0.11–1.89) 2.0 0.43 (0.14–1.29)
Hypertension 3.4 4.9 1.44 (0.38–5.44) 3.8 1.11 (0.33–3.68)
Adverse maternal outcome, > 0 17.0 13.5 0.76 (0.38–1.51) 11.9 0.66 (0.37–1.18)
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The latent classes we found are quite similar to classes found in other
studies: even when not including the same combination of variables,
the other studies also arrive at a categorization into groups with lower
and higher risk (Pei et al., 2017; Petherick et al., 2017). The current
study distinguishes two potential higher risk groups based on their
health behaviors and/or psychosocial and socio-economic character-
istics. The group with the highest risk contained relatively high rates of
smokers and is also characterized by less health knowledge, lower le-
vels of social support, higher levels of psychosocial and pregnancy-re-
lated stress, avoidant coping mechanisms and higher rates of adverse
socioeconomic circumstances. These findings confirm the results of
other studies relating smoking to stress and lower levels of social sup-
port and pregnancy-specific knowledge (Riaz et al., 2018; Powers et al.,
2013) (Passey et al., 2014; Fulford et al., 2013; Bai et al., 2018).
Women with lower levels of education have been found to prepare
themselves less for pregnancy (Goossens et al., 2018).

Lower birth weight and small for gestational age have consistently
been shown to be related to smoking during pregnancy (Kramer, 1987).
Although, in current study the less healthy, more stressed women more
often had a child with a low birthweight than the healthy multigravida
women, rates did not differ from the other women. Overall, in the less
healthy, more stressed group, adverse neonatal outcomes did not differ
from the other groups. One explanation might be that we only included
smoking behavior at the start of pregnancy. Smoking habits might have
changed during the course of pregnancy. Quitting smoking has been
found to influence neonatal outcomes (Larsen et al., 2018; Jaddoe et al.,
2008).

Maternal outcomes, in particular pregnancy diabetes, were less fa-
vorable in this less healthy, more stressed group of women. Other
studies have already found a relationship between stress and gestational
diabetes (Hosler et al., 2011) and between the co-occurrence of dif-
ferent unhealthy behaviors and gestational diabetes (Badon et al., 2017;
Zhang et al., 2014; Ruiz-Gracia et al., 2016). The relationship between
adverse maternal outcomes was not found for the group of women that
more often quit smoking but adhered least to the Dutch eating and
physical activity norms. Their psychosocial wellbeing was similar to
that of the healthy non-smoker groups and they were less likely to have
lower levels of education or be part of an ethnic minority. This fuels the
hypothesis that it is the combination of unhealthy behaviors and ad-
verse psychosocial and socio-economic circumstances that leads to
adverse maternal outcomes. Such a combination of physical, psycho-
logical and social conditions might emphasize the relevance of a syn-
demic approach to understanding adverse outcomes during pregnancy
and tackling related problems. The syndemics discussion states that
public health efforts have generally focused on single health problems,
neglecting the interaction between co-occurring health problems and
the involvement of contexts of social or health inequity in the causal
pathways that leads to exacerbated burdens of disease (Singer et al.,
2017).

A strength of the current study is that we combined health behaviors
and psychosocial and socio-economic characteristics in the LCA. It is, to
the best of our knowledge, one of the first studies to do this: other
studies have limited themselves to health behavior indicators. A

limitation of the current study is that the included variables are based
on self-report: women may have underreported socially undesirable
behaviors, such as smoking. Furthermore, the study sample might be
subject to selection bias due to the exclusion of women with insufficient
Dutch language skills or a lack of willingness to participate in the study.
Women with unhealthy behaviors might have decided not to complete a
questionnaire about lifestyle and psychosocial problems. Nevertheless,
we expect that without this selection bias, the found latent classes
would only be more pronounced.

The BIC indicated that a four-class model fitted the data best, while
the entropy indicator suggested that a three-class model is better at
distinguishing the classes. We have chosen to present the four-class
model, as the BIC is better at selecting the correct number of classes
than the entropy (Tein et al., 2013). Additionally the four-class model
makes the most theoretical sense. This is confirmed by the increased
risk of adverse maternal outcome in the group with the highest risk.
Future studies are needed to replicate these analyses and confirm the
findings of our study.

3.1. Implications

Baron and colleagues showed that little information was provided to
pregnant women about many pregnancy-relevant health behavior to-
pics during their intake in primary midwifery care. Women who did not
take folic acid supplements, who smoked or who had a partner who
smoked were generally given some information, but mostly basic ex-
planations and only occasionally more extensive explanations (Baron
et al., 2017). The current study showed, however, that some women
have a combination of unhealthy behaviors and adverse psychosocial
characteristics. A basic explanation might not be sufficient to change
these women's behaviors and increase their psychosocial wellbeing. A
more comprehensive approach is needed to improve perinatal outcomes
in these higher-risk pregnancies.
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Appendix 1. Fit indicators of the different models in the LCA

Model Log-likelihood Resid. df BIC cAIC Likelihood-ratio Entropy

1 Model 1 class −31,850.79 2419.00 63,982.60 64,018.60 26,107.46 –
2 Model 2 classes −31,070.09 2382.00 62,710.02 62,783.02 24,546.06 0.622
3 Model 3 classes −30,723.44 2345.00 62,305.53 62,415.53 23,852.75 0.827
4 Model 4 classes −30,494.84 2308.00 62,137.14 62,284.14 23,395.55 0.783
5 Model 5 classes −30,358.19 2271.00 62,152.67 62,336.67 23,122.25 0.762
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