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Abstract

The Developmental Origins of Health and Disease (DOHaD) framework posits that foundations of
mental health can be traced to the earliest stages of life, namely to the prenatal and early childhood
periods. Evidence exists that early life stress (ELS) in childhood, including e.g., physical and
emotional maltreatment, and in the prenatal period, including e.g., maternal psychological distress
during pregnancy, is associated with adverse mental health and psychological development in the
offspring. According to extensive evidence, the adverse effects of ELS extend to mental health in
early adulthood, but less is known about whether ELS is associated with the risk of psychopathology
still in late adulthood. Moreover, much less is known about whether there may be promotive and
protective factors for offspring mental health during pregnancy, such as positive maternal mental

health.

This thesis investigates the associations of positive maternal mental health during pregnancy,
including maternal positive emotions and social support, with mental health and cognitive
development in the offspring, utilizing two prospective longitudinal pregnancy cohorts. Furthermore,
the thesis investigates the associations of childhood ELS with late adulthood anxiety, utilizing a third
birth cohort. The thesis consists of four studies. Studies [-II investigated the associations of positive
maternal mental health during pregnancy with child mental and behavioral disorders among 3378
mother-child-dyads (Study I) and with psychiatric problems in children in early and late childhood
among 2636 mother-child-dyads (Study II) of the Finnish Prediction and Prevention of Preeclampsia
and Intrauterine Growth Restriction (PREDO) study. Study III investigated the associations and
timing effects of maternal social support during and after pregnancy on child cognitive development,
more specifically general cognitive ability in late childhood, among 5784 mother-child-dyads of the
UK-based Avon Longitudinal Study of Parents and Children (ALSPAC) and among 420 mother-
child-dyads of the PREDO studies. Finally, Study IV examined the association of ELS, defined here
as physical and emotional maltreatment, parental divorce, death of a family member, low
socioeconomic status (SES) and separation from parents in childhood, with anxiety symptoms at age

65—77 years among 1872 participants of the Finnish Helsinki Birth Cohort Study (HBCS).

The results of this thesis indicated that positive maternal mental health during pregnancy was
associated with a lower risk of mental and behavioral disorders from birth to 8.4—12.8 years of age
and with lower dimensionally assessed psychiatric problems at 1.9-5.9 and at 7.1—12.1 years of age
among children. Furthermore, higher perceived maternal social support during and after pregnancy
was associated with higher general cognitive ability among children at 8 years of age; pregnancy

emerged as a potential sensitive period for the beneficial effects of maternal social support on
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cognitive ability in children. The associations in all three studies were independent of maternal
depressive and/or anxiety symptoms during pregnancy and of lifetime mental and behavioral
disorders. The associations were also independent of later positive maternal mental health. Finally,
experiencing physical and emotional maltreatment and lower SES in childhood were associated with
higher anxiety symptoms in late adulthood, and these early life adversities and parental divorce in
childhood were further associated with a risk of clinically relevant anxiety symptoms. The
accumulation of ELS experiences was associated with higher risks of both dimensionally assessed

and clinically relevant anxiety symptoms.

The findings of this thesis support the DOHaD framework by suggesting that both the prenatal and
postnatal environment contribute to the programming of child development, and that this
programming extends from early adversities to promotive features such as positive maternal mental
health during pregnancy. Positive maternal mental health provided protection also to children exposed
to co-occurring maternal psychological distress during pregnancy. The effects of positive maternal
mental health during pregnancy may persist throughout childhood. Similarly supporting the DOHaD
framework, the findings on the association between ELS and anxiety in late adulthood suggest that
the adverse effects of ELS experienced in childhood may extend throughout the life course until late
adulthood. Together these findings suggest that preventive efforts to diminish the risk of ELS and to

promote positive environments should be directed to early life, already to the prenatal period.

Keywords

Early life stress; Prenatal distress; Psychological distress during pregnancy; Positive maternal mental
health; Pregnancy; Mental health; Social support; Psychiatric problems; Mental and behavioral
disorders; Cognitive development; Developmental Origins of Health and Disease; Longitudinal

studies; Cohort studies



Tiivistelméa

Mielenterveys alkaa kehittyd jo eldmédn varhaisimmissa vaiheissa, alkaen sikidajasta. Aiemmat
tutkimukset osoittavat, ettd koettu varhainen stressi, esimerkiksi fyysinen ja emotionaalinen
kaltoinkohtelu lapsuudessa sekd altistuminen #idin raskaudenaikaiselle psykologiselle stressille
sikidaikana, vaikuttavat negatiivisesti lapsen mielenterveyteen ja psykologiseen kehitykseen ja
lisddvat esimerkiksi psykiatristen oireiden ja héirididen riskid. Laajan tutkimusndyton perusteella
tiedetddn, ettd lapsuudenaikaiset stressikokemukset vaikuttavat negatiivisesti mielenterveyteen vield
aikuisidlld. Vahemman tutkimusndyttoa on siitd, yltdvitko varhaisen stressin negatiiviset vaikutukset
myohdisaikuisuuden mielenterveyteen. Varhaisen stressin vaikutuksiin verrattuna vdhemmén
tutkittuja ovat myds mahdolliset lapsen mielenterveyttd ja kehitystd suojaavat tekijat. Yksi

mahdollinen suojaava tekiji on &idin positiivinen mielenterveys raskausaikana.

Tama viitoskirja tutkii didin raskaudenaikaisen positiivisen mielenterveyden, tarkemmin
méadriteltynd positiivisten tunteiden sekd koetun vahvemman sosiaalisen tuen, yhteyttd lapsen
mielenterveyteen ja kognitiiviseen kehitykseen. Viitoskirjassa néitd yhteyksid tutkitaan kahdessa
pitkittdistutkimuskohortissa. Liséksi viitoskirja tutkii kolmannessa syntymékohortissa, ovatko

lapsuusidn varhaiset stressikokemukset yhteydessa ahdistusoireisiin myohiisaikuisuudessa.

Viitoskirja koostuu neljdstd osatutkimuksesta. Osatutkimukset I-II tarkastelivat suomalaisessa
Prediction and Prevention of Preeclampsia and Intrauterine Growth Restriction (PREDO) -
raskauskohortissa  didin raskaudenaikaisen positiivisen mielenterveyden yhteyttd lapsen
mielenterveyden héirididen esiintyvyyteen (Osatutkimus I; n=3378) sekd lapsen psykiatrisiin
oireisiin (Osatutkimus II; n=2636). Osatutkimus III tarkasteli d4idin kokeman raskaudenaikaisen seka
lapsen syntymén jalkeisen sosiaalisen tuen yhteyttd lapsen kognitiiviseen kehitykseen kahdessa
raskauskohortissa: englantilaisessa Avon Longitudinal Study of Parents and Children (ALSPAC) -
kohortissa (n=5784) sekd suomalaisessa PREDO-kohortissa (n=420). Osatutkimus IV tarkasteli
suomalaisessa Helsinki Birth Cohort Study (HBCS) 1934—44 -kohortissa (n=1872) varhaisten
stressikokemusten, tarkemmin maéériteltynd lapsuus- ja nuoruusidn fyysisen ja emotionaalisen
kaltoinkohtelun, vanhempien avioeron, perheenjdsenen kuoleman, perheen matalan sosioekonomisen

aseman sekd erokokemusten vanhemmista yhteyttd ahdistusoireisiin 65—77 vuoden idssa.

Viitoskirjan 16ydokset osoittivat, ettd didin korkeampi positiivinen mielenterveys raskausaikana oli
yhteydesséd lapsen matalampaan mielenterveyden héirididen riskiin 8.4—12.8 ikdvuoteen mennessi
sekd vdhempiin psykiatrisiin oireisiin 1.9-5.9 vuoden ja 7.1—12.1 vuoden idssd. Lisdksi &idin

korkeampi koettu sosiaalinen tuki raskausaikana ja lapsen syntymin jilkeen ennustivat lapsen



parempaa kognitiivista suoriutumista 8 vuoden ifissi. Aidin raskausaikana kokeman sosiaalisen tuen
myonteiset vaikutukset lapsen kognitiiviseen kehitykseen ndyttaytyivit voimakkaampina kuin didin
lapsen syntymin jdlkeen kokeman sosiaalisen tuen mydnteiset vaikutukset. Kaikki edelld kuvatut
yhteydet olivat riippumattomia &idin samanaikaisista masennus- ja ahdistusoireista ja/tai
mielenterveyden hiiridistd ennen raskautta tai raskausaikana. Yhteydet olivat riippumattomia myds
didin raskauden jilkeisestd positiivisesta mielenterveydestid. Liséksi lapsuusidsséd koettu fyysinen ja
emotionaalinen kaltoinkohtelu sekd matala sosioekonominen asema olivat yhteydessd korkeampiin
ahdistusoireisiin mydhéisaikuisuudessa. Namé stressikokemukset sekd lapsuusidssd koettu
vanhempien avioero lisdsivdat myds myohdisaikuisuudessa kliinisesti merkittdvien ahdistusoireiden
riskid. Varhaisten stressikokemusten kumuloituminen oli yhteydessd sekd korkeampiin

ahdistusoireisiin ettéd kliinisesti merkittdvien ahdistusoireiden riskiin.

Viitoskirjan tulokset ovat linjassa aiempien tutkimusldydosten kanssa antaen tukea hypoteesille, etté
sekd sikidaikainen ettd lapsuusidssd koettu ymparistd ovat yhteydessd lapsen mielenterveyteen ja
kognitiiviseen kehitykseen. Viitdskirja antaa tirkedd uutta tietoa siitd, ettd mielenterveyden
kehittymiseen vaikuttavat varhaisten stressikokemusten lisdksi varhaisen, etenkin raskaudenaikaisen
ympériston mydnteiset ja suojaavat piirteet, kuten didin positiivinen mielenterveys, ja ettd ndma
myonteiset vaikutukset siilyvit ldpi lapsuuden. Aidin raskaudenaikainen koettu positiivinen
mielenterveys suojasi my0s niiden lasten mielenterveyden kehitysti, jotka altistuivat samanaikaisesti
didin psykologiselle stressille. Varhaisen ympariston merkitystd tukivat myos 10ydokset
lapsuudenaikaisten stressikokemusten ja mydhdisaikuisuuden ahdistusoireiden vélisestd yhteydesta,
osoittaen ettd varhaiset kokemukset voivat heijastua mielenterveyteen ldpi eldmédnkaaren. Kaiken
kaikkiaan véitoskirjan tulokset korostavat aikaisiin eldméinvaiheisiin ajoitettujen ennaltachkiisevien
tukitoimien merkitystd pyrkimyksissi sekéd vihentdé varhaisten stressikokemusten riskié, ettd myos

tukea positiivisia kehitysympérist6ja, 1dhtien jo raskausajasta.
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1 Introduction

Mental and behavioral disorders carry an enormous societal and economic burden. They rank among
the top five causes of years lived with disability (Mokdad et al., 2016; Vos et al., 2017), causing 7%
of disability-adjusted life years globally (Rehm & Shield, 2019) and predicting an average of 10.5
years less contributing to work force (Plana-Ripoll et al., 2023) and a 15-20 years shorter life
expectancy (Nordentoft et al., 2013). Positive psychological development such as higher cognitive
ability in childhood and adolescence is, in turn, positively associated with long-term educational,
occupational and health outcomes such as educational attainment (Blair, 2016) and better physical
and mental health (Wraw, Deary, Der, & Gale, 2016; Wraw, Deary, Gale, & Der, 2015) later in life.
Identifying risk and resilience factors for mental and behavioral disorders and their symptoms as well

as developmental precursors of healthy cognitive development is thus needed (Arango et al., 2018).

A growing consensus exists that adversities emerging as early in life as in the prenatal period
contribute to the individual’s vulnerability to later psychopathology (e.g., MacKinnon, Kingsbury,
Mahedy, Evans, & Colman, 2018; Madigan et al., 2018; Manzari, Matvienko-Sikar, Baldoni,
O’Keeffe, & Khashan, 2019; Monk, Lugo-Candelas, & Trumpff, 2019; Robinson, Lahti-Pulkkinen,
Heinonen, Reynolds, & Réikkonen, 2019; Van den Bergh et al., 2020). Maternal psychopathology is
among the known early life stress (ELS) experiences in the prenatal period. Maternal prenatal mental
health, along with mental health after the child’s birth, is a public health issue that has great
implications for both maternal and child health and well-being (Meaney, 2018; O’Donnell & Meaney,
2017). If untreated, maternal prenatal psychopathology has vast economic, humane and societal
consequences (Bauer, Parsonage, Knapp, lemmi, & Adelaja, 2014; Howard & Khalifeh, 2020; Stein
et al., 2014), including adverse health consequences both for the mother and the offspring (Bauer et
al., 2014). Investing in maternal prenatal mental health is thus an investment not only in the mothers,
but in the offspring. While much of the research to date has focused on maternal psychopathology
during pregnancy and in childhood (Madigan et al., 2018; Manzari et al., 2019; Tarabulsy et al.,
2014), much less is known about potentially protective and promotive factors early in life that
contribute to building resilience, better mental health, and healthy cognitive development in the

offspring.

Beyond pregnancy, ELS in childhood contributes to the development of mental health. Experiencing
ELS, such as childhood physical or emotional maltreatment, interpersonal loss (e.g., separation from
parents, parental divorce, or parental death) and low socioeconomic status (SES) (Gilbert et al., 2009;

Sahle et al., 2022), is consistently associated with a range of later psychopathology (e.g., Gardner,
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Thomas, & Erskine, 2019; Hughes et al., 2017; Humphreys et al., 2020; Li, D’ Arcy, & Meng, 2016;
Macpherson et al., 2021; Norman et al., 2012; Sahle et al., 2022; Wang, Chen, Zhou, & Zhang, 2022).
Less is known of whether the association between ELS and psychopathology persists into late

adulthood.

The aim of this thesis is to expand earlier research on the effects of maternal mental health during
pregnancy on offspring mental health and psychological development, shifting the focus from
stressful environments such as maternal psychopathology to positive environments, namely positive
maternal mental health. I investigate whether positive maternal mental health is associated with
offspring mental health and psychological development and whether it may mitigate the effects of
concurrent maternal psychological distress on these outcomes. Another aim is to add to the existing
evidence on the far-reaching adverse effects of childhood ELS experiences on mental health,
investigating whether the associations between different types of ELS and anxiety symptoms found

in previous research are still evident in late adulthood.
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2 Review of the literature

2.1 Mental health and psychological development across the life course

The following chapter defines the indicators of offspring mental health and psychological
development that I use in this thesis. I use the term offspring to cover individuals of all ages. Of note,
while there is no uniform definition for “mental health”, consensus exists that mental health consists
of several aspects of cognitive-emotional functioning, sense of autonomy and agency, subjective
well-being, and social health, and does not merely reflect the presence or absence of mental disorders
(Manwell et al., 2015; Westerhof & Keyes, 2010; World Health Organization, 2004). Indicators of
offspring mental health and psychological development covered in this thesis are mental and
behavioral disorders, psychiatric problems, anxiety symptoms and general cognitive ability; these

indicators are described in detail in the following chapter.

Mental and behavioral disorders are defined as syndromes that cause clinically significant disturbance
in an individual’s cognition, emotional regulation, or behavior, and reflect a dysfunction in the
psychological, biological or developmental processes underlying mental functioning, causing distress
in e.g., social, educational, and occupational activities (American Psychiatric Association, 2013;
World Health Organization, 2019). Diagnoses of mental and behavioral disorders are most commonly
based on two international classification systems: the International Classification of Diseases, with
11" Revision (ICD-11) as the most recent revision (World Health Organization, 2019) and the
Diagnostic and Statistical Manual of Mental Disorders, with the 5" Revised Revision (DSM-5-TR)
as the most recent revision (American Psychiatric Association, 2022). Of note, the ICD-11 has
replaced the previous definition “mental and behavioral disorders” with “mental, behavioral or
neurodevelopmental disorders” (World Health Organization, 2019); however, since this thesis is
based on the earlier revisions of the ICD, and the ICD-10 is still in use in Finland at the time of
submission of this thesis, for the purpose of clarity and conciseness I use the term “mental and

behavioral disorders”, in which neurodevelopmental disorders are included.

Globally, the point prevalence for mental and behavioral disorders is estimated to be 13% (World
Health Organization, 2022). Moreover, according to meta-analytic evidence, the projected cumulative
risk for a lifetime mental or behavioral disorder by age 75 years is 46.4—53.1%, meaning that
approximately half of the population will develop some mental or behavioral disorder during their
lifetime (McGrath et al., 2023). Among mental and behavioral disorders, anxiety (31%) and
depressive (28%) disorders are the most common (World Health Organization, 2022).
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Often, mental and behavioral disorders have their origins early in life: overall, 48.4% of those
diagnosed with a mental and behavioral disorder receive their diagnosis by the age of 18 years (Solmi
et al., 2022). Other estimates suggest that the peak age of onset for mental and behavioral disorders
is around the age of 14—15 years (Kessler et al., 2005; McGrath et al., 2023). Particularly
neurodevelopmental disorders, with a median age of onset at 12 years (interquartile range (IQR) 7-16
years), and anxiety disorders, with a median age of onset at 17 years (IQR 9-25 years), typically
occur in childhood or adolescence and are diagnosed by the age of 18 (Solmi et al., 2022). Diagnoses
of both of the aforementioned categories peak at the age of 5.5 years (Solmi et al., 2022). By this age,
many children are enrolled in school or daycare; in a novel learning environment with increasing
demands, difficulties with neurodevelopment or emotion regulation may become more evident and

are more likely to be detected.

While mental and behavioral disorders represent the more severe end on the continuum of
psychopathology, psychiatric problems refer to dimensionally assessed symptoms that may or may
not reach a diagnosis level. Psychiatric problems in childhood are often further categorized to
internalizing and externalizing problems. Internalizing problems are characterized by emotional
reactivity, anxiety, depression, withdrawal, and somatic complaints, while externalizing problems are
characterized by problems related to impulsivity, aggression and rule-breaking behavior (Achenbach,
Ivanova, Rescorla, Turner, & Althoff, 2016; Achenbach & Rescorla, 2000). Internalizing problems
have been described to cause distress within the individual, while externalizing problems may be

more likely to cause distress also in the individual’s environment (Oldehinkel & Ormel, 2023).

The prevalence of psychiatric problems among children has remained relatively stable for the past
decades, apart from increasing internalizing problems among adolescent girls (Bor, Dean, Najman,
& Hayatbakhsh, 2014; Sourander, Lempinen, & Brunstein Klomek, 2016). In Finland, the prevalence
of parent-reported total psychiatric problems among 8-year-old children remained similar from 1989
to 2013, with 11.8-19.7% of boys and 7.9-10.1% of girls scoring above the clinically relevant
threshold of psychiatric problems over a 24-year period (Sourander et al., 2016). One Austrian study
among a population-based sample of 10 to 18-year-old adolescents estimated the prevalence of
clinically relevant internalizing problems to be 17.8% and externalizing problems to be 7.4% (Philipp

etal., 2018).

Psychiatric problems and mental and behavioral disorders show relatively high continuity over time,
and psychiatric problems in early childhood predict later psychopathology (Mesman & Koot, 2001;
Oldehinkel & Ormel, 2023; Pihlakoski et al., 2006; Sallis et al., 2019). The continuity is mainly
homotypic, e.g., with internalizing symptoms most likely predicting future internalizing, rather than
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externalizing symptoms (Oldehinkel & Ormel, 2023); however, heterotypic continuity, e.g., one type
of psychopathology predicting another type of psychopathology later in life, also occurs (Shevlin,
McElroy, & Murphy, 2017). The onset of childhood psychopathology has been associated with a
range of other adverse outcomes such as reduced well-being and lower academic achievement, more
years lived with disability, and other negative social, health-related, legal, and economic
consequences in late adolescence and early adulthood (Copeland, Angold, Shanahan, & Costello,
2014; Kim-Cohen et al., 2003; Sallis et al., 2019). Psychopathology is among the most common
causes of years lived with disability and shorter life expectancy (Mokdad et al., 2016; Nordentoft et
al., 2013; Plana-Ripoll et al., 2023; Rehm & Shield, 2019; Vos et al., 2017). This emphasizes the
importance of early detection and prevention of psychiatric problems and mental and behavioral

disorders.

The prevalence of mental and behavioral disorders in general is estimated to decrease towards late
adulthood (Kessler et al., 2005). However, mental and behavioral disorders and their symptoms are
still evident in late adulthood and can have detrimental effects on health, as reviewed below. Anxiety
disorders are among the most prevalent mental and behavioral disorders in late adulthood, with an
estimated prevalence of 15.3% among older adults at or above the age of 60 years (Kessler et al.,
2005). Another systematic review has estimated the prevalence of anxiety disorders to vary between
1.2-14% in community samples of adults over 60 years of age (Bryant, Jackson, & Ames, 2008).
Anxiety disorders, more specifically, are characterized by excessive anxiety and fear and related
behavioral disturbances that cause significant distress and impairment in personal, social,
occupational, or other functioning (World Health Organization, 2019). According to ICD-11, the key
feature that differentiates anxiety disorders is the disorder-specific trigger of anxiety or fear; for
example, in social anxiety disorder, anxiety and related thoughts and behaviors are related to social
situations, whereas in agoraphobia, anxiety and related thoughts and behaviors are related to public

spaces (World Health Organization, 2019).

Whereas anxiety disorders, by definition, cause significant distress and impairment in the individual’s
functioning, anxiety symptoms can be seen as a continuum, including anxiety symptoms that do not
necessarily reach the diagnostic criteria (American Psychiatric Association, 2013; World Health
Organization, 2022). Anxiety symptoms that are elevated but below the level fulfilling diagnostic
criteria are more common than diagnosed anxiety disorders in late adulthood (Bryant et al., 2008;
Grenier et al., 2011). While anxiety disorders generally have a young age at onset (Solmi et al., 2022),

the developmental risk factors for late-life anxiety are poorly understood.
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Anxiety has deteriorating effects on the functioning of elderly adults: it has been associated with
lower cognitive performance, memory problems, sleep disturbances, and higher risk of dementia and
somatic illnesses (Butters et al., 2011; Gimson, Schlosser, Huntley, & Marchant, 2018; Palmer, Jeste,
& Sheikh, 1997; Spira, Stone, Beaudreau, Ancoli-Israel, & Yaffe, 2009; Yochim, Mueller, & Segal,
2013). These impairments have been estimated to be equally severe with anxiety disorders and
subclinical anxiety symptoms (Grenier et al., 2011; Yochim et al., 2013). The adverse effects of
anxiety on the well-being of elderly adults call for early identification of anxiety and its risk factors

in the life course.

Another aspect of mental health and psychological functioning is cognitive development. Cognitive
development is often operationalized as general cognitive ability, which encompasses cognitive skills
such as verbal comprehension, perceptual reasoning, working memory, and processing speed
(Wechsler, 2010). In addition, general cognitive ability encompasses executive functioning, which
covers a wide range of cognitive functions related to working memory, inhibitory control, and
attention shifting (Blair, 2016), and thus plays an important role in psychological functioning. Of
note, cognitive ability and psychiatric problems may have a bidirectional association: lower cognitive
ability has been shown to longitudinally predict higher psychiatric problems later in childhood, and
vice versa psychiatric problems among children increase their risk for poorer cognitive ability (Halse,

Steinsbekk, Hammar, & Wichstrem, 2022; Weeks et al., 2014).

Cognitive ability has an extensive impact on well-being at both individual and societal/economic
level (Blair, 2016; Calvin et al., 2011; OECD, 2010; Wraw et al., 2016, 2015). The development of
executive functioning in early childhood has been associated with later educational attainment (Blair,
2016). Furthermore, general cognitive ability in adolescence has been associated with better physical
and mental health later in life: for example, in a longitudinal cohort of ca. 4000 participants, higher
general cognitive ability at 14-21 years of age, operationalized as intelligence quotient (IQ), was
associated with better physical health at 50 years of age (Wraw et al., 2015) and with a lower risk of
self-reported psychopathology at 50 years of age (Wraw et al., 2016). According to a meta-analysis,
a one standard deviation (SD) increase in standardized cognitive test scores in childhood/adolescence
is associated with a 24% lower risk of death at follow-up from 17 to 69 years of age (Calvin et al.,
2011). On a more societal level, investing in early preventive efforts to support children’s cognitive

development has significant economic benefits for the whole society (Heckman & Masterov, 2007).
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2.2 Early life origins of mental health and psychological development — underlying theoretical

frameworks

Mental health and psychological development has its origins in early life. Several theoretical
frameworks have been postulated to address these early life origins of mental health and
psychological development, describing how risk and promotive factors early in life contribute to later
well-being. This chapter aims to give an overview of these underlying theoretical frameworks. While
the emphasis is on the Developmental Origins of Health and Disease framework (DOHaD), several
related theories are reviewed that address questions of risk and promotive factors of offspring mental

health and psychological development.

2.2.1 The Developmental Origins of Health and Disease (DOHaD)

The DOHaD framework posits that characteristics of the early life environment, occurring already in
the prenatal period or early in childhood, may “program” the structure and functioning of the
developing organs and biological systems, thereby enhancing individual differences in later reactivity
and adaptation to environmental influences (Barker, 2007, 2004; O’Donnell & Meaney, 2017; Van
den Bergh et al., 2020). According to Barker who initially introduced the DOHaD framework, many
developing organs of the offspring are particularly plastic and sensitive to environmental influences
already in utero (Barker, 2004). This early life programming may then lead to a higher sensitivity to
health adversities such as chronic physical health conditions and mental and behavioral disorders in

subsequent life (Barker, 2007, 2004; O’Donnell & Meaney, 2017; Van den Bergh et al., 2020).

The DOHaD framework was first introduced based on research on the associations between low
birthweight and later risk of coronary heart disease; this finding led to the hypothesis that offspring
exposure to stressful environments such as undernutrition already in utero had permanent effects on
the body composition and metabolism of the individual (Barker, 2007). Since the postulation of the
DOHabD framework, it has been widened to cover other stressful environments during pregnancy such
as maternal psychological distress during pregnancy, as well as psychological health in the offspring
such as mental and behavioral disorders and their symptoms and cognitive development (Van Den
Bergh, 2011; Van den Bergh et al., 2020). A multitude of interrelated biological systems are involved
in prenatal programming, including the central and autonomic nervous system, cardiovascular and
immune systems, and the neuro-endocrine system, namely the hypothalamus-pituitary-adrenal (HPA)
axis, which is a central part of stress regulation (Monk et al., 2019; Van den Bergh et al., 2020).

Hartman and colleagues have recently extended the DOHaD framework by suggesting that via these
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mechanisms, prenatal stress may influence the prenatal programming of postnatal sensitivity to
environmental effects (Hartman, Belsky, & Pluess, 2023); that is, the conditions in the prenatal
environment may contribute to the offspring’s response to positive and negative features in their

environment after birth.

2.2.2 The Life Cycle Model of Stress

In line with the DOHaD framework, the life cycle model of stress (Lupien, McEwen, Gunnar, &
Heim, 2009) posits that early life exposure to stress or adversities may contribute to persistent changes
in the individuals’ biological stress regulation systems such as the HPA axis. This propensity to
changes may be more pronounced during pregnancy and in childhood due to the particularly rapid
development of these biological systems in early life (Lupien et al., 2009). Indeed, the first 1000 days
of life, encompassing approximately the pregnancy period and the first two years of life, are
particularly important for the development of the brain, which is especially sensitive to environmental
changes during the pre- and postnatal period (Cusick & Georgieff, 2016). For example the
hippocampus, a brain structure involved in the downregulation of the HPA axis, develops most

rapidly until the age of two years (Lupien et al., 2009).

According to the life cycle model of stress, changes in biological systems following stress may also
differ at different developmental stages (Lupien et al., 2009; Raymond et al., 2021). For example,
exposure to ELS during pregnancy (e.g., maternal psychological distress) and in childhood (e.g.,
childhood maltreatment) has been associated with both hyper- and hypoactivity of the HPA axis
(Lupien et al., 2009; Raymond et al., 2021; Van den Bergh et al., 2020). Changes in the HPA axis
functioning and in the related brain regions, in turn, are associated with higher vulnerability to mental
and behavioral disorders, including mood, anxiety, and trauma-related disorders (Lupien et al., 2009;

Sprooten et al., 2017; Zorn et al., 2017).

2.2.3 The Diathesis-Stress, Differential Susceptibility, and Vantage Sensitivity models

In the past decades, several theoretical frameworks have highlighted the individual differences in
environmental sensitivity, suggesting that individuals respond in different ways to stressful (diathesis-
stress models), supportive (vantage sensitivity), or both of these environmental characteristics
(differential susceptibility) (review: Slagt, Dubas, Dekovi¢, & van Aken, 2016). Below I introduce

these theoretical frameworks more in detail.
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The diathesis-stress model (e.g., Bleuler, 1963), posits that individuals exposed to stressors vary in
their diathesis, i.e., vulnerability to mental health adversities following this stressor. According to the
diathesis-stress model, those with an underlying diathesis who experience stressors are more likely
to develop psychopathology; in other words, a stressor may activate an underlying diathesis, thus
leading to the development of psychopathology (Monroe & Simons, 1991). Examples of underlying
diatheses include genetic liability, biological markers, temperament, cognitive ability, and other

social and psychological vulnerability factors (Monroe & Simons, 1991; Slagt et al., 2016).

While the focus of the diathesis-stress model is on risk factors for mental health and psychological
development (Monroe & Simons, 1991), not all children exposed to ELS end up developing
psychopathology or other adversities. This highlights the importance of identifying environmental
factors early in life which may promote the mental health and psychological development of the
offspring, despite underlying diatheses or encountered stressors. Extending from the diathesis-stress
model, the differential susceptibility model posits that individuals differ not only in their vulnerability
to stressors, but also in their susceptibility to the beneficial effects of positive environments (Belsky
& Pluess, 2009, 2013). According to the differential susceptibility model, individuals who are more
vulnerable to the adverse effects of stress may also be more sensitive to the beneficial effects of
positive environments (Belsky & Pluess, 2009). The markers of differential susceptibility may also
include genetic, physiological stress regulatory, temperamental, and behavioral factors (Pluess &
Belsky, 2013; van IJzendoorn, Bakermans-Kranenburg, Coughlan, & Reijman, 2020). Environmental
factors early in life, including in pregnancy, may influence these markers, thus altering the
individual’s susceptibility to risk and promotive factors later in life (Pluess & Belsky, 2011; Slagt et
al., 2016; van IJzendoorn et al., 2020); this has been referred to as “prenatal programming of postnatal
plasticity” (Pluess & Belsky, 2011) and “prenatal programming or environmental sensitivity”

(Hartman et al., 2023).

Based on the differential susceptibility model, another model was developed that focuses particularly
on the individual differences in how the individual benefits from positive environmental features; this
was named the vantage sensitivity model (Pluess & Belsky, 2013). According to this model, some
individuals benefit greatly from positive environments (showing vantage sensitivity), while others
fail to benefiting from these environments (showing vantage resistance) (Pluess & Belsky, 2013);
however, this does not imply that the individuals varying in vantage sensitivity would differ in their
susceptibility to adverse environments. In other words, Pluess and Belsky argue that while some may

be more sensitive to the benefits of positive environments, the same individuals may not be more
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susceptible to the negative effects of adverse environments; therefore, a differentiation should be

made between differential susceptibility and vantage sensitivity.

To summarize, despite the similarities of the diathesis-stress, vantage sensitivity, and differential
susceptibility models, they differ from one another in how they perceive environmental risk and
promotive factors. The diathesis-stress model emphasizes individual differences in vulnerability, the
vantage sensitivity model emphasizes differences in benefiting from promotive factors, and the
differential susceptibility model emphasizes differences in both. Pluess and Belsky (2013) also
highlight that not all vulnerability factors will by default function as promotive factors and vice versa;
therefore, different theoretical frameworks may fit different vulnerability and different environmental
factors. For example, one large meta-analysis showed evidence supporting both the diathesis-stress,
differential susceptibility, and vantage sensitivity models on the modifying effects of temperament
traits on children’s sensitivity to parenting when predicting their socioemotional developmental

(Slagt et al., 2016).

2.2.4 The concepts of resilience and promotive effects

Another concept close to differential susceptibility (Belsky & Pluess, 2009), particularly in light of
early adversities, is the concept of resilience. Broadly defined, resilience refers to reduced
vulnerability to environmental risk factors, more likely overcoming adversity, the ability to maintain
good mental or physical health despite adversities, and the absence of expected maladaptive outcomes
after encountering a risk factor (Liu, Reed, & Girard, 2017; Rutter, 1987, 2006, 2012; Zimmerman et
al., 2013). Therefore, resilience does not refer to the absence of adversities, but to the positive
adaptation in the face of adversities (Herrman et al., 2011; Rutter, 2012). Furthermore, resilience
does not imply superior well-being, but rather, relatively good well-being in relation to the well-being

of those exposed to similar adversities (Rutter, 2012).

Related to the differential susceptibility and vantage sensitivity models, a distinction can be made
between resilience, more closely related to differential susceptibility, and promotive factors, more
closely related to vantage sensitivity. According to Rutter (2012), resilience indicates an interaction
between risk and promotive factors, rather than their summative effects. Similarly, Zimmerman and
colleagues (2013) conceptualize a distinction between protective factors, promoting well-being
particularly in individuals facing distress (similarly to resilience), and universal promotive factors,
promoting well-being in all individuals regardless of their risk status (similarly to summative effects).

In other words, protective factors operate via moderating the effects of simultaneously experienced
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risk factors and thus increasing resilience (Luthar, Sawyer, & Brown, 2006; Rutter, 2012;
Zimmerman et al., 2013), whereas promotive factors have a direct, independent effect on well-being
that is opposite in direction than potential risk factors (Rutter, 2012; Zimmerman et al., 2013). Figure
1 illustrates this distinction between promotive and protective effects (e.g., summative effects vs.

resilience effects).

Figure 1. Promotive effects (e.g., summative) vs. protective effects (e.g., resilience) of risk and promotive/protective
factors.
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Pluess and Belsky (2013) also point out that the same promotive factors may serve both as universal
and resilience-promoting; that is, the same factor may increase vantage sensitivity in a supportive
environment and provide protection in an adverse environment. For example, the beneficial effects
of positive environments such as social support may be driven by their ability to buffer the negative
effects of concurrent distress on the outcome, serving as a protective factor (Cohen, 2004), or they
may compensate the effects of concurrent distress via independent pathways, serving as a universal
promotive factor. Of note, in this thesis, I use the terms resilience and protective factors

interchangeably.

Resilience theories, along with the vulnerability and differential susceptibility theories, emphasize
the importance of enhancing promotive and protective factors, instead of merely aiming to reduce
risk factors, in the efforts to support offspring mental health and psychological development
(Zimmerman et al., 2013). Sources of resilience can be biological, psychological, dispositional and
related to the environment, such as the social network (Herrman et al., 2011). According to the multi-

systems model of resilience (Liu et al., 2017), resilience can be viewed as a three-layered construct
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of core resilience, internal resilience, and external resilience. Core resilience refers to relatively stable,
trait-like intra-individual characteristics such as the biological stress reactivity that regulate the
individual’s ability to adapt to stressors. Internal resilience refers to the individual’s interpersonal and
psychological resources such as coping skills, self-efficacy, emotion regulation, and social support.
Finally, external resilience refers to the wider socio-ecological environment of the individual, such

as SES and access to services (Liu et al., 2017).

2.2.5 Summary of theoretical frameworks

To conclude, several theories — the DOHaD, the life cycle model of stress, the diathesis-
stress/differential susceptibility/vantage sensitivity models, and resilience theories — posit that
experiences in early life, already during pregnancy and in childhood, may shape the individual’s
development in ways that make them more vulnerable — or more resilient — towards adverse mental
health and poorer cognitive ability, and may also promote better mental health and cognitive ability.
While much of the focus of previous research and theoretical frameworks has been on vulnerability
factors, differential susceptibility and vantage sensitivity models highlight that individuals may also
differ in their ability to benefit from positive environmental factors. Integrating the different
theoretical frameworks, prenatal and childhood exposures to both negative and positive experiences
may shape this susceptibility to later environments, thus contributing to later developmental
pathways. Furthermore, life cycle models highlight the potential timing effects in these experiences,
informing research and practice on whether there are developmental periods at which the exposures

carry most relevance to later development.

2.3 Early risk and promotive factors of mental health and psychological development

The following chapter focuses on defining the risk and promotive factors for offspring mental health
and psychological development that are included in this thesis. [ use the term “risk factor” to describe
ELS experiences during pregnancy and in childhood or adolescence that may increase the offspring’s
vulnerability to adverse mental health and psychological development. I use the term “promotive
factor” to describe environmental factors during pregnancy and in childhood that enhance the
offspring’s positive development and decrease their risk of adverse mental health. These promotive
factors may show universal beneficial effects for all individuals, or they may show protective effects

particularly in the face of adversity, increasing resilience (Rutter, 2012), as described in Chapter 2.2.4.
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2.3.1 Early life stress as a risk factor

ELS refers to stressful life experiences occurring early in development; in this thesis I include ELS
experienced during pregnancy and in childhood. This chapter aims to give an overview of common
ELS experiences both during pregnancy and in childhood. Previous research on the associations of
these ELS experiences with offspring mental health and psychological development are reviewed in

Chapter 2.4.1.

2.3.1.1 Early life stress during pregnancy

During pregnancy, the fetus may encounter stressful environments in utero. Among the known
indicators of stressful environments is exposure to maternal psychological and physiological distress
during pregnancy. Maternal psychological distress (i.e., negative maternal mental health) includes
e.g., maternal depressive and anxiety symptoms and disorders, exposure to major disasters and
stressful life events, perceived stress and pregnancy specific stress (i.e., stress originating from
pregnancy-specific issues) (Lobel et al., 2008; Van den Bergh et al., 2020). Maternal physiological
distress includes e.g., maternal substance use and cardiometabolic conditions during pregnancy (e.g.,
obesity, diabetes, and hypertensive disorders) which have been associated with an increased risk of
psychopathology and adverse neurodevelopment among the offspring (Flak et al., 2014; Girchenko
et al., 2018; Pyman, Collins, Muggli, Testa, & Anderson, 2021; Robinson et al., 2021). Of note, in
this thesis I define prenatal ELS as maternal psychological distress, covering maternal depressive and
anxiety symptoms during pregnancy and lifetime mental and behavioral disorders; other
psychological and physiological ELS types during pregnancy are beyond the scope of the current

thesis.

Maternal psychological distress during pregnancy is highly prevalent: for example, according to
meta-analytic evidence, the prevalence of maternal depressive disorder during pregnancy, according
to diagnostic interviews, varies between 9—17% (Dennis, Falah-Hassani, & Shiri, 2017; Roddy
Mitchell et al., 2023; Wallwiener et al., 2019). The prevalence estimates of clinically relevant
depressive and anxiety symptoms not necessarily reaching the diagnostic criteria for a disorder are
generally higher than the prevalence estimates of diagnosed disorders, varying between 20—33%
(Dennis et al., 2017; Lahti et al., 2017; Meaney, 2018; Molyneaux, Poston, Ashurst-Williams, &
Howard, 2014; Tuovinen et al., 2018). Depressive symptoms show high continuity from pregnancy
to the postpartum period (Evans, Heron, Francomb, Oke, & Golding, 2001; Lahti et al., 2017; Putnam
et al., 2015).
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2.3.1.2 Early life stress in childhood

In childhood, ELS most commonly encompasses experiences of childhood maltreatment, namely
physical, emotional and sexual abuse and physical and emotional neglect before the age of 18 years
(see e.g., the reviews and meta-analyses Gilbert et al., 2009; Norman et al., 2012; Wang et al., 2023
for more specific definitions). More specifically, physical abuse refers to the intentional use of force
that results in, or has the potential to result in, physical injury, such as hitting, kicking, pushing, etc.;
emotional abuse refers to intentional behavior that is insensitive to the child’s emotional needs and
conveys to a child that he/she is worthless or flawed, such as blaming, belittling, intimidating, etc.;
sexual abuse refers to any completed or attempted sexual act with a child; and neglect refers to the
failure to meet a child’s basic physical, emotional, medical, or educational needs (Gilbert et al., 2009).
In addition, ELS in childhood includes other potentially stressful early life experiences, such as
interpersonal loss (e.g., death of a family member, separation from parents, parental divorce) and low
family SES, e.g., access to economic, educational, and social resources (Peverill et al., 2021; Sahle
et al., 2022). Of note, research in the field of ELS often uses a synonymous term of adverse childhood
experiences (ACEs); for clarity and coherence purposes, I refer to stressful/adverse childhood

experiences as ELS throughout this thesis.

In this thesis, I define ELS in childhood as physical maltreatment, emotional maltreatment (including
both emotional abuse and neglect), separation from parents, parental divorce, death of a family
member, and low SES occurring before the age of 18. Of note, this definition covers stressful
experiences in both childhood and adolescence; to be consistent with previous study literature, I use
the term “childhood” to cover both of these developmental periods. While sexual abuse is another
ELS type associated with a higher risk of psychopathology (Gardner et al., 2019; Humphreys et al.,
2020), it was not included in the current thesis. Furthermore, other types of ELS in childhood are also
identified, including for example exposure to intimate partner violence, family dysfunction such as
parental mental disorders and substance use problems, bullying, and stressful life events, that have
been associated with a higher risk of psychopathology (meta-analyses: Gilbert et al., 2009; McKay,
Cannon, Chambers, et al., 2021; Sahle et al., 2022), but these forms of ELS are beyond the scope of
the current thesis. Moreover, while maternal psychological distress such as depressive symptoms
show continuity from pregnancy to the postnatal period (Evans et al., 2001; Lahti et al., 2017; Putnam
et al., 2015), exposure to maternal psychological distress in childhood was not investigated in this

thesis and is thus beyond the scope of this review.
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Different types of ELS vary in their estimated prevalence. The prevalence estimates for childhood
maltreatment range between 4—22.6% for physical abuse and 10—36.3% for emotional abuse (Gilbert
et al., 2009; Stoltenborgh, Bakermans-Kranenburg, Alink, & van IJzendoorn, 2015). In Finland, a
recent study reported that ca. 14% of 4-year-old children had been exposed to physical abuse and ca.
44% to psychological abuse within the past year, according to parental reports (Leppékoski,
Vuorenmaa, & Paavilainen, 2021). Prevalence of childhood maltreatment is difficult to estimate due
to the likely underreporting of incidences (Gilbert et al., 2009). Differences in estimates are also likely
to stem from differences in assessment methods and sources of information: for example, the
prevalence estimates are much higher in studies using self-report than informant studies (Stoltenborgh
et al., 2015). The number of children living in families with low SES is likely to vary according to
the country of origin and other cultural determinants. For example, in 2017, ca. 17.5% of children in
the US lived in families below the federal poverty line (Peverill et al., 2021). Likewise, the number
of children experiencing parental divorce, separation from parents, and death of a family member is
likely to vary greatly. ELS experiences in childhood often co-occur, and children with previous ELS

are at a higher risk for recurring ELS (Gilbert et al., 2009).

2.3.2 Positive maternal mental health as a promotive factor

This chapter reviews the concept of positive maternal mental health, including positive emotions and
perceived social support, during and after pregnancy. Previous research on the associations between
positive maternal mental health and offspring mental health and psychological development is

reviewed in Chapter 2.4.2.

Positive mental health comprises different aspects of psychological well-being and can be
conceptualized as domains of hedonic well-being, encompassing positive affect (e.g., excitement,
enthusiasm, curiosity, activeness, determination) and life satisfaction, and eudaimonic well-being,
encompassing e.g., self-acceptance, feelings of meaningfulness, autonomy, and pursuing life goals
(Joshanloo, 2016; Phua, Kee, & Meaney, 2020; Ryan & Deci, 2001; Watson, Clark, & Tellegen,
1988; Westerhof & Keyes, 2010). Several studies have found these domains of positive mental health
to be correlated but distinct (Joshanloo, 2016; Keyes, Shmotkin, & Ryff, 2002; Ryan & Deci, 2001).
However, the grouping of positive mental health into hedonic and eudaimonic well-being has also
been criticized, and some studies suggest that they capture the same phenomenon of positive mental
health (Disabato, Goodman, Kashdan, Short, & Jarden, 2016). In addition, positive mental health

comprises a domain of social well-being, including social integration, contribution, coherence,
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actualization, and acceptance (Keyes, 1998; Westerhof & Keyes, 2010). Experiencing social well-
being builds on experiencing social support from others. Social support can be further conceptualized
as social network size, i.e., social embeddedness, referring to the number of connections that an
individual has with significant others, and as perceived social support, referring to the cognitive
appraisal of the quality of social relationships and being reliably connected to others (Barrera, 1986;

Sarason, Sarason, Shearin, & Pierce, 1987).

A large body of research shows that while positive mental health and negative mental health (i.e.,
psychological distress, including mental disorders) are negatively correlated (Moeller, Ivcevic,
Brackett, & White, 2018), positive mental health can be regarded as a distinct construct with separate
origins, biological and sociodemographic correlates, and health effects (Chida & Steptoe, 2008;
Folkman & Moskowitz, 2000; Fredrickson, Mancuso, Branigan, & Tugade, 2000; Moeller et al.,
2018; Monteiro, Fonseca, Pereira, & Canavarro, 2021; Phua et al., 2017; Ryff et al., 2006; Verner et
al., 2021; Watson et al., 1988). Also among postpartum women, positive mental health and the
absence of negative mental health have been associated with distinct sociodemographic and infant-
related factors (Monteiro et al., 2021). Positive and negative mental health may co-occur within an
individual and even in the same situation (Moeller et al., 2018). Positive mental health does therefore

not merely indicate the absence of negative mental health (Westerhof & Keyes, 2010).

Overall, positive mental health may also mitigate the effects of psychological and physiological stress
on well-being (Fredrickson et al., 2000; Southwick, Vythilingam, & Charney, 2005; Trompetter, de
Kleine, & Bohlmeijer, 2017; Tugade & Fredrickson, 2004), independently of depressive symptoms
(Steptoe, O’Donnell, Badrick, Kumari, & Marmot, 2007), and shows protective effects against
psychopathology (Keyes, Dhingra, & Simoes, 2010). Among pregnant women, positive mental health
may reduce concurrent psychological distress during pregnancy: for example, higher social support
has been associated with lower maternal depressive and anxiety symptoms and lower psychological
and physiological stress during pregnancy (Friedman, Gelaye, Sanchez, & Williams, 2020; Racine,
Plamondon, Hentges, Tough, & Madigan, 2019; Walsh et al., 2019), and may buffer the effects of
stressful life events on clinically relevant depressive symptoms during pregnancy (Kishore et al.,
2018). Low perceived social support, on the other hand, increases the risk of depression, anxiety and
self-harm during pregnancy (Bedaso, Adams, Peng, & Sibbritt, 2021) as well as depression in the
postpartum period (Bales et al., 2023). Positive maternal mental health, including positive emotions
and social support, may thus be a modifiable target in reducing or buffering the adverse effects of

maternal distress during pregnancy.
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2.3.3 Life course models on the continuity and timing effects of risk and promotive factors

The DOHaD framework includes a presumption that during gestation, there are sensitive periods
during which environmental influences may have differential influences on offspring health and well-
being (Barker, 2004). Based on this presumption, studies investigating the associations of early life
exposures to risk and promotive factors with later mental health and psychological development have
aimed at disentangling whether exposures to risk or promotive factors at different developmental
stages during or after pregnancy, coinciding with different developmental windows (e.g. in utero,

neonatal period, or beyond), carry differential relevance to offspring development.

Investigating these potential sensitive periods requires repeated, prospective assessments of
exposures at different developmental periods (Gabard-Durnam & McLaughlin, 2019). Previous
studies addressing the independent effects and potential sensitive periods for exposures have often
investigated this by simultaneously adjusting for exposures assessed at the different developmental
periods (e.g., Pearson et al., 2013). However, this approach has methodological shortcomings. First,
including repeated, often highly correlated exposures into the same statistical model may induce
multicollinearity into the models, increasing the risk of affecting the coefficients. Second, while
investigating the exposures in the same model may show which exposure periods have independent
effects on the outcome, they do not provide information on whether the exposures show differential

relevance, e.g., different effect size in relation to the outcome.

Life course models provide a way of investigating timing effects and comparing different life course
models (Chumbley, Xu, Potente, Harris, & Shanahan, 2021; Madathil, Joseph, Hardy, Rousseau, &
Nicolau, 2018; Smith et al., 2016; Zuber et al., 2023). The benefits of these life course models include
their ability to include repeated, correlated measures, and their ability to compare the model fit of
different life course models: more specifically, these models aim at identifying critical or sensitive
periods during development and/or whether the effects of the exposure accumulate across time.
According to the critical period model, only a certain developmental stage is relevant for the outcome;
exposures outside this critical period do not have a relevant effect on the outcome. The sensitive
period model, in turn, implies that while exposures at several developmental stages may have an
effect on the outcome, different developmental stages have a differential relevance in relation to the
outcome. For example, during the critical or sensitive periods of human development, neuroplasticity
may be particularly elevated, leading to experiences having a particularly profound effect on the
outcome (Schaefer, Cheng, & Dunn, 2022). The accumulation model, in turn, assumes that the effects

of exposures accumulate across time and carry an equal relevance to the outcome. Finally, the recency
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model implies that exposure at the most recent developmental stage carries most relevance in relation

to the outcome (Smith et al., 2016; Zuber et al., 2023). Figure 2 illustrates different life course models.

Understanding timing effects and identifying potential sensitive or critical periods of the exposures,
both to risk factors and to promotive factors, in relation to later mental health and psychological
development, may help in planning and implementing preventive measures and interventions. When
investigating and interpreting timing effects, it should be noted that several different developmental
processes contribute to the outcome, for example psychiatric problems or cognitive ability, and that

these developmental processes may have different sensitive periods (Woodard & Pollak, 2020).

Figure 2. An illustration of different life course models on the effect of repeated exposures at different time periods (in
this example, pregnancy, neonatal period, early childhood, and late childhood) on the outcome. A star indicates that an
effect of the exposure exists, and the size of the star indicates the relative effect size of each exposure. In this example,
the critical period model shows that exposure only during the neonatal period has an effect on the outcome. The sensitive
period model shows that exposure at each time period has on effect on the outcome, and in this example, pregnancy shows
the largest effect. The accumulation model shows that the effects of exposures on the outcome are similar and accumulate
across time periods. In the recency model, exposure at each time period has an effect on the outcome, with the most recent
exposure in late childhood having the largest effect.
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2.4 Previous evidence on the associations between risk and promotive factors and offspring

mental health and psychological development

The following sections aim to synthesize previous research literature on the associations between
exposure to risk and promotive factors during pregnancy and in childhood and later mental health and
psychological development in the context of DOHaD and related theoretical frameworks. While
emphasis to date has been on ELS during the pregnancy and in childhood (chapter 2.4.1), the role of
promotive factors already in the prenatal period is increasingly recognized (chapter 2.4.2). The
previous findings on the timing effects of prenatal and childhood experiences are discussed in Chapter

243.

2.4.1 Early life stress and offspring mental health and psychological development

2.4.1.1 Early life stress during pregnancy

In line with the DOHaD framework, meta-analytic evidence and evidence from multiple longitudinal
studies shows that ELS during pregnancy, particularly maternal psychological distress, is associated
with the offspring’s adverse mental health and psychological development (Madigan et al., 2018;
Manzari et al., 2019; Rogers et al., 2020; Tarabulsy et al., 2014; Van den Bergh et al., 2020). Among
these adverse offspring outcomes are socioemotional and behavioral problems ranging from problems
in self-regulation to mental and behavioral disorders. For example, two large meta-analyses including
73 and 191 studies, respectively, found that maternal depression and/or anxiety during pregnancy was
associated with a higher risk of socioemotional problems in the offspring, including e.g., internalizing
and externalizing problems, lower social and emotional competence, negative affectivity and difficult
temperament, peer problems, and crying/colic (Madigan et al., 2018; Rogers et al., 2020). Systematic
reviews and a meta-analysis also suggest an association between maternal psychological distress
during pregnancy and offspring mental and behavioral disorders, including neuropsychiatric
disorders (Manzari et al., 2019; Robinson et al., 2019; Van den Bergh et al., 2020) and “difficult”
temperament traits such as higher negative affectivity and lower effortful control (Korja, Nolvi,

Grant, & McMahon, 2017; Rogers et al., 2020; Spry et al., 2020; Van den Bergh et al., 2020).

Moreover, maternal psychological distress during pregnancy has been associated with poorer
neurodevelopment in the offspring (Manzari et al., 2019; Pearson et al., 2016; Tuovinen et al., 2018;
Van den Bergh et al., 2020), including lower cognitive development (Evans et al., 2012; O’Connor
et al., 2022; Power, van IJzendoorn, Lewis, Chen, & Galbally, 2021; Rogers et al., 2020; Tarabulsy

etal., 2014; van der Waerden et al., 2017). For example, two meta-analyses, both including 11 studies,
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found a consistent, albeit small association between higher maternal psychological distress during
pregnancy and poorer child cognitive and language development (Rogers et al., 2020; Tarabulsy et

al., 2014).

The adverse effects of maternal psychological distress during pregnancy seem to persist throughout
childhood and adolescence up until emerging adulthood (O’Donnell, Glover, Barker, & O’Connor,
2014; Pearson et al., 2013). Moreover, the adverse effects of maternal psychological distress on
maternal parenting behavior and on child psychiatric problems are not limited to exposures to the
most severe end of maternal distress, such as diagnoses of depression, but associations are found
across the continuum of maternal psychological distress (Goodman et al., 2011; Lovejoy, Graczyk,
O’Hare, & Neuman, 2000). However, some studies suggest that the associations may be genetically
confounded (Havdahl et al., 2022), and not related to in utero exposure to psychological distress per

se.

2.4.1.2 Early life stress in childhood

In this chapter, I will first review previous evidence on the associations between ELS in childhood
and psychopathology up until adulthood. I will then move on to reviewing the existing evidence on
the associations of childhood ELS with anxiety in late adulthood, an age group that has been more

scarcely studied and is the focus of this thesis.

ELS exposure in childhood is associated with an increased risk of a range of psychopathology by
adulthood, as shown by a large body of meta-analytic evidence (Gardner et al., 2019; Hughes et al.,
2017; Humphreys et al., 2020; M. Li et al., 2016; Muzi Li et al., 2023; Jiaqi Liu, Deng, Zhang, &
Tang, 2023; McKay, Cannon, Chambers, et al., 2021; Norman et al., 2012; Sahle et al., 2022). For
example, an umbrella review of 68 systematic reviews an meta-analyses found that exposure to at
least one ELS experience in childhood, most frequently physical, emotional or sexual abuse, parental
mental disorders, and inter-parental conflict, was associated with a two-fold increase in the risk of
depression and anxiety disorders (Sahle et al., 2022). In other meta-analyses, ELS, most frequently
physical, emotional or sexual maltreatment and exposure to intimate partner violence, has been
associated with a 2.03—2.48 -fold risk of depression and a 1.67—2.70 -fold risk of anxiety disorders
(Gardner et al., 2019; M. Li et al., 2016; Jiaqi Liu et al., 2023). The strength of these associations are
estimated to be similar in studies using prospective and retrospective reports of ELS (Gardner et al.,

2019; Scott, McLaughlin, Smith, & Ellis, 2012).
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The effects of childhood maltreatment on adult psychopathology are estimated to be more consistent
than the effects of interpersonal loss such as death of a family member, separation from parents, or
parental divorce. For example, meta-analytic evidence on the association between parental divorce in
childhood and offspring’s later depressive and anxiety disorders is inconsistent (Auersperg, Vlasak,
Ponocny, & Barth, 2019; Sands, Thompson, & Gaysina, 2017). Other meta-analyses have shown an
association between any parental loss (e.g., death of a parent, parental separation, or divorce)
(McKay, Cannon, Chambers, et al., 2021) and more specifically death of a parent in childhood
(McKay, Cannon, Healy, et al., 2021) and higher risks of mental and behavioral disorders; however,
these meta-analyses did not look at the associations with specific mental and behavioral disorders.
Other individual studies have not found an association between parental death in childhood and

depressive and anxiety disorders or their symptoms in adulthood (van Heijningen et al., 2023).

Regarding low childhood SES, meta-analytic evidence shows an association between lower SES and
a higher risk of psychopathology across childhood and adolescence (Peverill et al., 2021). In line with
this meta-analysis, a previous study in the Helsinki Birth Cohort Study (HBCS) cohort found that
lower childhood SES was associated with a higher risk of lifetime mental and behavioral disorders
(Réikkonen et al., 2011). However, studies not detecting an association between low childhood SES
and anxiety symptoms or disorders in adulthood also exist (Power et al., 2007; Réiikkonen et al.,
2011). Different operationalizations of low SES may show differential associations with later
psychopathology: for example, one study found that financial hardship in childhood (e.g., receiving
food stamps or other types of government assistance) was associated with a lifetime risk of mental
and behavioral disorders, whereas parental education level was associated with the persistence and

severity of these disorders in adulthood (McLaughlin et al., 2011).

Different types of ELS are estimated to increase the risk of different types of psychopathology in a
similar, consistent manner (Gardner et al., 2019; Li et al., 2016; Norman et al., 2012; Schaefer et al.,
2022). Other adverse outcomes associated with ELS in childhood include substance use disorders
(Norman et al., 2012; Réikkonen et al., 2011), personality disorders (Johnson, Cohen, Brown,
Smailes, & Bernstein, 1999; Lahti et al., 2012), posttraumatic stress disorder (Gardner et al., 2019),
psychosis (Varese et al., 2012), and suicidality (Angelakis, Gillespie, & Panagioti, 2019; Dube et al.,
2001; Norman et al., 2012; Sahle et al., 2022). ELS in childhood has also been associated with
impairments in cognitive functioning (Johnson et al., 2021; Su, D’Arcy, Yuan, & Meng, 2019),
although one systematic review showed that the evidence is much less consistent for cognitive

functioning in late adulthood (Patel & Oremus, 2023).
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The accumulation of several ELS experiences further increases the risk of psychopathology in adults:
for example, a meta-analysis including ca. 104000 and 38000 participants found that exposure to four
or more ELS experiences was associated with a 4.40-fold risk of depression and a 3.70-fold risk of
anxiety, respectively (Hughes et al., 2017). These risk estimates are much higher than the estimates
of the association between separately occurring ELS experiences and psychopathology, as reviewed
above. To summarize, previous studies consistently link ELS and its accumulation to
psychopathology still in adulthood, even though one meta-analysis reported that the association
between emotional abuse and depression was somewhat stronger in childhood than in adulthood

(Humphreys et al., 2020).

Extending these findings to later life, accumulating evidence suggests that the association between
ELS and psychopathology, particularly depression, persists until late adulthood. These studies are
summarized in Table 1 and described more in detail below. One recent meta-analysis of 10 studies,
including ca. 30300 participants, found that physical and emotional abuse and neglect in childhood
were associated with the risk of depression in adults aged 60 years and older (Wang et al., 2023).
Studies on the association between ELS and psychopathology in late adulthood have more often
focused on depression, but some have also examined the association between ELS and late-adulthood
anxiety, which is the focus of this thesis. In a study of ca. 7000 participants above the age 65 years,
Raposo and colleagues (2014) found that childhood physical and emotional abuse and neglect and
their accumulation were associated with a higher risk of anxiety disorders in late adulthood. In another
study, participants approaching late adulthood (aged 50 years and older) reporting childhood abuse
had more anxiety disorders compared to those without childhood abuse (Sachs-Ericsson et al., 2010).
A similar association was found between childhood physical abuse and clinically relevant anxiety
symptoms not necessarily implying anxiety disorder diagnoses: In a study of ca. 22000 older adults
above the age 60 years, retrospectively self-reported childhood physical abuse was associated with
higher anxiety symptoms in late adulthood (Draper et al., 2008). Also in late adulthood, the
accumulation of childhood maltreatment experiences has been associated with higher levels of
anxiety symptoms and disorders (Bakouni, Ouimet, Desjardins, Forget, & Vasiliadis, 2023; Raposo,

Mackenzie, Henriksen, & Afifi, 2014).

Some studies have investigated ELS experiences other than physical, emotional and sexual
maltreatment in relation to late-life psychopathology, such as low childhood SES and interpersonal
loss (i.e., separation from parents, death of a family member, and parental divorce); these studies to
date have mainly focused on psychopathology other than anxiety. Regarding interpersonal loss, two

studies in the Finnish HBCS cohort found associations between separation from parents in childhood
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due to World War II evacuations and higher depressive symptoms among older adults (Pesonen et
al., 2007) and a higher risk of severe lifetime mental and behavioral disorders across adult ages, albeit
not depressive or anxiety disorders (Rdikkdnen et al., 2011). Similarly, a UK-based study on World
War Il evacuations found that separation from parents in early childhood (i.e., age 4—6 years), but not
later in childhood, was associated with elevated depressive and anxiety symptoms in late adulthood
(Rusby & Tasker, 2009). On the other hand, no association was found between death of a parent in
childhood and depressive symptoms in late adulthood (Yang, Hu, Silventoinen, & Martikainen,
2020). Lower childhood SES, in turn, has been associated with higher depressive symptoms in late
adulthood (Angelini, Howdon, & Mierau, 2019; Tani et al., 2016; Yang et al., 2020); two of these
studies (Angelini et al., 2019; Tani et al., 2016) showed that the associations were independent of
adulthood SES. Moreover, one previous study in the HBCS cohort found an association of lower
childhood SES, operationalized as father’s lower occupational status, with higher trait anxiety in older

adults (Lahti et al., 2010).
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Table 1. A summary of the previous literature on the associations between ELS and psychopathology in

late adulthood.

Study Cohort / N Indicator of ELS Participant age at Indicator of
Country psychopathology psychopathology
assessment
Angelini et al., SHARE, 21989 low SES mean age 66.1 years depressive
2019 Europe symptoms
Draper et al., DEPS-GP, 21822 physical and sexual —mean age 71.9 years depressive and
2008 Australia abuse anxiety symptoms
Lahti et al., 2010 HBCS, 1698 low SES mean age 63.4 years trait anxiety
Finland
Pesonen et al., HBCS, 1658 separation from mean age 61.6 years depressive
2007 Finland parents and 63.4 years symptoms
Raposo et al., NESARC, 7080 physical, emotional >65 years past-year diagnoses
2014 USA and sexual abuse, of
physical and depressive/anxiety
emotional neglect, disorders; lifetime
household personality
dysfunction disorders
Rusby & Tasker, UK 870 separation from 62-72 years depression and
parents anxiety
Raikkonen et al., HBCS, 12747 separation from lifetime severe mental and
2011 Finland parents behavioral disorders
Sachs-Ericsson Physical 1982  physical, emotional >50 years (mean age 67 internalizing
etal., 2010 Health and sexual abuse years) disorders (including
and depressive and
Disability anxiety disorders)
Study,
USA
Tani etal., 2016  JAGES, 10458 low SES >65 years depressive
Japan symptoms
Wang et al., meta- 30308 physical, emotional ~ >60 years on average depressive
2022 analysis and sexual abuse, symptoms and
physical and disorders
emotional neglect
Yang et al.,, 2020 CHARLS, 13710 physical abuse, 45-98 years depressive
China emotional neglect, symptoms

death of a parent,
low SES

ELS=Early life stress; SES=Socioeconomic status.

The comorbidity of stressful experiences in childhood is high, with especially emotional maltreatment

often co-occurring with other types of ELS (Kaplan, Pelcovitz, & Labruna, 1999). It is therefore

difficult to assess which types of ELS have the strongest association with later anxiety. However,

accumulating evidence suggests that emotional maltreatment such as emotional abuse and neglect

predicts depression (Humphreys et al., 2020; Infurna et al., 2016; Norman et al., 2012), anxiety (Jiaqi

Liu et al, 2023), mental and behavioral disorders (Macpherson et al., 2021), and other
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psychopathology (Norman et al., 2012) more strongly than other types of ELS do; in contrast, one
small-scale study of 260 participants found that physical abuse, but not emotional abuse in childhood
was associated with a higher risk of generalized anxiety disorder in late adulthood (Santos et al.,
2023). To my knowledge, no other studies have investigated this particularly among the elderly. Some
studies also suggest that the association of certain types of ELS with later anxiety, for example
physical maltreatment and low SES, may be explained by other types of ELS due to their co-
occurrence (Cougle, Timpano, Sachs-Ericsson, Keough, & Riccardi, 2010; Fergusson, Boden, &

Horwood, 2008; Stansfeld, Clark, Rodgers, Caldwell, & Power, 2011).

To summarize, meta-analytic evidence and findings in longitudinal cohort studies give support to the
DOHaD framework suggesting that ELS experiences both during pregnancy and in childhood
increase the risk of mental health adversities such as psychiatric symptoms and disorders and adverse
cognitive development later in life. Regarding childhood ELS experiences, consistent meta-analytic
evidence shows associations with psychopathology up until adulthood; while associations in late
adulthood have been studied less extensively, evidence is beginning to accumulate that the adverse
effects of ELS extend until this life stage. However, less of the previous research has investigated the
associations of ELS particularly with anxiety in late adulthood, or addressed other types of ELS in

addition to childhood emotional and physical maltreatment.

2.4.2 Positive maternal mental health and offspring mental health and psychological

development

While much of the previous research has focused on the adverse effects of maternal psychological
distress during pregnancy for the offspring, studies on the potential beneficial effects of positive
maternal mental health on offspring mental health and psychological development are beginning to
emerge. These studies are summarized in Table 2 and described in detail in this chapter. The few
existing studies suggest that positive maternal mental health shows promotive effects on child
psychological development and mental health (Braeken, Jones, Otte, Nyklicek, & Van den Bergh,
2017; Clayborne et al., 2023; DiPietro, Novak, Costigan, Atella, & Reusing, 2006; Estinfort et al.,
2022; Phua et al., 2017; van den Heuvel, Johannes, Henrichs, & Van den Bergh, 2015; Wei et al.,
2023).
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Table 2. A summary of the previous literature on the associations between positive maternal mental health
and offspring mental health and psychological development.

Study Cohort / N  Indicator of Timing of Offspring Indicator of
Country positive positive age at offspring mental
maternal  maternal assessment health and
mental mental psychological
health health development
measure
Braeken et al., 2017 The 109 mindfulness gw 15-22 4 months  social-emotional
Netherlands skills development
Clayborne et al., 2023 MoBa, 36584 self- gw30+6, 5years internalizing &
Norway efficacy, 18 and 36 externalizing
self-esteem,  months problems
enjoyment  postpartum
DiPietro et al., 2006 USA 90  pregnancy- gw 32 24 months child development
related
feelings of
uplifts
Estinfort et al., 2022 LEAPP- 454  subjective  repeatedly 6-24 developmental
HIT, well-being  across 3 months delay
Taiwan trimesters
+1and 6
months +
1 and 2
years
postpartum
Lewinn et al., 2020 CANDLE, 1055 social 3rd 4-6 years  general cognitive
USA network size trimester + ability
2 years
postpartum
Parkes & Sweeting, 2018  Growing 2649  perceived 22 months 90 months  socioemotional
Up in social postpartum adjustment
Scotland, support
Scotland
Phua et al., 2017 GUSTO, 1066 positive gw 26 12-24 socioemotional
Singapore mood; months behavior, autism
positive self- symptoms,
perception cognitive
development
Shin et al., 2019 CANDLE, 1082 cohabitation, 4 weeks 2 years cognitive
USA social postpartum development
network
size,
neigborhood
van den Heuvel et al., The 90  mindfulness gw 15-22 10 months  socioemotional
2015 Netherlands skills development,
temperament
traits
Wei et al., 2023 Shanghai 4412 positive life +/-3 2,6,12  neurodevelopment
MCPC, events months and 24
China around months

conception postpartum

gw=gestation week.

38



Previous studies investigating the effects of positive maternal emotions during pregnancy as an
indicator of positive mental health have mostly focused on socioemotional development and
developmental milestones of infants and toddlers as offspring outcomes. In a Singapore-based study
of 1066 mother-child dyads, positive maternal mood and self-perception at 26 weeks of gestation
were associated with improved objectively assessed socioemotional and cognitive skills, but not with
communication or motor skills, in children at ages 12—24 months (Phua et al., 2017). In another study
among 90 mothers and their children in the US, maternal pregnancy-related feelings of uplifts at 32
gestational weeks were associated with enhanced infant orientation, engagement and emotion
regulation skills but not with motor development skills at age 24 months (DiPietro et al., 2006). In a
Taiwanese study of ca. 450 mother-infant dyads, higher maternal eudaimonic well-being during
pregnancy was associated with a decreased risk of infant developmental delay at 6—24 months among
multiparous mothers (Estinfort et al., 2022). Another Shanghai-based study including over 4400
mother-child dyads found that a higher number of maternal positive life events around the time of
conception (from ca. 3 months before conception until the first 3 months of pregnancy) was associated
with better communication skills and problem solving skills among infants at 12—24 months of age
(Wei et al., 2023). Furthermore, the infants of mothers reporting positive life events were at a lower
risk for suspected developmental delay in gross motor and personal-social skills during their first 24
months of life. On the other hand, no associations were found between positive maternal life events
and suspected offspring developmental delay in overall development or communication, fine motor,

and problem solving skills (Wei et al., 2023).

Some studies have also assessed maternal mindfulness skills during pregnancy as a proxy for positive
maternal mental health. Two studies among 109 and 90 participants in the Netherlands showed that
higher maternal mindfulness between 15 and 22 weeks of gestation, reflecting a disposition to positive
mental health and adaptive coping strategies, was associated with more adaptive socioemotional
functioning in 4-month-old infants (Bracken et al., 2017) and with better self-regulatory capacity and
lower scores on negative affectivity at 10 months (van den Heuvel et al., 2015). In contrast,
mindfulness was not associated with levels of infant communication, interaction or affective problems
at either 4 or 10 months or with adaptive functioning or extraversion at 10 months of age (Braeken et

al., 2017; van den Heuvel et al., 2015).

To my knowledge, only two studies have investigated the association between positive maternal
mental health during pregnancy and offspring mental health (Clayborne et al., 2023; Phua et al.,
2017). In Phua and colleagues’ study (2017) reviewed above, positive maternal mood during

pregnancy was associated with lower autism symptoms and, surprisingly, higher peer aggression in
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infants, whereas no association was found with other externalizing problems, dysregulation, or
internalizing problems (Phua et al., 2017). Another study among ca. 36000 Norwegian mother-child-
dyads investigated the associations of positive maternal mental health, namely maternal self-efficacy,
self-esteem and enjoyment averaged from assessments during pregnancy at 30 gestation weeks and
after pregnancy at 6, 18 and 36 months postpartum, with internalizing and externalizing problems in
5-year-old children (Clayborne et al., 2023). This study found that positive maternal mental health
was associated with lower internalizing problems in girls and externalizing problems in girls and
boys, and that higher positive mental health also buffered the effects of maternal prenatal stress on
child internalizing problems. However, the study did not disentangle the effects of maternal positive

mental health during pregnancy from the effects of positive mental health after pregnancy.

To my knowledge, the effects of another indicator of positive maternal mental health during
pregnancy, perceived social support, on offspring mental health and psychological development
remain largely uninvestigated. Regarding mental health, one Finnish study among 122 mother-child-
dyads found that lack of maternal social support during pregnancy was associated with higher
internalizing, although not externalizing problems in children at adolescence, but not at middle
childhood (Luoma, Korhonen, Puura, & Salmelin, 2019). After pregnancy, one UK-based study of
ca. 2600 mother-child-dyads found that higher maternal perceived social support in the child’s
infancy (at 22 months of age) was associated with lower internalizing and externalizing problems in
infants at age 90 months (Parkes & Sweeting, 2018). This association was partly mediated by lower
maternal distress. The association between maternal social support during and after pregnancy and
cognitive development in the offspring has been investigated in two studies of a US-based cohort,
including ca. 1000 mother-child-dyads (Lewinn, Bush, Batra, Tylavsky, & Rehkopf, 2020; Shin et
al., 2019). These studies found that maternal social support network size at 4 weeks postpartum was
associated with higher child cognitive ability at 2 years of age (Shin et al., 2019), whereas maternal
social support at 2 years of age, but not during pregnancy, was associated with child cognitive ability

at 4—6 years of age (Lewinn et al., 2020).

Taken together, emerging evidence suggests that positive maternal mental health during pregnancy,
including positive emotions and perceived social support, shows beneficial effects for child mental
health and cognitive development. However, previous research in still scarce and, to my knowledge,
no earlier studies have extended the follow-up of the offspring beyond infancy or early childhood or
investigated the effects of positive maternal mental health on the change in offspring mental health
across childhood; the longest follow-ups to date have investigated the children at 6 years of age.

Furthermore, no previous studies have investigated the associations of positive maternal mental health
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during pregnancy and the more severe end of the continuum of child psychopathology, namely mental
and behavioral disorders. Finally, the evidence on whether the associations are independent of
concurrent maternal psychological distress or whether positive maternal mental health may moderate

and thus buffer the adverse effects of maternal psychological distress, is still scarce.

2.4.3 Timing and continuity of risk and promotive factors

While ELS, for example maternal psychological distress both during (Madigan et al., 2018; Manzari
et al., 2019; Rogers et al., 2020; Tarabulsy et al., 2014; Van den Bergh et al., 2020) and after
(Goodman et al., 2011; Rogers et al., 2020; Spry et al., 2020) pregnancy is associated with adverse
offspring development and mental health, two large systematic reviews indicate that sensitive
developmental periods may vary greatly according to the exposures and outcomes studied, and no
clear, consistent sensitive periods have been identified for exposures during pregnancy (Van den
Bergh et al., 2020) or in childhood (Schaefer et al., 2022). Evidence on potential timing effects of
childhood ELS such as maltreatment on later psychopathology is mixed. One recent large meta-
analysis of 58 studies, including ca. 33000 participants, found that while exposure to childhood
physical, emotional or sexual abuse at all ages was associated with later depression, the association
was strongest in middle childhood, at age 6—13 years (Li et al., 2023); however, the timing effects
differed regarding different types of childhood maltreatment. Another meta-analysis, on the other
hand, found that the association between childhood ELS and later psychopathology did not differ
according to child age (Sahle et al., 2022). Research on the timing effects of promotive factors is still

in its initial stages (Zimmerman et al., 2013).

Studies utilizing life course modelling (described more in detail in Chapter 2.3.3) in investigating
potential timing effects of ELS are emerging. A recent study of ca. 3300 mother-child-dyads of a UK-
based cohort utilized a life course modelling approach, more specifically a structured life course
model, in investigating the relative relevance of maternal depression at 13 different prenatal and
postnatal periods in relation to depression among children in early adulthood (Lacey et al., 2023).
This study found that the accumulation maternal depression across time was the most appropriate life
course model to account for depressive symptoms among male offspring, whereas middle childhood
was a sensitive period of exposure to account for depressive symptoms among female offspring
(Lacey et al., 2023). Another study investigated potential sensitive periods for childhood
maltreatment in different developmental stages of childhood: this study of 2892 African American

adults primarily from low SES background found that individuals who reported childhood
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maltreatment in early childhood at age 0—5 years experienced higher depressive and posttraumatic
stress disorder (PTSD) symptoms compared to individuals with maltreatment experiences later in
childhood (Dunn, Nishimi, Powers, & Bradley, 2017). Furthermore, exposure to other types of
interpersonal violence, such as witnessing violence, was associated with higher depressive and PTSD
symptoms particularly when the exposure happened in middle childhood (6—10 years). Taken

together, studies on the timing effects of ELS show mixed results.

I am not aware of studies utilizing life course models to investigate the relative relevance of promotive
factors such as social support during or after pregnancy in relation to child mental health and
development. The Bayesian relevant life course modelling (BRLM) (Madathil et al., 2018) is a
statistical approach that has been suggested as one mean of estimating the relative relevance of
exposures and comparing different life course models; this approach was used in this thesis and is

described more in detail in Chapter 4.5.1.3.

2.5 Summary of the literature

Taken together, there is a well-established association between ELS during pregnancy, namely
maternal psychological distress, and a risk of psychopathology (Madigan et al., 2018; Manzari et al.,
2019; Rogers et al., 2020; Tarabulsy et al., 2014; Van den Bergh et al., 2020) and adverse cognitive
development (Evans et al., 2012; O’Connor et al., 2022; Power et al., 2021; Rogers et al., 2020;
Tarabulsy et al., 2014) among the offspring. ELS during childhood, of which physical and emotional
abuse and neglect and sexual abuse are the most studied types, also shows consistent associations
with psychopathology (Gardner et al., 2019; Hughes et al., 2017; Humphreys et al., 2020; M. Li et
al., 2016; Norman et al., 2012; Sahle et al., 2022), and the associations seem to persist into late
adulthood (Wang et al., 2023). Less is known about whether the effects of childhood ELS particularly
on anxiety are still evident late adulthood, and whether different types of ELS carry differential or

additive effects on anxiety symptoms in late adulthood.

The potentially beneficial role of positive maternal mental health during and after pregnancy remains
much less investigated; only few studies have addressed its associations with offspring mental health
and psychological development. The available evidence shows that positive maternal mental health
including positive emotions and social support both during and after pregnancy is associated with
beneficial mental health and psychological development among the offspring (Clayborne et al., 2023;
Lewinn et al., 2020; Parkes & Sweeting, 2018; Phua et al., 2017; Wei et al., 2023). However, previous

research has not extended the follow-up of the offspring beyond early childhood or investigated
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whether positive maternal mental health during pregnancy is associated with trajectories in mental
health across childhood, e.g. change in psychiatric problems from early childhood to later childhood.
Nor have these studies addressed potential timing effects of positive maternal mental health during
and after pregnancy on offspring mental health or psychological development, or addressed the
associations between positive maternal mental health during pregnancy and the more severe end of
the continuum of child psychopathology. Finally, to my knowledge, previous studies have scarcely
addressed whether the associations are independent of, or may potentially mitigate the effects of

concurrent maternal psychopathology.
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3 Aims of the current study

Building on the DOHaD framework and the related life-cycle model of stress, diathesis-stress,
differential susceptibility and vantage sensitivity models, my aim in this thesis was to investigate
whether promotive factors during and after pregnancy, operationalized here as positive maternal
mental health encompassing positive emotions and perceived social support, are associated with
better mental health and cognitive development in the offspring. I hypothesized that positive maternal
mental health during and after pregnancy may provide long-lasting benefits to the offspring’s mental
health and cognitive development. Building on resilience theories, I also investigated whether
positive maternal mental health shows universal promotive effects for the offspring or protective
effects particularly for those exposed to concurrent maternal psychological distress. My second aim
was to investigate the long-term effects of ELS experiences on anxiety symptoms in late adulthood.
I hypothesized that ELS in childhood increases the risk of anxiety symptoms still in late adulthood.
The main study questions are presented in Table 3, and the specific aims of the four included studies

were as follows:

3.1 Studyl

To investigate the association between positive maternal mental health during pregnancy, defined
here as positive emotions and social support, and the incidence of mental and behavioral disorders
among children from birth until the age of 8.4—12.8 years. Additionally, to investigate whether the
potential association between positive maternal mental health during pregnancy and lower incidence
of mental and behavioral disorders in the offspring extends to children of mothers with clinically
relevant depressive symptoms during pregnancy and/or with mental and behavioral disorders

diagnosed before or during pregnancy.

3.2 StudylIl

To investigate the association between positive maternal mental health during pregnancy, as
described above, and psychiatric problems in the offspring in early childhood at 1.9-5.9 years of age
and in late childhood at 7.1—12.1 years of age. Additionally, to examine whether positive maternal
mental health during pregnancy predicts change in psychiatric problems from early childhood to late
childhood, and to examine whether positive maternal mental health mitigates the effects of maternal

psychological distress, e.g. maternal depressive symptoms during pregnancy and/or mental and
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behavioral disorders before or during pregnancy, on child psychiatric problems or on the change in
psychiatric problems. Finally, to investigate whether positive maternal mental health in child’s late
childhood mediates the effects of positive maternal mental health during pregnancy on child

psychiatric problems.

3.3 Study III

In two longitudinal pregnancy cohorts, to investigate the association between maternal perceived
social support during pregnancy and after pregnancy and the objectively assessed general cognitive
ability among the offspring at 8 years of age, and whether these associations are independent of or
moderate the effects of concurrent maternal depressive and anxiety symptoms on child cognitive
ability. Additionally, to investigate the potential timing effects of maternal social support during and
after pregnancy in relation to child general cognitive ability in order to determine whether social

support at different developmental periods carries differential relevance to child cognitive ability.

3.4 Study IV

To investigate the association of ELS experiences in childhood, operationalized here as physical and
emotional maltreatment, separation from parents, parental divorce, death of a family member, and
low childhood SES, with self-reported anxiety symptoms in late adulthood at age 65—77 years.
Additionally, to investigate whether the accumulation of different ELS experiences is associated with
higher anxiety symptoms, and whether these associations extend to anxiety symptoms exceeding the

clinically relevant threshold.
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4 Methods

4.1 Participants

Studies I-III utilized the Prediction and Prevention of Preeclampsia and Intrauterine Growth
Restriction (PREDO) cohort (Girchenko et al., 2017), Study III additionally utilized the Avon
Longitudinal Study of Parents and Children (ALSPAC) cohort (Boyd et al., 2013; Fraser et al., 2013),
and Study IV utilized the Helsinki Birth Cohort Study (HBCS) cohort (Eriksson, Forsén, Tuomilehto,
Osmond, & Barker, 2001). Characteristics of the cohorts in each study are presented in Table 3 and

described more in detail below.

4.1.1 The Prediction and Prevention of Preeclampsia and Intrauterine Growth Restriction

(PREDO) study — studies I-I11

The PREDO study, described in detail elsewhere (Girchenko et al., 2017) included 4777 pregnancies
that resulted in a birth of a singleton live child in 2006—2010. The women were recruited during their
first ultrasound screening visit between 12+0 and 13+6 gestation weeks and days at one of the ten
participating study hospitals in Southern and Eastern Finland. Three women have since withdrawn
from the study. Of the participating 4774 women, 3402 (71.3%) filled in a battery of questionnaires
biweekly up to 14 times throughout their pregnancy, including e.g., reports of their positive and

negative mental health.

For Study I, data on diagnoses of mental and behavioral disorders were available for 3378 children
(99.3%) of the 3402 mothers with available questionnaire data from pregnancy, and this data was
utilized. At the end of the register follow-up the children were 8.4—12.8 years of age (median=10.2,
interquartile range (IQR) 9.7—10.8).

For Study II, data from two follow-ups were utilized for the assessment of psychiatric problems
among the offspring. In 2011-2012, 4586 of the original 4774 mother-child-dyads were invited to a
follow-up (three children had died, 33 did not have available medical birth register data, 55 women
had declined participation in a follow up, and addresses for 100 women could not be traced). Of these,
2296 dyads (67.5%) of the 3402 with available positive and negative mental health data during
pregnancy participated the follow-up at the child’s median age of 3.5 years (IQR 3.0—4.1 years). In
2016, 4505 mother-child-dyads with available contact information were again invited to a follow-up.

At this follow-up, 2001 (58.8%) of those with positive mental health data during pregnancy filled out
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the questionnaire on psychiatric problems in children at their median age of 9.4 years (IQR 8.9—10.1
years). Overall, 2636 mother-child-dyads (77.5% of those with available pregnancy data) provided
data for psychiatric problems in children in at least one of the follow-ups, and 1661 mother-child-

dyads (48.8% of those with available pregnancy data) provided data at both follow-ups.

Study III utilized data primarily from the 1079 pregnant women recruited to the clinical arm of the
PREDO study (Girchenko et al., 2017), 969 (89.8%) of whom had one or more known risk factors
for preeclampsia and intrauterine growth restriction. This sample was further appended by 89
pregnant women from the control arm of the study who were recruited independently of their risk
factor status and donated placenta samples after delivery; together, the sample consisted of 1168
pregnant women. Of these women, 828 (70.9%) reported their perceived social support during
pregnancy with a self-report questionnaire. These 828 women did not differ from the original PREDO
sample in their self-reported perceived social support (mean difference 0.06 units; t=0.34, p=.73). Of
the 828 women, 497 (60.0 %) reported their perceived social support again after pregnancy at child
age 8 years. Neurocognitive assessment data were available for 420 (50.7%) children of mothers with
social support data from pregnancy, and for 370 (74.4%) children of mothers with social support data
from pregnancy and after pregnancy, at median child age of 8.5 years (range 7.0—-11.9).

4.1.2 Avon Longitudinal Study of Parents and Children (ALSPAC) — study II1

The ALSPAC study is an ongoing population-based cohort study (Boyd et al., 2013; Fraser et al.,
2013) that recruited pregnant women living in the Avon area, United Kingdom, who had their
expected dates of delivery between 1st April 1991 and 31st December 1992. Initially, the study
comprised 14541 pregnancies in which mothers completed questionnaires during pregnancy; these
pregnancies resulted in 14,062 live births and 13,988 children who were alive at 1 year of age. The
ALSPAC study website contains details of all the data that is available through a fully searchable data
dictionary and variable search tool that can be found at

http://www.bristol.ac.uk/alspac/researchers/our-data/.

Of the participating women with singleton pregnancies (n=14,468), 10,528 (72.8%) reported their
perceived social support during pregnancy with a questionnaire. Of them, 9,175 (87.1%) reported
their perceived social support again after pregnancy at child age 8 months. Neurocognitive assessment
data were available for 5,784 (54.9%) children of mothers with social support data from pregnancy,
and for 5,498 (59.9%) children of mothers with social support data from pregnancy and after
pregnancy, at median child age of 8.5 years (range 7.4—10.5).
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4.1.3 The Helsinki Birth Cohort Study (HBCS) — study IV

The sample of this study is a part of the HBCS cohort that originally comprises 13,345 singleton
participants (52.3% male) born in one of the two main maternity hospitals in Helsinki, Finland,
between 1934 and 1944. The HBCS has been described in detail elsewhere (Eriksson et al., 2001). In
2001-2004, at the age of 57—70 years, a subsample of the cohort was invited to a clinical examination
(Kajantie, Barker, Osmond, Forsen, & Eriksson, 2008), during which they completed a questionnaire
on ELS experiences. In 2009—2010, when members of the cohort were aged 65—77 years, a battery
of psychological questionnaires including a questionnaire on anxiety symptoms was administered to
4147 randomly selected participants of the original HBCS study (Tuovinen et al., 2014), 1893
(45.6%) of whom returned the questionnaire. The final sample comprised 1872 participants (57.8%
male) who completed the anxiety questionnaire. Of these 1872 participants, 1277 (68.2%) had also
completed the questionnaire on ELS experiences in 2001-2004. The mean time difference between
completing the questionnaires on ELS and on anxiety was 5.68 years (SD 0.45, range 4.66—6.37

years).

4.2 Ethical considerations

All of the cohort studies used in this thesis were conducted in accordance with the Helsinki
Declaration and have been reviewed and approved by relevant national and institutional boards, as

described more in detail below.

The PREDO study protocol was approved by the Ethics committee of the Helsinki and Uusimaa
Hospital District. All participants gave their written informed consent, also enabling linkage of the
questionnaire data with nationwide health register data for the women, their spouses, and children.

Register data were obtained by permission of the relevant register authorities.

Ethical approval for the ALSPAC study was obtained from the ALSPAC Ethics and Law Committee
and the Local Research Ethics Committees. Informed consent for the use of data collected via
questionnaires and clinics was obtained from participants following the recommendations of the
ALSPAC Ethics and Law Committee at the time. All mothers gave their written informed consent to
participate; children provided their consent after receiving a full explanation of the study. Approval
for secondary data analyses was obtained from Yale University Institutional Review Board (Protocol

ID: 2000036041).
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The HBCS study has been approved by the Ethics Committee of the National Public Health Institute
(now called The Finnish Institute for Health and Welfare) and was carried out in accordance with the
relevant guidelines and regulations. All participants gave their written informed consent to

participate.

4.3 Data attrition

Table 4 shows the comparisons of the participants included in Studies I-III with the non-participants
of the PREDO and ALSPAC cohorts regarding the relevant covariates in each study. Briefly, in
comparison to the sample that had no data on the exposures/outcomes and were therefore not included
in the analyses in Studies I-1I1, the samples with all data available comprised women who were older,
more often primiparous, more likely to be married/cohabiting and to have a higher education level,
and more likely to report substance use in early pregnancy; the only exception was the subsample of
the PREDO cohort included in Study III, in which the participating mothers had a higher education
level but did not differ from the non-participating mothers regarding other covariates. In Studies [-1I,
participants were additionally less likely than non-participants to have a cardio-metabolic pregnancy
condition or any lifetime mental or behavioral disorder. In Study I, the children of the subsample with
available pregnancy and diagnostic data were less likely to have a mental or behavioral disorder
diagnosis by follow-up (10.6% vs. 12.7%, p=.04). The participants of the PREDO subsamples in
Studies I-1II did not differ from the non-participants in child sex, birth weight, gestational age, or the
prevalence of mental and behavioral disorders of the father. In ALSPAC, the participating children
of Study III were more often female, White and with a higher birthweight and gestational age, in

comparison with the non-participating children of the cohort.

In Study IV, compared to the non-participants of the initial HBCS cohort of 13345 participants, the
participants included in the current study sample (n=1872) were more often male (51.4% vs. 57.8%,
respectively, p<.001) and had been less often separated from their parents due to war time evacuations
in childhood based on register-data (13.7% vs. 11.2%, p=.004). The non-participant and participant
groups did not differ in low childhood SES (44.7% vs. 42.5%, p=.09). In comparison with the
participants who provided data on anxiety symptoms at 65—77 years of age but did not complete the
questionnaire on ELS experiences at 57—70 years of age and were thus excluded from the analyses
regarding self-reported ELS (e.g., physical and emotional maltreatment, parental divorce, and death
of a family member), the participants who did provide data on these ELS experiences were older
(mean difference 0.89 years, p<.001) and reported higher anxiety symptoms in late adulthood (mean
difference 0.18 SD units, p<.001).
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4.4 Assessment methods

Specific assessment methods used to investigate each exposure and outcome of interest are presented

in Table 3 and described more in detail below.

4.4.1 Positive maternal mental health during and after pregnancy

Positive maternal mental health during and after pregnancy was operationalized as positive emotions
and/or perceived social support in Studies I-III. In Studies I-II in the PREDO cohort, maternal
positive emotions were assessed with two scales. The positive scale of The Positive and Negative
Affect Schedule (PANAS; Watson et al., 1988) comprises 10 positive mood items such as “excited”
or “interested”. Each item is assessed on a 5-point scale from 1 (not at all) to 5 (very much). The
score thus ranges from 10 to 50, higher score reflecting more positive emotions. The second scale,
the Curiosity subscale of Spielberger State-Trait Anxiety Inventory (STAI; Spielberger, 1983), is a
40-item questionnaire assessing state-like anxiety symptoms and trait-like anxiety. The STAI
Curiosity subscale comprises 10 items measuring positive emotionality at the moment of assessment,
assessed on a 4-point scale ranging from 1 (not at all) to 4 (very much), score thus ranging from 10
to 40 (Spielberger & Reheiser, 2009). Previous studies indicate that positively worded subscales of
frequently used psychological distress screening tools such as the STAI can be used as measures of
positive mental health (Hernandez-Martinez et al., 2011; Kvaal et al., 2001; Phua et al., 2017; Shafer,
2006). To report social well-being in Studies I-II, mothers assessed their level of perceived social
support with a Visual Analogue Scale (VAS), placing a mark on a 65 millimeters long line indicating
how much support they felt they had received from others during the past two weeks (“Not at all” to

“Very much”).

Psychometric properties are good for PANAS (Crawford & Henry, 2004; Terracciano et al., 2003;
Watson et al., 1988) and for STAI (Spielberger, 1983), also in pregnant populations (Grant et al.,
2008; Meades & Ayers, 2011; Sinesi et al., 2019). In the samples of Studies I and II, the internal
consistencies of the scales were good, 0=.91—.94 for PANAS and 0=.94—.95 for STAI Curiosity

across the biweekly measurement points.

The participants completed the PANAS, STAI and VAS questionnaires biweekly up to 14 times
throughout pregnancy, starting at 12+0/13+6 gestation weeks and days, and continuing up to
38+0/39+6 gestation weeks and days or delivery. A trimester-weighted mean of all measurement

points was used for each questionnaire, e.g. the mean was first calculated for each pregnancy trimester

53



(only gestation week 12 in the first trimester, mean of gestation weeks 14—28 in the second trimester,
and mean of gestation weeks 29—delivery in the third trimester) and the mean score was then
calculated from these three trimester means. The participants also completed the same three
questionnaires at the late childhood follow-up of Study II, at the child’s median age of 9.4 years (IQR
8.9—10.1 years).

In Study III in the PREDO cohort, mothers assessed their perceived satisfaction with social support
by completing a six-item Sarason’s Social Support Questionnaire (SSQ-6) (Sarason et al., 1987).
First, mothers reported on each item the number of people that would provide them social support
(e.g. “Whom can you count on to console you when you are very upset?”), followed by satisfaction
with this support on a six-point scale (ranging from “not at all satisfied” (1) to “very satisfied” (6) for
each item). The SSQ-6 satisfaction sum score therefore ranged from 6—36, higher score indicating
higher satisfaction with social support. Mothers completed the SSQ-6 once in pregnancy, at median
gestational week 12, and again approximately at the child’s age 8 years. The questionnaire shows
good psychometric properties (Friedman et al., 2018; Rascle & Bruchon-Schweitzer, 2005). In the

current sample, reliability was excellent during (0=.92) and after pregnancy (0=.93).

In Study III in the ALSPAC cohort, mothers assessed their perceived satisfaction with social support
both during and after pregnancy with a ten-item questionnaire (e.g., “There are other pregnant women
with whom I can share my experiences”, “My partner provides the emotional support I need”). Each
item was rated on a four-point scale (ranging from “often feel” (0) to “never feel” (3)). If the woman
reported not having a partner during their pregnancy, partner-related items were coded as “never
feel”. Positively worded items were reverse-coded, resulting in a sum score ranging from 0—30;
higher score indicated higher satisfaction with social support. Mothers completed the questionnaire
once during pregnancy, at median gestational week 24, and again approximately at the child’s age 8
months. The questionnaire, developed by the ALSPAC study team, shows good predictive validity
(Thomson et al., 2014; Tracy, Salo, & Appleton, 2018); in the current sample, reliability was
acceptable during (a=.73) and after pregnancy (a=.74).

4.4.2 Maternal psychological distress during and after pregnancy and parental mental and

behavioral disorders

To assess whether the associations of positive maternal mental health with offspring psychopathology
and cognitive ability were independent of maternal psychological distress in Studies I-III, maternal

psychological distress was operationalized as depressive symptoms and/or anxiety symptoms and/or
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as lifetime mental and behavioral disorders. Additionally, paternal mental and behavioral disorders
were considered in Study I. Indicators of maternal and paternal psychological distress are described

in detail below.

In Studies I-1I, indicators of psychological distress included maternal depressive symptoms during
pregnancy and mental and behavioral disorders before or during pregnancy. Maternal depressive
symptoms were assessed with the Centre for Epidemiologic Studies Depression Scale (CES-D;
Radloff, 1977). CES-D is a 20-item scale assessing depressive symptoms during the past week. CES-
D has excellent psychometric properties (Radloff, 1977; Shafer, 2006) also in pregnant populations
(Maloni et al., 2005; Nast et al., 2013). A cut-off score of 16 was used to identify women with
clinically relevant depressive symptoms, as suggested by previous studies (Radloff, 1977; Vilagut,
Forero, Barbaglia, & Alonso, 2016). Similarly to positive maternal mental health measures described
above, a trimester-weighted mean of biweekly CES-D reports throughout pregnancy was used in

Studies I-11.

Physician-diagnosed lifetime maternal mental and behavioral disorders were identified from the
Finnish nationwide Care Register for Health Care (HILMO) which is a validated register for studying
mental and behavioral disorders (Sund, 2012). This register provides data of mental and behavioral
disorder diagnoses classified using the International Classification of Diseases 8th (ICD-8; codes
290-315) and 9th (ICD-9; codes 290—319) Revisions and the International Statistical Classification
of Diseases and Related Health Problems 10th Revision (ICD-10; codes FO0—F99). I identified all
primary and subsidiary diagnoses of maternal hospital treatments in Finland since 1969 and of all
outpatient treatments in public specialized medical care in Finland since 1998 until each relevant
follow-up of Studies I-II. For each study question, I then included diagnoses from the time period
that was relevant for the study question, as described in the Statistical analyses section. In Study I, I
also included data on paternal mental and behavioral disorders derived from HILMO similarly to data

on maternal mental and behavioral disorders.

In Study I11, indicators of psychological distress included maternal depressive and anxiety symptoms
during and after pregnancy, reported concurrently with the reports of perceived social support. The
PREDO cohort assessed maternal depressive symptoms with the CES-D scale and anxiety symptoms
with the 20-item State-version of the STAI scale; both scales are described above. For this study,
reports from gestational week 12 were used from pregnancy as they coincided with maternal reports
of social support with the SSQ-6 questionnaire. Depressive symptoms and anxiety symptoms were
reported again when the children were approximately 8 years of age. In Study III, the reliabilities
were =91 and a=.88 for CES-D scales and 0=.95 and 0=.94 for STAI scales during and after
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pregnancy, respectively. The ALSPAC cohort assessed maternal depressive symptoms using the self-
reported ten-item Edinburgh Postnatal Depression Scale (EPDS) (Cox, Holden, & Sagovsky, 1987),
and anxiety symptoms using the self-reported eight-item anxiety subscale of the Crown-Crisp
Experiential Index (CCEI) (Birtchnell, Evans, & Kennard, 1988). Mothers completed both
questionnaires at gestational week 18 during pregnancy, and again at child age 8§ months, concurrently
with reporting their perceived social support. Both questionnaires show good psychometric properties
(Birtchnell et al., 1988; Cox et al., 1987; Hewitt et al., 2009); in this study, the reliabilities were 0=.85
and o=.86 for EPDS scales and 0=.79 and a=.84 for CCEI anxiety scales during and after pregnancy,

respectively.

4.4.3 ELS in childhood

In Study 1V, six indices of ELS were included: physical and emotional maltreatment, separation from
parents, death of a family member, parental divorce, and low childhood SES. These variables are

described more in detail below.

Participants retrospectively self-reported their childhood physical and emotional maltreatment
experiences with the Traumatic Experiences Checklist (TEC) (Nijenhuis, Van der Hart, & Kruger,
2002). The original TEC comprises 29 items describing potentially traumatic life events. Six specific
items are used to report physical maltreatment (e.g., “physical abuse (e.g., being hit, tortured, or
wounded) by your parents, brothers, or sisters”, “unexpected/bizarre punishment”) and six specific
items are used to measure emotional maltreatment, including emotional abuse (e.g., “emotional abuse
(e.g. being belittled, teased, called names, threatened verbally, or unjustly punished) by your parents,
brothers, or sisters”) and neglect (e.g., “emotional neglect (e.g., being left alone, insufficient
affection)”. These six items for each type of maltreatment (physical and emotional) were included in
this study. Participants were also asked to report the age in which the maltreatment had occurred.
Binary variables of the occurrence of physical and emotional maltreatment were formed, “yes”
indicating that the participant had experienced at least one of the six physical or emotional
maltreatment experiences in childhood. Participants not reporting physical or emotional maltreatment
and those reporting maltreatment only in adulthood (>18 years of age) were used as a control group.
Participants with missing values either in the question on the maltreatment experience or on the age
of maltreatment were excluded from the analyses regarding physical or emotional maltreatment in

childhood. The TEC has good psychometric properties (Nijenhuis et al., 2002; Schumacher, 2012).
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Data on parental divorce and on the death of a family member during childhood were also collected
from the TEC questionnaire, by using dichotomic items “your parent’s divorce” and “loss of a family
member when you were a child (brother, sister, parent)” and the reported age at which parental
divorce/death of a family member occurred. Participants reporting no parental divorce/death of a
family member or parental divorce/death of a family member at the age of 18 or older were used as

a control group.

Data on separation from parents were derived from a register in the Finnish National Archives, which
comprises data on World War II -related child evacuations, age at first evacuation, and duration of
separation from parents. During the war, approximately 80000 Finnish children were evacuated from
their homes due to wartime insecurity. Many of the children were sent to Sweden and Denmark
unaccompanied by their parents, and siblings were often placed in different families to promote
learning the new language faster (Kavén, 1985). For the participants that had been evacuated
according to the register data, the evacuation happened at the mean age of 4.42 years (SD 2.33, range
0—10 years) and for a mean duration of 1.76 years (SD 1.05, range 0—7 years). Additionally, some
participants reported having been evacuated during World War II although no data on the evacuation
were found in the register. These participants may have been separated from their parents through
other means, for example through being accommodated by relatives. Participants with self-reported
separation were thus included in the analyses as a separate group, while participants with register-
based separation or both self-reported and register-based separation were coded to the same category

of register-based separation.

Data on childhood SES was based on the highest recorded occupational status (manual worker,
clerical worker (including both upper and lower clerical worker status)) of either parent. Register data
of the occupational status of the parents were extracted from birth-, child welfare clinic-, and school
healthcare records. Low childhood SES was defined as “manual worker” being the highest

occupational status of either parent; “clerical worker” status served as the reference group.

4.4.4 Mental health and cognitive ability in the offspring

Offspring outcomes in Studies I-III, namely mental and behavioral disorders, psychiatric problems,
and cognitive ability in children, were assessed by using data from national registers, maternal reports,
and standardized objective measures, respectively. Assessment methods used in each study are

described more in detail below.
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In Study I, data on child mental and behavioral disorder diagnoses (F-codes 00—99 in ICD-10; World
Health Organization, 2004) was obtained from the HILMO register, described in detail in Chapter
4.4.2. The follow-up data includes all diagnoses from the child’s birth until 31 December 2018, by
which the children were aged 8.4—12.8 years. The study used any mental and behavioral disorder
diagnosis as the diagnostic outcome as this outcome had sufficient statistical power to reliably address
the study questions in this age group. The HILMO register has been validated for certain childhood
mental and behavioral disorders such as autism and ADHD (Joelsson et al., 2016; Lampi et al., 2010).

In Study II, child psychiatric problems were mother-assessed at the two follow-ups with age-
appropriate versions of the Child Behavior Checklist (CBCL): CBCL for ages 12—5 years
(CBCL/1%—5) (Achenbach & Rescorla, 2000) at the early childhood follow-up and CBCL for ages
6—18 years (CBCL/6—18) (Achenbach & Rescorla, 2001) at the late childhood follow-up. CBCL
scales comprise 99 and 119 problems, respectively, that the caregiver rates on a three-point scale from
“not true” (0) to “very true/often true” (2). Both scale versions show excellent validity and reliability
(Achenbach & Rescorla, 2001, 2000; Kristensen, Henriksen, & Bilenberg, 2010; Rescorla, 2005).
CBCL scales yield three main scales, namely total, internalizing and externalizing problems
(Achenbach & Rescorla, 2001, 2000). I used the Total problem scale as the main outcome, and
Internalizing and Externalizing problem scales as secondary outcomes. CBCL scores were converted
to age- and sex-standardized t-scores according to the manuals (Achenbach & Rescorla, 2001, 2000),
enabling the investigation of change in psychiatric problems across the two follow-ups and across the

two questionnaire versions.

In Study III, general cognitive ability (IQ) in children was assessed with the most current version of
the Wechsler Intelligence Scale for Children (WISC) at the time of the assessment in both cohorts. In
ALSPAC, the WISC 3™ UK edition (WISC-IIT) (Wechsler, Golombok, & Rust, 1992) was used to
during an in-person visit. The WISC-III was administered by a member of the psychology team of
the ALSPAC research group. In the short version of the WISC-III that was used in this study, items
in each subtest were alternated, beginning with item 1 in each subtest; as an exception, the coding
subtest was administered in its full form. Each short-form subtest scores were then multiplied in order
to generate scores that were comparable to the original WISC-III scales. Finally, scores were age-
scaled to form a Total IQ score that has a mean of 100 and a SD of 15. Total IQ score was obtained
based on the UK normative data provided by the WISC-III manual (Wechsler et al., 1992). In
PREDO, a short form of the WISC 4th Finnish edition (WISC-1V) (Wechsler, 2010), described in
detail elsewhere (Crawford, Anderson, Rankin, & MacDonald, 2010), was used to objectively assess

children’s 1Q during an in-person visit. The WISC-IV was administered by a neuropsychologist or a
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psychology student supervised by a neuropsychologist, usually in a home setting. In the short-form
WISC-1V, seven subtests of the WISC-IV were administered, and a full-scale IQ score was formed
and converted to a scale that has a mean of 100 and SD of 15, based on Finnish normative data
(Wechsler, 2010). The reliability of the short-version Full-scale 1Q is excellent, and it correlates
strongly with the full-length WISC-IV Full-scale IQ score (Crawford et al., 2010).

4.4.5 Anxiety symptoms in late adulthood

In Study IV, anxiety symptoms were assessed using the Finnish version of the Beck Anxiety
Inventory (BAI) (Beck, Epstein, Brown, & Steer, 1988). The BAI comprises 21 items describing
symptoms typical to anxiety, including both somatic anxiety symptoms (e.g., “numbness or tingling”)
and subjective feelings of anxiety and panic (e.g., “fear of worst happening”). The participants report
how much they have experienced the symptom in question in the past week. The total BAI score
varies on a scale from 0 to 63, a higher score reflecting more severe anxiety symptoms. According to
the BAI manual and a meta-analysis, a cutoff score of 16 refers to clinically relevant anxiety
symptoms, described as “moderate” or “severe” symptoms (Bardhoshi, Duncan, & Erford, 2016;
Beck & Steer, 1993). This cutoff score was used to additionally investigate if the association between
different types of ELS and anxiety symptoms exceeding the clinically relevant threshold. The
participants reported their anxiety symptoms in late adulthood at the mean age of 68.73 years

(SD =2.84, range 65-77).

The BAI has good psychometric properties (Bardhoshi et al., 2016; Beck et al., 1988; Steer, Ranieri,
Beck, & Clark, 1993), also among elderly participants (Kabacoff, Segal, Hersen, & Van Hasselt,
1997). In this study, the internal consistency of the BAI scale was a=.86.

4.4.6 Relevant covariates included in each study

This chapter outlines the covariates previously associated with maternal mental health during
pregnancy and/or offspring mental health (Girchenko et al., 2018; Lahti et al., 2017; Lewinn et al.,
2020; O’Connor et al., 2022; Tuovinen et al., 2018) and with ELS in childhood and/or anxiety in late
adulthood (Lahti et al., 2010; Réikkonen et al., 2011; Stansfeld et al., 2011) that were therefore

included as covariates in the studies of this thesis.

Covariates in Studies I-II included maternal age at delivery (years), parity (primiparous,

multiparous), marital status (cohabiting or married, single parent), cardio-metabolic pregnancy
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conditions (no pregnancy condition, hypertension or gestational diabetes only before current
pregnancy, early pregnancy body mass index [BMI]>25kg/m*/chronic hypertension/preeclampsia/
gestational hypertension/unspecified hypertension in current pregnancy [ICD-10: 110, 010—011,
013-016]/and/or type 1 or type 2 diabetes or gestational diabetes in current pregnancy [ICD-10:
EO08—E14, 024]), and child’s sex, birth year, gestational age (weeks) and birth weight (grams); data
on these covariates were derived from the Finnish nationwide Medical Birth Register (MBR) (Gissler,
Louhiala, & Hemminki, 1997) and/or the HILMO register. Mothers self-reported their education level
(primary or secondary, lower tertiary, upper tertiary) in early pregnancy. Data on maternal substance
use during pregnancy was based on MBR data on smoking (no smoking, quit during Ist trimester or
smoked throughout pregnancy) and self-reported data on alcohol consumption during early
pregnancy (no, yes). Additional analyses were adjusted for maternal and paternal mental and
behavioral disorders diagnosed by the child’s first mental and behavioral disorder or the end of the

follow-up.

In Study III, covariates in both cohorts included maternal age at delivery (years), parity (primiparous,
multiparous), education level, substance use during early pregnancy (no substance use, any smoking
and/or alcohol use), and, and child age at cognitive assessment (years). Maternal age and parity were
self-reported in ALSPAC and derived from MBR in PREDO. Education level was self-reported in
both cohorts; in ALSPAC, education level was defined as the highest educational attainment within
the UK educational system, ranging from none/Certificate of Secondary Education (CSE) or
vocational training, O-levels, A-levels, to university degree or higher, whereas in PREDO, education
level was defined as primary or secondary, lower tertiary, or upper tertiary degree. Substance use
during early pregnancy was self-reported and/or derived from MBR. Data on child sex, birthweight
and gestational age were derived from medical records in both cohorts, and child age at cognitive
assessment (years+months) was recorded during the in-person assessment visit. Additionally in the
ALSPAC cohort, covariates included self-reported household crowding index (number of people in
the household divided by the number of rooms: <0.5, >0.50-0.75, >0.75-1.00, >1.00, higher number
indicating higher crowding), marital/cohabiting status during pregnancy (married or cohabiting, not
cohabiting), and ethnic background of the child (White, non-White). In the PREDO subsample, only
2.4% of the 420 mothers in Study III were not married/cohabiting during pregnancy, and
marital/cohabiting status was therefore not included as a covariate. Data on household crowding and
child ethnic background were unavailable in PREDO. Additionally in the PREDO cohort, analyses
were adjusted for the presence or absence of maternal hypertensive disorders during pregnancy

(preeclampsia, eclampsia, gestational or chronic hypertension, and unspecified hypertension;
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International Classification of Diseases, 10" revision codes: 110, 010, 012—016), since the clinical
study sample was enriched for women at elevated risk of preeclampsia (Girchenko et al., 2017). Data
on hypertensive disorders were derived from the MBR, medical records, and Care Register for Health

Care (Sund, 2012) and operationalized as a binary variable (none, one or more).

In Study 1V, the participant’s sex based on register data and self-reported age at completing the BAI
questionnaire were included as covariates in all models. In the analyses regarding ELS based on the
TEC (physical and emotional maltreatment, parental divorce, and death of a family member), the time
interval between completing the TEC and the BAI was also included as a covariate in order to account
for the potential effect of variation in the time interval. Additional analyses examined whether
adulthood SES modified the associations between ELS and anxiety symptoms; in these analyses,
adulthood SES was included as an additional covariate. Data on adulthood SES of the participants
was based on the participant’s own highest lifetime level of education achieved (upper secondary
school education or lower, tertiary education (including lower and upper tertiary education)). Low
adulthood SES was defined as an education level of upper secondary school or lower; tertiary
education served as a reference category. Information on adulthood SES was derived from Statistics

Finland and was available for all 1872 participants.

4.5 Statistical analyses

The main statistical analyses of this thesis were conducted with linear and logistic regression analyses,
mixed models, Cox proportional hazards models, and Bayesian relevant life course modelling. These
statistical methods and their application for each study question are described in more detail below.
Complete-case analyses were conducted in all of the studies; the sample size for each statistical model
is presented in Table 5, and the number and percentage of missing data for each variable are presented
in Tables 6 and 11. There was one exception: data on paternal mental and behavioral disorders was
missing from 46.5% of the participants, and missing data on this variable was coded as a separate
analytic category. To facilitate effect size interpretation, all continuous independent variables were
standardized. When necessary, square-root or rank-order transformations were used to correct for
skewness in the continuous scales. Statistical analyses were conducted using IBM SPSS Statistics
26—29, R4.0.3—4.1.0, and Stata 17. Table 5 presents the covariates included in each statistical model
in Studies I-1V.
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Table 5. Covariates included in each statistical model in Studies I-IV.

Study I

Study II

Study III

Study IV

Model 1

N for Model 1

Model 2
(in addition to
covariates of Model

D

N for Model 2

Model 3

(in addition to
covariates of Model
2)

N for Model 3

child-related: sex
assigned at birth, birth
year

3378

mother-related: age at
childbirth, parity, marital
status, education level,
substance use during
pregnancy, cardio-
metabolic pregnancy
conditions; child-related:
birthweight, gestational
age

3354

maternal clinically
relevant depressive
symptoms during
pregnancy, maternal
mental disorders by
childbirth
3353

child-related: sex
assigned at birth, age at
assessment

2296 (early childhood);
2001 (late childhood)

mother-related: age at
childbirth, parity, marital
status, education level,
substance use during
pregnancy, cardio-
metabolic conditions,
negative mental health;
child-related:
birthweight, gestational
age

2289 (early childhood);
1993 (late childhood)

child-related: sex
assigned at birth, age at
assessment

ALSPAC: 5784/5498
(during/after pregnancy)
PREDO: 420/370
(during/after pregnancy)
mother-related: age at
childbirth, parity,
education level,
substance use during
pregnancy (both cohorts),
household crowding &
marital status
(ALSPAC), hypertensive
disorders in pregnancy
(PREDO); child-related:
birthweight, gestational
age (both cohorts), ethnic
background (ALSPAC)
ALSPAC: 5300/5090
(during/after pregnancy)
PREDO: 415/366
(during/after pregnancy)
mother-related:
depressive and anxiety
symptoms concurrently
with social support
assessment

ALSPAC: 5209/5088
(during/after pregnancy)
PREDO: 415/362
(during/after pregnancy)

age at assessment, sex,
time interval between
reporting ELS and
anxiety symptoms
1023-1872 for each ELS
type

other ELS types included
in the study (e.g.,
physical and emotional
maltreatment, separation
from parents, death of a
family member, parental
divorce, low SES)

1023-1872 for each ELS
type

adulthood SES

1023-1872 for each ELS
type

ELS=Early life stress. SES=Socioeconomic status. ALSPAC=Avon Longitudinal Study of Parents and Children. PREDO=The
Prediction and Prevention of Preeclampsia and Intrauterine Growth Restriction Study.

Moreover, since the indices of positive maternal mental health included in Studies I-1II (e.g., positive

affect, curiosity and social support) were highly interrelated, I first conducted a principal component

analysis (PCA) to reduce the dimensionality of the data while retaining maximum statistical power.

Eigenvalue criterion 1 was used to extract the principal components. In the subsample of Study I, the

PCA yielded one principal component (eigenvalue =2.00; loadings 0.87, 0.87 and 0.70 for PANAS,

STAI Curiosity and VAS, respectively), explaining 66.6% of the total variance. In the subsample of

Study II, the PCA yielded one principal component both during pregnancy and in late childhood; this

principal component explained 66.7% (eigenvalue 2.0, loadings 0.87, 0.87 and 0.70) and 60.7%

(eigenvalue 1.8, loadings 0.85, 0.85 and 0.61) of the total variance during pregnancy and in late

childhood, respectively. In the subsequent analyses of Studies I-11I, the PCA-based composite score

was used as the primary index of positive maternal mental health during pregnancy.
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4.5.1 Positive maternal mental health and offspring mental health and psychological
development (Studies I-111)

In Study I, the associations of the PCA-based positive maternal mental health composite score with
mental and behavioral disorders in children were investigated with Cox proportional hazards models.
The children were followed from birth until their first mental and behavioral disorder diagnosis, and
were censored from the analyses at death, moving abroad, or at the end of the follow-up in
31/12/2018. Utilizing the Cox models enabled me to accommodate the fact that the length of the
follow-up varies by individual based on their birth date. Cox models provide hazard ratios (HR) and
95% Confidence Intervals (CI) for the cumulative incidence of mental and behavioral disorders.
Before applying the Cox models, time-dependent Cox regression was applied to test whether the HRs
changed across time; maternal substance use showed time-dependent associations with child mental
and behavioral disorders (p=.007), and subsequent Cox models were stratified for substance use. The
Cox models were initially adjusted for child’s sex and birth year (Model 1), following other relevant
covariates (Model 2; Table 5). Additional adjustments were made for maternal mental and behavioral
disorders and clinically relevant depressive symptoms during pregnancy, along with the covariates of
Model 2. Additionally, both maternal and paternal mental and behavioral disorders diagnosed by the

child’s first mental and behavioral disorder were included as covariates in a separate analysis.

In Studies II and III, linear regression analyses were applied to investigate the associations of positive
maternal mental health (e.g., positive emotions and/or social support) with total, internalizing and
externalizing psychiatric problems in children in early childhood and in late childhood (Study II) and
with child cognitive ability (Study III). In both studies, analyses were adjusted for child sex and age
at assessment (Model 1), followed by other relevant covariates (Model 2; Table 5). In Study III,
additional adjustments were made for concurrent maternal depressive and anxiety symptoms (Model
3), while adjusting also for the covariates of Model 2. Additionally, I conducted sensitivity analyses
in Study III that excluded children with an 1Q score below 70 in the WISC assessment, as this may
be an indicator of a potential intellectual disability (Wechsler, 2010; Wechsler et al., 1992).

4.5.1.1 Associations of positive maternal mental health with change in psychiatric problems

In Study II, linear mixed models for longitudinal data were applied to study whether positive maternal
mental health during pregnancy was associated with change in the children’s total psychiatric
problems from early childhood to late childhood. Only children with both CBCL assessments

available (n=1661) were included in the change analyses. Total psychiatric problems in early
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childhood and in late childhood represented the within-person outcome, positive maternal mental
health composite score the between-person predictor, and child age at the two follow-ups the within-
person predictor. The interaction term between positive maternal mental health and child age
addressed the question of change in child psychiatric problems. In the presence of significant
interactions, two separate sub-analyses were conducted investigating change in psychiatric problems
from early childhood to late childhood among children of mothers reporting low (below median) or

high (at/above median) levels of positive mental health during pregnancy.

4.5.1.2 Mitigation of maternal psychological distress effects by positive maternal mental health

In Studies I-1II, Cox proportional hazards models, linear regression models and linear mixed models
investigated whether positive maternal mental health (positive emotions and/or social support) during
pregnancy (Studies [-1I) or during and after pregnancy (Study III) protected the children of mothers
experiencing concurrent psychological distress before or during pregnancy from developing mental
health adversities. Interaction terms of positive maternal mental health and maternal psychological
distress variables relevant for each study were included, followed by the main effects of these
variables (e.g., ‘Positive maternal mental health composite score x clinically relevant depressive
symptoms and/or mental and behavioral disorders’ in Studies I-II; ‘Perceived maternal social support
during/after pregnancy x co-occurring anxiety/depressive symptoms’ in Study III). Interaction terms
were built separately for each indicator of maternal psychological distress. In Studies I-II, the
associations of positive maternal mental health with mental and behavioral disorders and psychiatric
symptoms in children were then tested among subgroups of mothers with/without clinically relevant
depressive symptoms during pregnancy, and among subgroups of mothers with/without mental and
behavioral disorders before or during pregnancy. According to Luthar et al. (2006), this subgroup
approach may prove useful in investigating potential protective factors at different risk levels, thus

identifying intervention priorities.

To further investigate whether positive maternal mental health mitigated the effects of maternal
psychological distress on the change in psychiatric problems among children in Study II, linear mixed
models were applied, including three-way interaction terms between child age, positive maternal
mental health, and maternal psychological distress. Three separate interaction models were run in
which CES-D scores were treated as continuous, mental and behavioural disorders as dichotomous,
and combined maternal psychological distress as dichotomous variables. Change in psychiatric

problems from early childhood to late childhood was then investigated among children of mothers

64



reporting lower (below median) and higher (at/above median) levels of positive mental health in the

subgroups of mothers with and without psychological distress before or during pregnancy.

4.5.1.3 Timing effects of positive maternal mental health

In Study I, I further investigated whether the associations between each index of positive maternal
mental health (PANAS, STAI Curiosity, and VAS) and mental and behavioral disorders in children
varied by gestational stage by applying reverse temporal mixed effects models. In these analyses,
maternal biweekly reports of positive affect/curiosity/social support were defined as outcomes;
mental and behavioral disorders in children were defined as a between-person predictor, gestational
week at the time of assessment of positive maternal mental health was defined as a within-person
predictor, and their interaction tested if the associations varied by gestational week. Child sex was
included as a fixed effect and length of diagnostic follow-up for the child as both a fixed and random

effect covariate.

In Study III, the BRLM (Madathil et al., 2018) was applied to investigate timing effects of maternal
social support on child cognitive ability, adjusting for child’s sex assigned at birth and age at cognitive
assessment. First, the BRLM estimates the presence or absence of a lifetime effect of repeatedly
assessed exposures on an outcome of interest, defined as delta (8) with a corresponding 95% Credible
Interval (Crl). In this study, the delta refers to the lifetime effect of maternal social support on child
cognitive ability. Next, the model estimates weights (w) for each exposure period that indicate the
proportion of the lifetime effect explained by each exposure period. These weights are presented as
percentages, the sum of all weights being fixed at 100% (i.e., wi+w2=100). I tested if maternal social
support at two different time points (during and after pregnancy) has comparable or differing effects
on child cognitive ability, and evaluated evidence for the life course models described in Chapter
2.3.3, namely: 1) a critical period model (e.g., w1=100, w2=0), 2) a sensitive period model (e.g.,
w1=66, w2=33), or 3) an accumulation model (e.g., wi=50, w2=50). Posterior probabilities and
Euclidean distances were used to evaluate which life-course model is best supported by the data; the

model with the shortest Euclidean distance is considered the best-fitting model (Madathil et al., 2018).

To similarly investigate the relative relevance of positive maternal mental health during pregnancy
and positive maternal mental health in late childhood follow-up in relation to child total psychiatric
problems in late childhood, additional BRLM analyses were conducted in Study II as described

above. In these analyses, participants with all data available were included (n=1962).
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4.5.2 ELS and anxiety symptoms in late adulthood (Study IV)

In Study IV, linear regression analyses investigated the associations of physical and emotional
maltreatment, low childhood SES, separation from parents, parental divorce, death of a family
member, and the accumulation of these six stressors, with anxiety symptoms in late adulthood.
Logistic regression analyses investigated whether each ELS type and their accumulation was
associated with clinically relevant anxiety symptoms in late adulthood (BAI>16). Associations with
clinically relevant anxiety symptoms are presented as odds ratios (OR). The individual associations
of each ELS type with anxiety were first studied by adjusting for participant sex, age, and the time
interval between the TEC and the BAI where applicable (Model 1). The independence of these
associations from other ELS types was then studied in Model 2, where all ELS types were entered to
the analyses simultaneously while adjusting for covariates of Model 1 (Table 5). This multiple
individual risks modelling approach (Lanoue, George, Helitzer, & Keith, 2020) enabled the
comparison of whether some ELS types had a stronger effect on late adulthood anxiety symptoms in
the presence of other ELS types. Finally, to investigate the independence of the associations from
adulthood SES, additional linear and logistic regression analyses were applied including adulthood
SES as a covariate, while also adjusting for the covariates of Model 2 (Model 3; Table 5). To
investigate the accumulation of different types of ELS, an ordinal variable of 0, 1, 2, or 3 or more
separate ELS types was used as an independent variable. Participants with missing values regarding
one ELS variable were included in the analyses regarding all other ELS variables by encoding missing

values as a separate category in each ELS variable.

4.5.3 Mediation effects by later exposures (Studies II and IV)

Studies II and IV further investigated whether the effects of early exposures, namely exposure to
positive maternal mental health during pregnancy in Study II and to low childhood SES in Study IV,
were mediated by later exposures. Mediation analyses were conducted using the Process Macro 3.5.3
for SPSS (Hayes, 2022). The Process Macro is a regression-based method for observed variables that
uses bootstrapping with 5000 resamples with replacement and bias corrected confidence intervals in
order to assess the presence of an indirect effect via a mediator (Abu-Bader & Jones, 2021; Hayes,
2009, 2013, 2022; Igartua & Hayes, 2021). This mediation analysis method has shown robustness
regarding statistical assumptions, higher study power and a lower risk of falsely rejecting the null

hypothesis (Abu-Bader & Jones, 2021; Hayes, 2009, 2013; Igartua & Hayes, 2021).
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In Study II, I investigated whether positive maternal mental health in the late childhood follow-up
mediated the association between positive maternal mental health during pregnancy and total
psychiatric problems among children in late childhood. The conditions for mediation analysis were
met, as the associations between positive maternal mental health composite score assessed during
pregnancy and in the late childhood follow-up (unstandardized b=0.49, 95%CI 0.45, 0.53; p<.001),
and in the late childhood follow-up between the positive maternal mental health composite score and
child total psychiatric problems (unstandardized b=—3.08, 95%CI —3.51, —2.65; p<.001) were
significant. In Study IV, I examined whether adulthood SES mediated the association of low
childhood SES with late-life anxiety symptoms. The conditions for mediation analysis were met also
in this study: childhood SES was significantly associated with adulthood SES (unstandardized
b=0.22, 95%CI 0.17, 0.26; p<.001), and lower adulthood SES predicted higher late-life anxiety
symptoms (unstandardized b=0.39, 95%CI 0.30, 0.48; p<.001).

4.5.4 Sex-specific effects

In Studies I-IV, I additionally investigated with interaction analyses whether the associations
between the early life exposures and the study-specific outcomes were different among male and

female participants.
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5 Results

Table 6 presents the characteristics of the participating mother-child-dyads of the PREDO and ALSPAC
cohorts in Studies I-III. The characteristics of the participants in the HBCS cohort in Study IV are presented
later in this thesis in Table 11.

The associations of the covariates and indices of parental psychological distress with each study-specific
outcome of Studies I-1II are shown in Table 7. In Study I, maternal lower education, non-cohabiting during
pregnancy, substance use during early pregnancy, cardio-metabolic pregnancy conditions, and mental and
behavioral disorders, and child’s male sex were associated with higher hazards of mental and behavioral
disorders in children. In Study II, children of younger, primiparous and single mothers, of mothers with lower
education, who reported substance use and psychological distress during pregnancy or by early childhood/late
childhood follow-up, and younger children, boys, and those with lower birth weight scored higher on total
psychiatric problems in early childhood and/or late childhood. In Study III, lower maternal education level
was associated with lower child cognitive ability in both cohorts; additionally in ALSPAC, maternal
multiparity, younger age, non-cohabiting during pregnancy, higher depressive and anxiety symptoms during
or after pregnancy, and lower birthweight and gestational age of the child were associated with lower child
cognitive ability, when adjusting for child sex and age. In Study IV, women [mean difference 2.02 (95% CI
1.48-2.56), p<0.001] and older participants [r=0.14, p <0.001] reported higher anxiety symptoms.
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Table 6. Characteristics of the analytic samples of the PREDO cohort (Studies I-IIT) and the ALSPAC cohort (Study III).

Study I Study II Study 111
PREDO PREDO ALSPAC PREDO
N (%) / Mean N (%) / Mean N (%) / Mean N (%) / Mean
(SD) (SD) (SD) (SD)
Sample size (N) 3378 2636 5784 420
MATERNAL CHARACTERISTICS
Age at delivery (years), mean (SD) 31.80 (4.7) 31.90 (4.62) 29.23 (4.49) 33.39 (5.41)
Parity, N (%)
Primiparous 1379 (40.8) 1102 (41.8) 2605 (45.0) 145 (34.5)
Multiparous 1999 (59.2) 1534 (58.2) 3051 (52.7) 275 (65.5)
Missing - - 128 (2.2) -
Education level, N (%)
ALSPAC
Degree 959 (16.6)
A-levels 1539 (26.6)
O-levels 2001 (34.6)
None/CSE/vocational 1179 (20.4)
Missing 106 (1.8)
PREDO
Upper tertiary 1153 (34.1) 1060 (40.2) 155 (36.9)
Lower tertiary 872 (25.8) 831 (31.5) 102 (24.3)
Primary/secondary 1348 (39.9) 745 (28.3) 163 (38.8)
Missing 5(0.1) - -
Household crowding index (number of people by room)
0-0.50 2812 (48.6)
0.50-0.75 1761 (30.4)
0.75-1 864 (14.9)
>1 197 (3.4)
Missing 150 (2.6)
Marital/cohabiting status, N (%) N/A
Married/cohabiting 3293 (97.5) 2582 (98.0) 5326 (92.1)
Not cohabiting 76 (2.2) 50(1.9) 413 (7.1)
Missing 9(0.3) 4(0.2) 45(0.8)
Substance use during pregnancy?
No 2690 (79.7) 2092 (79.4) 1564 (27.0) 329 (78.3)
Yes 687 (20.3) 544 (20.6) 4136 (71.5) 86 (20.5)
Missing 1(0.03) - 84 (1.5) 5(1.2)
Cardio-metabolic pregnancy conditions®, N(%)
Yes 1432 (42.4) 1092 (41.4) 138 (32.9)
No 1706 (50.5) 1358 (51.5) 282 (67.1)
Only before current pregnancy 234 (6.9) 183 (6.9)
Unknown 6(0.2) 3(0.1)
Psychological distress during pregnancy
Depressive symptoms®), mean (SD) 11.47 (6.39) 11.39 (6.36) 6.61 (4.84) 11.60 (6.90)
Missing, N (%) 1(0.03) - 102 (1.8) -
Anxiety symptoms?, mean (SD) N/A N/A 4.83 (3.46) 33.52 (8.01)
Missing, N (%) 154 (2.7) -
Mental and behavioral disorders before/during pregnancy®, N(%) N/A N/A
No 3084 (91.3) 2425 (92.0)
Yes 294 (8.7) 211 (8.0)
Missing - -
Psychological distress after pregnancy
Depressive symptoms at child follow-up®, mean
(SD) N/A N/A 5.94 (5.07) 8.58 (8.80)
Missing, N (%) 908 (15.7) 51 (12.1)
Anxiety symptoms at child follow-up?, mean (SD) N/A N/A
Missing, N (%)
Mental and behavioral disorders by the child's first
mental or behavioral disorder®, N(%) N/A N/A
No 2849 (84.3) 2250 (85.4)
Yes 529 (15.7) 386 (14.6)
Missing - -
Positive mental health during pregnancy, mean (SD)
Positive affect (PANAS) 30.28 (6.76) 30.15 (6.74)
Curiosity (STAI) 31.40 (4.87) 31.46 (4.84)
Social support (VAS/ALSPAC questionnaire/SSQ-6) 4422 (11.19) 44.37 (11.03) 20.09 (4.75) 31.02 (4.78)
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Positive mental health after pregnancy, mean (SD) N/A
Positive affect (PANAS)

Curiosity (STAI)
Social support (VAS/ALSPAC questionnaire/ SSQ-
6)
CHILD CHARACTERISTICS
Sex, N (%)
Male 1743 (51.6)
Female 1635 (48.4)
Birth weight (grams), mean (SD) 3526.5(517.2)
Missing, N (%) 11(0.3)
Gestational age (weeks), mean (SD) 39.9 (1.6)
Ethnic background N/A
White
Non-white
Missing
PATERNAL CHARACTERISTICS
Mental and behavioral disorders by the child's first
mental or behavioral disorder®
Yes 126 (3.7)
No 1680 (49.7)
Missing 1572 (46.5)

INDEX OF CHILD MENTAL HEALTH OR DEVELOPMENT:

Age at assessment (years), mean (SD) 10.23 (0.74)
Study I: Any mental and behavioral disorder®), n(%)
Yes 359 (10.6)
No 3019 (89.4)

Study II: Total psychiatric problems”, mean (SD)
Early childhood follow-up
Late childhood follow-up

Study III: General cognitive ability?, mean (SD)

31.04 (8.31)
3246 (5.77)

38.01 (17.66)

1345 (51.0)
1291 (49.0)
3522.95 (514.00)
7(0.3)
39.91 (1.55)
N/A

N/A

3.52 (0.71) (early
childhood);
9.40 (0.79) (late
childhood)

46.37 (9.16)
46.80 (10.22)

20.08 (4.97)

2895 (50.1)
2889 (49.9)
3435.65 (534.18)
67(1.2)
39.49 (1.80)

5399 (93.3)
198 (3.4)
187 (3.2)

N/A

8.62 (0.28)

104.48 (16.42)

29.86 (5.98)

208 (49.5)
212 (50.5)
3492.68 (554.66)

39.74 (1.55)
N/A

N/A

8.68 (0.92)

100.35 (13.60)

PREDO=The Prediction and Prevention of Preeclampsia and Intrauterine Growth Restriction Study. ALSPAC=Avon Longitudinal Study of
Parents and Children. SD=Standard Deviation. PANAS=Positive and Negative Affect Schedule. STAI=Spielberger State Anxiety Inventory.

VAS=Visual Analogue Scale. SSQ-6=Social Support Questionnaire.
a) Smoking and/or alcohol use during pregnancy.

b) Studies I-1I: Early pregnancy body mass index [BMI]>25kg/m2, hypertensive disorders of pregnancy, and/or type 1, type 2 or gestational

diabetes. Study III: Hypertensive disorders of pregnancy.

¢) In PREDO, reported with Center for Epidemiologic Studies Depression Scale (CES-D). In ALSPAC, reported with Edinburgh Postnatal

Depression Scale (EPDS).

d) In PREDO, reported with State-Trait-Anxiety Inventory (STAI). In ALSPAC, reported with Crown-Crisp Experimental Index (CCEI).
e) All mental disorder diagnoses based on the International Classification of Diseases 8th (ICD-8; codes 290—315) and 9th (ICD-9; codes
290-319) Revisions and the International Statistical Classification of Diseases and Related Health Problems 10th Revision (ICD-10; codes

F00-F99).

f) Total psychiatric problem t-scores reported with Child Behavior Checklist (CBCL).
g) In ALSPAC, Total IQ of the Wechsler Intelligence Scale for Children, 3rd edition (WISC-III). In PREDO, Full-scale IQ of the Wechsler

Intelligence Scale for Children, 4th edition (WISC-IV).
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Additionally, in Studies I-III, mothers who reported higher depressive and anxiety symptoms, clinically
relevant depressive symptoms and/or had a mental or behavioral disorder before or during pregnancy reported
lower levels of positive emotions and social support than mothers without these indices of psychological

distress (Table 8).

Positive maternal mental health showed high continuity from pregnancy to the childhood assessment: in Study
I1, positive maternal mental health composite scores during pregnancy and in child’s late childhood had a
correlation of r=.48, and in Study III, maternal perceived social support during pregnancy and after pregnancy
had correlations of r=.61 in ALSPAC and r=.41 in PREDO. Moreover, psychiatric problems among children
showed continuity across childhood (correlations for CBCL t-scores r=.55 for total problems, r=.44 for

internalizing problems, and r=.51 for externalizing problems; p<.001 for all correlations).
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5.1 Positive maternal mental health and offspring mental health

5.1.1 Association of positive maternal mental health with child mental health and psychological

development

In Study I, higher positive maternal mental health principal component score during pregnancy was
associated with a lower hazard of any mental and behavioral disorder in children; the association was
significant across the adjustment models (Table 9). Figure 3 shows the cumulative incidence of
mental and behavioral disorders in children whose mothers reported low (below median) and high
(at/above median) positive mental health during pregnancy. Moreover, the association of positive
maternal mental health with the lower hazard of offspring mental and behavioral disorders was
independent of maternal clinically relevant depressive symptoms during pregnancy and/or maternal
mental and behavioral disorders before or during pregnancy (HR=0.86, 95% CI=0.76-0.98, p=.02),
and of both maternal and paternal mental and behavioral disorders diagnosed by the child’s first
mental and behavioral disorder diagnosis or the end of the follow-up (HR=0.87, 95% CI=0.77-0.99,
p=.03).

Extending these findings to dimensionally assessed psychiatric problems among children, Study II
showed that higher positive maternal mental health composite score during pregnancy was associated
with lower total problem t-scores and lower internalizing and externalizing problem t-scores in
children both in early childhood and in late childhood (Table 9). These associations were also
independent of mother- and child-related sociodemographic characteristics and of maternal
depressive symptoms during pregnancy and mental and behavioral disorders diagnosed by the early

childhood/late childhood follow-up (Model 2, Table 9).

In Study III, Higher maternal social support during pregnancy was associated with higher child
cognitive ability in both cohorts across Models 1-2 (Table 9). Higher maternal social support after
pregnancy, in turn, was associated with higher child cognitive ability in ALSPAC across Models 1-2,
whereas no such association was found in PREDO (Table 9). The associations of maternal social
support during pregnancy with child cognitive ability were independent of maternal concurrent
depressive and anxiety symptoms during pregnancy in both ALSPAC and PREDO (Model 3; Table
9). In ALSPAC, the positive association between maternal social support after pregnancy with child
cognitive ability was also independent of maternal concurrent depressive and anxiety symptoms
(Model 3; Table 9). Supplementary sensitivity analyses showed that the associations of maternal
social support during and after pregnancy with child cognitive ability remained similar in both cohorts

when excluding children with an IQ score below 70 (data not shown).
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Figure 3. The cumulative incidence of mental and behavioral disorders in children whose mothers reported low

(below median) and high (at/above median) positive mental health during pregnancy.
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5.1.2 Associations of positive maternal mental health with change in child psychiatric

problems

In Study II, Positive maternal mental health composite score interacted significantly with child
age in predicting total psychiatric problems in children in the linear mixed models (B=-0.10,
95% CI -0.17, -0.02 for interaction; p=.01). In the analyses among subgroups of women with
below median/at or above median levels of positive mental health during pregnancy, the total
problems t-scores were at a lower level and remained stable from early childhood to late
childhood among children of mothers with high positive mental health (composite score at or
above median; B=0.18, 95% CI -0.44, 0.80; p=.57). The total problems t-scores were
consistently higher and increased among children of mothers with low levels of positive mental

health during pregnancy (composite score below median; B=0.68, 95% CI 0.05, 1.30; p=.03).

5.1.3 Mitigation of maternal psychological distress effects on child mental health by

positive maternal mental health

Consistently across Studies I-III, no interactions were detected between the indices of positive

maternal mental health during or after pregnancy (i.e., the PCA-based composite score or
77
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perceived social support) and the indices of maternal psychological distress (i.e., depressive

and anxiety symptoms and/or mental and behavioral disorders) (Table 10).

Subgroup analyses in Study I showed that higher positive maternal mental health composite
score during pregnancy was associated with a lower hazard of any mental and behavioral
disorder among children of mothers with (HR=0.80, 95%CI 0.64, 1.00; p=.047) but not among
children of mothers without (HR=0.91, 95%C1 0.78, 1.05; p=.19) clinically relevant depressive
symptoms during pregnancy, and both among children of mothers with (HR=0.69, 95% CI
0.55-0.86; p=.001) and without (HR=0.87, 95% CI 0.78, 0.98; p=.02) any mental and

behavioral disorder before or during pregnancy.

In Study II, positive maternal mental health was associated with lower total psychiatric
problems in the subgroups of children with or without psychological distress before or during
pregnancy (coefficients between B=-0.84, B=-2.88 among the subgroups; 95%CI’s between -
4.51, -0.15; p-values between .02 and <.001); the only exception was the subgroup of children
whose mothers had clinically relevant depressive symptoms during pregnancy, in which
subgroup the association was not significant (B=0.53, 95%CI -0.50, 1.55; p=231 in early
childhood; B=-0.52, 95%CI -1.83, 0.79; p=.43 in late childhood).

Further three-way interaction analyses in Study II investigated whether positive maternal
mental health during pregnancy mitigated the effects of maternal psychological distress on the
change in psychiatric problems: these analyses showed a significant interaction between
positive maternal mental health x continuous CES-D score during pregnancy x child age (B=-
0.08, 95%CI -0.14, -0.02; p=.008). In the subgroup of mothers reporting clinically relevant
depressive symptoms during pregnancy, total psychiatric problems did not increase among
children of mothers concurrently reporting higher levels of positive mental health during
pregnancy, but did increase among children of mothers reporting lower levels of positive mental
health during pregnancy (Figure 4, Panel A). Total problems did not increase from early
childhood to late childhood among children of mothers with lower than clinically relevant
depressive symptoms, regardless of whether the mother reported higher or lower positive
mental health during pregnancy (Figure 4, Panel B). There were no significant three-way
interactions regarding maternal mental and behavioral disorders before or during pregnancy or
the combination of mental and behavioral disorders and/or clinically relevant depressive

symptoms before or during pregnancy (p-values for interactions >.46).

78



6L

(I€°T°9¢'1-) €0°0-
(8L'1 °6L°07) 0S°0
(TT18T'1°) £0°0-
0F'1°60°1-) 91°0

(Tt'0 *8€°07) 200
(LS'0¥T0-) LTO
(€€°0 ‘6+°07) 80°0-
(TL'0°50°07) €€°0

(590 ‘29'1-) 8+°0-
(¥$°0°s$°T) 10°1-
(L1°0°T5°07) 81°0-

(SL°0‘¥1'1-) 0T0-
(L¥'0°S1°T-) ¥8°0-
(9%°0 °01°0-) 81°0

(20°1‘29°0) 08°0
(91°1 °89°0) 68°0

swoydwAs Ajarxue x yroddns [eroog
swojdwiAs aA1ssa1dop x yroddns [eroog
KoueuFoid 10y
swoydwAs Ajarxue x j1oddns [e1oog
swoyduwAs aarssaidop x j10ddns [eroog
KoueuSord Surnq
11 AdNLS
SIOPIOSIP [ejudw Jo/pue swoydwAs
oA1ssa1dap JUBAJ[AI AJ[ROTUIO X [I[BAY [BIUSUWT QATYISOJ
SIOPIOSIP [EJUSWL X [I[BAY [BJUSUI QATJISOJ
swojdwAs oA1sso1dop snonuruo)) X Y3[eay [eIudW dANISOJ
KoueuFard Surng
I AdNLS
SIOPIOSIP [BJUSW X [I[BAY [BIUOUW OAT)ISOJ
swoydwAs oA1ssa1dop X Y[y [e)ust ANRISOJ
Koueu3aid Sunng

I AANLS
(1D%S6) 4 (1D%S6) 4 (1D%S6) 4 (1D%S6) 4 (1D%S6) ¥H
oaxdd IVASTV pooyppyd de| pooypyd Aprey
(OSIA) Aiqe 2anuso) (1049D) swoyqo.d [ejo, (66.1-00.0) s10pa10sIp

INTINdOTIAAA TVIIDOTOHDASd 4O HLTVHH TVINIIN A'TIHD 40 XAANI

[BI0IARYI( PUE [BJUIA]

“TII-T SOIpMS I SSaMSIp [ed130[0ydASd [eUI)EW JO SOIIPUT oY} PUE I Y [BIUSUI [RUIEW dATISOd JO SOOIPUT o1} U0dMJOq SUONOBINU] *(T Qe L



08

PPTI00ETH6LEFS60S/LI0T 01°10P "€ [~ “Bojoyndoyddsq puv jusuidolaaa pooypluy2 aiv] 01 pooypjy2 A1 wio.Lf ua.pjiyo ut
suwa]qo.d o1yv1yodsd pup QOuvuda.d Surmp yIpay [pIUdW [DUIDUL 2AIISO “(€7(0T) “Y UDUOYYIDY B “F dUDIDY “[ 1LONIDT “Y DIPYAJ “f ‘BYpT Y ‘UdUOUIDE] “J “d “DIJIA
“d ‘oyuayo.nn W uauryyng-yyvy y ‘oindapypy fo sppriaipw Livjuswaiddns ayy ui paysignd s1 24n31f jpuid1io ay ] “iapjoy 1y3144dod ay) wo.f uoissiuiad yjm paonpoadayl

PoOYpP[IY 23eT poonppya Spey pooypig ajeT pooypgd Aley

00'or 00'0r

00'TH 00'TH

00'TF 00°TH

00'EF 00'EF
=0 20670 0£°0-1D%56 LT0=g | _ oo 8] oo [e]
= = . + 00'sy & st &
¥ 009F - 00'oF =
st'=01L6°0 65°0-1D%56 61°0=4 W |f e -
u WLy g WLy g
= B =
s g 61=0°57'1 06 5 10%56 76 T4 s g
w5y £ w'st E
00'08 m 00'08 m
; ! -
0TS 3 — - 1 — 0TS 3
- <00=d (ST LF01D%56 TS 1= r .

£0§=0 ‘TP 92 38 e [EUE w10 - “ §7=5 ‘eI 9B /72 QE= [eUAn o, “
00ES & [
5= TRLR 407 q PR [FIUSE FIDS]ES SATIO0] e FOE=D TRIRE 40T RS [FIUS PSR SARIO] e L
00rS 00rS
L+'=0 70070 €10 1D%S6 “+0'0-=4 250 Pjiif? Xyuat] piuai [ou.o1pi 2a1150d UORIEIAIN] 900°=4 :80°0- *T"0- LD %56 “0€0-="H 250 P14 X 122y [DIuaul [DU.@10u 2AL15od BORIEINU]
6TZET=1

e

‘Ouenssad Suunp As auissaadap jueaajal Aedmnd nofu sIYofy - [sued 7eg=u “Ouenssid Suunp smoydmis sarssaadap jueasfaa Al gL SIGIOJY 1Y [Pued

(1991=u)
sdn-mo[[0J [yjoq je d[qe[reae eyep swojqoid omerygoAsd ym speAp-pIyo-Ioyjowr Suowe pajonpuod pue Xas s PIIyo Ioj paisnlpe ore sesA[euy "AoueuJord Suump swoydwks
aA1ssaxdap juead[ar Afesmurd (g [eued) moyim/(y [oued) yim siogjow jo sdnoidqns ayy ur ‘Aoueudard Juump 01005 1sodwiod yieay [ejudwr 2anIsod Jo S[9AQ] (UBIPIW

JA0QE 10 JB) Y31y pue (UBIPAW MO[q) MO[ J}M SIOUIOW JO UIP[IYD Fuowe pooyplIyd 2)e[ 0} POOyp[Iyd A[1ed wolj sa109s-} swajqoid omeryoAsd [ejoy ur o3uey)) *p 31n3L



5.1.4 Timing effects of positive maternal mental health

Regarding the timing effects of positive maternal mental health within pregnancy (Study I), no
gestation stage specificity was detected in the associations of positive affect, curiosity, and social
support with any mental and behavioral disorder in children (estimates<0.01, 95%ClIs -0.04-0.05, p-
values >.24 for interactions between gestational week x any mental and behavioral disorder in
children). In other words, the associations between positive maternal mental health during pregnancy

and child mental and behavioral disorders were similar regardless of gestational week.

In Study III, BRLM analyses in the ALSPAC cohort showed that higher maternal social support
during and after pregnancy had a combined lifetime effect (8) of 1.87 IQ points on child cognitive
ability (95% CrlI 1.39, 2.37). The contributions of maternal social support during pregnancy (w1) and
after pregnancy (w2) were 69.8% and 30.2% of the lifetime effect on child cognitive ability,
respectively (Figure 5). Pregnancy was a sensitive period for the effects of maternal social support
with a 92.0% posterior probability; this life course model also provided the shortest Euclidean
distance (data not shown). In PREDO, the BRLM analyses showed no lifetime effect of maternal
social support during and after pregnancy on child cognitive ability (6=0.50 1Q points, 95% CrI -0.88,
1.88); therefore, I did not estimate weights for maternal social support during or after pregnancy in

PREDO.

81



Figure 5. Posterior densities of weights of maternal social support during pregnancy (w') and at child age 8 months (*?)
on the lifetime effect of social support on child general cognitive ability (IQ) at child age 8 years in the ALSPAC cohort
(n=5498). Posterior densities are presented as percentages (range 0—100%); the area in gray presents 95% credible interval

(Crl) for the mean posterior density.
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Reproduced with permission from the copyright holder. The original figure is published in Lihdepuro, A., Réikkonen, K.,
Pham, H., Thompson-Felix, T., Eid, R. S., O’Connor, T., Glover, V., Lahti, J., Heinonen, K., Wolford, E., Lahti-Pulkkinen,
M. & O’Donnell, K. J. (2023). Maternal social support during and after pregnancy and child cognitive ability: examining
timing effects in two cohorts. Psychological Medicine. 1—10. doi: 10.1017/S0033291723003550.

Additional BRLM analyses in Study II showed that the lifetime effect of positive maternal mental
health on child total problem t-scores was 6= -3.17 (95%CrI -3.66, -2.68). Positive maternal mental
health in the late childhood follow-up (w2) carried a higher relevance to child total problems,
contributing to 82.0% of the lifetime effect (95%CrI 67.9, 95.8), while positive maternal mental
health during pregnancy (wi) contributed to 18.0% of the lifetime effect (95%Crl 4.2, 32.2)
(L@hdepuro et al., unpublished results). Data gave most support for the late childhood follow-up being
a sensitive period for the effects of positive maternal mental health on child total problems, with a

99.9% posterior probability and the shortest Euclidean distance (data not shown).
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5.2 ELS and anxiety symptoms in late adulthood

Table 11 shows the characteristics of the study sample in the HBCS cohort (Study IV). The mean
BAI score among the participants was 6.31 (SD 5.84, range 0—42), and 151 (8.1%) of the participants

reported anxiety symptoms above the clinically relevant threshold.
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Table 11. Characteristics of the analytic sample of the HBCS cohort.

N (%) / Mean (SD)
Age at anxiety assessment, mean (SD) 68.73 (2.84)
Sex, n (%)
Male 1082 (57.8)
Female 790 (42.2)
Anxiety symptoms®, mean (SD) 6.31 (5.84)
Below clinically relevant, n (%) 1721 (91.9)
Above clinically relevant, n (%) 151 (8.1)
ELS experiences:
Physical maltreatment experienced in childhood®, n (%)
Yes 278 (26.70)
No 762 (73.3)
Missing 832
Number of physical maltreatment experiences in childhood, mean (SD) 0.63 (1.07)
Emotional maltreatment experienced in childhood®, n (%)
Yes 299 (29.20)
No 724 (70.8)
Missing 849
Number of emotional maltreatment experiences in childhood, mean (SD) 0.66 (1.19)
Childhood SES based on parental occupational status®, n (%)
Manual worker 796 (42.50)
Clerical worker 1075 (57.50)
Missing 1
Separation from parents in childhood, n (%)
Evacuated 210 (11.20)
Self-reported evacuation 140 (7.50)
Not evacuated 1522 (81.30)
Age at evacuation (registered evacuees) 4.42 (2.33)
Parental divorce in childhood, n (%)
Yes 97 (8.00)
No 1116 (92.00)
Missing 659
Age at parental divorce in childhood (years), mean (SD) 8.64 (4.94)
Death of a family member in childhood, n (%)
Yes 186 (15.60)
No 1009 (84.4)
Missing 677
Age at death of a family member in childhood (years), mean (SD) 8.73 (4.85)
Accumulation of ELS experiences, n (%)
0 ELS types 309 (24.40)
1 ELS type 472 (37.30)
2 ELS types 292 (23.10)
3 or more ELS types 193 (15.20)
Missing 606

HBCS=Helsinki Birth Cohort Study. ELS=Early life stress.

a) Reported with the Beck Anxiety Inventory (BAI).

b) Reported with the Traumatic Events Checklist (TEC). The participants reporting no maltreatment or maltreatment
only in adulthood were used as a control group.

c¢) Highest recorded occupational status of either the father or the mother of the participant in their childhood.

Emotional and physical maltreatment and low childhood SES were associated with higher
dimensionally assessed anxiety symptoms in late adulthood both when assessed in separate models

and when adjusting for co-occurring other types of ELS (Models 1 and 2; Table 12). Furthermore,
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emotional and physical maltreatment and parental divorce were individually associated with an
increased risk of anxiety symptoms exceeding the clinically relevant threshold (Model 1). The risk of
clinically relevant anxiety symptoms remained significant for emotional maltreatment and parental
divorce but not for physical maltreatment when adjusting for other ELS types (Model 2; Table 12).
Separation from parents and death of a family member were not associated with either dimensionally

assessed or clinically relevant anxiety symptoms in late adulthood.

The accumulation of different types of ELS (0, 1, 2, or 3 or more) was associated with higher anxiety
symptoms in late adulthood (Table 12; Figure 6). Furthermore, reporting two or more ELS types

significantly increased the risk of anxiety symptoms exceeding the clinical threshold (Table 12).
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Table 12. The association of ELS experiences and their accumulation with dimensionally assessed and clinically
relevant anxiety symptoms in Study IV. The covariates of different statistical models in each study are described in
Table 5.

Anxiety symptoms (BAI)
Dimensionally assessed Above clinically relevant
continuous score threshold
B (95%CI) P OR (95%CI) p
ELS experiences (yes vs. no)
Physical maltreatment
Model 1 0.33 (0.20, 0.46) <.001 1.73 (1.10, 2.74) .02
Model 2 0.17 (0.01, 0.32) .03 1.04 (0.61, 1.78) .88
Model 3 0.18 (0.03, 0.32) .02 1.05 (0.61, 1.82) .87
Emotional maltreatment
Model 1 0.44 (0.31, 0.58) <.001 2.78 (1.78, 4.33) <.001
Model 2 0.37 (0.22, 0.53) <.001 2.59 (1.53,4.39) <.001
Model 3 0.38 (0.22, 0.53) <.001 2.77 (1.60, 4.78) <.001
Low SES
Model 1 0.10 (0.01, 0.19) .02 1.36 (0.98, 1.91) .07
Model 2 0.12 (0.03, 0.21) .01 1.42 (1.01, 2.00) .05
Model 3 0.05 (-0.04, 0.14) 27 1.19 (0.84, 1.69) 34
Separation from parents
Register-based - Model 1 0.08 (-0.07, 0.23) 31 1.44 (0.88, 2.35) .14
Register-based - Model 2 0.02 (-0.13, 0.17) .81 1.24 (0.75, 2.05) 40
Register-based - Model 3 -0.01 (-0.15, 0.14 .90 1.16 (0.70, 1.93) .56
Self-reported - Model 1 0.14 (-0.03, 0.32) 11 1.26 (0.71, 2.25) 44
Self-reported - Model 2 0.08 (-0.10, 0.26) 38 1.01 (0.55, 1.83) .99
Self-reported - Model 3 0.05 (-0.12, 0.23 .55 0.92 (0.51, 1.69) .80
Parental divorce
Model 1 0.16 (-0.05, 0.36) 13 2.37 (1.33,4.19) .003
Model 2 0.09 (-0.11, 0.30) 36 2.14 (1.18, 3.88) .01
Model 3 0.05 (-0.15, 0.25) .60 1.93 (1.05, 3.54) .03
Death of a family member
Model 1 0.06 (0.10,0.21) 46 1.09 (0.64, 1.84) 75
Model 2 0.04 (-0.12, 0.19) .63 1.03 (0.60, 1.77) .92
Model 3 0.03 (-0.12, 0.18) 71 0.98 (0.56, 1.70) .93
Accumulation of ELS experiences

0 [ref] [ref]
1 0.19 (0.05, 0.33) .01 1.43 (0.79, 2.59) 24
2 0.33 (0.17, 0.48) <.001 1.94 (1.04, 3.60) .04
3 or more 0.46 (0.28, 0.63) <.001 2.91 (1.55, 5.46) .001

BAI=Beck Anxiety Inventory. OR=0dds Ratio. CI=Confidence Interval. ELS=Early life stress. SES=Socioeconomic
status.
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Figure 6. The accumulation of different ELS types predicting anxiety symptoms in late adulthood, while

adjusting for participant age and sex. Error bars represent the 95% confidence intervals.
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Reproduced with permission from the copyright holder. The original figure is published in Lihdepuro, A., Savolainen,
K., Lahti-Pulkkinen, M., Eriksson, J. G., Lahti, J., Tuovinen, S., Kajantie, E., Pesonen, A-K., Heinonen, K. & Rdikkonen,
K. (2019). The impact of early life stress on anxiety symptoms in late adulthood. Scientific Reports, 9(1). doi:
10.1038/541598-019-40698-0.

The associations between ELS types and anxiety symptoms in late adulthood were independent of
adulthood SES, with one exception: the association of low childhood SES and anxiety symptoms was

no longer significant when adjusting for adulthood SES (Model 3; Table 12).

5.3 Mediation effects by later exposures

The mediation analyses in Study II showed that positive maternal mental health composite score in
the late childhood follow-up mediated a significant proportion of the association between the positive
maternal mental health composite score during pregnancy and total psychiatric problems among

children in late childhood (Figure 7); the effect size proportion mediated was 66.7%.

Similarly in Study IV, the mediation analyses showed that adulthood SES mediated the association
between childhood SES and anxiety symptoms in late adulthood (Figure 8); the direct association
between childhood SES and late-life anxiety symptoms was no longer significant when taking into

account adulthood SES. The effect size proportion mediated was 66.7%.
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Figure 7. The mediation effect of positive maternal mental health composite score in the late childhood follow-up on the
association between positive maternal mental health composite score during pregnancy and child’s total psychiatric

problems in late childhood (n=1962). Mediation analyses are adjusted for child sex and age in late childhood.
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Reproduced with permission from the copyright holder. The original figure is published in Ldhdepuro, A., Lahti-
Pulkkinen, M, Girchenko, P., Villa, P. M., Heinonen, K., Lahti, J., Pyhdld, R., Laivuori, H., Kajantie, E. & Rdikkonen, K.
(2023). Positive maternal mental health during pregnancy and psychiatric problems in children from early childhood to
late childhood. Development and Psychopathology, 1—13. doi:10.1017/50954579423001244.

Figure 8. The mediation effect of low adulthood SES on the association between low childhood SES and anxiety

symptoms in late adulthood.
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5.4 Sex-specific effects

Studies I-1V additionally investigated any potential interactions between participant sex and the
exposure (positive maternal mental health in Studies [-III; ELS in Study IV) in relation to mental
health or psychological development. In Study I, a significant interaction was detected between
positive maternal mental health composite score and child sex when predicting mental and behavioral
disorders in children (OR=0.79, 95%CI 0.64, 0.99; p=.04). Sex-stratified analyses showed that
positive maternal mental health during pregnancy was more strongly associated with a lower hazard
of mental and behavioral disorders in girls (OR=0.67, 95%CI 0.56, 0.81; p<.001) than in boys
(OR=0.85, 95%CI 0.75, 0.96, p=.007); the association was significant among both girls and boys. In
Study II, on the other hand, positive maternal mental health during pregnancy did not show sex-
specific effects on total psychiatric problems in early childhood (B=0.09, 95%CI -0.65, 0.82; p=.81)
or in late childhood (B=0.32, 95%CI -0.56, 1.20; p=.48). Same was found for child internalizing and
externalizing problems among (all p-values for interactions >.15). Similarly, Study III found no
interactions between child sex and maternal social support in ALSPAC during pregnancy (B=-0.45,
95%CI -1.08, 0.58; p=.56) or after pregnancy (B=0.09, 95%CI -0.76, 0.94; p=.83) or in PREDO
during pregnancy (B=0.51, 95%CI -2.06, 3.08; p=.70) or after pregnancy (B=1.93, 95%CI -0.79,
4.65; p=.16), when predicting child general cognitive ability.

Finally in Study IV, no interactions were detected between participant sex and ELS types, namely
emotional maltreatment (B=.08, 95%CI -0.20, 0.36; p=.56), physical maltreatment (B=-0.07, 95%CI
-0.35, 0.20; p=.60), low childhood SES (B=-0.05, 95%CI -0.23, 0.13; p=.57), separation from parents
(B=.03, 95%CI -0.26, 0.31; p=.86), parental divorce (B=-0.10, 95%CI -0.54, 0.34; p=.65), or death
of a family member (B=.05, 95%CI -0.27, 0.37; p=.77 for interactions).
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6 Discussion

This thesis investigated the developmental origins of mental health throughout the life course,
building on the DOHaD framework and utilizing three longitudinal cohort studies that included a
combination of register-based, self-reported, and objectively assessed data spanning from the
pregnancy period until late adulthood. This approach enabled me to form a comprehensive picture of
the early risk and promotive factors for the offspring’s mental health and psychological development.
Extending from previous studies that have focused mainly on early life risk factors during pregnancy
and in childhood, this thesis sought to identify potential promotive factors for offspring mental health
and psychological development that occur already during pregnancy, such as positive maternal mental
health. The thesis highlights the importance of positive maternal mental health during pregnancy,
including positive emotions and social support, for the development of offspring mental health.
Additionally, the thesis adds to earlier research literature investigating the lifelong associations of
ELS with anxiety symptoms in late adulthood. Converging with earlier evidence, this thesis shows
that the association of ELS in childhood, particularly emotional and physical maltreatment and low

childhood SES, with higher anxiety symptoms is evident still in late adulthood.

In the following chapters I discuss the study findings more in detail.

6.1 Positive maternal mental health and mental health and cognitive development among

children

Overall, the findings of this thesis indicate an association of higher levels of positive maternal mental
health during pregnancy with lower hazards of mental and behavioral disorders, lower levels of total,
internalizing and externalizing psychiatric problems, and with higher general cognitive ability among
the offspring. Studies I and II among 3378 and 2636 mother-child-dyads of the PREDO cohort,
respectively, found that maternal positive emotions, curiosity, social support, and their composite
score during pregnancy were associated with a lower hazard of any mental and behavioral disorder
in children by child age 8.4—12.8 years and with lower total, internalizing and externalizing problems
among children both in early childhood at age 1.9-5.9 years and in late childhood at age 7.1-12.1
years. Study III among 5784 and 420 mother-child dyads in the ALSPAC and PREDO cohorts,
respectively, showed that higher maternal perceived social support during pregnancy was associated
with higher general cognitive ability among children at 8 years of age. In ALSPAC, higher maternal
perceived social support after pregnancy was also associated with higher cognitive ability in the

offspring; however, life course modelling analyses suggested that pregnancy may be a sensitive
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period for the effects of maternal social support on child cognitive development. In all of the three
studies, associations were independent of the included sociodemographic and perinatal covariates
such as child birth weight and gestational age and, importantly, of maternal psychological distress
preceding or co-occurring with positive maternal mental health. The associations were detected

among both boys and girls.

The findings of this thesis are in line with earlier evidence suggesting associations between higher
positive maternal mental health during pregnancy and beneficial psychological development and
lower psychiatric problems among children (Braeken et al., 2017; Clayborne et al., 2023; DiPietro et
al., 2006; Lewinn et al., 2020; Phua et al., 2017; Shin et al., 2019; van den Heuvel et al., 2015; Wei
et al., 2023). Earlier studies have focused on infants and preschool aged children, while the three
studies of this thesis followed up the children until late childhood, thus suggesting that the beneficial
effects of positive maternal mental health during pregnancy may persist beyond infancy and early

childhood.

Moreover, Study I extends the evidence from earlier studies that have focused on psychological
development and psychiatric problems to the more severe end of the continuum of child
psychopathology, namely to diagnosed mental and behavioral disorders. This finding suggests that
the protective effects of positive maternal mental health during pregnancy may extend to alleviating
the risk of the more severe psychopathology among children, in addition to continuously assessed
symptoms of psychopathology, which I also examined in Study II. Study II was to my knowledge the
first to show that higher positive maternal mental health during pregnancy was associated with a lack
of increase in total psychiatric problems from early childhood to late childhood, while such increase
was found among children of women with lower positive mental health during pregnancy. This is in
line with previous meta-analytic evidence on maternal psychological distress during pregnancy,
showing no weakening in the association between maternal perinatal depression and anxiety and

psychiatric problems in children from infancy through adolescence (Rogers et al., 2020).

In general, the positive associations of positive maternal mental health on child mental health and
cognitive development showed relatively small effect sizes across Studies I-III. It should be noted
that in the PREDO and ALSPAC cohorts, mothers generally scored high in positive emotions and
social support during pregnancy (Table 6); it may be that relatively low variance in positive maternal
mental health resulted in smaller effect sizes than could be expected in populations with more varying
levels of positive mental health. However, small effects at the population level may nonetheless
translate into clinically meaningful findings when targeting positive mental health interventions to
mothers experiencing marked isolation and low positive emotions.
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6.1.1 Mitigation of maternal psychological distress effects by positive maternal mental health

Higher positive maternal mental health, including positive emotions and higher social support both
during and after pregnancy, was associated with lower concurrent psychological distress such as
depressive and anxiety symptoms and a history of mental and behavioral disorders, consistently with
earlier evidence (Bedaso et al., 2021; Friedman et al., 2020; Hetherington, McDonald, Williamson,
Patten, & Tough, 2018; Racine et al., 2019). Importantly, however, positive maternal mental health
during pregnancy was associated with mental health and cognitive development in children
independently of these concurrent indicators of maternal psychological distress, indicating that the
beneficial effects of positive maternal mental health were not merely explained by the absence of

concurrent psychological distress.

Studies I-1I showed that positive maternal mental health during pregnancy was associated with lower
hazards of mental and behavioral disorders and lower psychiatric problems also among children of
mothers who reported clinically relevant depressive symptoms during pregnancy and/or who had a
mental or behavioral disorder before or during pregnancy. This is in line with another study reporting
that positive maternal mental health in the perinatal period was associated with lower internalizing
and externalizing problems among girls independently of maternal stress, and that positive maternal
mental health buffered the effects of maternal stress on child mental health (Clayborne et al., 2023).
The lack of interactions between indicators of positive maternal mental health and maternal
psychological distress in Studies I-III suggests that positive maternal mental health provides
universal beneficial effects for the children, regardless of whether their mothers experienced
concurrent or lifetime psychological distress. On the other hand, Study II suggested that particularly
among children of mothers with clinically relevant depressive symptoms, positive maternal mental
health may mitigate the effects of maternal depressive symptoms during pregnancy on the increase
of psychiatric problems from early childhood to late childhood, suggesting resilience effects. It should
be noted, however, that the sample size of clinically depressed pregnant women was relatively small;

these findings should be interpreted with caution.

The potential mitigation effects of positive maternal mental health can be interpreted in light of the
resilience effects of protective factors vs. summative effects of promotive factors, described more in
detail in Chapter 2.2.4. According to this conceptualization, resilience effect would imply that
exposure to positive maternal mental health in utero would be particularly beneficial for those

children who are exposed to concurrent maternal psychological distress during pregnancy, such as
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maternal prenatal depression, anxiety and stress, whereas it would have less effects for those not
exposed to concurrent adversities. Summative effects, in turn, would imply that the promotive effects
of positive maternal mental health during pregnancy would be present universally for all children,
regardless of their risk factors. The findings of Studies I-III suggest that the beneficial effects of
positive maternal mental health extend both to children of mothers with and without concurrent
psychological distress; the effects were not limited to those experiencing co-occurring risk factors.
According to Luthar et al. (2006, 2012) and Zimmerman et al. (2013), the findings of Studies I-II1
give most support to positive maternal mental health as a universally promotive factor, rather than a
specific protective factor that would work by counteracting the negative effects of adversities.
According to the vantage sensitivity model, it could also be formulated that positive maternal mental
health during pregnancy may increase the offspring’s vantage sensitivity to benefit from later

environments (Pluess & Belsky, 2013).

On the other hand, resilience may be defined differently among mothers and the offspring. The multi-
systems model of resilience (Liu et al., 2017), introduced in Chapter 2.2.4, describes resilience at
different levels, and differentiates core resilience including for example biological stress regulation
and internal resilience including for example interpersonal and psychological resources such as
coping skills, self-efficacy, emotion regulation, and social support. In this context, positive maternal
mental health during pregnancy could be seen as internal resilience factor among mothers.
Furthermore, positive maternal mental health may strengthen the development of core resilience
among children via influencing the development of HPA axis and other biological systems related to
stress regulation and adaptive functioning. Therefore, in light of the multi-systems model of
resilience, positive maternal mental health during pregnancy may then contribute in the

developmental origins of resilience.

6.1.2 Timing effects of positive maternal mental health

Positive maternal mental health showed high continuity from pregnancy to the late childhood follow-
up; this calls for interventions supporting positive mental health at the early stages, already during
pregnancy. The finding in Study III that maternal social support during pregnancy was consistently
associated with child cognitive ability and may be a sensitive period for the promotive effects further
emphasizes the importance of social support during this period. While there was also an association
between maternal perceived social support after pregnancy and child cognitive ability in ALSPAC,

no such association was detected in the smaller PREDO cohort. It should be noted that maternal social
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support after pregnancy was reported at child age 8 months in the ALSPAC and at child age 8 years
in the PREDO, reflecting very different developmental periods and potentially contributing to the
discrepant findings. Neurodevelopmental processes such as synaptogenesis, synaptic pruning, and
white matter development are especially dynamic during pregnancy and the first 2—3 years of life
(Cusick & Georgieff, 2016), and therefore maternal social support during this period may have a

larger effect on child cognitive development than maternal social support later in childhood.

The findings regarding pregnancy as a sensitive period for maternal social support are somewhat in
contrast with an earlier study of ca. 1000 mother-child-dyads which reported an association between
maternal social network size after pregnancy, but not during pregnancy, and child cognitive ability
(Lewinn et al., 2020). Of note, this earlier study focused on maternal social network size instead of
perceived satisfaction with social support. It has been suggested that the perceived quality of social
support is more predictive of positive health outcomes than the quantity and frequency of social
interactions (Barrera, 1986; Sarason et al., 1987); for example, the quality of a romantic relationship,
rather than the presence of a romantic partner per se, may provide protective effects against distress

among pregnant women (Ungar et al., 2019).

Somewhat in contrast with the findings of Study III regarding child cognitive ability, Study II
suggested that late childhood may be a potential sensitive period for positive maternal mental health
in relation to offspring psychiatric problems, with higher relevance than the positive maternal mental
health during the pregnancy period. Positive maternal mental health in the late childhood follow-up
also mediated a large proportion of the association between positive maternal mental health during
pregnancy and total psychiatric problems in late childhood. In addition to the mediation effects,
however, a direct association between positive maternal mental health during pregnancy and lower
total problems in children existed independently of positive maternal mental health at child’s late
childhood. The findings are in line with earlier studies regarding maternal psychological distress
during pregnancy, showing that the effects of maternal distress during pregnancy on child mental
health are partly, but not fully mediated by maternal distress after pregnancy (Hentges, Graham,
Plamondon, Tough, & Madigan, 2019; Lahti et al., 2017). It should also be noted that in Study II,
child psychiatric problems were mother-assessed, whereas in Study III child cognitive ability was
objectively assessed. The source of assessment may contribute to the recency effects of positive
maternal mental health in relation to child psychiatric problems (Madathil et al., 2018; Zuber et al.,
2023).

Taken together, the findings on the beneficial effects of positive maternal mental health, including
positive emotions and social support, on the mental health and psychological development of the
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offspring suggest that positive maternal mental health during and after pregnancy may promote
mental health of not only the mother, but also of the offspring. The findings support the DOHaD
framework, which suggests that already during pregnancy and early in childhood, the fetal
environment contributes in programming the developing brain and other organs of the child (Barker,

2007; Van den Bergh et al., 2020).

6.2 Early life stress and late adulthood anxiety

Study IV found that low childhood SES and emotional and physical maltreatment in childhood were
associated with higher anxiety symptoms in late adulthood. Furthermore, the study found that these
types of ELS and additionally parental divorce were associated with a higher risk of clinically relevant
anxiety symptoms. These findings are in line with a wide body of research showing that ELS,
particularly low SES and emotional and physical maltreatment, may increase the risk for anxiety,
depression and other psychiatric problems throughout the life course (Gardner et al., 2019; Hughes
et al., 2017; Humphreys et al., 2020; M. Li et al., 2016; Norman et al., 2012; Sahle et al., 2022), and
that the associations extend to late adulthood (Angelini et al., 2019; Draper et al., 2008; Pesonen et
al., 2007; Réikkonen et al., 2011; Raposo et al., 2014; Rusby & Tasker, 2009; Sachs-Ericsson et al.,
2010; Tani et al., 2016; Wang et al., 2023).

Additionally, the accumulation of different types of ELS was associated with higher dimensionally
assessed anxiety symptoms and a higher risk of clinically relevant anxiety in late adulthood. This is
in line with earlier studies linking the accumulation of ELS with adverse outcomes in adulthood: for
example, a meta-analysis found the accumulation of four or more ELS experiences to be associated

with a 3.70-fold risk of anxiety (Hughes et al., 2017).

Of the studied types of ELS, emotional maltreatment was most strongly and consistently associated
with dimensionally assessed and clinically relevant anxiety symptoms in late adulthood. This is in
line with the converging evidence that the association between emotional maltreatment and later
psychopathology is stronger than the association of other maltreatment types, such as physical abuse
(Humphreys et al., 2020; Infurna et al., 2016; Macpherson et al., 2021; Norman et al., 2012); also
among elderly adults, emotional neglect has been found to be most strongly associated with
depression (Wang et al.,, 2023). Emotional maltreatment is a form of ELS that often remains
undetected, and emotional and physical maltreatment also often co-occur; for example in the current

sample of the HBCS cohort, 66.4% of those reporting physical maltreatment also reported emotional
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maltreatment. This high co-occurrence may contribute to the blunted association between physical

maltreatment and clinically relevant anxiety symptoms when adjusting for emotional maltreatment.

This thesis also adds to the evidence that low childhood SES is a type of ELS that has a negative
impact on mental health throughout the life course (Peverill et al., 2021), an effect that was mediated
by adulthood SES. Low childhood SES often co-occurs with other stressors and is associated with a
higher risk of childhood abuse (Yang et al., 2021). In this study, however, the association of childhood
SES with anxiety symptoms was independent of other types of ELS, contrasting some previous
studies that have suggested that other types of ELS may mediate the effects of low childhood SES on
psychopathology (McLaughlin et al., 2011; Yang et al., 2021).

In this study, associations between other types of ELS (physical and emotional maltreatment, parental
divorce, and accumulation of ELS) and late-life anxiety were independent of adulthood SES, also in
line with an earlier study among older adults (Yazawa et al., 2022). It should be noted, however, that
adulthood SES fully mediated the association between childhood SES and late-life anxiety,
suggesting that the continuity of low SES throughout the life course, rather than low SES in childhood
specifically, increases the risk of anxiety symptoms in late adulthood. A similar mediation effect has
been found in other studies (Stansfeld et al., 2011), whereas associations between low childhood SES
and late-life depressive symptoms have also been found independently of adulthood SES (Tani et al.,
2016). Additionally, Yazawa and colleagues showed that adulthood SES moderated the effects of
ELS on late-adulthood depressive symptoms; this suggests that higher SES in adulthood may buffer
some of the adverse effects of ELS on later mental health. Preliminary analyses in the HBCS data
(Lahdepuro et al., unpublished results) suggest that also in this cohort, adulthood SES may moderate
the effects of childhood emotional maltreatment on anxiety symptoms in late adulthood; among
participants with a higher adulthood SES, the association between childhood emotional maltreatment
and clinically relevant anxiety symptoms was no longer significant. Higher adulthood SES may thus
mitigate some of the effects of ELS in childhood; this is an interesting finding that should be
investigated further.

This study found no association between childhood separation from parents due to wartime
evacuations and anxiety symptoms in late adulthood. The finding is somewhat in line with previous
research finding an association between childhood separation from parents and the risk of
psychopathology, but not with anxiety symptoms (Pesonen et al., 2007; Riikkonen et al., 2011; Rusby
& Tasker, 2009). Of note, the findings regarding parental separation due to war-time evacuation
cannot be generalized to all separation from parents due to special characteristics related specifically
to war-time conditions. Also, the participants of Study IV who were not separated were exposed to
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war-time conditions, which may have been a remarkable stressor as such; this may partly explain why
no associations were detected between parental separation in childhood and anxiety symptoms in late

adulthood.

No associations were found between death of a family member in childhood and anxiety symptoms
in late adulthood. This is in line with an earlier study which found no association between death of a
parent in childhood and depressive symptoms in middle age or late adulthood (Yang et al., 2020).
The finding that parental divorce was not associated with dimensionally assessed anxiety symptoms
is corresponding to previous studies not finding an association between parental divorce and anxiety
symptoms in adulthood (Sands et al., 2017; Spinhoven et al., 2010), but parental divorce was
associated with an increased risk of clinically relevant anxiety symptoms in late adulthood. This
finding is, to my knowledge, novel. One possible explanation for this may be that since the
participants in the HBCS cohort had experienced parental divorce between the 1940s and the early
1970s, the consequences of the parental divorce on e.g. the social and economic situation of the family
may have differed from more recent study cohorts. The finding also suggests that participants

experiencing parental divorce in childhood were either highly affected by the experience or not.

6.3 Potential mechanisms underlying the DOHaD framework

This thesis found that positive maternal mental health both during and after pregnancy, contributing
to positive fetal and childhood environments, may have versatile promotive effects on child mental
health and psychological development, and that pregnancy may even be a sensitive period for some
of these promotive effects. Furthermore, this thesis provided further evidence that the adverse effects
of ELS on anxiety symptoms extend throughout the life course until late adulthood. Together, the
findings provide further support to the DOHaD framework. Importantly, the current findings extend
this framework from risk factors to potentially promotive factors that contribute to the prenatal
programming of mental health and psychological development of the offspring. The importance of
investigating the positive prenatal environments in the context of DOHaD in increasingly
acknowledged (Meaney, 2018; Monk et al., 2019); the current research contributes to this emerging

field of research.

According to the DOHaD framework, prenatal and early life programming in response to the fetal
and childhood environment may contribute to changes that prepare the individual to adapt to the
expected environment (Barker, 2007). This has also been called “meta-plasticity” and “prenatal

programming of postnatal plasticity/environmental sensitivity” (Hartman et al., 2023; O’Donnell &
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Meaney, 2017; Pluess & Belsky, 2011). From an evolutionary perspective, the goal of adapting to
environmental features during and after pregnancy is to enhance future survival by helping the fetus
or child to prepare for the environment predicted by these features (Glover, 2011). In other words,
the early environment may predict the later environment of the offspring, and biological alterations
related to exposures to stressful or beneficial environments may aim at enhancing adaptive reactions
to future environments (Belsky & Pluess, 2013; Glover, O’Donnell, O’Connor, & Fisher, 2018; Monk
et al., 2019). Extending from the evolutionary perspective on prenatal distress, it could be speculated
that a positive prenatal environment such as prenatal positive maternal mental health may provide
evolutionary benefits for the offspring. For example, a less vigilant individual may have more

curiosity and capacity to explore their environment, and may experience lower reactivity to stressors.

Several biological mechanisms underlying the DOHaD framework, related to the mother and the
placental functioning, have been recognized (Monk et al., 2019; Van den Bergh et al., 2020). While
this thesis does not directly address the mechanisms underlying its findings, potential biological and
other mechanisms underlying the effects of prenatal and childhood environments on offspring mental
health and psychological development are reviewed below. To the best of my knowledge, no studies
have directly investigated the potential mechanisms linking positive maternal mental health during
pregnancy to offspring mental health and psychological development. Regarding prenatal
mechanisms, | therefore review the literature focusing on the effects of maternal psychological
distress during pregnancy on offspring mental health and psychological development, reflecting on
how similar mechanisms may underlie the effects of positive maternal mental health during

pregnancy.

6.3.1 Changes in physiology and the HPA axis

Pregnancy is associated with a host of physiological changes in the mother that involve several organs
and tissues, including hormonal activity and alterations in the brain structure; many of these changes
and their relevance to the mother-child-dyad are still poorly known (Galea, Qiu, & Duarte-Guterman,
2018). Accumulating evidence also shows that maternal psychological distress during pregnancy is
associated with changes in maternal and fetal physiology (reviews: Monk et al., 2019; Van den Bergh
et al., 2020) and in offspring brain volumes and structures such as the hippocampus, amygdala and

the prefrontal cortex (reviews: Hartman et al., 2023; O’Donnell & Meaney, 2017).

Among the most studied potential mechanisms of ELS during pregnancy and in childhood is the HPA

axis. The lifecycle model of stress suggest that chronic or repeated exposure to stress may have a
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long-term effect on the development of the HPA axis and the related brain structures involved in
stress regulation, such as the amygdala, hippocampus and frontal cortex, and that these brain
structures are particularly sensitive to stress during early development (Lupien et al., 2009). Exposure
to prolonged ELS may cause long-term alterations in the developing brain by modifying the
functioning of the HPA axis and the aforementioned associated brain areas involved in the stress
system (Jawahar, Murgatroyd, Harrison, & Baune, 2015; Lai & Huang, 2011; Lupien et al., 2009;
Silberman, Acosta, & Zorrilla Zubilete, 2016).

During pregnancy, maternal psychological distress has been associated with altered HPA functioning
both among the mothers and the offspring (Lupien et al., 2009; Monk et al., 2019; Van den Bergh et
al., 2020); however, one systematic review found that the majority of the included studies did not
detect an association between maternal psychological distress during pregnancy, more specifically
depression, and maternal cortisol (Orta, Gelaye, Bain, & Williams, 2018). Among the studies that
have detected an association, the direction of the association is not consistent across studies, as
psychological distress during pregnancy has been associated with both increased and decreased
cortisol responses (Lupien et al., 2009; Van den Bergh et al., 2020). Exposure to excess
glucocorticoids during pregnancy has been associated with adverse mental health and cognitive
development in the offspring (Bergman, Sarkar, Glover, & O’Connor, 2010), although evidence of

this association is inconclusive (Van den Bergh et al., 2020).

On the other hand, previous findings have linked positive emotions and social support, also among
pregnant women, with beneficial effects in the stress regulation system and maternal cortisol levels
(Fredrickson et al., 2000; Giesbrecht, Poole, Letourneau, Campbell, & Kaplan, 2013; Nierop, Wirtz,
Bratsikas, Zimmermann, & Ehlert, 2008; Pluess et al., 2012; Southwick et al., 2005). Furthermore,
in an earlier study, higher social support during pregnancy was shown to moderate the effects of
psychosocial stress on maternal cortisol level increase, thus potentially buffering the effects of
maternal psychological distress during pregnancy on the fetus (Giesbrecht et al., 2013). These
potential alterations in maternal physiology following higher levels of positive mental health during
pregnancy allude that the associations between positive maternal mental health during pregnancy and
offspring mental health may associate with similar physiological mechanisms. Among other potential
hormonal mechanisms underlying the association between positive maternal mental health during
pregnancy and offspring development is oxytocin, a hormone that is involved in social behaviors and
in pregnancy and childbirth (Phua et al., 2020). Positive emotions and social support have been
associated with increased oxytocin levels (Ozbay et al., 2007), which in turn have been linked to the

activation of parenting practices (Phua et al., 2020).
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In childhood, chronic stress has been associated with dysregulation of the HPA axis and particularly
its negative feedback system that aims at returning the homeostatic balance of the stress hormone
level when the perceived stress is over (Jawahar et al., 2015). Furthermore, exposure to stressful life
events early in life may modify brain structures in a way that enhances stronger reactivity to new
potentially stressful life events (Anisman, Merali & Stead, 2008); this may contribute to the
association between the accumulation of ELS and later anxiety. Higher sensitivity to stress may then
increase the individual’s risk for psychopathology (Lupien et al., 2009). Indeed, altered HPA axis
functioning and changes in the structure and functioning of hippocampus and amygdala have been
consistently found in mental and behavioral disorders, including anxiety disorders (Sprooten et al.,

2017; Zorn et al., 2017).

Exposure to ELS at different developmental stages may have differential effects on cortisol reactivity:
for example, Raymond and colleagues (2021) found that participants exposed to ELS in early
childhood at age 3—7 years, approximately co-occurring with early development of the amygdala in
the brain, showed a higher cortisol awakening response and a blunted cortisol reactivity to a stressor,
compared with participants exposed to ELS in infancy (0—2 years) and in later childhood (over 7
years) (Raymond et al., 2021). Of note, ELS has been associated with both hyper- and hypoactivity
of the HPA axis (Brindle, Pearson, & Ginty, 2022; Bunea, Szentagotai-Tatar, & Miu, 2017; Lupien
et al., 2009); particularly childhood neglect has been associated with lower glucocorticoid levels
among children (Lupien et al., 2009). Of note, however, one meta-analysis found an association
between objectively confirmed maltreatment experiences and low wake-up cortisol, whereas no
associations were found for self-reported maltreatment (Bernard, Frost, Bennett, & Lindhiem, 2017).
In late adulthood, increased glucocorticoid levels have been linked with decreases in hippocampal
volume and memory performance (Lupien et al., 2009). These changes may potentially elicit anxiety

in older adults.

6.3.2 Genetic and epigenetic mechanisms

The promotive effects of positive maternal mental health during pregnancy on offspring mental health
and psychological development may be at least in part explained by shared genetic variance of the
mother-child-dyad, as has been suggested for the effects of maternal psychological distress during
pregnancy (Hannigan et al., 2018; Havdahl et al., 2022). Regarding positive mental health, it is
estimated that approximately 30-40% of the variation in subjective well-being is genetically

determined (Diener, Oishi, & Tay, 2018). Polygenic scores for extraversion and neuroticism have
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been associated with higher and lower positive mental health, respectively (Weiss et al., 2016). On
the other hand, a recent study conducted in the ALSPAC and PREDO cohorts showed that the genetic
risk only partially explains the association between maternal psychological distress during pregnancy
and offspring psychiatric problems, accounting for ca. 45% of the association, while maternal
psychological distress also carried independent effects (Chen et al., 2023). In this thesis, the
associations between positive maternal mental health and offspring mental health found in Studies
I-1I were independent of maternal and/or paternal mental and behavioral disorders which are a strong
indicator of familial confounding. These findings allude that other underlying mechanisms in addition

to genetic heritability exist.

Underlying genetic confounding may also link ELS experiences with anxiety throughout the life
course. For example, parents experiencing anxiety and other psychiatric problems may be at a higher
risk of perpetrating maltreatment on their children, while at the same time shared genetic propensity
increases the risk for anxiety and other psychiatric problems among these children. Indeed, a meta-
analysis of genomic-wide association studies (GWAS) found a heritability component in childhood
maltreatment (Warrier et al., 2021). Mendelian randomization analyses of the same study found
evidence for a causal association between child maltreatment and depression, ADHD and

schizophrenia; for depression, this association was unidirectional (Warrier et al., 2021).

While the genes remain largely static throughout development, inter-individual differences in how
the genes are expressed, and therefore how they affect the brain and behavior, may occur (O’Donnell
& Meaney, 2020). This process, known as epigenetics, refers to changes in the chromatin structure
that regulate genomic transcription and therefore gene expression (Cao-Lei et al., 2020). Among the
most commonly studied epigenetic changes is DNA methylation (DNAm), meaning an addition or
removal of a methyl group into a cytosine that induce changes in gene expression (Cao-Lei et al.,
2020; Smeeth, Beck, Karam, & Pluess, 2021). Epigenetic changes are dynamic and can occur

throughout development, and they can also be inherited by the offspring (Cao-Lei et al., 2020).

Converging evidence suggests that epigenetic mechanisms may underlie the association between
maternal psychological distress during pregnancy and child mental health (Cao-Lei et al., 2020; Monk
et al., 2019; Provengal et al., 2020; Suarez et al., 2018; Van den Bergh et al., 2020). Epigenetic
changes may also occur in the placenta during pregnancy, thereby increasing fetal exposure to
glucocorticoids (Hartman et al., 2023). To my knowledge, no studies have investigated whether
positive maternal mental health during pregnancy is associated with epigenetic changes. However,
Smeeth and colleagues (2021) have presented a framework involving different pathways through
which epigenetics may be involved in psychological resilience. First, epigenetic modifications
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fostering resilience may be inherited or affected by genetic variation. Second, early environment may
modify the individual’s epigenome in ways that foster resilience when facing adversities later in life.
Third, promotive factors co-occurring with adversities may modify the effect of adversity on the
individual’s epigenome (Smeeth et al., 2021). In the context of positive maternal mental health and
the findings of this thesis, the potential resilience effect may occur via the third pathway, e.g.
mitigating the negative effects of concurrent adversity. Indeed, there is evidence in human offspring
that after pregnancy, positive environmental factors such as positive maternal care practices have an
impact on infant DNAm and may moderate the effects of adverse environments such as maternal
depressive symptoms during pregnancy, as reviewed by Provenzi and colleagues (2019); similar

patterns may be present for prenatal positive environments.

Also in childhood, the associations between ELS and later psychopathology risk may be mediated
via epigenetic mechanisms. More specifically, research on epigenetic factors suggests that ELS
exposure is linked with hypermethylation of the glucocorticoid receptor gene NR3C1 (Palma-Gudiel,
Cordova-Palomera, Leza, & Fafanas, 2015; Turecki & Meaney, 2016; Tyrka, Ridout, & Parade,
2016) which is involved in the regulation the HPA axis, potentially altering its negative feedback
system (Tyrka et al., 2016; Wadji et al., 2021). Hypermethylation of the NR3C1 has also been
associated with an increased risk of psychopathology (Wadji et al., 2021; Zhu, Bo, Liu, & Jia, 2023).

While DNAm is dynamic and occurs throughout the life course, it has been suggested that there may
be sensitive periods for epigenetic changes related to ELS, and that experiences early in development
may contribute to more stable DNAm changes (Dunn et al., 2019). In their study comparing DNAm
among participants who were exposed to ELS before 3 years of age, 3—5 years of age, or 6—7 years
of age in the ALSPAC cohort, Dunn and colleagues found that ELS exposure before 3 years of age
was most strongly associated with DNAm changes (Dunn et al., 2019). In the same cohort, another
study found that downward mobility in the family SES across developmental stages and financial
hardship particularly in middle childhood were associated with alterations in the offspring DNAm
(Liu et al., 2023). In light of these findings, it is possible that DNAm plays a role particularly in the
effects of early exposures to positive maternal mental health, such as maternal social support during

pregnancy and in offspring infancy, while this mechanism may be less relevant in late childhood.

6.3.3 Other biological mechanisms

Inflammation may be among other potential biological mechanisms underlying the association

between positive maternal mental health during pregnancy and offspring mental health and
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psychological development. Maternal psychological distress during pregnancy has been associated
with increased inflammation levels in pregnancy (Lahti-Pulkkinen et al., 2020; Van den Bergh et al.,
2020), and in turn, maternal infections and inflammation during pregnancy have been associated with
adverse neurodevelopment in the offspring (Girchenko et al., 2020; Nazzari et al., 2020; O’Connor
et al., 2022); furthermore, higher maternal inflammation levels during pregnancy may partially
mediate the effects of prenatal stressful environments, namely maternal psychological distress and
cardiometabolic pregnancy disorders, on the higher risk of developmental delay among the offspring
(Girchenko et al., 2020). On the contrary, higher social support during pregnancy has been associated
with lower inflammation levels among pregnant women (Coussons-Read, Okun, & Nettles, 2007;
Ross et al., 2017). There is also some evidence that higher levels of positive emotions are associated
with lower inflammation levels particularly when facing simultaneous stress, thus potentially
buffering the negative effects of stress on inflammation (Blevins et al., 2017). The abovementioned
oxytocin hormone, associated with positive maternal mental health, has also been associated with

beneficial effects in the immune system functioning (Feldman, 2020).

Another potential biological mechanism of interest may be alterations in offspring telomere length.
Exposure to ELS both during pregnancy, such as maternal psychological distress, and in childhood,
such as childhood maltreatment, have been associated with shorter telomere length (Chen, Lo, Chan,
Leung, & Ip, 2022; Savolainen et al., 2014; Van den Bergh et al., 2020). Shorter telomere length, in
turn, has been associated with stress biology and with a higher risk of mental and behavioral disorders
(Van den Bergh et al., 2020). On the other hand, a history of mental and behavioral disorders severe
enough to warrant hospital treatment has been associated with longer, rather than shorter telomere
length among older adults (Savolainen et al., 2012). Regarding promotive effects of positive
environments, an earlier study in the PREDO cohort found an association between positive maternal
mental health during pregnancy a longer newborn telomere length in fetal cord blood, independently
of concurrent maternal psychological distress (Verner et al., 2021). These longer telomeres may have

protective effects on offspring mental health and psychological development.

Emerging evidence also shows that stress-related changes in maternal intestinal microbiota may
contribute to linking prenatal maternal distress with offspring outcomes (reviews: Hartman et al.,
2023; Monk et al., 2019). Microbiome-related mechanisms potentially associated with positive
maternal mental health are yet to be investigated. Finally, one small-scale study among 37 neonates
found that maternal cohabiting status during pregnancy, potentially reflecting higher social support,
moderated the association of low SES with neonatal brain volumes in areas associated with e.g.

emotion regulation, attention, sensory processing, and language, thus showing protective effects on
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brain development (Spann, Bansal, Hao, Rosen, & Peterson, 2020). Therefore, structural changes in
the offspring’s brain may be potentially interesting pathways between risk and promotive factors and

offspring mental health and development that should be explored further.

6.3.4 Bonding and the attachment relationship

Attachment refers to the emotional relationship or “bond” between the caregiver and the infant that
shapes the infant’s perception of other people and the surrounding world (Ainsworth, 1979; Bowlby,
1969, 1988). Secure attachment to the caregiver enables the child to explore the surroundings and use
the caregiver as a “secure base” and a source of safety and comfort. An insecure attachment, on the
other hand, disturbs these processes and has been consistently associated with a higher risk of
psychopathology in both children and adults (meta-analyses: Herstell et al., 2021; Madigan,
Brumariu, Villani, Atkinson, & Lyons-Ruth, 2016; Spruit et al., 2020). Meta-analytic evidence shows
that childhood maltreatment increases the risk of insecure attachment (Cyr, Euser, Bakermans-
Kranenburg, & Van Ijzendoorn, 2010). Of note, the same meta-analysis found no association between

low family SES and insecure attachment.

Maternal attachment and bonding to the offspring starts developing already during pregnancy
(Condon, 1993; Trombetta et al., 2021). Maternal psychological distress both during and after
pregnancy is associated with poorer maternal bonding and a higher risk of insecure attachment (Le
Bas et al., 2021; Stein et al., 2014), whereas maternal satisfaction with their social support has been
associated with higher maternal bonding with the fetus (Hopkins et al., 2018). Higher positive
maternal mental health during and after pregnancy may thus enhance bonding and sensitive parenting,
which in turn have been associated with beneficial development in children (Le Bas et al., 2021,
2020) and with smaller and less prolonged stress-related activations of the offspring HPA axis
(Lupien et al., 2009). Mother-infant attachment and the quality of early social interactions are also
associated with infant cognitive and brain development (de Mendonga Filho et al., 2022; Ilyka,
Johnson, & Lloyd-Fox, 2021; Ronfani et al., 2015). In light of these findings, maternal positive
emotions and satisfaction with their perceived social support may benefit child development by
supporting maternal attachment and interactions with their infant. This hypothesis is supported by a
systematic review of 55 studies that found evidence of associations between mother-infant
interactions, attachment quality and a range of functional brain outcomes of the offspring (Ilyka et
al., 2021). Moreover, postnatal mother-infant attachment has been shown to moderate the effects of

prenatal glucocorticoid exposure on child cognitive development, thus potentially buffering the
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adverse effects of negative prenatal exposures (Bergman et al., 2010). Promoting mother-infant
attachment via supporting positive maternal mental health already during pregnancy may thus
contribute to mitigating the effects of maternal psychological distress during pregnancy on child

mental health and development, in addition to the beneficial effects of attachment per se.

6.3.5 Cognitive and behavioral mechanisms

During pregnancy, positive maternal mental health may protect the mother-child-dyad from the
effects of stressors by influencing the mother’s cognitive appraisals of stressful life events (Ungar,
Hadfield, Bush, Quesnel-Vallée, & Pekelny, 2019), potentially mitigating the effect of stressful
events on the subjective experiences of stress. Experiencing positive mood and social support in the
perinatal period may also enhance positive parenting and engaging in positive care practices such as
breastfeeding postpartum (Chae, Chae, Kandula, & Winter, 2017; McManus, Khalessi, Lin, Ashraf,
& Reich, 2017; Mercan & Tari Selcuk, 2021; Phua et al., 2020). Breastfeeding, in turn, consistently
shows beneficial effects on child cognitive development (Horta, Loret de Mola, & Victora, 2015;
Kramer et al., 2008; Lewinn et al., 2020). Furthermore, higher levels of perceived maternal social
support during pregnancy may reflect on the early caregiving environment of the child, particularly
via shared caregiving: Higher social support during pregnancy may indicate that there are other
people to share caregiving responsibilities with, and who interact with the growing child. This, in
turn, may contribute in providing a more stimulating growing environment that benefits cognitive
and emotional development among children (National Scientific Council on the Developing Child,

2004; Shin et al., 2019; Tooley, Bassett, & Mackey, 2021).

Several cognitive and behavioral processes may also mediate the association between childhood ELS
and late-life anxiety. ELS occurring during early development may profoundly impact the
individual’s perceptions of themselves and their environment. Based on early experiences in
attachment relationships with the caregivers, the child begins to form internal working models of
themselves, others, and future attachment relationships (Bowlby, 1988; Trombetta et al., 2021);
stressful experiences in these early attachment relations may negatively impact the internal working
models, increasing the risk of insecure attachment style later in life and potentially eliciting anxiety.
ELS may also elicit negative cognitive appraisals of both the stressful event and of oneself and their
surroundings, provoking a sense of continuing threat (Ehlers & Clark, 2000) and a lower perception
of one’s own ability to face challenges and to endure stress (Nishimi et al., 2020), eliciting anxiety

symptoms. Furthermore, the accumulation of ELS, particularly repeated exposure to physical and
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sexual abuse in childhood, shows associations with lower social cognition skills among girls in early
adolescence (Crawford et al., 2022). Social cognition skills play a role in understanding, interpreting
and participating in social relationships, and may thus contribute in the development of
psychopathology following ELS. Finally, ELS experiences have been associated with unhealthy and
risky lifestyle behaviors such as risky sexual behavior (Norman et al., 2012) and smoking, alcohol
use, overweight and diet (Yang et al., 2022). These behaviors may contribute to the association

between ELS in childhood and later psychopathology.

6.4 Strengths and limitations of the studies

6.4.1 Strengths

This thesis investigates the DOHaD framework from a wide perspective, focusing on exposures at
different developmental periods both during pregnancy and in childhood. Moreover, the studies
extend the DOHaD perspective from exposure to prenatal and early life stressors to positive
environments, thus adding novelty to previous findings. The thesis also included both dimensional
and categorical indicators of mental health across the life course, focusing on mental health and
psychological development in early childhood and late childhood but also extending the assessment
to mental health in late adulthood, an age group that remains somewhat underrepresented in ELS

studies.

One of the key strengths of this thesis is utilization of three large, longitudinal cohorts with multiple
repeated assessment points. The utilization of longitudinal birth cohorts is in line with the
recommendation of the World Health Organization (WHO) which recognizes the importance of
investing in birth cohort studies and other longitudinal follow-ups in promoting life-course approach
to health (Kuruvilla et al., 2018). This thesis utilizes several different analytic approaches and
assessment methods: outcomes included in this thesis are based on nationwide healthcare registers
(Study I) and objective neuropsychological assessments (Study III), as well as parent-reported (Study
IT) and self-reported (Study IV) questionnaire data collected with validated instruments. Together,
the assessment tools used build a comprehensive picture of offspring mental health and psychological
development, covering childhood and late adulthood and both dimensionally assessed mental health

and the more severe end of the continuum of psychopathology.

Particularly the use of objective assessment methods such as register-based diagnostic data and

standardized neuropsychological assessment data is a strength of this thesis and has been
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recommended in the efforts to study the DOHaD hypothesis in humans (Glover, O’Connor, &
O’Donnell, 2023). This approach precludes the issue of shared method variance bias related to many
studies that rely on maternal reports of both their own and their child’s mental health. On the other
hand, even though Study II relied on maternal reports of both their own and their children’s mental
health, this is unlikely to significantly bias the found associations: a previous study found maternal
psychiatric symptoms to have only a small effect on their reports of their offspring’s psychiatric
problems (Olino, Michelini, Mennies, Kotov, & Klein, 2021). In addition, Study III utilized a
coordinated data analysis approach (Zuber et al., 2023) which enables the comparison and replication
of associations across two different cohorts. Coordinated data analysis in several cohorts is a
recommended method particularly for life course modelling, since it enables the investigation of

generalizability of potential sensitive periods across different populations (Zuber et al., 2023).

Studies I-1II were also able to take into account several relevant mother- and child-related covariates.
For example, the associations between positive maternal mental health and child mental health were
independent of obstetric factors across studies; while positive maternal mental health has been
associated with better obstetric outcomes such as a lower risk of preterm delivery in previous studies
(Feldman, Dunkel-Schetter, Sandman, & Wadhwa, 2000; Hernandez-Martinez, Val, Murphy,
Busquets, & Sans, 2011; Hetherington et al., 2015; Pesonen et al., 2016; Voellmin, Entringer, Moog,
Wadhwa, & Buss, 2013), the current findings suggest that the associations found in this thesis are not

explained by the effects of positive maternal mental health on obstetric outcomes.

6.4.2 Limitations

A general limitation of the thesis is that in all of the three included cohorts, selective attrition occurred;
this is inherent to most longitudinal studies and may bias the findings and limit their generalizability.
The participants included in the current studies were in general with higher education, stronger social
support network, and less likely to have health problems. More specifically in Studies I-III, women
who reported on their mental health during pregnancy experienced fewer sociodemographic and
health-related risk factors for adverse child mental health and psychological development, and their
children had a lower incidences of psychopathology compared to women who did not report on their
mental health during pregnancy. Previous studies have also shown that particularly individuals
experiencing higher psychological distress are less likely to continue participating in longitudinal
studies (Wolke et al., 2009). As the participating individuals are more likely to experience better

mental health than those not participating in the follow-up, it could be hypothesized that the selective
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attrition would more likely result in underestimating, rather than overestimating the association of
ELS and positive maternal mental health with offspring mental health and psychological
development. For example, the participants of Study III showed fewer risk factors for low social
support, and generally scored high on the social support scale in both the ALSPAC and PREDO
cohorts; in the case that there was a threshold effect to “sufficient” prenatal social support, the
findings would not capture the effects of extremely low levels of social support on child cognitive

development.

A key limitation specific to Study III was the inability to adjust the analyses for maternal 1Q, a strong
predictor of child cognitive ability that may confound the association between maternal prenatal
mental health and child cognitive development (Faleschini, Rifas-Shiman, Tiemeier, Oken, & Hivert,
2019). Instead, I used maternal educational attainment as a proxy for the familial and
socioenvironmental factors influencing child cognitive development. The lack of adjustment of
maternal IQ sets limitations to the interpretation of findings. On the other hand, an earlier study found
associations between maternal social support after pregnancy and child cognitive ability to be

independent of maternal 1Q (Lewinn et al., 2020).

While Study II utilized repeated assessments of psychiatric problems among children to investigate
change in these problems, the main limitation of Study IV was that anxiety symptoms were reported
only at one time point in late adulthood; it was therefore not possible to specify whether anxiety
symptoms had been persistent throughout the life course or were only manifested later in life.
However, a previous study using repeated assessment of anxiety in late adulthood found that higher
number of ELS experiences was associated with both persistence of anxiety across a four-year
assessment period and with incidence of anxiety symptoms at the later follow-up (Bakouni et al.,
2023) and another study found an association between ELS and the onset of mental and behavioral
disorders in middle age and late adulthood even in the absence of a prior history of mental and
behavioral disorders (Macpherson et al., 2021). These findings suggest that ELS may increase the

risk of chronic anxiety, but also of new episodes of anxiety in late adulthood.

Another limitation of Study IV was that some of the ELS experiences were retrospectively self-
reported. The agreement between prospective and retrospective reports of ELS is generally poor,
implying that prospective and retrospective studies of ELS may capture somewhat different
phenomena (Baldwin, Reuben, Newbury, & Danese, 2019; Danese & Widom, 2020). On the other
hand, an earlier meta-analysis found no difference in the associations of prospective and retrospective
assessments of ELS with later psychopathology (Gardner et al., 2019). Moreover, retrospective self-
report is more likely associated with under-reporting, rather than over-reporting, past
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stressful/traumatic events (Hardt & Rutter, 2004), and people are fairly consistent in their recall of
ELS across time (Hardt, Sidor, Bracko, & Egle, 2006; Yancura & Aldwin, 2009). Moreover,
concurrent psychopathology is estimated to have a low impact on the association between
retrospective reports of ELS and lifetime psychopathology (Danese & Widom, 2020). While a large
proportion of the studies investigating the association between ELS and psychopathology rely on self-
reports of ELS, a meta-analysis found evidence of the association also when only taking into account
objective reports of ELS (Li et al., 2016). While prospective, objective reports of ELS experiences
may provide higher specificity, retrospective reports of ELS have higher sensitivity and therefore
capture cases that may be undetected by objective assessment methods. Prospectively and
retrospectively reported ELS experiences may also vary in their duration and severity, which may

contribute to differential associations with psychopathology (Danese & Widom, 2020).

6.5 Implications and future research

6.5.1 Public health implications

The importance of considering the full spectrum of mental health, including positive mental health,
is increasingly acknowledged from the public health perspective. In fact, the WHO has acknowledged
already in 2004 that positive mental health is an important aspect of well-being (World Health
Organization, 2004). From a public health perspective, positive mental health is viewed as something
all individuals can enhance, regardless of their mental illness status (Orpana, Vachon, Dykxhoorn,
McRae, & Jayaraman, 2016). Some countries such as the United Kingdom and Canada are already
regularly surveying indicators of positive mental health among their residents (Office of National
Statistics, 2023; Orpana et al., 2016). These indicators focus on mapping indicators such as self-rated
mental health and happiness, life satisfaction, and psychological and social well-being (Public Health
Agency of Canada Centre for Surveillance and Applied Research, 2022). The findings of this thesis

further highlight the importance of screening for positive mental health, also among pregnant women.

Social disconnectedness is a growing concern that has been called a global behavioral epidemic (Na,
Jeste, & Pietrzak, 2023), further emphasized by the Covid-19 pandemic. Importantly, while
satisfaction with social support shows continuity over the perinatal period in this and other studies
(Junttila et al., 2015), a previous study in a Finnish cohort showed that 5.0% of mothers experienced
increasing social loneliness, and 8.7% of mothers experienced increasing emotional loneliness from

pregnancy to the child’s toddlerhood (Junttila et al., 2015). This highlights the importance of
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identifying and supporting the women’s social support networks already during pregnancy, as

transitioning to parenthood may change the availability of and need for social support.

Furthermore, the concerningly high prevalence of ELS, particularly physical and emotional
maltreatment in childhood (see Chapter 2.3.1), and its adverse consequences spanning from poor
mental health to for example low educational achievement, poor health behaviors, and criminality
(Gilbert et al., 2009), makes ELS in childhood a public health issue. The findings regarding the long-
term adverse effects of low childhood SES are concerning in light of the notion that rates of child
poverty have increased for example in the United Kingdom in the past decade (Marmot, Allen, Boyce,
& Goldblatt, 2020). In Finland, the number of children living in poverty also increased by ca. 3%
during 2022 (Kela, 2022). Together, these findings emphasize the importance of preventive efforts to
diminish the effects of physical and emotional maltreatment, low family SES, and other types of ELS

among children.

6.5.2 Policy implications

If untreated, maternal psychological distress during and after pregnancy has vast economic, humane
and societal consequences (Bauer et al., 2014; Howard & Khalifeh, 2020; Stein et al., 2014);
therefore, perinatal mental health needs to be taken into account in health policy planning. One of the
benefits of the DOHaD framework has been the shift of the scientific, clinical and health policy focus
from the postnatal period to begin already during pregnancy (Glover et al., 2023). The findings of
this thesis further underscore the need for early interventions in promoting mental health and well-
being in the offspring. Furthermore, shifting the focus from maternal prenatal psychological distress
to positive maternal mental health may reduce the potential stigma related to the “prenatal
programming” hypothesis that pregnant women with high levels of psychological distress may

experience (Glover et al., 2023).

The high burden and long-lasting consequences of childhood ELS such as childhood maltreatment
also call for preventive policies aiming to reduce ELS in early childhood (Gilbert et al., 2009). A
meta-analysis on the association between ELS and later depression and anxiety disorders estimated
that globally, based on the self-reported incidence of childhood maltreatment, a 10 percent reduction
in the incidence of childhood maltreatment could prevent 31.36 million cases of depression and
anxiety (Li et al., 2016). Policies targeting the effects of ELS should implement multisectoral
preventive strategies that include for example national-level actions, healthcare systems, and policies

that target behavioral health (Jacob & Hanson, 2020).
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Preventive policies can ultimately be divided into three groups: 1) universal prevention which targets
the whole population regardless of their known risk factors for adverse outcomes, 2) selective
prevention which targets subgroups showing some risk factors, and 3) indicated prevention which
targets individuals who already show subthreshold problems (Arango et al., 2018). In the context of
policies promoting positive maternal mental health, universal prevention strategies could encompass
policies that promote well-being during the perinatal period such as paid parental leave; according to
a systematic review, paid parental leave of at least 2—3 months shows protective effects on maternal
mental health (Heshmati, Honkaniemi, & Juarez, 2023). Selective prevention strategies could include
measures such as screening for social support networks among mothers with a history of mental and
behavioral disorders. Finally, indicated prevention strategies could encompass psychological
interventions focusing on the promotion of positive mental health among mothers who report elevated
depressive and anxiety symptoms during pregnancy. In this thesis, Study I suggested that positive
maternal mental health during pregnancy was particularly protective for children of mothers who had
a history of mental and behavioral disorders before or during pregnancy. This finding supports the
previous suggestion that preventive efforts could be directed already to the preconception period
particularly among women with prior psychopathology (Catalao, Mann, Wilson, & Howard, 2020);
this could entail, for example, mapping social support networks among women with a history of
mental and behavioral disorders who are planning pregnancy. Currently, women of reproductive age
with previous mental and behavioral disorders are not systematically provided with pregnancy-
counselling, although women experiencing psychological distress are at a higher risk of unintended

pregnancy (Hall, Kusunoki, Gatny, & Barber, 2014; Schonewille et al., 2022).

In the context of preventing ELS in childhood, universal prevention strategies could include for
example policies that aim at reducing child poverty: the WHO suggests that reducing child poverty
and economically strengthening families is in itself a strategy that reduces child maltreatment (World
Health Organization, 2018). Selective prevention strategies could be aimed for example at parents
showing more permissive attitudes toward corporal punishment of the child: in a Finnish study,
parents who reported approving corporal punishment were ca. 13 times more likely to report child
physical abuse in their families (Leppakoski et al., 2021). Finally, indicated prevention strategies
could entail family intervention programs designed to reduce child maltreatment in families showing

high risk, as described in Chapter 6.4.3.
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6.5.3 Implications for interventions

The findings of this thesis suggest, in line with the DOHaD framework, that directing attention to
preventive strategies and interventions early in life, already during pregnancy, may not only benefit
the mother, but also the offspring. Several interventions have been developed that aim at supporting
maternal mental health during pregnancy and preventing ELS in childhood. Utilizing life course
modelling in research may have significant benefits in identifying time periods in which intervention
measures may be most beneficial (Zuber et al., 2023). Furthermore, in addition to the efforts of
diminishing maternal psychological distress during pregnancy, interventions should be aimed at
supporting positive mental health among pregnant women. It is possible that promotive factors such
as positive maternal mental health are more easily modifiable than risk factors such as maternal
psychological distress, for example via increasing maternal perceived social support with peer

support; however, to my knowledge, no studies have addressed this.

In the perinatal period, current psychological interventions show limited benefits for the mental health
of women (Martin-Goémez et al., 2022; Matvienko-Sikar et al., 2021). According to a systematic
review and meta-analysis, psychological interventions aiming at preventing postpartum depression
among non-depressed women showed significant but clinically very small effects (Martin-Gomez et
al., 2022). This meta-analysis did not differentiate psychological interventions targeted to the prenatal
vs. postnatal period; this precludes conclusions about the optimal timing of the interventions. Another
meta-analysis has also showed inconsistent results regarding the effectiveness of current psychosocial
interventions in reducing maternal distress in in the perinatal period (Matvienko-Sikar et al., 2021).
On the other hand, in another meta-analysis, psychotherapeutic interventions showed moderate
beneficial effects in reducing depressive symptoms among women with diagnosed depressive
disorder (Ravesteyn, Berg, Hoogendijk, & Kamperman, 2017). These findings suggest that women
with more severe psychological distress during pregnancy may benefit more from the interventions.
Regarding child mental health and development, current prenatal non-pharmacological interventions
targeted at reducing maternal psychological distress during pregnancy show fairly little effects on the

offspring (Brouwer et al., 2018).

A recent review suggests that combining current treatments with interventions targeting to increase
positive maternal mental health may prove beneficial (Phua et al., 2020). Positive maternal mental
health interventions may target maternal perceived social support, feelings of competence, better
physical health, active lifestyle, self-compassion, mindfulness, and resilience (Monteiro et al., 2021;
Rodriguez-Ayllon et al., 2021; Taylor, Cavanagh, & Strauss, 2016; Ungar et al., 2019; Varin et al.,

2020). Group-based interventions may also improve maternal perceived social support from peers
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(Chae et al., 2017); according to Chae and colleagues, attending a group-based intervention during
pregnancy was associated with increases in perceived psychological and physical quality of life.
Recent findings also suggest that music and singing interventions (Wulffet al., 2021) and lower levels
of sedentary time, reflecting an active lifestyle (Rodriguez-Ayllon et al., 2021), may enhance positive
affect, lower cortisol levels, and/or higher oxytocin levels among pregnant women. Interventions
supporting positive maternal mental health already during pregnancy may also promote higher
parenting self-efficacy and thus enhance positive parenting practices after the child’s birth (Phua et

al., 2020).

Findings on the effectiveness of perinatal positive mental health in interventions in aiming to reduce
maternal psychological distress are beginning to emerge. One systematic review found evidence that
resilience-enhancing interventions targeting e.g. mindfulness, coping, acceptance, and self-esteem
show efficiency in reducing maternal depressive symptoms during pregnancy (Walker et al., 2022).
However, Walker and colleagues found the methodological quality of the studies investigating this
association to be generally low. In another meta-analysis, mindfulness-based interventions in the
perinatal period were associated with a reduction in depressive and anxiety symptoms among
pregnant women, but this reduction did not differ from women in the control group (Taylor et al.,
2016). One small-scale quasi-experimental study of pregnant Iranian women found that an
intervention targeting positive maternal mental health during pregnancy was as effective as cognitive-
behavioral therapy intervention in diminishing anxiety symptoms and improving self-reported quality
of life and resilience during pregnancy (Jafari, Basharpour, Bazazorde, & Hajlo, 2022). Another
small-scale randomized controlled trial in Iran also showed that a positive psychology based
intervention increased positive mental health among women with unintended pregnancies (Rastad,

Golmohammadian, Jalali, Kaboudi, & Kaboudi, 2021).

Studies investigating the effects of prenatal positive mental health interventions on offspring
outcomes are, to my knowledge, scarce. One review of randomized trials found that providing
additional emotional, instrumental or informational social support for women at risk for preterm or
low birth weight birth slightly reduced the risk of offspring being born preterm of with a low
birthweight, and may reduce the risk of cesarean section and hospitalizations (East, Biro, Fredericks,
& Lau, 2019). I am not aware of studies that have investigated whether the effects of positive mental
health interventions among mothers extend to the offspring’s mental health. However, one previous
study among 1135 mother-child dyads of the French EDEN cohort found that while maternal
clinically relevant depressive and anxiety symptoms during pregnancy were associated with higher

psychiatric problem trajectories among their 3 to 11-year-old children, this association was attenuated
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among dyads in which mother had sought psychiatrist or psychologist consultation during pregnancy

(Kallas et al., 2023).

Regarding childhood ELS, several universal, selective and indicative interventions have also been
developed that target ELS in childhood, particularly childhood maltreatment. Meta-analytic evidence
gives support for the effectiveness of these interventions in both preventing and reducing child

maltreatment (van der Put, Assink, Gubbels, & Boekhout van Solinge, 2018).

The WHO highlights that interventions targeted at supporting parents in developing positive
parenting, such as affection, quality time, praise, and dealing with difficult child behavior in healthy
ways, are among the most cost-effective ways of preventing childhood maltreatment (World Health
Organization, 2018). Parenting programs may include aspects of learning about child development,
strengthening non-violent and positive parenting practices, managing behavioral problems, and
improving parent-child-relationships (Altafim & Linhares, 2016; Branco, Altafim, & Linhares,
2022). Systematic reviews have consistently shown that parenting programs may improve positive
parenting skills and reduce the risk of child maltreatment such as harsh parenting, physical
punishment, and emotional abuse (Altafim & Linhares, 2016; Branco et al., 2022); for example, in a
systematic review by Branco and colleagues (2022), 91% of the included studies that evaluated these
outcomes showed improvement, suggesting that interventions improving parenting practices are
effective in reducing child maltreatment risk. According to a meta-analysis, parenting interventions
that focus on increasing the parents’ self-confidence may be particularly beneficial for preventive
interventions, whereas in indicative interventions targeted at maltreating parents, parenting
interventions aimed at improving parenting and personal skills, addressing parental mental health
problems, providing social and emotional support, and improving child well-being may be
particularly beneficial (van der Put et al., 2018). Parenting programs also show other benefits for
family health such as decreasing the risk of behavioral problems in children and improving mental
health, self-efficacy and perceived social support among parents (Altafim & Linhares, 2016; Branco
et al., 2022).

Regarding indicated intervention strategies for individuals reporting ELS, it should be noted that
while ELS is associated with a higher risk of later anxiety at a group level, it shows low accuracy in
predicting individual-level health outcomes (Baldwin et al., 2021). Nevertheless, identifying ELS
experiences, also among older adults, may be important in planning the length and intensity of
treatment interventions, and ELS experiences should be addressed in psychotherapeutic treatment.
For example, a meta-analysis of 26 studies indicated that depressed individuals with experiences of
ELS showed poorer treatment outcomes than depressed individuals with no experiences of ELS
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(Nanni, Uher, & Danese, 2012); this suggests that more intense treatment may be needed among those
exposed to ELS. Higher social support has also been suggested to be a potential resilience factor for
children experiencing ELS (Herrman et al., 2011), and there is evidence that higher perceived social
support may buffer the effects of ELS on mental health (Kaufman et al., 2006). These findings suggest
that interventions promoting social support among individuals with ELS experiences may prove

beneficial.

6.5.4 Future directions for research

This thesis has extended the consideration of maternal mental health during and after pregnancy from
maternal psychological distress to positive mental health. Future research should acknowledge the
dimension of positive mental health also when defining offspring outcomes of interest: it would be
important to investigate if positive maternal mental health or maternal psychological distress are
associated with the positive mental health, such as positive emotions and perceived satisfaction with
social relationships, of the offspring. Furthermore, while this research was conducted in two high-
income countries with relatively good access to healthcare and support services, it would be important
to extend the research on the long-term effects of childhood ELS, as well as the potential promotive

and protective effects of positive maternal mental health, also to low- and middle-income countries.

Future studies should also aim at including fathers and their preconception and perinatal mental
health, including positive mental health, in studying the intergenerational effects of mental health
(Jacob & Hanson, 2020). This is important since paternal mental disorders are also consistently
associated with higher psychiatric problems among children (Scarlett, Moirangthem, & van der
Waerden, 2023). Emerging evidence suggests trait resilience and higher satisfaction with social
support may attenuate the association between prior stressful experiences and psychological distress
during pregnancy among fathers (Kumar, Franz, DiLillo, & Brock, 2022; Mondolin et al., 2024), but
not among mothers (Kumar et al., 2022; Mondolin et al., 2024; Racine, Zumwalt, McDonald, Tough,
& Madigan, 2020). Of note, in Kumar and colleagues’ study, the association between a history of
stressful life events and depressive symptoms during pregnancy was stronger among mothers than
fathers, and on the other hand satisfaction with the intimate partner relationship was lower among

mothers than among fathers; this may contribute to the found moderation effects.

Integrating the findings of this thesis, an interesting research question in the future would be to
investigate the potentially protective effects of positive maternal mental health during pregnancy on

child mental health and psychological development among mothers with a history of ELS experiences
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in childhood. Earlier studies have associated ELS with a higher risk of psychological distress during
pregnancy (Racine et al., 2021), and the transition to parenthood may be particularly challenging for
individuals with a history of childhood maltreatment. Maternal history of childhood maltreatment is
also associated with a higher risk of psychiatric problems and mental and behavioral disorders among
their children (Airikka et al., 2022). It would therefore be important to identify potential protective

factors among this group with higher vulnerability to adversities.

Furthermore, while this study was able to adjust for several potential confounding factors in
investigating early life risk and promotive factors for mental health and psychological development,
future studies would benefit from including more comprehensive assessments of important
sociodemographic factors such as family socioeconomic status and also from integrating objective
and self-reported psychological assessment data with biological measures such as cortisol reactivity
of the mother and the child. Finally, observational measures of parenting behaviors and parent-child
attachment would enable research on whether these factors contribute to the associations of positive

maternal mental health and exposure to ELS with offspring mental health.

6.6 Conclusion

To conclude, this thesis gives support to the DOHaD framework, suggesting that both positive and
negative experiences already in the prenatal period and later in childhood contribute to the
development of mental health and cognitive ability. The effects of the early life environment seem to
span throughout the life course, from the pregnancy period until childhood and from childhood until
late adulthood. This thesis identified positive maternal mental health during pregnancy, including
maternal positive emotions and higher perceived social support, as a promotive factor for the
development of mental health and cognitive ability among children. Moreover, the thesis found
further support to previous findings that ELS in childhood, particularly emotional and physical

maltreatment and low childhood SES, continue to increase the risk of anxiety still in late adulthood.

The findings of this thesis are based on three large, longitudinal birth cohorts combining data from
objective assessment methods, nationwide healthcare registers, and self-reports from parents and the
offspring. The comprehensive use of assessment methods and different analytical methods strengthen
the reliability of the findings. The current research findings call for directing preventive and
supportive efforts to early life, already to the prenatal period, and extending the focus of research and
interventions from adverse early life experiences to positive experiences in promoting mental health

and psychological development.
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