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ARTICLE INFO ABSTRACT

Keywords: Despite interest in unequal maternal and child health, previous research has not focused on educational dif-
Anxiety ferences in anxiety and depressive symptoms during pregnancy, although they threaten maternal and child
Depression wellbeing. Using the prospective FinnBrain Cohort Study data on 2763 pregnant women over the three preg-
E(rjigcr;atli-:ri] nancy trimesters and Finnish register data, we estimated multilevel regressions to describe educational differ-

ences in prenatal anxiety and depressive symptoms and to analyze whether they can be explained by
socioeconomic background, parental mental disorders and adverse experiences during childhood. Prenatal
anxiety was measured by the Symptom Checklist (SCL-90-anxiety subscale) and depressive symptoms by the
Edinburgh Postnatal Depression Scale (EPDS). The results showed less anxiety and depressive symptoms among
more educated pregnant women. In accounting for the educational differences, we found support for both the
social selection and the social causation perspectives. Adverse childhood experiences partly explained the
educational differences, highlighting the role of an undisturbed childhood environment in prenatal mental health
disparities. Results from the regression models as well as sensitivity analyses also suggested that education is
likely to buffer against prenatal distress.

Childhood adversity
Multilevel modeling

Introduction negative consequences, they often go under-diagnosed and -treated
(Biaggi et al., 2016; Marcus, 2009).

Anxiety and depressive symptoms are frequent during pregnancy. Previous research has identified several risk factors for elevated and

Anxiety symptoms affect 15%-25% of expecting mothers (Dennis,
Falah-Hassani, & Shiri, 2017; Fawcett, Fairbrother, Cox, White, &
Fawecett, 2019), the prevalence for depression being 12-14% (Ruberts-
son et al., 2005; Woody et al., 2017). Prenatal anxiety and depression
have been linked to adverse maternal and child outcomes, including
postpartum depression (Beck, 2011; Lee et al., 2007; Robertson et al.,
2004), compromised mother-child interaction and bonding (Dubber
etal., 2015; Misri & Kendrick, 2008), low birth weight and preterm birth
(Dunkel Schetter & Tanner, 2012), alterations in brain development (e.
g. Buss et al., 2012), and an elevated risk of psychiatric problems in the
offspring (e.g. Lahti et al., 2017). Despite their high prevalence and

clinically significant levels of prenatal anxiety and depressive symp-
toms, including a history of anxiety and depression, low social support,
and experience of life stressors (Biaggi et al., 2016; Gelaye et al., 2016;
Lancaster et al., 2010). Given the well-documented negative relation-
ships between education and anxiety or depression in the general pop-
ulation (Fryers et al., 2003; Pinto-Meza et al., 2013), results regarding
educational differences in the prenatal period are surprisingly contra-
dictory, ranging from weak negative associations to even positive ones
(cf. Biaggi et al., 2016; Gelaye et al., 2016; Lancaster et al., 2010; Un-
derwood et al., 2016). However, many of these studies have not focused
explicitly on educational differences, and education has been analyzed
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together with several other factors, which can be on the causal pathway
from education to anxiety or depression. These studies may thus have
drawn premature conclusions of educational differences in prenatal
distress.

In this study, we analyze educational differences in depressive and
anxiety (distress) symptoms during pregnancy in a Finnish birth cohort.
We use measures of anxiety and depressive symptoms validated in
pregnant populations — the Edinburgh Postnatal Depression Scale
(EPDS) (Cox et al., 1987) and the anxiety subscale of the Symptom
Checklist —90 (SCL-90) (Derogatis & Cleary, 1977). Our study has two
objectives. Given the contradictory results from previous studies, our
first objective is to document the scope of educational differences in
prenatal anxiety and depressive symptoms. Second, we analyze whether
any educational differences are likely to be attributed to social causation
(effect of education on prenatal distress) or to social selection (under-
lying factors that are related to both education and prenatal distress).
We do so, first, by controlling for socioeconomic background, parents’
psychiatric problems, and adverse experiences during childhood and
adolescence, and second, by performing a sensitivity analysis (Vander-
Weele & Ding, 2017) of the remaining association. Our analyses
contribute to understanding inequality in prenatal stress as well as the
broader literature on disparities in mental health.

Prenatal anxiety and depression

Anxiety and depression are the two most common psychiatric
problems during pregnancy (Skouteris et al., 2009). They differ from
pregnancy-related concerns, such as fears regarding delivery and the
baby’s health (Dunkel Schetter, 2011). Although anxiety and depression
are more common during pregnancy than in the postpartum period, the
postpartum symptoms have received more scholarly and clinical atten-
tion (Biaggi et al., 2016; Dennis et al., 2017; Fawcett et al., 2019; Gelaye
et al., 2016). Sub-clinical anxiety and depressive symptoms often go
unnoticed, although the mechanisms through which these phenomena
are harmful to the mother and the fetus are likely to operate on a con-
tinuum. Symptomatology without a medical diagnosis may thus have
adverse effects, especially at the population level.

Prenatal depression has received more scholarly and clinical atten-
tion than anxiety (Dennis et al., 2017). Despite their high comorbidity
(Skouteris et al., 2009), anxiety and depression have partly independent
effects on mothers’ and children’s well-being (Dennis et al., 2017) and
partly independent trajectories over pregnancy both in prevalence rates
and in the intra- and inter-individual symptom levels (Blaggi et al.,
2016; Dennis et al., 2017; Gelaye et al., 2016; Korja et al., 2018; Lee
et al., 2007). Research on non-pregnant populations suggests that co-
morbid anxiety and depression show more persistence than either syn-
drome alone (Merikangas et al., 2003). Long-lasting distress may have
particularly negative effects on the child (e.g. Entringer et al., 2017).

A previous history of anxiety and depression are, unsurprisingly,
strong predictors of these symptoms during pregnancy (e.g. Littleton
et al., 2007). Yet it is not uncommon for the first episode of anxiety or
depression to occur during pregnancy (Raisanen et al., 2014). Pregnancy
is a major life course event, which can trigger anxiety and depression
due to the associated hormonal, psychological and social changes
(Dunkel Schetter, 2011; Gelaye et al., 2016), even though pregnancy is
often associated with increased positive emotion (Myrskyla & Margolis,
2014). Often-reported risk factors of anxiety and depression during
pregnancy include lack of social support, life stressors, poverty, low
self-esteem, personality factors (e.g., low dispositional optimism), and
experiences of abuse and other childhood adversities (Biaggi et al.,
2016; Dunkel Schetter, 2011; Gelaye et al., 2016; Lancaster et al., 2010;
Littleton et al., 2007; Underwood et al., 2016). In particular, the com-
bined effects of biological risk and adverse social environment at
different life stages are known to increase an individual’s risk for dis-
eases in general (Power & Hertzmant, 1997), which is likely to apply to
prenatal distress symptoms as well.
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Educational differences in prenatal anxiety and depression

Systematic reviews and meta-analyses have led to inconsistent con-
clusions of educational differences in prenatal anxiety and depression,
many studies finding negative associations between education and
distress, while others find no associations or even positive ones (Biaggi
et al., 2016; Gelaye et al., 2016; Lancaster et al., 2010). However, these
systematic reviews and meta-analyses are based on studies on general
risk factors of prenatal anxiety and depression and included education
together with several other variables, which may mediate the effect of
education and thus underestimate educational differences. Other studies
have been based on selective, non-representative samples.

The equivocal findings of the association between education and
anxiety and depression among pregnant women stand in contrast to
consistently reported educational and other disparities in anxiety and
depression in the general population (Allen et al., 2014; Costello et al.,
2003; Dohrenwend et al., 1992; Fryers et al., 2003; Muntaner et al.,
2004; Reiss, 2013). Education is often considered the best overall indi-
cator of socioeconomic resources, as it causally precedes occupational
position, income, and other economic resources (Galobardes et al.,
2006). Education is also regarded as an SES (socioeconomic status) in-
dicator with health effects that are in favour of the social causation
interpretation (Kroger et al., 2015). Education remains relatively stable
over the adult life course, and entry into parenthood happens relatively
late in Finland, at around the age of 30 (Statistics Finland, 2017), by
which education is usually completed.

Social causation explanations

Explanations for educational disparities in mental health can be
classified into the social causation and social selection perspectives
(Costello et al., 2003; Dohrenwend, 2000; Dohrenwend et al., 1992;
Miech et al., 1999; Muntaner et al., 2004). The former maintains that
higher education improves mental health. It can do so by reducing life
events and conditions that hamper mental health, and by providing
resources that foster resilience in the face of them. Education improves
economic security and reduces negative life events, both of which
improve mental health in the general population (Allen et al., 2014;
Haushofer & Fehr, 2014; Pulkki-Raback et al., 2012; Suokas et al.,
2019), also during pregnancy (Biaggi et al., 2016; Gelaye et al., 2016;
Lancaster et al., 2010; Littleton et al., 2007; Underwood et al., 2016).
Additionally, lower-educated women are likely to have worse health
status and habits and higher risk for health problems during pregnancy
(Bouthoorn et al., 2015; Harkonen et al., 2018; Silva et al., 2008), which
can also contribute to anxiety and depression (Biaggi et al., 2016; Gelaye
et al., 2016; Lancaster et al., 2010).

In addition to reducing exposure to stressors that increase prenatal
distress symptoms, education can improve coping in the face of major
life changes, such as pregnancy (cf. Dohrenwend, 2000). Education can
improve general psychological health through learned effectiveness, a
sense of control, and knowledge and skills, which are important for
taking care of one’s health (Mirowsky & Ross, 2005; Ross & Mirowsky,
1999) and which can reduce depressive and anxiety symptoms over the
transition to parenthood (Keeton et al., 2008).

Highly educated women are more likely to have highly educated
partners (Maenpaa, 2014) and receive more support from their partners
and the broader social environment (Taylor & Seeman, 1999). Social
support facilitates coping and has been consistently found to predict
fewer distress symptoms during pregnancy (Biaggi et al., 2016; Gelaye
et al., 2016; Lancaster et al., 2010; Littleton et al., 2007; Underwood
et al., 2016).

Social selection explanations

Social selection perspectives to educational disparities in anxiety and
depression hold that the associations between education and mental
health disorders result either from common underlying causes or
causation from poor mental health to education. The first perspective
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Fig. 1. The applied causal framework of educational differences in prena-
tal distress.

posits that the origins of educational disparities in adulthood mental
health may lie in an individual’s childhood circumstances (Fig. 1). It is
well known that socioeconomic background - including parental edu-
cation and class, family structure, and economic conditions — shapes
children’s educational attainment (e.g., Breen & Jonsson, 2005; Erola
et al., 2016). Children from low socioeconomic positions are two to
three times more likely to develop mental health problems (Reiss, 2013),
including anxiety and depressive disorders (Johnson et al., 1999). Eco-
nomic stressors in the childhood home have been linked to non-optimal
parenting styles (via psychological distress), through which they may
weaken children’s self-efficacy, cognitive and emotional wellbeing, and
thereby also interfere with educational attainment (Devenish et al.,
2017; Masarik & Conger, 2017; Whitbeck et al., 1997).

The association between education and prenatal distress symptoms can
also be shaped by negative childhood experiences outside the socioeco-
nomic domain. Parental mental health problems predict offspring’s health
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and cognitive development, partly mediated by negative and dysfunctional
parenting (Kiernan & Huerta, 2008; Kurstjens & Wolke, 2001; Smith,
2004). Low parental emotional wellbeing, parental depression and poorer
parenting practices are pathways through which socioeconomic adversity
can trigger mental health problems in children (Bge et al., 2014; Devenish
et al., 2017). Furthermore, a history of childhood trauma, caused by
exposure to physical, sexual, and/or emotional abuse, or emotional and/or
physical neglect (Bernstein et al., 1994), is a strong predictor of anxiety and
depression in adulthood (Heim et al., 2008; Kessler et al., 2010; Matthews
et al., 2010; Repetti et al., 2002; Teicher & Samson, 2014), also during
pregnancy (Biaggi et al., 2016). Childhood maltreatment has been consis-
tently related to lower school performance and deficits in cognitive
development and non-cognitive skills that foster educational attainment
(Currie & Widom, 2010; Gilbert et al., 2009; Korgaonkar et al., 2013;
Lupien et al., 2009; Matthews et al., 2010; Pechtel & Pizzagalli, 2011), with
a few exceptions, where social, parental, or individual characteristics
largely explained these links (Boden et al., 2007). Moreover, a physical
environment, including prenatal and postnatal environmental toxins (e.g.,
alcohol, lead) and housing, may impact both cognitive and socioemotional
development (Evans, 2006; Ferguson et al., 2013; Williams & Ross, 2007),
and lead to lower education and poorer mental health.

Different dimensions of negative childhood -circumstances are
correlated, challenging the separation of their independent risks. In
particular, the cumulative adversities experienced from childhood to
adulthood appear to contribute to the socioeconomic inequalities in
depression and anxiety, and thus both environmental influences from
childhood as well as adult life short-term factors are reflected in the
gradient (Muntaner et al., 2004; Power et al., 2002). Unmeasured
(inherited) genetic dispositions can further add to the environmental
risks or explain the links between childhood circumstances and later
outcomes (Fig. 1). Moreover, educational disparities may result from
earlier mental health disorders that have independently or cumulatively
with other risk factors affected final educational attainment as well as
mental health in pregnancy. Previous research has generally reported
that, for example, attention and conduct problems are more detrimental

Table 1
Descriptive statistics for the analytical sample by educational level. Means, standard deviations (SD), and percentages.
Education
Primary Secondary vocational Secondary general Tertiary Total P
N 73 606 450 1,634 2,763
% 2.7 21.9 16.3 59.1 100.0
Mean values (SD)
Depression® 6.4 5.9 5.2 4.5 5.0 o
(4.5) (4.2) (4.1) (3.9) (4.0)
Anxiety” 5.4 4.2 3.6 3.1 3.4 Hrk
(5.2) (4.6) (4.1) 3.7) (4.0)
Childhood adversity" 19.0 11.8 10.7 8.5 9.8 o
(17.0) (12.3) (11.3) 9.3) (10.8)
Age at childbirth 26.4 28.0 28.8 31.1 29.9 ok
(5.2) (4.5) (4.0) (3.3) (4.1)
Percentage values
Probable clinical depression" 20.6 14.4 10.5 8.2 10.3
Probable clinical anxiety® 31.5 21.1 14.9 11.5 14.7
Childhood SES hd
Upper level employee 8.2 13.5 22.2 36.1 28.1
Lower level employee 49.3 45.9 48.7 39.8 42.8
Manual worker 27.4 34.3 22.7 18.3 22.8
Other/not classified’ 15.1 6.3 6.4 5.9 6.3
Parents’ mental disorders ek
No disorders 53.4 61.1 65.8 65.5 64.2
Mother had 24.7 27.1 22.9 21.1 22.8
Father had 219 11.9 11.3 13.5 13.0
First child (yes) 37.0 51.0 54.2 51.0 51.1 *

*p < 0.05, **p < 0.01, ***p < 0.001.

@ Depressive symptoms [sample range 0-30], anxiety symptoms [sample range 0-40] during trimesters 1-3.

> The trauma and distress (TADS) score [sample range 0-89].

¢ Depression: >13 EPDS points, anxiety: >10 SCL-90 points; at least once in pregnancy.

4 Not classified, never worked, or unemployed.
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for educational attainment than anxiety and depression (Evensen et al.,
2016; Miech et al., 1999), the negative effects of the latter on education
ranging from zero to moderate (Evensen et al., 2016; Fletcher, 2010).

Summing up, previous findings on educational differences in pre-
natal anxiety and depressive symptoms have been contradictory,
potentially because earlier studies have had other objectives than a focus
on educational differences. (1) Our first objective is to document the
scope of educational differences in prenatal anxiety and depressive
symptoms. (2) Our second objective is to assess whether the differences
are primarily attributable to social causation or social selection, by
estimating the role of socioeconomic background, parents’ psychiatric
problems, and adverse experiences during childhood and adolescence,
and by assessing the likelihood of unmeasured confounding to explain
the remaining associations.

Methods
Study sample

We used data from the prospective FinnBrain Cohort Study, an
ongoing study on pregnancy and early life outcomes, conducted at the
University of Turku, Finland (Karlsson et al., 2018). The original sample
consisted of 3808 pregnant women and their partners living in
South-Western Finland. Recruitment took place at a free-of-charge ul-
trasound visit at gestational week 12 between December 2011 and April
2015. The questionnaire data were collected by online or paper
self-report questionnaires, filled at home and linked to register data on
socioeconomic variables (educational level and childhood SES) from
Statistics Finland for those who gave consent (98%). The population
registers provided by Statistics Finland are reliable and high-quality
administrative data. We excluded 97 women born outside Finland due
to missing register information on their childhood environment. 569
women who did not fill in any perinatal questionnaires were also
excluded. After excluding another 374 individuals who lacked infor-
mation on the explanatory variables, the analytical sample consisted of
2763 pregnant mothers. The study has been approved by the Ethics
Committee of the Hospital District of Southwest Finland (decision
number 57/180/2011).

The women in the final sample were 17-39 years old at childbirth,
and 29.9 years on average (Table 1), similar to the mean age of all
women at childbirth (30.8 years) in Finland in 2016 (Statistics Finland,
2017). Women were educated mostly to the tertiary (59.1%) or sec-
ondary vocational (21.9%) level and most often expecting their first
child (51.1%).

Dependent variables: prenatal anxiety and depressive symptoms

We measured prenatal anxiety and depressive symptoms using two
commonly used measures, the anxiety subscale of the Symptom
Checklist —90 (SCL-90) (Derogatis & Cleary, 1977) and the Edinburgh
Postnatal Depression Scale (EPDS) (Cox et al., 1987). Both have been
validated for pregnant women in general, and in the FinnBrain cohort
(Korja et al., 2018; Rubertsson et al., 2011).

SCL-90 is one of the most widely used measures of psychological
distress in clinical practice and research. The anxiety subscale was
designed to assess current symptom status, state anxiety, and it is
regarded as a consistent and reliable measure (Holi, 2003). The scale
includes 10 items with an item score range of 0—4 and a theoretical range
of 0-40, measuring trembling, sudden fright without reason, insecurity,
heart palpitations, tension/agitation, bouts of fear or panic, restlessness
that prevents sitting still, common things feeling weird and absurd,
feeling of being pressured, and nervousness/inner restlessness.

EPDS has been identified as the best screening tool for measuring
both minor and major prenatal depression, and it excludes somatic
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symptoms of depression that are normal during pregnancy, such as fa-
tigue (Nast et al., 2013; Rubertsson et al., 2011). The scale consists of 10
questions with an item score of 0-3 and a theoretical range of 0-30,
measuring ability to laugh, to be amused, and to feel positive about
forthcoming events, self-accusation, irrelevant fear/distress, the feeling
of growing burden, sadness, sleep disturbance, tearfulness, and thoughts
of self-harm.

Anxiety and depressive symptoms were measured using self-reported
questionnaires at each pregnancy trimester at gestational weeks 14 (T1),
24 (T2), and 34 (T3). Due to intra-individual variation in the symptoms
as well as measurement error, repeated prospective measures of anxiety
and depressive symptoms are better measures of distress during preg-
nancy than single or retrospective measures (Biaggi et al., 2016;
Entringer et al., 2017). Anxiety and depressive symptoms were moder-
ately correlated in this sample (p = 0.64, p < 0.001).

We used SCL-90 anxiety and EPDS scores both as continuous and
dichotomized variables. Continuous measures are common screening
tools in non-patient populations (Dunkel Schetter & Tanner, 2012), and
produce more robust associations between mental health and socio-
economic status than dichotomous classifications (e.g. Miech et al.,
1999). On the other hand, clinically significant levels of anxiety and
depressive symptoms are of practical importance. For dichotomization,
we applied validated cut-off points: > 13 points for EPDS (Matthey et al.,
2006; Rubertsson et al., 2011) and >10 points for SCL-90 (Karlsson
et al., 2018).

Missing item values in anxiety and depressive symptom measure-
ments at each time point were imputed by the individual mean of
available responses, if a maximum of three items out of ten were
missing. The number of persons with imputed values (% of the analytical
sample) for SCL-90 anxiety were T1: 93 (3.4), T2: 68 (2.7), T3: 54 (2.4),
and for EPDS T1: 64 (2.3), T2: 68 (2.9), T3: 46 (2.1). Attrition analyses
showed that lower-educated and more depressed women had a higher
propensity to discontinue the study during pregnancy, with the total
number of withdrawals being 310 families (Karlsson et al., 2018).
Resulting from the overrepresentation of higher-educated and less
symptomatic women, tests on the educational differences in prenatal
distress symptoms were conservative.

Independent variables

The main independent variable, mother’s educational level, measures
the last completed educational degree before childbirth, following the
International Standard Classification of Education (ISCED) 2011
(UNESCO, 2012). The variable was re-coded to primary, vocational
secondary, general secondary (including combined vocational and aca-
demic secondary degrees) and tertiary (university and post-secondary
vocational degrees) levels (Table 1). Information on education came
from the registers, or in the case of missing data, from the FinnBrain
questionnaires.

We included three potential confounding variables in the analysis.
Childhood SES was measured using register data on the pregnant
mother’s childhood household’s reference person’s occupational class
and used Statistics Finland’s classification to upper level employees,
lower level employees, manual workers and others/not classified. Par-
ents’ psychiatric problems (i.e. mental disorders) were based on the
woman’s report on whether her mother or father had depression, anx-
iety disorder, substance use disorder, schizophrenia or other psychosis,
or other psychiatric problems, when she was 0-6, 7-12, and/or 13-18
years old.

Childhood adversity was measured by using the Trauma and Distress
Scale (TADS), which is a valid and reliable instrument for assessing
retrospectively reported childhood maltreatment (Salokangas et al.,
2016). TADS is a five-domain measure evaluating how often the mother
experienced emotional neglect, emotional abuse, physical neglect,
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Table 2
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Anxiety and depressive symptoms in the analytical sample. Means, standard deviations (SD), and percentages.

Trimester st 2nd 3rd Average T1-3 At least once T1-3
N=2,763 N =2,394 N =2,249 N = 3,091 N = 3,091

Anxiety N =2,760 N=2,370 N =2,227 N=2,763 N=2,763

Symptom score: Mean, SD“ 3.3 3.9 3.9 4.2 3.2 3.9 3.4 4.0

Clinically significant level: N, %° 213 7.7 234 9.9 170 7.6 206 8.4 406 14.7

Depression N =2,758 N=2371 N =2,230 N=2,762 N=2,762

Symptom score: Mean, SD“ 5.2 4.0 4.9 4.1 4.8 4.0 5.0 4.0

Clinically significant level: N, %” 139 5.0 109 4.6 115 5.2 121 4.4 283 10.3

@ Depressive symptoms [sample range 0-30], anxiety symptoms [sample range 0-40] during trimesters 1-3.

b Depression: >13 EPDS points, anxiety: >10 SCL-90 points.

physical abuse or sexual abuse in her childhood. We used the sum of all
five domain scores at different stages of childhood (at ages 0-6, 7-12,
and/or 13-18) as a continuous variable [theoretical range 0-268,
sample range 0-89], to measure both early traumatization as well as its
duration. The TADS score was centered at its mean in the regression
analysis.

To avoid overadjustment bias caused by controlling for mediating
variables (Schisterman et al., 2009), we did not adjust for age of the
mother or the number of children, as these are predicted by the mother’s
education.
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Fig. 2. Anxiety and depressive symptoms (means) over pregnancy T1-T3
by education.

Analytical strategy

First, we produced descriptive results on the mean levels of anxiety
and depressive symptoms as well as of clinically significant level prev-
alences by education at each pregnancy trimester. Second, we per-
formed simultaneous equations estimation of the two outcomes in a
multilevel analysis framework, which acknowledges the co-morbidity
between the symptoms, while analyzing them as separate outcomes.
Our model is written as

anxy, = o + Ty + PoX; +0; + 97 + 7! + €, o

depy = B4+ PIT; + PiXi + 6, + 8 + 7 + ¢l
dep; and anx;; are the depressive and anxiety symptom scores, respec-
tively, for mother i at measurement t. T;; are the measurement points, X;
are the independent variables, and . are the coefficients for the fixed
effects to be estimated for the two outcomes [, anxiety (a) and depression
(d), respectively. 6; is a shared individual-level random effect for both of
the outcomes, and it can be interpreted as the individual’s fixed (during
the pregnancy) propensity for the two distress symptoms. 9! and y! are
crossed random coefficients nested within individuals. 8! are two
random coefficients of individual-level deviations in anxiety (a) and
depressive symptom (d) scores from 6;. They capture individual differ-
ences in symptomatology of distress as well as differences in measure-
ment. y! are two random coefficients that indicate within-individual
variation in the outcomes over the three trimesters. £ are residual errors
for the two outcomes that capture random variance as well as mea-
surement error. The variances of 9}, y! and ¢, for the two outcomes I are
constrained to be equal. The model was estimated as a four-level
multilevel model.

The primary purpose of the regression models was to analyze
whether educational differences in prenatal distress could be attribut-
able to social selection by socioeconomic background, parents’ mental
health problems, and adverse experiences in childhood and adolescence.
This was done by a sequence of four models, where the empty model
with no covariates was estimated first, and the covariates were entered
in the above order. Linear models were estimated both for the contin-
uous (symptom scores) and binary (clinically relevant levels) outcomes.
For the latter, the models were (multilevel) linear probability models, in
which the coefficients tell the change in the outcome variable on the
percentage point scale.

Next to the coefficients of the independent variables, we were
interested in the stability in distress symptoms over the pregnancy. We
calculated two intraclass correlations (ICC) (cf. Rabe-Hesketh &
Skrondal, 2012, pp. 392-393). The first was the symptom-specific ICC,
which estimated the within-individual correlation between trimesters in
a specific outcome (anxiety or depressive symptoms) and was calculated
without scripts as

p.x‘ym’)mmﬁ\peuﬁ(' _ Var(9) + Var(9) )

Var(0) + Var(8) + Var(y) + Var(e)

The second was the general distress ICC, which estimates the within-
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Educational differences in prenatal anxiety and depressive symptom scores, estimated with linear multilevel regression. Coefficient estimates with 95% CIs [ ] present

differences in symptom score points.

Nested models M1 M4
Baseline Fully adjusted
Anxiety” Depression” Anxiety” Depression”
Education (ref. tertiary)
Primary 2.431%** 1.875%** 1.451** 0.868

[1.302, 3.560]

[0.911, 2.839]

[0.383, 2.520] [-0.046, 1.782]

Secondary vocational 1.162%** 1.343%** 0.891%** 1.015%**

[0.801, 1.522]

[1.012, 1.674]

[0.543, 1.239] [0.687, 1.344]

Secondary general 0.611** 0.7071*** 0.424* 0.480%*

[0.234, 0.988]
Childhood SES (ref. upper level employee)
Lower level employee
Manual worker

Other/not classified”

Parent’s mental disorder (ref. none)
Mother had

Father had
Childhood adversity

Trimester (ref. 1st)

[0.324, 1.079]

[0.068, 0.780] [0.122, 0.839]

-0.197 0.071

[-0.498, 0.103] [-0.233, 0.374]
—0.385* —0.059
[-0.744, —0.027] [-0.409, 0.292]

—0.467 —0.416
[-1.109, 0.176] [-1.036, 0.203]

0.037 —0.001
[-0.311, 0.386] [-0.340, 0.339]
—0.054 —0.095
[-0.438, 0.329] [-0.482, 0.292]

0.101%+* 0.098%**
[0.085, 0.118] [0.082, 0.114]

2nd
3rd
Intercept

Variance components
Individual (0)
Measure (8)

Time (y)

Residual (g)
Intraclass correlations
Symptom-specific
General distress

N (person-time)

N (women)

0.613%**
[0.480, 0.747]
-0.071
[-0.211, 0.069]
2.890%**
[2.723, 3.060]

7.491 [6.729, 8.340]
2.461 [2.213, 2.737]
2.685 [2.378, 3.030]
3.299 [3.107, 3.502]

0.62
0.47
7,366
2,763

~0.202%* 0.611% ~0.205%*
[-0.343, —0.060] [0.478, 0.744] [-0.346, —0.064]
~0.229%* ~0.075 —0.232+*
[-0.382, —0.076] [-0.215, 0.065] ['0.385, —0.079]
4.702%%* 2.201% 3.891%*

[4.525, 4.880]

[1.945, 2.473]

6.380 [5.698, 7.144]
2.453 [2.205, 2.728]
2.684 [2.378, 3.029]
3.298 [3.107, 3.501]

0.60
0.43
7,366
2,763

[3.624, 4.158]

*p < 0.05, **p < 0.01, ***p < 0.001.
# Anxiety symptoms [sample range 0-40] at pregnancy trimesters 1-3.
b Depressive symptoms [sample range 0-30] at pregnancy trimesters 1-3.
¢ Not classified, never worked, or unemployed.
d The trauma and distress scale (TADS) score [sample range 0-89].

individual correlation between trimesters in the overall propensity for
anxiety or depressive symptoms. It is given by

Var(6)
Var(0) + Var(9) + Var(y) + Var(e)

general __
p =

3

In addition, we analyzed whether the distress trajectories vary sys-
tematically by education. For this, we first calculated interactions be-
tween education and trimester, after which we ran the Likelihood ratio
-tests.

Finally, we performed a postestimation sensitivity analysis using E-
values (VanderWeele & Ding, 2017). The E-value provides a single es-
timate of how strongly the confounder should be associated with both
the exposure (education) and the outcome (anxiety or depressive
symptoms) to reduce the association between the two to zero or to
statistical non-significance (at the 5% level). By providing a single
measure of association with both the exposure and the outcome, the
E-value avoids potentially arbitrary decisions for choosing the values for
these associations. The E-value is expressed on the risk ratio (RR) scale,
which is a natural scale for assessing confounding by a binary unmea-
sured confounder on a binary outcome. It is more difficult to interpret
for the continuous measures of prenatal distress, and we converted it

back to standardized effect sizes for continuous outcomes (cf. Vander-
Weele & Ding, 2017).

Results
Descriptive results

The women reported rather low anxiety and depressive symptom
levels (Table 2), in line with results concerning other rich countries
(Dunkel Schetter & Tanner, 2012; Fawcett et al., 2019; Woody et al.,
2017). 14.7% of the women showed clinically significant levels of
anxiety and 10.3% had clinically significant depressive symptoms at
least once during the pregnancy.

The intensity of prenatal anxiety and depressive symptoms remained
relatively stable and over half of the total variance was between mothers
rather than intra-individual variance over the pregnancy (intraclass
correlations [not shown in the table] being 0.65 for anxiety and 0.59 for
depressive symptoms). On average, the higher educated women re-
ported fewer distress symptoms, but there was no clear pattern of
educational differences in trajectories of distress over the pregnancy
(Fig. 2).
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Fig. 3. Estimates of education predicting prenatal anxiety and depressive symptom score points. Coefficients with 95% ClIs from linear multilevel regression.

Childhood SES = socioeconomic background.

Educational differences in anxiety and depressive symptoms

Table 3 presents the coefficient estimates from the baseline Model 1
and the fully adjusted Model 4. The coefficient estimates show differ-
ences between educational levels, measured in symptom score points.
Model 1, which controlled only for the three measurement points (tri-
mesters), showed clear and gradient-like educational disparities in both
prenatal distress symptoms. Compared to tertiary educated pregnant
women, women with general secondary (academic high school) edu-
cation had 0.6 points higher scores in anxiety and 0.7 points higher
scores in depressive symptoms, corresponding to 0.15 (0.6/4.0) and
0.18 (0.7/4.0) standard deviations (SD), respectively. Further, women
with secondary vocational education had 1.2 points (0.30 SDs) higher
anxiety and 1.3 points (0.33 SDs) higher depressive symptom scores,
whereas the primary educated women had 2.4 points (0.60 SD) higher
anxiety and 1.9 points (0.48 SD) higher depressive symptom scores.

Fig. 3 presents graphically how the estimates of education changed
across the three subsequent models that entered the childhood variables
stepwise. Fig. 3 shows that neither childhood SES nor parents’ mental
health problems confounded the educational differences. However,
childhood adversity due to maltreatment experiences was a strong
confounder. The point estimates were reduced by up to over 50%
(depression among the primary educated) and always by at least 20%
between Models 1 and 4. In Model 4, the disparity in depressive symp-
toms between the primary and tertiary educated was no longer statis-
tically significant. In standard deviations, the weakened educational
gradient ranged from small to moderate differences of approximately
0.1-0.35 SDs. These results support both the social causation and se-
lection perspectives.

Further, Model 4 in Table 3 shows the estimates of each childhood
confounder. Childhood adversity was the only covariate that predicted
prenatal distress symptoms, whereas the estimates for childhood SES
and parents’ mental health were rather small or statistically non-
significant. Interestingly, mother’s (not the father’s) mental health

problems predicted increased symptoms when childhood adversities
were not controlled for (Model 3, not shown), suggesting a mechanism
between parental mental health and prenatal distress symptoms.

The variance component estimates show the sources of the remain-
ing variance (net of the independent variables) in the distress outcomes
(Table 3). Of these, the individual variance component is clearly the
largest. The symptom-specific ICC of 0.62 in Model 1 shows that after
controlling for education and systematic variation in the outcomes over
the pregnancy, women who showed high anxiety or depressive symp-
toms in one trimester were likely to show them in the other trimesters as
well. The general distress ICC 0.47 in Model 1 suggests moderate sta-
bility in the overall propensity for these distress symptoms, and also
points to comorbidity in them so that women with higher anxiety scores
were likely to show higher depressive symptoms as well. The general
distress ICC was, however, lower than the symptom-specific one,
meaning that prenatal anxiety and depression partly capture different
forms of distress (Korja et al., 2018).

Finally, we tested whether the distress trajectories differ by educa-
tion. Based on Likelihood ratio -tests, educational differences in anxiety
(chi? (6) = 5.79, p = 0.447) and depressive (chi? (6) = 10.79, p = 0.095)
symptoms remained stable over time, indicating that some pregnant
mothers experience persistent distress with potentially more adverse
consequences (e.g. Entringer et al., 2017).

Educational differences in clinically significant levels of anxiety and
depression

Educational differences in clinically defined symptom levels provide
important insight into severe symptomatology. Table 4 presents results
from the multilevel linear probability models (the baseline and fully
adjusted models) with binary outcomes of symptom levels exceeding the
validated clinical cut-off scores (anxiety > 10, depression > 13). The
coefficient estimates show differences in the fractions of clinically sig-
nificant symptoms between the educational levels.
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Table 4
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Educational differences in clinical levels of prenatal anxiety or depressive symptoms, estimated with multilevel linear probability regression. Coefficient estimates with
95% CIs [ ] present differences in the fractions experiencing clinical symptom levels.

Nested models M1 M4
Baseline Fully adjusted
Anxiety” Depression” Anxiety” Depression”
Education (ref. tertiary)
Primary 0.149%** 0.072%** 0.100* 0.032
[0.070, 0.229] [0.018, 0.125] [0.021, 0.179] [-0.018, 0.084]
Secondary vocational 0.067*** 0.032%** 0.052%** 0.021*
[0.043, 0.091] [0.016, 0.049] [0.029, 0.075] [0.005, 0.037]
Secondary general 0.025* 0.019* 0.015 0.011

Childhood SES (ref. upper level employee)
Lower level employee

Manual worker

Other/not classified”

Parent’s mental disorder (ref. none)

Mother had
Father had
Childhood adversity

Trimester (ref. 1st)
2nd

3rd
Intercept

Variance components
Individual (0)
Measure (8)

Time (y)

Residual (g)
Intraclass correlations
Symptom-specific
General distress

N (person-time)

N (women)

[0.001, 0.048]

0.025%**
[0.013, 0.037]
0.003

[-0.008, 0.015]
0.055%**
[0.044, 0.065]

0.015 [0.012, 0.019]
0.008 [0.006, 0.011]
0.010 [0.008, 0.013]
0.029 [0.026, 0.032]

0.37
0.24
7,366
2,763

[0.001, 0.038]

[-0.008, 0.037]

[-0.007, 0.029]

—-0.010 0.005

[-0.029, 0.009] [-0.009, 0.019]
—0.012 —0.011
[-0.036, 0.011] [-0.026, 0.005]
—0.028 0.002

[-0.064, 0.008]

[-0.026, 0.031]

—0.002 0.007

[-0.025, 0.022] [-0.011, 0.025]
—0.010 —0.001
[-0.035, 0.014] [-0.019, 0.017]
0.005%** 0.004

[0.004, 0.006]

[0.003, 0.005]

—0.002 0.025%** —0.002
[-0.122, 0.008] [0.013, 0.037] [-0.012, 0.007]
0.004 0.003 0.004

[-0.006, 0.015] [-0.009, 0.015] [-0.006, 0.015]
0.039%** 0.021* 0.007

[0.299, 0.047]

[0.004, 0.038]

0.013 [0.010, 0.016]
0.008 [0.006, 0.011]
0.010 [0.008, 0.013]
0.029 [0.026, 0.032]

0.35
0.22
7,366
2,763

[-0.006, 0.019]

*p < 0.05, **p < 0.01, ***p < 0.001.

@ Clinically significant anxiety: > 10 SCL-90 points at pregnancy trimesters 1-3.
Y Clinically significant depression: > 13 EPDS points at pregnancy trimesters 1-3.

¢ Not classified, never worked, or unemployed.
d The trauma and distress scale (TADS) score [sample range 0-89].

Table 5

Sensitivity analysis using E-value estimates. Minimum association strength (risk ratio) of a confounder needed to explain away (point estimate) or reduce to statistical
non-significance (lower 95% CI, in parentheses) the stat. sig. educational differences in prenatal anxiety and depressive symptoms.

Risk ratio scale

Continuous outcomes

Clinically significant levels

Anxiety Depression Anxiety Depression
Education (ref. higher)
Primary 2.13 4.33
(1.41) (2.15)
Secondary vocational 1.75 1.83 2.90 2.27
(1.52) (1.61) (2.49) (1.53)
Secondary general 1.44 1.47
1.14) 1.20
Continuous scale approximation Anxiety Depression
Education (ref. higher)
Primary 0.83 0.60
(0.38) 0)
Secondary vocational 0.61 0.67
(0.46) (0.53)
Secondary general 0.40 0.43
(0.15) (0.20)

Notes: The upper panel presents E-values on the RR scale. The lower panel presents E-values transformed to an approximate continuous scale. E-values calculated from

estimates in M4 (Tables 3 and 4).
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There were large educational disparities in clinically relevant levels
of prenatal anxiety and depressive symptoms. In the baseline Model 1,
women with primary education were 7.2 percentage points (0.072 x
100%) more likely to be probably clinically depressed and 14.9 per-
centage points more likely to have clinical levels of anxiety, compared to
tertiary educated women. The respective estimates for vocational sec-
ondary educated women were 3.2 and 6.7 percentage points, and 1.9
and 2.5 percentage points, respectively, for general secondary educated
women.

The differences in the clinically significant distress levels were
similarly explained as in continuously measured outcomes (Model 4).
The intercept estimates showed that 6.9% of tertiary educated women
with the baseline characteristics showed clinically significant levels of
prenatal anxiety, and 4.6% had clinically significant depressive symp-
toms. The only statistically significant difference in depression was be-
tween women with tertiary and vocational secondary education, the
latter having 2.1 percentage points (or at baseline values (4.6% +
2.1%)/4.6% = 1.4 times) higher probability of clinically significant
depressive symptoms. The educational differences in clinically relevant
prenatal anxiety were larger. Compared to tertiary educated pregnant
mothers, mothers with secondary vocational education had 5.2 per-
centage points (1.8 times) and mothers with primary education had 10.0
percentages points (2.4 times) higher probability of clinically significant
anxiety. Compared with the relatively moderate educational differences
in prenatal anxiety symptoms, the differences in the clinically significant
symptom levels were more substantively meaningful. Furthermore, the
ICCs were clearly lower than for the continuous outcomes. This suggests
lower stability in clinically relevant levels of anxiety and depression
over pregnancy, which may reflect changes above and below the cut-off
points that the diagnostics using a binary tool is not able to capture.

Sensitivity analysis of unmeasured confounding

The remaining educational differences in anxiety and depressive
symptoms after controlling for childhood circumstances might be
further confounded by unmeasured variables, such as psychological
symptomatology during childhood or adolescence (Evensen et al., 2016;
Fletcher, 2010) or by genetic dispositions. We performed a sensitivity
analysis using E-values, to assess the strength of this unmeasured con-
founding (VanderWeele & Ding, 2017).

Table 5 shows the E-values for the statistically significant point es-
timates and the lower 95% confidence intervals for both the standard-
ized estimates of mean difference (Table 3) and the clinically significant
levels (Table 4). The E-value was calculated on the risk ratio (RR) scale
and this is shown in the upper panel of Table 5. We use the difference in
clinically significant levels of prenatal anxiety between women with
primary and tertiary education as an example. The E-value shows that a
potential confounder should have an RR of at least 4.33 with both the
exposure (primary compared to tertiary education) and with the
outcome to explain away the difference (i.e., the point estimate is zero).
The RRs should be at least 2.15 so that the difference would not be
statistically significant at the 5% level (i.e., 95% CI overlaps zero).

RRs are difficult to interpret for continuous outcomes, and the lower
panel shows E-values that were converted back to (an approximation of)
the continuous scale and shown as standardized effects (cf. VanderWeele
& Ding, 2017). The largest E-value estimate needed for explaining away
the association was 0.83, for the disparity in anxiety scores between
women with primary and tertiary education. The smallest E-value for
reducing an association to statistical non-significance was 0.53 (voca-
tional secondary vs. tertiary in depressive symptoms).

Many of the E-values for educational differences were relatively
large. Given that candidate confounders, anxiety and depression during
adolescence, have had no to moderate effects on educational attainment
(Evensen et al., 2016; Fletcher, 2010; Miech et al., 1999), it appears
unlikely that they alone would fully confound the associations.
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Discussion

Prior research provides inconsistent evidence of educational differ-
ences in prenatal anxiety and depression (cf. Biaggi et al., 2016; Gelaye
et al., 2016; Lancaster et al., 2010; Underwood et al., 2016). A potential
reason is that previous studies have not focused primarily on educa-
tional differences and their models have included covariates which are
possible mediators of the effect of education, increasing the risk of
overadjustment (Schisterman et al., 2009). This was the first study
focusing on educational differences in prenatal distress and to assess the
causation and selection processes involved.

We had three main findings. First, we observed lower symptom
scores and lower probability of having clinically significant symptom
levels in pregnant women with higher education. The educational dif-
ferences were gradient-like and substantively meaningful. In particular,
we found clear educational disparities in clinically relevant levels of
both symptoms. These results are in line with the findings on disparities
in anxiety and depression in the general population.

Our second main finding relates to the role of social selection as an
explanation to these associations, based on measured confounders.
Parents’ SES (social class) and mental disorders did not account for the
educational differences in prenatal distress. This is surprising, because
childhood SES has been linked to educational attainment and mental
health (Johnson et al., 1999; Reiss, 2013); however, having information
on parental education could have altered these findings. The results
concerning parental health problems can partly reflect error in the
retrospective measurement, although it has been suggested to be of
sufficient validity (Kurstjens & Wolke, 2001).

Adverse childhood experiences (ACE) measured through the Trauma
and Distress Scale were the most important explaining factor for the
relationship between education and prenatal distress symptoms. Con-
trolling for it attenuated the educational disparities in prenatal anxiety
and depressive symptoms by up to a half, suggesting that early adver-
sities affect both educational attainment and prenatal mental health.
The finding provides support for both the social causation and selection
perspectives and suggests the importance of ACE measures for under-
standing educational inequalities in mental health in the general pop-
ulation as well.

Our third main finding relates to the role of social causation. Because
of our small number of control variables, we conducted a sensitivity
analysis of unmeasured confounding using E-values (VanderWeele &
Ding, 2017). In particular, we ruled out the possibility of complete
confounding by anxiety and depression in adolescence, which are
theoretically potential but empirically relatively weak predictors of
education (Evensen et al., 2017; Fletcher, 2010). Based on the sensitivity
analysis, we concluded that education and the resources it provides —
such as improved skills, and self-efficacy (Mirowsky & Ross, 2005) —
are likely to protect from prenatal distress, in line with results con-
cerning distress in the general population (Allen et al., 2014; Pinto-Meza
et al., 2013; Reiss, 2013). Although this supports the social causation
hypothesis, the available data and methods are limited in providing
conclusive evidence, and multiple unmeasured factors during the life
course may alone or cumulatively explain the remaining educational
differences.

The strength of this study is a combination of both socioeconomic
and psychological measures ofthe life course. In addition, carrying out a
sensitivity analysis for unmeasured confounding has not been a common
practice previously. The main limitations relate to the reliability of
recall measures, such as childhood adversities. The measure is known to
involve bias, but no better method to measure those adversities retro-
spectively exists (Hardt & Rutter, 2004). Recall measures generally have
been more accurate in emotionally strongly loaded experiences than in
cognitive domains (Bell & Bell, 2018), and previous results suggest
sufficient validity when compared to more objective measures (Kurst-
jens & Wolke, 2001). However, the results based on retrospective
measurement should be interpreted with caution. The non-random
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drop-out rate of more disadvantaged and symptomatic women (Karlsson
et al., 2018) also may have caused bias to our estimates.

Prenatal depression and anxiety have been less studied than post-
partum depression, regardless of their negative consequences (Beck,
2011; Lee et al., 2007; Robertson et al., 2004), and despite the fact that
many first episodes occur during pregnancy (Raisanen et al., 2014). Our
findings supported both the social causation and selection perspectives.
The former suggests that educational resources may buffer against
prenatal distress and thus contribute to child health, potentially in
long-term. Future research can analyze these relationships in other
populations, further examine whether the educational differences in
prenatal distress reflect the protective effects of education or disparities
formed earlier in life, as well as attempt to understand the mechanisms
which may translate education into less prenatal distress. Another future
challenge is to equal out the role of gene-environment interplay in these
disparities. We found that the educational differences were partly
explained by adverse childhood experiences, underlining that particu-
larly undisturbed psychological growth environment can protect from
mental health problems among pregnant women. This finding implies
high relevance for both research and policy. Childhood maltreatment
can leave long-term scars, the effects of which can extend to the next
generation.
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