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ABSTRACT

Roshan Chudal

Prenatal and perinatal risk factors for bipolar disorder

Department of Child Psychiatry, University of Turku, Finland

Annales Universitatis Turkuensis, Medica-Odontologica, 2015, Turku, Finland

Bipolar disorder (BPD) is a severe mental disorder associated with considerable morbidity and
mortality. Prenatal insults have been shown to be associated with later development of mental
disorders and there is a growing interest in the potential role of prenatal and perinatal risk factors
in the development of BPD.

The aims of this thesis were to describe the overall study design of the Finnish Prenatal Study of
Bipolar Disorders (FIPS-B) and demographic characteristics of the sample. Furthermore, it was
aimed to examine the association of parental age, parental age difference, perinatal complications
and maternal smoking during pregnancy with BPD. This thesis is based on FIPS-B, a nested
case-control study using several nationwide registers. The cases included all people born in
Finland between January 1% 1983 and December 31 1998 and diagnosed with BPD according
to the Finnish Hospital Discharge Register (FHDR) before December 31% 2008. Controls for this
study were people who were without BPD, schizophrenia or diagnoses related to these disorders,
identified from the Population Register Centre (PRC), and matched two-fold to the cases on sex,
date of birth (+/- 30 days), and residence in Finland on the first day of diagnosis of the matched
case. Conditional logistic regression models were used to examine the association between risk
factors and BPD.

This study included 1887 BPD cases and 3774 matched controls. The mean age at diagnosis was
19.3 years and females accounted for 68% of the cases. Mothers with the lowest educational level
had the highest odds of having BPD in offspring. Being born in Eastern and Southern region of
Finland increased the odds of having BPD later in life. A U-shaped distribution of odds ratio was
observed between paternal age and BPD in the unadjusted analysis. Maternal age and parental
age difference was not associated with BPD. Birth by planned caesarean section was associated
with increased odd of BPD. Smoking during pregnancy was not associated with BPD in the
adjusted analyses.

Region of birth and maternal educational level were associated with BPD. Both young and old
father’s age was associated with BPD. Most perinatal complications and maternal smoking during
pregnancy were not associated with BPD. The findings of this thesis, considered together with
previous literature, suggest that the pre- and perinatal risk factor profile varies among different
psychiatric disorders.

Key words: risk factors, prenatal, perinatal, bipolar disorder, parental age, obstetric complications,
smoking during pregnancy, nationwide registers, case-control study.
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TIIVISTELMA

Roshan Chudal

Kaksisuuntaisen mielialahéirion pre- ja perinataaliset riskitekijit
Lastenpsykiatrian oppiaine, Turun yliopisto

Annales Universitatis Turkuensis, Medica-Odontologica, 2015, Turku

Kaksisuuntainen mielialahdirié on vakava mielenterveyden héirid, johon liittyy merkittdva sai-
rastuvuus ja kuolleisuus. Syntyméi edeltidvien tekijéiden on osoitettu olevan yhteydessi mielen-
terveyden héirididen kehittymiseen. Kiinnostus myds kaksisuuntaisen mielialahéirion mahdollis-
ten pre- ja perinataaliajan riskitekijoiden l0ytamiseksi on lisdéntynyt.

Viitoskirjatyon tavoitteena oli kuvata Finnish Prenatal Study of Bipolar Disorders (FIPS-B) -tut-
kimuksen tutkimusasetelma ja otoksen vdestopohjaisia ominaisuuksia. Lisdksi tavoitteena oli tut-
kia vanhempien idn ja ikderon, perinataaliajan tekijoiden sekd didin raskaudenaikaisen tupakoin-
nin yhteyttd kaksisuuntaiseen mielialahdirioon. Vaitoskirjatyd perustuu FIPS-B -tutkimukseen.
Tutkimus on pesitetty tapaus-verrokkitutkimus, joka hyddyntdad kansallisia rekisteritietoja. Ta-
paukset olivat Suomessa 1.1.1983-31.12.1998 syntyneitd henkilditd, joille oli 31.12.2008 men-
nesséd annettu kaksisuuntaisen mielialahdirion diagnoosi kansallisessa hoitoilmoitus-rekisterissa.
Viestorekisterikeskuksesta poimitut verrokit olivat henkilgita, joilla ei ollut kaksisuuntaisen mie-
lialahdirion tai skitsofreniaryhmén diagnooseja. Tapaukset ja kutakin tutkittavaa varten poimitut
kaksi verrokkia olivat kaltaistettuja iéin, sukupuolen ja syntymaajan (+/- 30 péivédd) sekéd asuin-
paikkakunnan suhteen. Asuinpaikkakunta méaariteltiin sen mukaan, missa tutkittava oli saanut en-
simmadisen kerran kaksisuuntaisen mielialahiirion diagnoosin. Riskitekijoiden ja kaksisuuntaisen
mielialahdirion yhteyttd tutkittiin ehdollisen logistisen regressioanalyysin avulla.

Tutkimus kaésitti 1887 kaksisuuntaisen mielialahdirion diagnoosin saanutta tapausta sekd 3774
verrokkia. Tapausten keski-iké diagnoosin asettamisen hetkelld oli 19.3 vuotta ja naisten osuus
kaikista tapauksista oli 68 %. Matalimmin koulutettujen &itien jalkeldisilld oli korkein todenna-
kdisyys sairastua kaksisuuntaiseen mielialahdirioon. Itd- ja Eteld-Suomessa syntyminen lisési
todenndkoisyytta sairastua kaksisuuntaiseen mielialahdirioon. Korjaamattomassa analyysissé ha-
vaittiin U-muotoinen yhteys kaksisuuntaisen mielialahdirion ja isén iin vililld. Aidin i&ll3, eiké
vanhempien ikderolla ollut yhteyttd kaksisuuntaiseen mielialahdirioon. Syntyminen suunnitellul-
la keisarinleikkauksella oli yhteydessi kaksisuuntaiseen mielialahdirioon. Aidin raskaudenaikai-
nen tupakointi ei ollut yhteydessé kaksisuuntaiseen mielialahdiriodn monimuuttuja-analyyseissa.

Syntymaépaikka ja didin koulutustaso olivat yhteydessd kaksisuuntaiseen mielialahéirioon. Seka
isdn alhainen ettd korkea iké olivat yhteydessé kaksisuuntaiseen mielialahdirioon. Useimmat peri-
nataaliajan komplikaatiot tai didin raskaudenaikainen tupakointi eivét olleet yhteydessa kaksisuun-
taiseen mielialahdirioon. Tamaén viitoskirjatutkimuksen 16ydokset ja aikaisempi kirjallisuus viittaa-
vat siihen, ettd pre- ja perinataaliriskitekijoiden merkitys psykiatristen héirididen vélilld vaihtelee.

Avainsanat: riskitekijét, prenataalinen, perinataalinen, kaksisuuntainen mielialahiirid, vanhem-
pien ikd, synnytyskomplikaatio, raskauden aikainen tupakointi, kansallinen rekisteri, tapaus-ver-
rokkitutkimus.
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1. INTRODUCTION

An increasing body of evidence suggests that changes in the environment during the
period from conception until infancy can result in permanent changes to the structure
and physiological mechanisms of the human body (Gluckman et al. 2007). This
concept “developmental origins of health and disease”” (DOHaD)” originated based
on the observations of association between birth size and later risk of cardiovascular
diseases (Barker & Osmond 1986) and type 2 diabetes (Haig & Graham 1991). Along
similar lines, an association has been suggested between fetal growth and mental
health (Schlotz & Phillips 2009). There is also a growing interest in the role of social
determinants in the development of mental health problems such as anxiety and
depression. Studies suggest that various social, economic and physical environments
in different stages of life affect and shape the mental health of an individual (Patel et
al. 2010, Allen et al. 2014).

Studies have shown prenatal insults to be associated with mental disorders with
a neurodevelopmental component. The studies showing an association between
exposure to prenatal influenza (Mednick et al. 1988) and prenatal famine (Susser et
al. 1996) and schizophrenia later in life provided one of the earliest epidemiological
evidence supporting the potential role of prenatal insults in the development of
severe mental disorders. Several studies have shown an association between other
prenatal and perinatal risk factors, e.g. prenatal iron, vitamin A and vitamin D
deficiency (Insel et al. 2008, Bao et al. 2012, McGrath ef al. 2010), maternal stress
during pregnancy (Khashan et al. 2008), seasonality of birth (Davies et al. 2003),
low birth weight, diminished head circumference (Jones et al. 1998, McNeil et al.
1993) obstetric complications (Cannon et al. 2002), and subsequent development
of schizophrenia. Similarly, a range of prenatal and perinatal risk factors have also
been implicated in the development of Autism spectrum disorders (ASD) (Kolevzon
et al. 2007, Guinchat et al. 2012). However, majority of previous studies on prenatal
and perinatal risk factors have been focused on schizophrenia and ASD and it is
less clear if these results can be extended to other psychiatric disorders, e.g. bipolar
disorder (BPD). Therefore, it is important to investigate whether several psychiatric
disorders have a common prenatal risk profile or have certain specific profiles. This
has important implications on developing research strategies and conceptualizing the
causes of psychiatric problems.

Two major views have been postulated as the causal mechanisms for the influence of
prenatal insults on health later in life. First, specific prenatal factors, either alone or in
combination with other factors result in the structural or functional damage to organs
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important in the pathophysiology of the disease condition. For instance, the influence
of intrauterine factors resulting in hypoplasia or dysplasia of key cerebral structures e.g.
limbic system and prefrontal cortex, and its interaction with normal brain maturation
later in life could lead to the manifestation of psychiatric symptoms (Sanches et al.
2008). Second, prenatal insults result in a general impairment in fetal health, thereby
affecting the general indicators of growth and development. This, in turn predisposes the
child to ill health later in life (Susser et a/.1999).

BPD is a severe mental disorder characterized by mood swings towards mania
and depression, and associated with considerable morbidity and mortality, often
evolving into life-long illness (Bauer & Pfennig 2005, Ortiz et al. 2011). The clinical
manifestation of BPD includes very intense emotional states during periods called
“mood episodes”. An extremely joyful or overexcited state is called a “manic episode”
(or “hypomanic episode” when symptoms are less severe) whereas a considerably
sad and hopeless state is called a “depressive episode”. A “mixed state” includes
symptoms of both mania and depression occurring in a mood episode (NIMH. 2008).
Patients with BPD have a much higher risk of suicide (Isometsa et al. 1994) with the
absolute risk among subjects with BPD followed up over 18 years shown to be 7.8
% in males and 4.8 % in females (Nordentoft et al. 2011). Compared to the general
population, people with BPD have a 10 to 30-fold greater risk of suicide (Crump et al.
2013, Pompili ef al. 2013). The lifetime prevalence of BPD varies from 0.1% to 4.4%
worldwide (Merikangas et al. 2011).

The development of BPD has a strong genetic component with the heritability
estimated to be between 59% and 89% (Lichtenstein et al. 2009, McGuffin et al.
2003). However, the concordance within monozygotic (MZ) twin pairs of far less
than 100% (Craddock & Jones 1999) points towards the importance of non-genetic
factors in the development of BPD. There is a growing interest in the role of epigenetic
dysfunction as a potential explanation for phenotypic differences between MZ twins
(Pidsley & Mill 2011). It has been shown that DNA methylation could play a role in the
etiology of schizophrenia and BPD (Dempster ef al. 2011). Environmental risk factors
have also been implicated in the development of BPD. Clinical studies have shown
obstetric complications (Kinney et al. 1993, 1998) and higher parental education
(Lewinsohn et al. 1995) to be associated with BPD. On the other hand, systematic
reviews have been inconclusive regarding obstetric complications and BPD (Scott et
al. 2006). The findings of previous clinical studies have been limited due to the use of
a clinical sample increasing the chances of selection bias, retrospective study designs
with subsequent recall bias, small sample sizes and thus limited statistical power and
lack of healthy controls for comparisons. More recently, nationwide population-based
epidemiological studies have provided new insights on the association of prenatal
and perinatal risk factors including parental age (Frans et al. 2008, Laursen et al.
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2007), obstetric complications (Nosarti et al. 2012, @gendahl et al. 2006) and parental
socioeconomic status (Tsuchiya ef al. 2004) with BPD.

Population-based studies making use of nationwide registers have immensely helped
epidemiological psychiatric research. These studies, conducted mostly in the Nordic
countries, are based on several nationwide registers manually collected initially and
computerized subsequently. These registers contain individual health data over the entire
life span of the individual and the availability of unique national personal identifier
helps in the linkage of data from several registers. The collection of individual health
data runs throughout the lifespan with the earliest data recorded even before birth i.e.
during pregnancy (Pukkala 2011). The subsequent collection of personal health data
continues at childbirth, during each visit to the national health care system, during
use of prescribed medication for any illness until the death of the individual. Overall,
this system of registers provides the overall picture of the health, illness, and the socio
demographic status of an individual and thereby the entire population. This thesis uses
several Finnish Nationwide Registers to examine the association between prenatal and
perinatal risk factors and the development of BPD. The exploration of potential prenatal
and perinatal risk factors in the development of BPD would help to better understand
the causation of BPD. It also lays the groundwork to possible development of selected
interventions aimed at population at risk of specific prenatal and/or or perinatal risk
factors for the development of BPD.

1.1  Diagnostic Classification

Globally, there are two main systems of classification for the diagnosis of mental disorders:
the International Classification of Diseases (ICD) (WHO 1992) and the Diagnostic and
Statistical Manual of Mental Disorders (DSM) (APA 1994). There is some heterogeneity
in the criteria for the diagnosis of BPD in the two diagnostic classifications. The
ICD-10 classification requires two discrete mood episodes, out of which at least one
must be manic (or hypomanic). However, in DSM-IV, a single episode of mania (or
hypomania), even without any previous mood episodes would result in a diagnosis of
bipolar disorder (NICE 2006). Few changes have been made in the diagnostic criteria of
BPD in the recently introduced DSM-5, such as: a) an emphasis on changes in activity
and energy and mood has been included in criteria A for manic and hypomanic episodes
and b) removal of bipolar I disorder, mixed episode diagnosis in DSM-IV requiring the
individual meet full criteria for both mania and a major depressive episode at the same
time (APA 2015). In Finland, hospital diagnoses are based on ICD: ICD-8 from 1969
to 1986, ICD-9 from 1987 to 1995 and ICD-10 from 1996 onwards. Table 1 shows the
ICD-10 diagnostic criteria for BPD.
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Table 1. ICD-10 diagnostic criteria for BPD. Modified and reproduced with permission from
WHO. 2015.

Bipolar affective disorder

Definition: A disorder characterized by two or more episodes in which the patient's mood and activity levels
are significantly disturbed, this disturbance consisting on some occasions of an elevation of mood and increased
energy and activity (hypomania or mania) and on others of a lowering of mood and decreased energy and
activity (depression). Repeated episodes of hypomania or mania only are classified as bipolar.

Including: manic depression, manic-depressive: a) illness, b) psychosis, ¢) reaction.
Excluding: bipolar disorder, single manic episode (F30.-), cyclothymia (F34.0)

F31.0 Bipolar affective disorder, current episode hypomanic

The patient is currently hypomanic, and has had at least one other affective episode (hypomanic, manic,
depressive, or mixed) in the past.

F31.1 Bipolar affective disorder, current episode manic without psychotic symptoms

The patient is currently manic, without psychotic symptoms (as in F30.1), and has had at least one other
affective episode (hypomanic, manic, depressive, or mixed) in the past.

F31.2 Bipolar affective disorder, current episode manic with psychotic symptoms

The patient is currently manic, with psychotic symptoms (as in F30.2), and has had at least one other affective
episode (hypomanic, manic, depressive, or mixed) in the past.

F31.3 Bipolar affective disorder, current episode mild or moderate depression

The patient is currently depressed, as in a depressive episode of either mild or moderate severity (F32.0 or
F32.1), and has had at least one authenticated hypomanic, manic, or mixed affective episode in the past.

F31.4 Bipolar affective disorder, current episode severe depression without psychotic symptoms

The patient is currently depressed, as in severe depressive episode without psychotic symptoms (F32.2), and has
had at least one authenticated hypomanic, manic, or mixed affective episode in the past.

F31.5 Bipolar affective disorder, current episode severe depression with psychotic symptoms

The patient is currently depressed, as in severe depressive episode with psychotic symptoms (F32.3), and has
had at least one authenticated hypomanic, manic, or mixed affective episode in the past.

F31.6 Bipolar affective disorder, current episode mixed

The patient has had at least one authenticated hypomanic, manic, depressive, or mixed affective episode in the
past, and currently exhibits either a mixture or a rapid alteration of manic and depressive symptoms.

Excluding: single mixed affective episode (F38.0)

F31.7 Bipolar affective disorder, currently in remission

The patient has had at least one authenticated hypomanic, manic, or mixed affective episode in the past, and at
least one other affective episode (hypomanic, manic, depressive, or mixed) in addition, but is not currently
suffering from any significant mood disturbance, and has not done so for several months. Periods of remission
during prophylactic treatment should be coded here.

F31.8 Other bipolar affective disorders
Bipolar II disorder; Recurrent manic episodes NOS

F31.9 Bipolar affective disorder, unspecified
Manic depression NOS




Review of the Literature 15

2.  REVIEW OF THE LITERATURE

2.1 Epidemiology of Bipolar Disorder

2.1.1 Global distribution

Mental health problems are one of the most common causes of morbidity globally.
Mental and substance use disorders accounted for 7.4% of all Disability adjusted life
years (DALYs) globally in 2010 (Whiteford et al. 2013). DALY is a measure used to
quantify the burden of a disease resulting from its mortality and morbidity. The WHO
defines DALY as “the sum of the years of life lost (YLL) due to premature mortality in
the population and the years lost due to disability (YLD) for people living with the health
condition or its consequences” (WHO 2014). In the year 2010, BPD accounted for 7%
of the DALY's caused by mental and substance use disorders. BPD, due to its early onset
and chronic life course results in more DALY's loss than all forms of cancer combined
(WHO 2002).

The incidence and prevalence of BPD varies widely worldwide. The variation could be due
to the differences in actual disease burden, cultural differences to mental illness, varying
availability of diagnostic and treatment services and differences in the study design and
the target population used in different studies. The lifetime prevalence of BPD varied
from 0.3% in Taiwan to 1.5% in New Zealand when using population-based interviews
(Weissman ef al. 1996). Another recent study using cross sectional, face to face household
surveys conducted in 11 countries found the aggregate lifetime prevalence of 0.6% for
bipolar type I disorder (BPD-I) and 0.4% for bipolar type II disorder (Merikangas et al.
2011). The prevalence of BPD varied from 0.1% in India to 4.4% in the USA. The lifetime
prevalence of BPD-I was 0.24% in a Finnish study (Perdld et al. 2007). The study by
Perild et al. (2007) was based on an extensive general population survey using Composite
International Diagnostic Interview (CIDI), self-reported diagnoses, medical examination,
and nationwide registers. Another Finnish study using hospital inpatient data over 8 years,
found the incidence of BPD to be 0.03% among population aged more than 15 years
(Résédnen et al. 1998). Rasédnen ef al. (1998) identified cases from the Finnish Hospital
Discharge Register (FHDR), based on first admission of patients to psychiatric inpatient
wards nationwide between 1987 and 1994, and used the Finnish Population statistics to
estimate the overall incidence of BPD in 1994,

2.1.2 Age and sex

The mean age of onset of BPD in an epidemiological survey in 10 countries ranged from
18 to 27 years (Weissman et al. 1996). A hospital inpatient and outpatient study of BPD
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in Finland had a mean age of onset of 23.7 years, standard deviation (SD) 9.8 years
for first affective episode (Suominen et al. 2007). The classification of BPD by age of
onset has not been uniform. While some have classified BPD cases as early onset (< 18
years) and later onset (> 18 years) (Suominen et al. 2007, Carter et al. 2003), others have
classified the age of onset of BPD into four categories: childhood onset: onset at age 0 to
12 years; adolescent onset: 13 to 18 years; early-adult onset: 19 to 29 years and late-adult
onset for onset after 30 years (Perlis et al. 2004). Cases with an early onset i.e. before
the age of 18 years have been shown to be associated with greater heritability, increased
illness severity, higher comorbidity, and an overall poorer outcome (Carter ef al. 2003,
Suominen et al. 2007, Somanath et al. 2002).

Similarly, there are conflicting findings regarding the distribution of early onset BPD
cases in the US as compared to Europe. While few studies have suggested that the
rates of early onset BPD are much higher in the US as compared to Europe (Post et al.
2008, James et al. 2014), others did not find such differences (Van Meter et al. 2011,
Oedegaard et al. 2009). Several possible explanations have been suggested to explain
the finding of an increased occurrence of early onset BPD cases in the US. First, there
are differences in the study design and methodology in the studies, e.g. age range,
rating scales and duration of assessment in the interviews. Second, the differences in
the diagnostic classification i.e. ICD vs DSM may be relevant, as the ICD requires
more than one manic episode for BPD diagnosis. Third, early onset BPD cases
could be underdiagnosed outside US, with a bias among clinicians towards making
a diagnosis instead of hyperkinetic disorder, conduct disorder or major depressive
disorder. Fourth, early onset BPD cases could be over- diagnosed in the US. Finally,
early onset BPD may actually be rarer outside the US due to some environmental or
cultural differences (Soutullo ef al. 2005).

Most previous studies suggest that BPD occurs almost equally among men and women
(Weissman et al. 1996, Mitchell et al. 2004). However, other studies have shown
some differences in BPD based on gender. One study suggested that bipolar I occurs
approximately equally among men and women, whereas bipolar II disorder may be more
common in women than in men (Bauer & Pfennig 2005). While some clinical studies
suggest that females with BPD experience more depressive episodes and less manic
episodes as compared to males (Robb et al. 1998), others do not report such differences
(Hendrick et al. 2000). The nationwide register based studies show BPD to be slightly
more common among females, accounting for 54% (Laursen et al. 2007) to 58% (Frans
et al. 2008) of the total cases. Previous studies from Finland report similar distribution
among females of 53-54% (Suominen et al. 2007). Interestingly, early onset BPD cases
(before the age of 18 years) are much more common among females, accounting for 72%
of total cases in one Finnish study (Suominen et al. 2007).
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2.2 Risk factors for BPD

2.2.1 Place of birth

Table 2 summarizes the findings of previous studies on birthplace and parental
socioeconomic status (SES) and the risk of BPD. Few previous studies have examined the
association between urban birth and residence and subsequent risk of BPD (Mortensen
et al. 2003, Pedersen & Mortensen 2006, Laursen et al. 2007). A study found birth
in a provincial city to be associated with an increased risk of BPD (Mortensen et al.
2003). Another study showed place of residence in a provincial city at 15" birthday to
be associated with increased risk of BPD (Pedersen & Mortensen 2006). It did not find
any association between urbanicity at birth and BPD. Another study showed that being
born in larger cities as compared to rural areas was associated with greater risk of BPD
(Laursen et al. 2007).

Studies have shown an association between region of birth and the subsequent risk
of psychosis in Finland. Perdld er al. (2008) showed that region of birth, notably in
the East or North, was associated with increased risk of any psychotic disorder and
schizophrenia but not with affective psychosis. Other studies have also shown similar
increased clustering of psychosis or schizophrenia in Eastern Finland (Haukka et al.
2001, Lehtinen et al. 1990). A similar trend is observed in the treatment rates with rates
of new admissions for psychosis and affective disorders shown to be significantly higher
in Eastern Finland as compared to other regions (Korkeila et al. 1998).

2.2.2 Parental socioeconomic status

Several studies have shown an association between measures of socioeconomic status
and several health outcomes (Bradley & Corwyn 2002, Adler et al. 1993) including
mental disorders (Van Oort et al. 2011, Fryers et al. 2003). Socioeconomic status
is a complex measure resulting from an intricate combination of various variables,
mostly derived as a combination of three components: education, occupation and
income. There seems to be a general agreement that all three components put together
represent SES better than each individual component (White 1982). There is a lack
of consensus on which measure individually best predicts the overall SES (Winkleby
et al. 1992).

There are limited previous studies examining parental socioeconomic status in
association with BPD in offspring. Only one previous study has examined the
association between parental educational level and income and BPD in offspring
(Tsuchiya et al. 2004). It showed higher paternal and maternal educational level to be
associated with increased BPD risk. Furthermore, higher level of paternal wealth was
also associated with BPD.
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2.2.3 Parental age

The average age of being a parent has been increasing over the last three decades in many
high-income countries (OECD 2014a, Eurostat 2014). In the European Union (EU), the
mean maternal age at childbirth increased by 1.5 years (from 27.1 to 28.6 years) between
1980 and 1993 (Breart 1997) and by 3.1 years until 2012 (Eurostat 2014). Similarly, in
the United States of America (USA), the average age of first time mothers increased by
3.6 years, from 21.4 years in 1970 to 25.0 years in 2006 (Mathews & Hamilton 2009).
During the same time period, the proportion of first time birth among women aged 35
years or older increased almost 8-fold (Martin et al. 2009, Mathews 2001). Similar trend
has been observed with paternal age as well. The mean age of fathers in England and
Wales increased from 29.2 to 32.6 between 1980 and 2011 (ONS 2011). In Australia, the
median age of fathers increased by almost 3 years from 31.4 to 34 years between 1990
and 2010 (ABS 2010). In Finland, the mean age of becoming a father and mother for
first live birth was 30.4 and 28.6 years respectively in 2013. The corresponding figures
for all births in 2013 were 30.7 years for fathers and 30.4 years for mothers (Statistics
Finland. 2015).

This change in the demographics of parents has been attributed to economic,
technologic and social changes in the developed world (Huang et al. 2008). An
increasing number of years spent in education, combined with years spent on
achieving a stable work environment, in search for financial stability has resulted in
an increasing number of people opting to have children later in life. Along similar
lines, a recent study suggested that the optimal age for women to be a parent while
achieving a balance between education, career, and family would be between 25 to
35 years (Heffner 2004). Thus, it seems that there is a trend of increasing normative
age of being a parent. During the same period, teenage pregnancy has declined,
especially in the Nordic countries. In Finland, women younger than 20 years
accounted for 8.2% of all pregnancies in 1975, the corresponding value has declined
to 2.3% in 2010 (Heino & Gissler.2012).
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Several epidemiological studies (Durkin ef al. 2008, Croen et al. 2007) and meta-
analyses (Sandin et al. 2012, Gardener et al. 2009) have shown an association between
advanced maternal age and ASD. However, studies examining the association between
maternal age and schizophrenia have been inconsistent with one study showing an
association with teenage mothers (McGrath et al. 2014), whereas another study did not
show any association (Byrne et al. 2003). The possible mechanisms for the association
with advanced maternal age include: First, advanced maternal age has been suggested
to be an important risk factor for chromosome abnormalities, e.g. aneuploidy (Martin
2008) and genomic modifications, e.g. trinucleotide repeat instability (Kaytor et al.
1997). Interestingly, genomic alterations including copy number variations have been
associated with autism and schizophrenia (Cook & Scherer 2008, Sebat et al. 2007).
Second, epigenetic dysfunction could explain some of the parental age effect (Sandin
et al. 2012). Third, prenatal exposure to toxins, e.g. lead and polychlorinated biphenyls
(PCBs) have been shown to affect brain development and have long term developmental
consequences in offspring (Williams & Ross 2007). Lastly, older mothers have an
increased risk of obstetric complications (Berkowitz ef al. 1990) and that could explain
the association with psychiatric disorders (Kolevzon et al. 2007).

Increasing paternal age has been associated with an increased risk of various adverse
outcomes in children including cleft lip and palate (Bille et al. 2005) and various forms
of cancer (Hemminki ef al. 1999). Advanced paternal age has been associated with an
increased risk of schizophrenia (Malaspina et al. 2001, Byrne et al. 2003) and ASD
(Croen et al. 2007, Durkin et al. 2008). The possible mechanisms for the association with
advanced paternal age include: a) increase in de novo mutations in the male germline
with advancing age due to the repeated cell divisions occurring during the normal
development of sperm (Malaspina 2001), b) epigenetic dysregulation such as DNA-
methylation changes as an important non genetic factor (Dempster et al. 2011), c) the
accumulation of exposure to various environmental toxins over the life time resulting in
genomic and/or epigenetic changes in the germ cells (Yauk et al. 2008) and d) heritable
traits in the old fathers, e.g personality traits leading to reduced social interaction skills
and thus leading to delayed age at parenthood (Hare & Moran 1979).

Young parental age has been associated with psychiatric disorders in offspring in
general (McGrath et al. 2014), with schizophrenia (Wohl & Gorwood 2007) and ASD
(Lundstrom et al. 2010). Young parents are a special group with increased tendency
to early reproduction, among other things, due to their personality (Lundstrom et al.
2010). Young parents are likely to have higher chances of transmitting genetic risk of
neurodevelopmental disorders due to the higher rates of psychiatric disorders among them
(Lundstréom et al. 2010). Using the “Finnish 1981 Birth Cohort Study” (Sourander et al.
2009), childhood conduct and hyperactive problems were demonstrated to be associated
with becoming a teenage mother (Lehti et al. 2012a). Similarly, childhood conduct
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problems were associated with becoming a young father (Lehti et al. 2012b). Young
parents are more likely to have lower education and belong to a low socioeconomic status
(Kiernan 1997) and may more likely have poor access to prenatal care (D’Ascoli et al.
1997). Subsequently, the offspring are likely to be at an increased risk of complications
during pregnancy. In turn, these complications during pregnancy have been associated
with neurodevelopmental disorders (Rapoport et al. 2012, Kolevzon et al. 2007). Also,
offspring of young fathers have an increased risk of de novo genetic disorders due to
immaturity of spermatids or impaired DNA repair (Malaspina 2001).Young fathers are
more likely to be exposed to health risk behaviors, e.g. drug abuse, which have been
linked with germline de novo mutations (Robbins et al. 2005). Young mothers are
more likely to smoke during pregnancy and most of them continue it through the whole
pregnancy (Vuori & Gissler. 2012). Smoking during pregnancy has been associated with
attention-deficit/hyperactivity disorder (ADHD) (Button et al. 2005), conduct disorder
(Fergusson et al. 1998) and ASD (Hultman et al. 2002) in offspring.

2.2.3.1Paternal age and BPD

As shown in Table 3, several previous studies have examined the association between
paternal age and BPD. Out of a total of seven studies, five were based on nationwide
population-based registers from the Nordic countries (McGrath ef al. 2014, D’Onofrio
et al. 2014, Menezes et al. 2010, Frans et al. 2008, Laursen et al. 2007). The remaining
two were population-based studies from the Netherlands (Voskamp ef al. 2011) and
the USA (Brown et al. 2013). Four of the studies (McGrath et al.2014, D’Onoftrio et
al. 2014, Laursen et al. 2007, Menezes et al. 2010) were based on a cohort design
whereas the remaining three were case-control studies (Brown et al. 2013, Frans et
al. 2008, Voskamp et al. 2011). Three studies focused specifically on the risk of BPD
in association with paternal age (Menezes et al. 2010, Frans et al. 2008, Brown et al.
2013), whereas the remaining four examined the relationship between paternal age and
a range of other disorders. The number of BPD cases included in the studies varied
from 94 (Brown et al. 2013) to 13,428 (Frans et al. 2008). Five out of seven studies
showed a positive association between advanced paternal age and BPD (McGrath et
al. 2014, D’Onofrio et al. 2014, Menezes et al. 2010, Frans et al. 2008, Laursen et al.
2007). The remaining two (Voskamp et al. 2011, Brown et al. 2013) did not find any
association.

A Danish cohort study using nationwide registers showed an association between
paternal age and BPD (Laursen et al. 2007). It showed that fathers aged 31-40 years
and 50-55 years had an increased risk of BPD in offspring. Offspring of fathers aged
50-55 years had 1.7-fold increased risk of BPD. Frans et al. (2008) demonstrated an
increased risk of BPD among offspring of fathers aged 30-34 years, 40-44 years and
>55 years. Offspring of fathers aged more than 55 years had a 1.4-fold increased risk of
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BPD. On evaluating cases of BPD with an early onset (i.e. before the age of 20 years),
the risk among offspring of fathers aged >55 years was 2.6-fold. Another Swedish study
(Menezes et al. 2010) demonstrated an increased risk of BPD among offspring of fathers
aged 35 years or older. The risk was highest among offspring of fathers aged 40-44 years
showing a 1.8-fold increased risk. A recent Swedish study examined the association
between paternal age and a range of offspring psychiatric disorders and academic
morbidity (failing grades and low educational attainment) (D’Onoftio et al. 2014) and
showed more than 5-fold increased risk of BPD among offspring of fathers older than 45
years. A Danish study used a similar cohort design examining the association between
parental age and a range of psychiatric disorders in the offspring (McGrath et al. 2014)
and showed that offspring of fathers aged over 45 years had a 1.2-fold increased risk of
BPD.

A Dutch case-control study using psychiatric case registry from central Netherlands
examined the association between paternal age and schizophrenia, ASD, major depressive
disorder, and BPD (Voskamp et al. 2011). The study did not find any association between
parental age and BPD in offspring. Another case-control study in the USA, used a
population-based study design (Brown et al. 2013) and did not find any association
between paternal age and BPD.

2.2.3.1 Maternal age and BPD

Four previous population-based epidemiological studies have examined the association
between maternal age and BPD (Table. 3). Three of the studies were based on the
Nordic nationwide registers (Menezes et al. 2010, Frans ef al. 2008, McGrath et al.
2014) whereas one was a population-based study from the USA (Brown et al. 2013).
Two studies showed an association between maternal age and BPD (Frans ef al. 2008,
McGrath et al. 2014) whereas the other two did not find any association (Menezes et al.
2010, Brown et al. 2013). A Swedish nationwide case-control study showed an increased
risk of BPD among offspring of mothers aged 30-39 years (Frans et al. 2008). Offspring
of mothers aged 35-39 years had a 1.16-fold increased risk of BPD. However, unlike
the findings with paternal age, no association was found between maternal age and BPD
when the study included early onset BPD cases. Another Danish nationwide cohort study
showed an association between young maternal age and the risk of BPD (McGrath et al.
2014). Mothers aged younger than 20 years had a 1.2-fold increased risk of BPD in the
offspring.

2.2.4 Perinatal complications

The World Health Organization (WHO) defines the perinatal period as period
commencing at 22 completed weeks (154 days) of gestation and ending at seven



Review of the Literature 23

completed days after birth (WHO 1992). Complications occurring during the perinatal
period include those occurring during the later period of pregnancy, during childbirth
and until 7 days during the postnatal period. Prenatal and perinatal complications
have been suggested as risk factors for schizophrenia (Rapoport ef al. 2012) and ASD
(Kolevzon et al. 2007, Guinchat et al. 2012). However, despite sharing a genetic
overlap with schizophrenia (Lichtenstein et al. 2009, Mortensen ef al. 2010, Lencz et
al. 2013) and having a neurodevelopmental origin (Sanches et al. 2008), the evidence
for an association between pre and perinatal risk factors and BPD is much more
inconsistent (Haukvik et al. 2014).

Preterm birth is defined as birth occurring prior to 37 completed weeks of gestation
and is associated with increased mortality in infancy (Moster et al. 2008, Fellman et
al. 2009, Crump et al. 2011), as well as with increased morbidity including psychiatric
disorders (Crump et al. 2011, Doyle & Anderson 2010) later in life. Small for gestational
age (SGA) refers to a neonate whose birth weight or birth length is at least two standard
deviations (SD) below the mean for the infant’s gestational age, based on data derived
from a reference population (Lee ef al. 2003). SGA is a measure of size of infant at birth
and should not be considered synonymous to intrauterine growth restriction (IUGR),
which suggests diminished growth velocity in the fetus (Lee ef al. 2003). Being born SGA
has been shown to be associated with cognitive and attention problems in adolescence
(O’Keeffe et al. 2003) and drug and alcohol dependency (Nosarti et al. 2012). Low
birth weight is considered as a marker of high-risk newborns and has been associated
with prenatal risk factors, complications during pregnancy and increased morbidity and
mortality (Class ef al. 2014a).

Ithas been suggested that deviation in fetal somatic growth occurs along with abnormalities
in the fetal brain development. These growth abnormalities are subsequently linked with
ASD (Abel et al. 2013). Furthermore, early placental programming of fetal development
and placental functioning has been increasingly implicated in fetal somatic and brain
growth (Abel & Allin 2005).



Review of the Literature

24

"28vd 3xaU 2y U0 PaNUIIU0Y) "TAIOIU] AIUIPTUOD %66 1D %S6 "€0°0] UONRIASD pIepur)s ‘s1edk /() : 958 UBSIA ; ‘SYJUOW 9 PUE SIBOA ()G | “O[qE[IeAR JON [V/N ‘Shje)s

Ipe

fpe e

fpe

OTWIOU0930100S :SHS S AANR[Y PAISPY " WA o1y SPPO PpaAasnipy :* YO ‘oney pieze pasnlpy ™ H ‘oney piezeH *JH ‘ Soney 91ey 90uaprou] pasnpy: Idl
"YSLI PAseaIoul ue Apmys
P8 T1-20°T \ID %S6 ‘LET  Pey OS[e SIBIA G¢-( PaSe sIayjow 18k 69-0 S19)s131 01U09-2SBd
=[pey ‘sIBaA GG< a3 s, JoyIe] Jo Sundsgo Suudsgo ur qdg (G:1) S[o13u0d OpIMUOIEN  P9JSau paseq
9TT-90'T (1D%S6°9L L = JO SH PISeIIOUL Yilm PIJeIoosse 'SI9PIOSIp ([ L9 ‘SISBO ‘01-aOI ‘6 -uopendod  UAPaMS ‘800T
N0 ‘steak gg-G¢ age s Y10 sem o3e [eurojed paoueapy  onoyoAsd Jo A1oysiy Ajrwej ‘S ‘Kired addga 8zrsl -aoil ‘8-adl opIMUONEN P ja SUeI] G
"(d g JO JSU pesearour
ISTOTT CID %S6  UNA PAJBIDOSSE Sem SIBOA ()¢ Uey)
‘ST =UH ‘sTeaA (¢ ueyy Jopjo 1opjo syudred ypoq Sulaey s qdd
syuared yiog 0 €—H0" 11D UM PLIOOSSE JoU Sem Tk [euIa)ew "SAS POOypIIYd ‘S1eaA G o3k 210Jq S10)51501 Apnys
%56 S8'T =" WH ‘1A pp-0p Jo reurdyed ur osearour s;edk 07 yyeap [eyudred ‘qydd Jo pue sisoydLsd opIMuOneN  HOy0d paseq uopom§
‘19°T-60° 1D %86 ‘89°L = AI0AF "(dd JO ySLL pasealoul ue peyy  Jo K103s1y AJiurej ‘SONSLIOIEIEYD OL1JAISO s1eak 6Z-91 01-adI -uoyendod 010 w2
.:amm ‘sIBA €-G¢ a8k S JoIe SIBAA $-G¢ pade s1aypes jo Sundsgo ‘qiaq Jo doefd ‘0Fe [eurdjewn ‘xas 93y ‘sased 0dd €6F ‘6-aDI SPIMUOIEN SOZOUOIN ‘¥
anreuuonsanb
TIY 10 1D %86 ‘ST V/N 93ue1dde  pajrew pue Apms
=[pey ‘s1eak Gf < 93¢ s, JoyIe] (8:1) S[onu0d aseqejep [01U02-3S8)
TIP-T80 TD%S6 ‘9 1=" 40 ‘adg pue 23e [eUONEISAT pue KJOIUYIO [BUIAJEW  POYIIEW Op/ SPIOIDI [EOIPIN  Pa)sau paseq VSN ‘€10T
‘s1edK Gfy < 038 S JOUIO]N 93 [ejudred UooM)dq UONRI0SSE ON  /[eutdjed ‘Uoneonpo [eurdjew /[euIdled  ‘Sased Add v6 ML AIFINSA -uonendog v 12 umoig ¢
TedA yunq pueqoid Ay U1 AWOdUI [IAI]
-proyasnoy djqesodsip eussyed ‘waqpiyo
Je 95 [BUIJEW ‘UONIIATO [RUTUILID AUE JO S19)51301
K103s1y owmap ‘uonezipendsoy oueryoAsd opImuoneN Kpmys
‘adgd JO AT0IST] QUITIOJ] ‘[OAS] [EUOTBINP S180A ‘01-aDI  Moyoo paseq uopom§
‘PIOJ-S  JO YSLI PASLAIOUI [IIM PAJLIOOSSE ‘KN[euOneu YSIPAMS SIBLIBAOD [BJUAIE] 9¢-71 ‘sased ‘6-aDI -uonjeindog “Y10Z v 12
< 4H ‘s1eak i< a3e s 1ayie] sem o3e [eurdjed pasueApy ‘yuIq Jo JeaA Kired “xos :sajeiea0d Suudsgo adgd 6189 ‘3-aDI opmmuoneN  owjouQ.d 7
SHI-S0'T ‘1D %S6 ‘PT1 “3unqrs 10 juared e ur SI0)S1301 Apmys
= "y ‘steok G < 93e s Jae] S (dg PaseaIoul SSU[I [BIUW JO AI0ISIY pue yiiq Jo doejd S1e9K opIMuUOnEN 100D paseq phinielgl
€€ T-80°T 1D % S6 ‘0T’T  Uim pjeroosse sem a3e [eusojed 9y Jo uoneziueqin jo 22139p ‘Suridsgo 9G-() ‘ssEd ‘01-ADI -uoneindog Y107 v 12
=" 1 ‘10K 6] > 056 S IOYIO)\  PIOUBAPE pue oFe [euIojew Sunog JO X35 asu0 Je Jedk 4asuo je a3y add 60€L 8-aDI SpIMUOTIEN RIDIN ']
adg jo ysu S)NSAY S9JBLIBAOD) dguea I3y 92Inos  ugisdp Apmy§  Anuno)) ‘reak
PUE UONBIIOSSE JO JINSEIJA[ az1s Jjdwieg  eye( ‘CLIAILID uonedqng
Jpsouselq ‘aoyny

‘add pue 93¢ [ejuared uo sarpnis paseq-uonendod *¢ d[qeL,



25

Review of the Literature

[BAIOIU] SOUIPYUOD %66 ‘1D %S6
‘SnJEIS JIWIOU000I00S SHS * ONEY SPPO PAISNIPY PO s 0By pAISNPY (" ‘€0°0[ :UONBIADP PIepuR)S ‘SIBaK [/ °0f : 958 UBSA ; ‘SYIUOW 9 pue SILak ()G |

S1eaK [0t

‘(:1) Sjonuod S1)sI3o1  Apmis [OJUOD  SPURLISION
SST80 10 %86 FI'T="40 ‘Sunidsgo ur q4g ym y8pY pue sases [euolday  -osedpaseq  ‘[10T V72
‘s1e9A () < 95e s Joye ] 93e s, IoyJe] JO UON)BIO0SSE ON ‘punoIsNoeq OTUY) ‘SAS adg 1zl “dL-AIFINSA -uoneindog dureysop </

quIq S19)s1301 Apmys
I 'SIBIA GG-1G pUE SIBOA Jo 2oeyd ‘oFe [eurdred 9uated jo ssoj |STBOA opimuoneN  10yod paseq Srewudq
I %S6 ‘1 b.ﬁn_smm 0-1€ pade s1oyie, Jo Juridsyjo ut ‘a3e [eurojew ‘UoISSIpPE OLNRIYoASd  ()G-8] "SIseDd ‘01-ADI -uonendog ‘L00T I 12
‘sTeoA GG-1G aFe s Joyie]  PIAIdSqO (g JO MSU Paseardou]  Jo AI0ISIy AJIwe] ‘xos ‘Iedk yiiq 98y adg o6ty ‘8-aDI oprmuoneN uasINeT "9
adg Jo ysu S)NSAY S9)eLIBAOD) Jguea I3y 921no0s  ugIsIp Apn)S Anuno)) ‘Iedk
PUuE UONRBIIOSSE JO JINSBIJAI azis ojdwres  eje( ‘BLINLID uonedqng
nsouserq aqoyny

adg pue a3e [ejuared uo sarpnys paseq-uonendod € qeL



26 Review of the Literature

Several perinatal conditions indicating acute or prolonged oxygen deprivation i.e. hypoxia
to the fetal brain have been suggested as a major risk factor for the development of
schizophrenia (Dalman et al. 1999,2001). Three possible mechanisms have been considered
in explaining the association between obstetric complications and schizophrenia: a) a
chronic fetal hypoxia like state resulting in reduction in supply of nutrients, e.g. oxygen,
glucose to the fetus resulting in impaired CNS development and IUGR, b) hypoxia due to
complications during delivery that could result in brain damage especially in hippocampus
and the cortex and c) increased risk of complications due to prematurity such as intracranial
hemorrhages causing brain damage (Dalman et al. 1999). Indeed, neuroimaging studies
have shown reduction in the hippocampal volumes in schizophrenia patients with a history
of complications during delivery (McNeil et al. 2000, Stefanis et al. 1999). In addition,
an interaction has been seen between schizophrenia susceptibility genes and exposure to
hypoxia in influencing hippocampal volume (Van Erp ef al. 2002).

The earlier studies on prenatal and perinatal complications and neurodevelopmental
disorders used scales of various obstetric complications, e.g. Murray-Lewis Obstetric
Complications Scale, Mirdal’s score (Murray & Lewis 1987, Mirdal et al. 1974). These
scales provided summary scores for obstetric complications based on the number
and relative severity of various complications (Kinney et al. 1998). The use of such
summary scales combining a range of exposures together as “obstetric factors” has been
questioned regarding their assumption of all the risk factors having a unitary and a dose-
response effect (Zornberg et al. 2000). The direction forward has been the use of clearly
defined distinct exposures as obstetric risk factors, which are quantified by standardized
measurements (Cannon et al. 2002). The earlier studies used retrospectively collected
obstetric complications data, based on maternal interviews (Kinney et al. 1993, 1998),
which are prone to recall bias. More recent studies using documented measures of
perinatal complications collected during antenatal visits and during childbirth have
improved our understanding of the role of perinatal complications in development of
neurodevelopmental disorders (Nosarti et al. 2012, Qgendahl et al. 2006).

2.2.4.1Obstetric complications and BPD

Previous studies have examined the association between obstetric complications and the risk
of affective disorders. A Scottish study (Bain et al. 2000) examined the association between
obstetric complications and affective psychosis using two birth cohorts (1971-74 and 1975-
78) and found inconsistent results. Abnormal presentation of the fetus was more common
among cases as compared to controls in the 1971-74 cohort and was associated with a
2.6-fold increased risk of affective psychosis. However, abnormal presentation was more
common among controls in the 1975-78 cohort. Similarly, artificial rupture of membranes
was more common among cases in the 1975-78 cohort with a 2.5-fold increased risk of
affective psychosis. It was more common among controls in the 1971-74 cohort. A Swedish
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study (Hultman et al. 1999) showed uterine atony to be associated with affective psychosis.
Exposure to uterine atony was associated with 2.2-fold increased risk of affective psychosis.

Four previous clinical studies have examined the association between obstetric complications
and BPD. Kinney et al. (1993) examined the association between obstetric complications
and BPD based on a proband-sibling study design. Using maternal interview based scores of
obstetric complications (Mirdal et al. 1974), the total sum score of obstetric complications
was significantly higher among probands as compared to siblings. Another study (Kinney
et al. 1998) using a similar study design and summed scores of obstetric complications
showed similar results. Both prenatal and perinatal complications were significantly higher
among cases as compared to siblings. Another case-control study (Verdoux & Bourgeois
1993) compared obstetric complications among BPD, schizophrenia and normal controls
using summary scores. They did not find any difference among cases and controls in the
frequency, severity and summary scores of obstetric complications, collected by maternal
interviews. However, they found significantly higher complications among schizophrenia
cases as compared to BPD and controls. A recent case-control study compared obstetric and
perinatal complications among BPD cases, siblings and controls (Martelon et al. 2012). The
questions regarding obstetric (breech delivery, cesarean section, and other difficulties (e.g.
cord around the neck, or labor greater than 24 hours) and perinatal difficulties (placement in
an incubator, weight of less than 5 Ibs=2.2 kg, required hospital stay, and needed surgery) were
based on maternal interview based on Diagnostic Interview for Children and Adolescents-
Parent Version (DICA-P) (Herjanic et al. 1982). They did not find any significant association
between obstetric and perinatal complications and BPD on comparison with neither siblings
nor controls. Only one previous population-based study has examined the association
between obstetric complications and BPD (Table. 4). A Swedish nationwide register based
study examined the association between Apgar score at 5 minutes and BPD (Nosarti et al.
2012). Neither Apgar scores of less than 3 nor 4-6 were not associated with BPD.

2.2.4.1 Indicators of growth and development and BPD

Few previous studies have examined the association between indicators of fetal growth
and affective disorders. The study outcomes in the studies have varied, with some
studies examining the association specifically for affective disorder. Few other studies
have combined affective disorders and schizophrenia whereas others have grouped BPD,
schizophrenia and other non-organic psychotic disorders together.

A Danish nationwide case-control study (Larsen et al. 2010) examined the association
between low birth weight, prematurity and risk of affective disorders and/or schizophrenia.
Prematurity or low birth weight was not associated with affective disorders (ICD-10, F30—
F39). However, both low birth weight and prematurity was associated with an increased risk
of affective disorders and schizophrenia (ICD-10, F20-F29) combined together. In another
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Swedish cohort study (Abel et al. 2010), low birth weight was associated with increased risk
of affective disorders (ICD-10, F30-F39). Birth weight less than 3000 grams was associated
with an increased risk, with the highest risk of affective disorders (1.6-fold) among birth
weight less than 1500 grams. Being small for gestational age (SGA) (defined as birth
weights in the population less than 2 SDs less than the mean birth weight for a particular
gestational age) was associated with 1.16-fold increased risk of affective disorders.

A Danish case-control study (Eaton et a/. 2000) found no association between gestational
age, weight for gestational age (WGA) or number of prior pregnancies with manic-
depressive psychosis and other affective psychosis combined together. A Swedish cohort
study (D’Onoftrio ef al. 2013) examined the association between preterm birth and
BPD grouped together with schizophrenia and other non-organic psychotic disorders
as “psychotic or bipolar disorder”. Extreme preterm birth (i.e. gestational age 23-27
weeks) was associated with a 3.2-fold increased risk of psychotic or bipolar disorder.
Another recent Swedish cohort study examined the association between birth weight and
psychiatric and socioeconomic problems (Class et al. 2014). The study also grouped BPD
together with schizophrenia and other non-organic psychotic disorders as “psychotic or
bipolar disorder”. It showed low birth weight (less than 2500 grams) to be associated
with a 1.19-fold increased risk of psychotic or bipolar disorder.

Three previous studies (Table 4) have specifically examined the association between
indicators of fetal growth and development and BPD ((@gendahl et al. 2006, Nosarti et
al. 2012, Laursen et al. 2007). All the three studies were based on nationwide registers,
including two Danish (@gendahl ef al. 2006, Laursen ef al. 2007) and one Swedish study
(Nosarti et al. 2012). Two of the studies were cohort studies (Nosarti et al. 2012, Laursen
et al. 2007) while one study was based on a case-control study design (Ddgendahl ef al.
2006). One Danish case-control study examined the association between birth weight,
gestational age and WGA with BPD and did not find any association (dgendahl et
al. 2006). Another Danish cohort study used a combined measure of gestational age
and weight for gestational age while examining their association with BPD (Laursen
et al. 2007). They initially classified gestational age as born before or after 37 weeks
of gestational age. Subsequently, in each gestational age category, they classified birth
weight into lower 10% and upper 90%. It showed that preterm children born small for
gestational age (i.e. lower 10% birth weight among less than 37 weeks gestational age
group) had more than 5-fold increased risk of BPD. A Swedish study examined the
association between gestational age and a range of psychiatric disorders (Nosarti ef al.
2012). They showed that gestational age of less than 37 weeks is associated with an
increased risk of BPD. Children born with a gestational age of 32-36 weeks had a 2.7-
fold increased risk of BPD. The risk increased even further among children who were
born with a gestational age less than 32 weeks. They had a 7.4-fold increased risk of
BPD as compared to children born with a gestational age of 37-41 weeks.
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2.2.5 Maternal smoking during pregnancy

Smoking during pregnancy is an important global health problem. There is a wide
variation in the number of women who smoke during pregnancy, ranging from 13.2%
(Martin et al. 2009) to 36% (Ward et al. 2007) of total pregnancies worldwide.

Among the Nordic countries, all countries except Finland have a declining trend of
maternal smoking during pregnancy. In Finland, the rate of maternal smoking during
pregnancy has remained more or less stable at around 15% over last 20 years (Heino &
Gissler 2012). Since the year 2000, there has been a greater decrease of 2.6% annually
among mothers who smoke throughout pregnancy, as compared to 0.5% among mothers
who smoke only in the first trimester. During the same period, rates of smoking among
mothers older than 25 years have been similar to the overall trend, whereas, smoking
rates have increased among mothers younger than 20 years (Ekblad ef al. 2014). Women
in the lowest SES category were 6-7 times more likely to smoke during pregnancy than
women with the highest SES. Similarly, single women were 2-3 times more likely to
smoke than women who were married or in a cohabiting relationship (Ekblad et al.
2014).

Exposure to maternal smoking affects the growth and development of the fetus including
alterations in the brain structure and functions (Ekblad et al. 2015) and subsequently
leads to an increased risk of prematurity (Fantuzzi et al. 2007) and intrauterine growth
retardation (Jaddoe ef al. 2007). Smoking during pregnancy has also been associated
with increased risk of ADHD (Langley et al. 2005), conduct disorder (Fergusson
et al. 1998) and ASD (Hultman et al. 2002). It has also been shown to be associated
with psychiatric morbidity and use of psychotropic medication until young adulthood
(Ekblad et al. 2010, 2011). However, a systematic review did not find an association
with schizophrenia (Cannon et al. 2002).

Among thousands of potentially harmful chemicals in tobacco smoke, the two most
important components shown to affect fetal development are nicotine and carbon
monoxide (CO) (Hoffmann & Hoffmann 1997). A sustained exposure to exogenous
nicotine leads to increased affinity to and subsequent desensitization of the nicotinic
acetylcholine receptors (nAChRs) (Cohen et al. 2005). These receptors are essential in
regulating the axonal guidance, synapse formation and cell survival during fetal brain
development (Huang et al. 2007). The loss of function of specific nicotinic receptors
due to desensitization has been associated with adverse neonatal outcomes including
growth restriction (Cohen et al. 2005). CO binds to hemoglobin in fetal blood resulting
in formation of carboxyhemoglobin (COHb), which reduces the delivery of oxygen to
fetal tissues. In addition, animal studies have shown, nicotine to affect contraction of
uterine arteries and thus decrease the uterine blood flow (Xiao et al. 2007). Thus prenatal
smoking exposure could affect fetal brain development by fetal hypoxia and ischemia.
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2.2.5.1 Maternal smoking during pregnancy and BPD

Two previous studies (Ekblad ef al. 2010, Talati et al. 2013) have examined the
association between maternal smoking in pregnancy and mood disorders in the offspring
and only one previous study specifically on BPD (Talati et al. 2013). In a Finnish
nationwide population-based cohort study, Ekblad et al. (2010) showed that maternal
smoking during pregnancy is associated with increased risk of mood disorders (F30-39).
Smoking less than 10 cigarettes/ day was associated with a 1.6-fold increased risk, which
increased to 1.9-fold among mothers who smoked more than 10 cigarettes/ day. The
only previous study on maternal smoking and BPD was a population-based case-control
study in the US (Talati et al. 2013). It showed more than 2-fold increased risk of BPD
among offspring exposed to maternal smoking during pregnancy. However two previous
studies did not find any association between maternal smoking in pregnancy and anxiety
disorders or major depression (Fergusson ef a/.1998, Weissman et al. 1999).

2.3  Gaps in the existing literature

There has been growing interest in research on fetal origins of mental health. Most of the
studies on prenatal and perinatal risk factors have focused on schizophrenia and ASD
with a relative paucity of studies on BPD. Among the existing large population-based
studies, parental age has been examined most frequently but only one previous study
has examined the role of prenatal maternal smoking. No previous study has examined
the association between parental age difference and BPD. Similarly, previous studies
on perinatal complications have been few, examining limited risk factors, inconsistent
grouping of risk factors studied and mostly having small sample sizes.
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3.

AIMS OF THE STUDY

The main objective of this thesis was to improve our understanding of the role of prenatal
and perinatal risk factors in the development of BPD. The specific aims of this thesis
included:

1)

2)

3)

4)

To provide an overview of the Finnish Prenatal Study of Bipolar Disorders
(FIPS-B) and report the demographic characteristics of the sample. A further aim
was to examine the association between parental educational level, region of birth
and BPD ().

To study the association of paternal age, maternal age and parental age difference
with BPD (II). The study hypothesis was that there is an association between both
young and advanced paternal age and BPD.

To examine the association between perinatal risk factors and the subsequent risk
of BPD (III). The study hypothesis was that perinatal risk factors, in general are
weakly associated with BPD.

To study the association between maternal smoking during pregnancy and the
risk of BPD (IV). The study hypothesis was that there is an association between
maternal smoking during pregnancy and BPD.
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4. MATERIALS AND METHODS

4.1 Study design

Figure 1 shows the overall study design of the Finnish prenatal study of Bipolar Disorder
(FIPS-B). This is a nested case-control study based on all live births in Finland between
January 1 1983 and December 31% 1998. The source population included 1,009,846
live births. The cases included in this study were all subjects diagnosed with BPD in the
FHDR among the subjects from the source population before 31 December 2008. The
cases were identified from the FHDR based on the ICD diagnostic codes and the last
registered diagnosis was used for identification (Table. 5). ICD-9 classification was used
between January 1% 1987 and December 31* 1995 and ICD-10 from January 1% 1996
onwards. The total number of identified BPD cases was 1887, out of which 26 cases
were twins.

The controls in this study were defined as those born in Finland during the study period
and without any diagnosis in the FHDR of BPD, schizophrenia or any diagnoses related
to these disorders (Table. 5). Two randomly selected controls were identified from the
Finnish Population Register Centre (PRC) and were matched to cases (2:1) on selected
factors including: sex, date of birth (+30 days) and the controls had to be alive and
living in Finland on the date of diagnosis of the matched case. Matching for date of
birth ensured was aimed at controlling for any secular changes over study period among
the prevalence of exposures in the study and controlling for the effects of seasonality
of birth. Matching for the date of diagnosis of the case ensured that the controls were
followed up at least for the same time period. Matching for residency in Finland was
aimed at controlling for emigration out of Finland among controls, thereby lacking the
relevant information in the health registers. The total number of controls identified was
3774. Among them 79 controls were twins.
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Table 5. ICD-10 and ICD-9 diagnostic codes for cases and exclusions for controls

Diagnostic
classification  Cases Controls excluded the following diagnoses

ICD-10 F 31X BPD F20-29 schizophrenia, schizotypal disorder, persistent
delusional disorders, acute and transient psychotic
disorders, induced delusional disorder, schizoaffective
disorders, other nonorganic psychotic disorders, and
unspecified nonorganic psychosis; F30 single manic
episode; F31X BPD; F34.0 cyclothymia; F38.0 other
mood disorders or mixed affective episode; F39
unspecified mood disorder; F60.0 paranoid personality
disorder; and F60.1 schizoid personality disorder

ICD-9 2962 A-G, ICD-9 diagnoses: 2962A-G, 2963A-G, 2964A— G, 2967A

2963 A-G, BPD; 295 schizophrenic psychoses; 297 paranoid states;
2964 A-G, 298 psychoses aliae; 3010A paranoid personality; 3012A
2967A BPD schizoid personality; and 3012C schizotypal personality

Source Population
All live births in Finland between January 1st 1983-December 31st 1998
(Statistics Finland) N=1,009,846

Identification of cases
BPD cases in inpatient (January 1987-December 2008) and public outpatient
units (January 1998-December 2008) (Finnish Hospital Discharge Register)
(N=1887)

Identification of controls
Controls were matched 2:1 to each case on date of birth (+ 30 days), sex and
living in Finland on date of diagnosis of matched case (1987-2008).
Controls were without diagnosis of BPD, Schizophrenia or related diagnosis*
(Finnish Population Register Centre (PRC)) (N=3774)

Parental educational A Perinatal
level « complications
(Statistics Finland) > Case-control (Finnish Medical Birth
Region of birth database Register)
(PRC, Statistics Finland) 1887 BPD cases and
3774 matched Maternal Smoking
R controls « during pregnancy
Parental age g (Finnish Medical Birth

(PRC)

Register)

Figure 1. Flowchart of the study design of Finnish Prenatal Study of Bipolar Disorders (FIPS-B).
*Listed in description of diagnostic codes excluded for controls in page 38. Modified from Chudal
et al. 2014a, study L.
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4.2  Overview of the Finnish Healthcare system

Mental health services in Finland are an integral part of the public health care system,
provided by municipal primary healthcare centres and various levels of specialized
services. The municipalities, with support of the government, employers and taxpayers
are responsible for organizing social welfare and health care of the population. They
provide basic social welfare and health care services either alone, or together with
other municipalities. Hospital districts organize specialized medical care. (Ministry of
Social Affairs and Health 2013). Finland is divided into 20 hospital districts and every
municipality has to be a member of such a district. It is the responsibility of each district
to provide hospital services and to coordinate specialized public hospital care within its
area. The municipalities are responsible for social services such as nursing homes, child
day care, social assistance, basic education and services for the elderly (Hakkinen 2005).
Recently there have been attempts to renew the legislation for Social welfare and health
care organization (SOTE in Finnish) and a new system is likely to come into place in
Finland in the coming years.

The mental health services are provided by the municipal primary health care centres,
district, central and the University Hospitals. The primary health care centres provide
the basic primary health care services. The next level of health care is provided by the
district hospitals, which are somewhat smaller than the central hospitals. The central
hospitals form the next level of health care provider, which are smaller than the University
hospitals. Finally, the five university hospitals provide the most challenging specialized
health care services (Saarivirta et al. 2010). The typical pathway to psychiatric services
starts with a visit to the primary health care centre. The general practitioner on suspicion
of BPD refers the patient to specialized health care, where the diagnosis is specified and
treatment started. The role of specialized services in mental health care services is two-
fold. First, they are responsible for the provision of specialist care required due to the
severity of the disease. Second, national compensation policies concerning sick leaves
and medications warrant a statement from a specialist psychiatrist. The psychiatric
inpatient units are part of the public health care system. The outpatient specialist care is
provided through public outpatient units, or sometimes in the private sector, depending
on the wish and affordability of the patient.

4.3 Overview of the Finnish Nationwide Registers

Finland has a long history of record keeping and the earliest form of registers was
the registration of vital statistics, e.g. births, deaths and marriages that already started
as early as the year 1749. The earliest system of record keeping was established for
administrative purposes and this tradition of record keeping has gradually evolved over
time. The earliest computerized nationwide disease register was the Cancer Register,
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which started in 1952. Today there are several nationwide registers on health and social
welfare in Finland (Gissler & Haukka 2004). The availability of several nationwide
registers having good data quality, governed by strict data protection laws, have for long
been a valuable source of information for research and improvement of health and social
welfare.

4.4 The National Institute for Health and Welfare (THL)

The National Institute for Health and Welfare (THL) is a research and development
institute established for promoting the welfare and health of the population, work on
preventing diseases and social problems and developing social and healthcare services
(THL 2014). The THL, as part of its role as the major statistical authority for health and
welfare maintains several nationwide registers with comprehensive databases of health
and welfare statistics. The registers maintained by the THL that are used in this study
include: the Finnish Hospital Discharge Register (FHDR) and the Finnish Medical Birth
Register (FMBR).

4.4.1 Finnish Hospital Discharge Register (FHDR)

The Finnish Hospital Discharge Register (FHDR) is one of the oldest hospital discharge
registers covering the whole country in the world. This register has been maintained in
Finland since 1967 and since 1969, contains complete computerized data of all medical
diagnosis, both somatic and psychiatric. Since 1994, the FHDR has been replaced with
The Care Register for Health Care and contains additional information on: patient count
in inpatient care in hospitals at the end the year, day surgeries and specialized outpatient
care (THL. 2015). In order to maintain uniformity with the manuscripts included, FHDR
is used to denote The Care Register for Health Care in this thesis. The FHDR contains
data on hospital discharge with information about patient’s personal identity code (PIC)
(including date of birth and sex), area of residence, hospital ID, admission and discharge
days, and diagnosis of patient’s medical problems at discharge with three subsidiary
diagnoses coded according to the International classification of Disease (ICD) (Sund
2012). All diagnoses are based on the International Statistical Classification of Diseases
(ICD): ICD-8 from 1969 to 1986, ICD-9 from 1987 to 1995 and ICD-10 from 1996
onwards. The FHDR initially included information from all inpatient wards of local
health centers, military wards, prison hospitals, and private hospitals and since 1998 also
includes outpatient care in specialized hospital units (University hospitals or hospitals
serving several municipalities). However, it should be noted, that there are regional
differences regarding the coverage in the FHDR of the specialized outpatient services
from 1998 onwards. The primary care outpatient visits have been included in the FHDR
from 2011 onwards (Sund 2012). The information in the FHDR has been repeatedly
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shown to be of a good quality. Keskimiki & Aro (1991) showed that, when examined
against the medical records of the patients, 98% of the main diagnoses of mental disorders
at the 3-digit ICD code level had been correctly reported in the FHDR. More recently,
a review of the quality of the FHDR concluded that the completeness and accuracy of
the register varied from satisfactory to very good (Sund R 2012). The validity of the
diagnoses in the FHDR has been repeatedly shown to be of a good quality. Kieseppé et
al. (2000) demonstrated the validity of the FHDR diagnosis of BPD-I to be between 87%
and 92%. Another study (Peréld ez al. 2007) showed that the FHDR had a sensitivity of
75.3 % and specificity of 99.7% for diagnosis of psychotic disorders including BPD-I.
The FHDR has been used in this study for the identification of BPD subjects.

4.4.2 Finnish Medical Birth Register (FMBR)

The FMBR was established in 1987 for collecting statistical data for research, development
and provision of maternity care, obstetrics services and the care of newborn infants. The
Register includes data on live births and stillbirths of fetuses with a birth weight of at
least 500 grams or with a gestational age of at least 22 weeks, and data on the mothers.
The information included in the register include: a) personal data of mother including
the personal identity code (PIC), b) data on previous pregnancies and deliveries, c) data
on current pregnancy and its monitoring including the health check-ups and maternal
smoking during pregnancy, d) data on delivery including method of delivery and
other procedures related to delivery, e) data on infant including PIC, birth weight and
Apgar scores at 1 and 5 minutes and f) data on infant at age 7 days or at discharge
including care interventions and diagnoses of the infants during that period (Medical
Birth Register 2013). This information in the register is based on the standardized forms,
completed for each born infant by the attending midwife or physician and sent by the
hospital to the register within 7 days of birth. The data are initially entered into local
electronic databases and submitted to the THL by the delivery hospitals. The review of
the completeness of the data shows that less than 0.1% of the total births are missing
(Gissler & Shelley 2002). The FMBR is used in this study for obtaining information on
maternal smoking during pregnancy, indicators of fetal growth and development and
obstetric complications.

4.5 Finnish Population Register Centre (PRC)

The Finnish Population Register Centre was established in 1969 and along with the local
register offices, is responsible for the usage and maintenance of the data contained in
the Population Information System (PRC 2014). The Finnish Population Information
System (PIS 2014) is a computerized National register containing basic information
about Finnish citizens and foreign citizens residing permanently in Finland. The
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registration of information in the system is based on statutory notifications made by
private individuals and public authorities. The personal data included in the system
include: name, PIC, address, citizenship and native language, family relations and date
of birth and death (if applicable). The population register centre data are used in this
study to obtain information on: parents of cases and controls, identification of controls
and information on the place of birth of cases and controls in the study.

4.6  Statistics Finland

Statistics Finland is the only public authority established particularly for statistical
services in Finland. It is responsible for the production of the vast majority of Finnish
official statistics (Statistics Finland 2014). The statistics Finland was used in this study
for obtaining information on: source population of the study sample, classifying birth
municipality information into four different regions (i.e. Southern, Western, Eastern and
Northern Finland) and information on parental educational level of cases and controls.

The Finnish education system is comprised of nine-years of basic education, followed
by, upper secondary education, which can be either, general education or vocational
education, and higher education, provided by universities and polytechnics. Children
permanently residing in Finland have the statutory right and obligation to complete
the comprehensive school and almost all complete the basic education (99.7%). This
is followed by upper secondary education, in either general education or vocational
education and training (VET). Two complementary sectors comprise the Finnish
higher education system, polytechnics and the universities. Polytechnics provide a
bachelor’s level polytechnic degree and a polytechnic master’s degree. Universities
conduct scientific research and provide undergraduate (bachelor’s and master’s degrees)
and postgraduate (licentiate and doctoral degrees) education based on it (Ministry of
Education and Culture 2012).

4.7 Linkage of the Registers

The linkage of the information from the above-mentioned registers is achieved through
the PIC. The PIC is a unique code issued to all Finnish citizens and foreign residents
registered in the population information system. The PICs were introduced in Finland
in the 1960s and consist of date of birth, sex and a control number, which is unique for
each person. The PIC does not change over the lifetime of an individual, with the only
exceptions being, e.g. to provide protection to individuals when the health and safety of
a person is under permanent threat i.e. the PIC is abused by someone other than the one
issued with the code and in case of change of the sex of the individual, in accordance
with the Gender Confirmation of Transsexual Individuals Act (563/2002) (PIS 2014).
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4.8 Overview, design and description of the FIPS-B (study I)

4.8.1 Study subjects

The subjects included in this study were 1887 BPD cases and 3774 matched controls
identified from the FHDR and the PRC respectively.

4.8.2 Parental educational level, region of birth and BPD

Information on parental educational level was obtained from the Register of education at
Statistics Finland. Linkage of the parental information from the PRC with the educational
level data at the Statistics Finland was achieved using the PIC. The educational level of
the parents was classified into four categories: (1) Master/Licentiate/Doctoral degree,
(2) University/Polytechnic bachelor’s degree, (3) Upper secondary school/equivalent
vocational degree, and (4) Basic education (comprehensive school).

Information on region of birth was obtained based on information from PRC and Statistics
Finland. Initially the information on birth municipalities was obtained from the PRC.
That information was used to classify the study sample into four regions based on the
information obtained from Statistics Finland. The four regions were: Southern Finland
(including capital city Helsinki), Western Finland, Eastern Finland and Northern Finland.

The cumulative incidence of BPD according to the year of diagnosis in the sample was
estimated, stratified by sex and age groups. Information on the numerator, i.e. BPD
subjects stratified by age and sex were obtained from the FHDR and the denominator,
i.e. total population in each age group stratified by sex was obtained from Statistics
Finland.

4.9 Parental age and BPD (study II)

4.9.1 Study subjects

The cases included in this study were all diagnosed with BPD in Finland before
December 31% 2008, among all singleton live births in Finland between January 1%
1983 and December 31% 1998. The number of BPD cases was 1861. The controls were
matched 2:1 for each case, thereby resulting in 3722 controls. Among them, 79 controls
born in a twin pair were excluded, thereby resulting in 3,643 controls. The cases were
identified from the FHDR and the controls from the PRC.
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4.9.2 Paternal age, maternal age, parental age difference and BPD

Information on age of both the parents was obtained from the PRC. Maternal age was
classified into the following categories: <20, 20-24, 25-29, 30-34, 35-39, and >40 years.
Similarly, paternal age was classified into: <20, 20-24, 25-29, 30-34, 35-39, 40-44, 45-
49, and >50 years. The age difference between parents was estimated as a categorical
variable with the difference classified into three categories: no difference (parental age
difference less than 1 standard deviation (SD)), small difference (1-2 SD) and large
difference (more than 2 SD). The age difference analyses were estimated separately
for couples with older fathers/younger mothers and older mothers/younger fathers.
Information on maternal age was available for all cases and controls. Paternal age
information was missing for 2.1% of the cases and 1.1% of the controls. The missing
information on paternal age was due to unknown paternity. In Finland, the husband of
a married mother is registered as the father of the child automatically. In other cases of
child birth, e.g. unmarried mothers who are cohabiting or in a relationship, the child
welfare officer of the municipality established the paternity. The identity of paternity
is established by initially contacting the mother for details regarding the father. Free
services for DNA testing are also available for establishing paternity. The failure
to establish paternity despite these measures resulted in the missing information on
paternal age.

4.10 Perinatal complications and BPD (study III)

4.10.1 Study subjects

The source population in this study was all singleton born live births in Finland
between January 1% 1987 and December 31% 1998 (N=754,450). As the FMBR was
established in 1987, therefore only cases born 1987 onwards were included in this
study. The cases included all diagnosed BPD subjects identified from the FHDR
before 31 December 2008. The number of BPD cases identified was 724. Two
controls born during the same period and matched 2:1 for each case were identified
resulting in 1448 controls. Among them, 29 controls born to a twin pair were
excluded, thereby resulting in 1419 controls. The cases and controls were identified
from the FHDR and PRC respectively.

4.10.2 Indicators of fetal growth, obstetric complications and BPD

Inthis thesis, the perinatal complications have been classified as: a) obstetric complications
(e.g. uterine bleeding, birth type, birth presentation) and b) indicators of fetal growth and
development (i.e. birth weight, gestational age and weight for gestational age (WGA)).
Information on the perinatal complications was obtained from the FMBR. Birth weight
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was classified in the following categories: <1500 grams, 1500-2499, 2500-3999, 4000-
4499 and >4500 grams. Gestational age was classified into the following four categories:
<32 weeks, 32-37, 38-41 and >42 weeks. The calculation of birth weight for gestational
age was based on the national sex specific weight distribution standards for a given
gestational age. The national standard distributions of weight for gestational age were
derived in a previous study based on 75,061 singleton children born with a gestational
age of 24-43 weeks in Helsinki University maternity hospitals (Pihkala et al. 1989).
The WGA was classified into three categories: small for gestational age (SGA): <-2 SD;
appropriate for gestational age (AGA): -2 SD to +2 SD and large for gestational age
(LGA): >+2 SD.

The obstetric complications examined was subdivided into: 1) maternal risk factors,
2) birth factors, 3) hypoxia related factors and 4) neonatal treatment. The risk factors
included in maternal factors were uterine bleeding requiring hospitalization, and
maternal hypertension. The information on uterine bleeding was obtained from two
sources. Initially, the information was obtained based on ICD-9 codes (640, 6400A,
6408X, 6409X, 641, 6410A, 6410B, 6411A, 6411B, 6412A, 6412B, 6413A, 6413B,
6418A, 6418B, 6419A and 6419B) between January 1 1987 and September 30™ 1990.
From October 1% 1990, it was based on a variable in the FMBR “hospital care due
to bleeding during pregnancy” which was recorded as a yes/no variable. In Finland,
maternal blood pressure of more than 140/80 mm Hg during pregnancy is considered
high. Information on maternal hypertension was classified as a binary variable yes/no.
The variables included in birth factors were birth presentation, birth type, and induced
labour. Birth presentation was classified as cephalic, breech, or other (e.g. transverse,
oblique, upper or lower limb). Birth type included five categories: vaginal cephalic,
suction or forceps, planned cesarean section, emergency or other cesarean section and
unknown. Induced labour was classified as a binary variable: yes/no. The hypoxia related
factor included in this study was Apgar score at 1 minute. The Apgar score at 1 minute
was classified as: <7, 7-8 and 9-10. The last component of the obstetric complications
in this study included neonatal treatment. Neonatal monitoring or intensive care in the
neonatal intensive care unit (NICU treatment) constituted neonatal treatment. It was
classified as a binary variable yes/no.

4.11 Maternal smoking during pregnancy and BPD (study 1V)

4.11.1 Study subjects

The source population in this study was similar to that in the study on the perinatal
complications. The cases included all diagnosed BPD subjects identified from the FHDR
before 31% December 2008 among singletons born in Finland between January 1% 1987
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and December 31% 1998. The total number of BPD cases was 724. Two controls born
during the same period were matched 2:1 for each case resulting in 1448 controls. 29
controls born to a twin pair were excluded resulting in 1419 controls. The cases and
controls were identified from the FHDR and PRC respectively.

4.11.2 Prenatal maternal smoking and BPD

Information on maternal smoking during pregnancy was obtained from the FMBR.
This was based on the information obtained from the mothers while visiting the
maternal health clinics during second trimester of pregnancy. Information on maternal
smoking was recorded in two different methods during this study period. Initially,
between January 1 1987 and September 30™ 1990, this information was recorded
as non-smokers, smoking less than 10 cigarettes/ day or more than 10 cigarettes/
day. From October 1% 1990 to December 31 1998 the information was classified
as non-smokers, smoking during the first trimester only, and smoking throughout
pregnancy.

4.12 Study Ethics

The Finnish Data Protection Board approved the utilization of the health registers data
and their linkage for current study. The institutions responsible for the registers used in
this study (Statistics Finland, PRC, THL) provided approval for the utilization of the
sensitive health register data in line with the national data-protection legislation. The
ethical approval for the study was obtained from the Ethics committee of the Hospital
district of Southwest Finland and the Institutional Review Board of the New York State
Psychiatric Institute.

4.13 Statistical analyses

Conditional logistic regression models were used to examine the associations between
exposure variables and BPD in all four studies. Initially unadjusted odds ratios and 95%
confidence intervals were estimated. Subsequently adjustment was made for available
potential confounders. In all analyses, a two-sided p-value of <0.05 was considered
statistically significant. The statistical analyses were conducted with SAS statistical
software (SAS version 9.3) (SAS Institute Inc.; Cary, NC, USA). Table 6 summarizes
the statistical analyses used in the individual studies.
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Table 6. Summary of the statistical analyses used in the studies

Strength of

Study Exposure variable association Covariates Statistical method

I Birth region OR None Conditional logistic
(Unadjusted); regression analysis
95% CI

Mother’s educational level »” » »
Father’s educational level » » »

II Father’s age OR Age of other parent,  Conditional logistic
(Unadjusted, parental psychiatric regression analysis
adjusted); history, parental
95% CI educational level and

place of birth
Mother’s age 2 22 22
Age difference between Father’s age and
parents ” parental psychiatric i
history

I Indicators of fetal growth OR Maternal age, Conditional logistic

and development (Unadjusted, psychiatric history, regression analysis
adjusted); educational level and
95% CI place of birth.

Obstetric complications ” ” ”

v Maternal smoking during OR Maternal age, Conditional logistic

pregnancy (Unadjusted, maternal educational regression analysis
adjusted); level and maternal and
95% CI paternal psychiatric
history

Smoking during
pregnancy (yes/no)
Smoking during
pregnancy

(no, < 10/ day, > 10 /day)
Smoking during
pregnancy

(no, during first trimester
only, throughout

pregnancy)

2

2

2

2

b

2

OR: Odds Ratio, adjusted: adjusted for covariates,”:same as above, 95% CI:95% confidence

Interval

Additionally, in study I, the cumulative incidence of BPD in the sample stratified by age

group and sex was estimated. The numerator was the number of diagnosed BPD cases

every year between 1998 and 2008, separately for males and females and in three age

group categories (less than 15 years, 15-19 years and 20-25 years). The denominator

was the total population in Finland in each age group category separately for males and

females during the same time period.
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The association between birth regions (Northern, Eastern, Western and Southern
Finland) and BPD were examined by comparing the risk of BPD on being born in any
one region, against the risk on being born in the other three regions. Parental educational
level classified into four categories was examined for their association with BPD.

In study IV, bivariate analyses were conducted initially to test the significance of
association between covariates and maternal smoking during pregnancy among controls
as well as between covariates and BPD. Using Pearson’s chi squared test, only covariates
significantly associated (at p- value <0.1) with both maternal smoking among controls
and BPD were identified as potential confounders to be adjusted for in the analyses.
Initially, smoking during pregnancy was examined as a binary variable (yes/no) for
the total sample. Using conditional logistic regression, unadjusted ORs and 95% CIs
were estimated. The association was adjusted in subsequent models for maternal age,
maternal educational level and maternal and paternal psychiatric history. In the final
model, adjustment was made for all the above-mentioned covariates together. In addition,
adjustment was also made for a combination of any two covariates. Unadjusted OR and
95% CI were calculated for the association between maternal smoking during pregnancy
and BPD separately for two classifications of maternal smoking status. Subsequently,
adjustment was made for potential confounding due to maternal age, maternal educational
level and maternal and paternal psychiatric history. The FIPS-B overall had 80% power
to detect effect sizes between 1.9 and 2.0, for exposure with the prevalence of BPD set
at 1 %. The power to detect significant association was 38% for birth weight less than
2500 grams and 26% in the lowest birth weight category (less than 1500 grams), with
prevalence set at 0.4% and minimal detectable odds ratio of 1.4. Similarly, the power for
preterm birth (less than 32 weeks) was 13% with prevalence set at 0.6%, with an odds
ratio greater than 1.4.
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S.  RESULTS

5.1 Overview, design and description of the study sample

5.1.1 Descriptive

The FIPS-B study included 1887 BPD cases and 3774 matched controls (Table. 7). BPD
was more common among females than males with females accounting for 68.4% of
the cases. The mean age of diagnosis of BPD in the sample was 19.3 years with age of
subjects ranging from 4 to 25 years. Almost half (50.5%) of the cases were aged 20-25
years at first diagnosis and only 5.6% were younger than 15 years at first diagnosis.
Information on health service utilization showed that half of the cases (50.4%) utilized
outpatient services only and 12.7 % of the total had used inpatient care only. The
remaining 36.9% had used both inpatient and outpatient services.

5.1.2 Parental educational level and region of birth

Table 7 also shows the distribution of the region of birth and parental educational level
in the study sample.

Table 7. Frequency of region of birth and parental educational level. (Modified from Chudal et
al. 2014a, study I).

Cases Controls
(N=1887) (%) (N=3774) (%)

1. Region of birth

Southern Finland 867 (46) 1417 (37.5)
Western Finland 487 (25.8) 1343(35.6)
Eastern Finland 310 (16.4) 421 (11.2)
Northern Finland 223 (11.8) 593 (15.7)

2. Parental educational level
A Father’s educational level

Master/ Licentiate / Doctoral degree 174 (9.4) 362 (9.7)
Bachelor degree 151 (8.2) 342 (9.2)
Upper secondary school 975 (52.8) 2038 (54.6)
Comprehensive school 547 (29.6) 989 (26.5)
B  Mother’s educational level

Master/ Licentiate / Doctoral degree 109 (5.8) 258 (6.8)
Bachelor degree 201 (10.7) 488 (12.9)
Upper secondary school 1078 (57.1) 2208 (58.5)

Comprehensive school 499 (26.4) 820 (21.7)
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Figure 2 shows the association between parental educational level and BPD. The findings
from this study showed that offspring of mothers with the lowest educational level i.e.
only comprehensive school had an increased odd of BPD (OR= 1.46, 95% CI: 1.13-
1.88). Father’s educational level was not associated with BPD.
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Figure 2. Parental educational level and BPD.

Figure 3 shows the association between birth in different regions in Finland and the risk
of BPD. People born in Eastern Finland had the highest odds of BPD (OR= 2.02, 95%
CI: 1.69-2.42), whereas being born in Western Finland was associated with the lowest
odds (OR=0.50, 95% CI: 0.41-0.59) of BPD.
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Figure 3. Birth region and BPD.
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5.1.3 Cumulative Incidence

Figure 4 shows the cumulative incidence by sex and year of diagnosis in the sample. The
cumulative incidence of BPD in 2008 was 7.1 and 16.5 per 10,000 population among
males and females respectively.

18
Cumulative Incidence of BPD by gender & Male

16 B Female

= =
o N
1 )

Incidence/10,000 population
[oe]

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year of diagnosis

Figure 4. Cumulative Incidence of BPD/10,000 population by sex and year of diagnosis in the
sample. Modified from Chudal et al. 2014a, study I.

Figure 5 shows the cumulative incidence among three age groups. The cumulative
incidence in the youngest age group remained almost the same throughout the period of
follow up. Among BPD cases aged 15-19 years, the cumulative incidence of BPD had
a linear increase over the 11-year period. The cumulative incidence of BPD in the total
sample was 11.6 per 10,000 population in 2008. The incidence of BPD in the three age
groups was: 1.1 (less than15 years), 25.1 (15-19 years) and 24.2 per 10,000 population
(20-25 years).
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Figure 5. Cumulative Incidence of BPD/10,000 population in total sample and by age group and

year of diagnosis in the sample. Modified from Chudal et al. 2014a, study 1.

5.2 Parental age at birth

The father’s age of cases in this study ranged from 17 to 63 years with the mean age
of 30.4 years (SD 6.4). Mother’s age ranged from 15 to 47 years with a mean of 27.8
years (SD 5.6). Table 8 shows the frequency of cases and controls in different paternal
and maternal age categories. It also shows the distribution of the age difference between
parents among case and controls. There was a strong correlation between paternal and
maternal age categories with the Pearson’s correlation coefficient, =0.68 for cases and

0.69, for controls.
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Table 8. Distribution of paternal and maternal age and parental age difference among cases and
controls. Modified from Chudal et al. 2014b, study II.

Cases Controls
(N=1861) (%) (N=3643) (%)

1. Paternal age

<20 25(1.4) 35(1.0)
2024 298 (16.4) 434 (12.0)
25-29 567 (31.1) 1149 (31.9)
30-34 499 (27.4) 1134 (31.5)
35-39 285 (15.7) 609 (16.9)
4044 102 (5.6) 177 (4.9)
45-49 28 (1.5) 49 (1.4)
>50 17 (0.9) 14 (0.4)

2.  Maternal age
<20 107 (5.8) 128 (3.5)
2024 456 (24.5) 790 (21.7)
25-29 616 (33.1) 1303 (35.8)
30-34 433 (23.3) 955 (26.2)
35-39 206 (11.1) 389 (10.7)
>40 43 (2.3) 78 (2.1)

3. Father’s age > Mother’s age N= 1391 N=2760
<1 SD (No difference) 778 (55.9) 1,603 (58.1)
1-2 SD 391 (28.1) 778 (28.2)
>2SD 222 (16.0) 379 (13.7)

4 Mother’s age > Father’s age N=437 N= 864
<1 SD (No difference) 275 (64.0) 551 (65.6)
1-2 SD 85 (19.8) 195 (23.2)
>2SD 70 (16.3) 94 (11.2)

Figure 6 shows the association between paternal age and BPD. An increased odd of
BPD was found among offspring with fathers aged 20-24 years and 50 years or older.
Offspring of fathers aged greater than or equal to 50 years had a 2.7-fold (95% CI:
1.31-5.64) increased odd of BPD in comparison to those with fathers aged 30-34 years.
Similar associations were observed when adjusting for confounding due to maternal
age. In the final model adjusting for all available confounders, oldest fathers had a 2.8-
fold (95% CI: 1.32-6.12) increased odd of having BPD in offspring. The corresponding
odd was 1.35-fold (95% CI: 1.06-1.72) among fathers aged 20-24 years.

As shown in Figure 7, offspring of mothers aged younger than 24 years had an increased
odd of BPD. Offspring of mothers aged younger than 20 years had 1.8-fold (95% CI: 1.40-
2.44) increased odd of BPD on comparing with mothers aged 30-34 years. No association
was observed between advanced maternal age and BPD. On adjusting for paternal age,
there was no significant association between maternal age and BPD in offspring. In the final
model when adjusting for all available confounders, there was no significant association.
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Figure 6. Odds ratio and 95% confidence interval of association between paternal age and BPD.
Modified from Chudal et al. 2014b, study II.

The analysis of association between age difference between parents showed that having
an age difference of eight years (2 SDs) or more with older father and a younger mother
was associated with increased odd of BPD in offspring. As shown in Figure 8, offspring
with fathers more than 2SDs (i.e. 8 years) older than mothers had 1.3-fold (95% CI:1.07-
1.62) increased odds. However, there was no significant association when the results
were adjusted for father’s age and parental psychiatric history. No similar association
was found with an older mother and a younger father (Figure 9).
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Figure 7. Odds ratio and 95% confidence interval of association between maternal age and BPD.
Modified from Chudal et al. 2014b, study II.
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Figure 8. Age difference between parents (father’s age > mother’s age) and BPD.
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Figure 9. Age difference between parents (mother’s age > father’s age) and BPD.

5.3  Perinatal complications
The association between perinatal complications and BPD was examined in a subset of
the total FIPS-B sample including 724 cases and 1419 controls. The BPD cases ranged
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from 4 to 21 years. Table 9 shows the distribution of cases and controls in the different
birth weight, gestational age and WGA categories.

Table 9. Distribution of indicators of fetal growth and development among cases and controls.
Modified from Chudal et al. 2014c¢ study III.

Cases Controls

(N=724) (%) (N=1419) (%)

1.  Birth weight (grams)

<1500 6 (0.8) 5(0.4)
1500-2499 29 (4.1) 38 (2.7)
2500-3999 553 (77.7) 1070 (77.4)
4000-4499 101 (14.2) 221 (16.0)
>4500 23 (3.2) 49 (3.5)

2.  Gestational age (weeks)
<32 8 (1.1) 8(0.6)
32-37 74 (10.4) 117 (8.5)
38-41 590 (83.1) 1208 (87.5)
>42 38 (5.3) 47 (3.4)

3.  Weight for gestational age (WGA)
SGA 16 (2.2) 20 (1.4)
AGA 674 (94.9) 1305 (94.6)
LGA 20 (2.8) 54 (3.9)

Birth weight, gestational age and WGA were examined as indicators of fetal growth and
development for their association with BPD later in life. Children born with a gestational
age of 42 weeks or more were associated with a 1.7-fold (95% CI: 1.08-2.66) increased
odd of BPD as compared to those born with gestational age of 38-41 weeks. On adjusting
for potential covariates, the odds decreased to 1.5-fold (95% CI: 0.93-2.48) and were
statistically insignificant. No association with BPD was observed between birth weight,
gestational age and WGA in the adjusted analyses.

A range of risk factors was examined as obstetric risk factors for their association with
subsequent risk of BPD (Table. 10).
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Table 10. Frequency of obstetric complications among cases and controls. Modified from Chudal
et al. 2014c, study II1.

Cases Controls

(N=724) (%) (N=1419) (%)

1. Maternal risk factors
A High blood pressure

No 707 (98.3) 1389 (99.0)
Yes 12 (1.7) 14 (1.0)

B  Uterine bleeding
No 716 (99.6) 1401 (99.9)
Yes 3(0.4) 2 (0.1)

2.  Birth factors
A Birth presentation

Cephalic 706 (98.2) 1382 (98.5)
Breech 7 (1.0) 18 (1.3)
Other 6 (0.8) 3(0.2)

B  Birth type
Vaginal cephalic 568 (79.0) 1132 (80.7)
Suction+ forceps 26 (3.6) 66 (4.7)
Planned C- section 25 (3.5) 24 (1.7)
Emerg + other C-section 97 (13.5) 174 (12.4)
Unknown 3(0.4) 7(0.5)

C  Induced labour
No 692 (96.2) 1,340 (95.5)
Yes 27 (3.8) 63 (4.5)

3. 1 minute Apgar score
9-10 553 (78.1) 1078 (78.0)
7-8 130 (18.4) 269 (19.4)
<7 25 (3.5) 36 (2.6)

4 Neonatal monitoring/NICU
No 701 (97.5) 1379 (98.3)
Yes 18 (2.5) 24 (1.7)

Figure 10 shows the association between maternal high blood pressure, uterine
bleeding, induced labour, neonatal treatment and BPD. Maternal high blood pressure
was associated with 1.8- fold (95% CI: 0.74-4.84), uterine bleeding 2.7-fold (95% CI:
0.38-20.13), induced labour 0.6-fold (95% CI: 0.36-1.10), and neonatal treatment 1.4-
fold (95% CI: 0.69-2.95) increased odd of BPD. None of the examined risk factors were
significantly associated with BPD.
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Figure 10. Obstetric complications (binary) and BPD.

In the unadjusted analyses, children born with a birth presentation other than cephalic
or breech i.e. transverse, oblique, upper or lower limb, were associated with a 5.3-
fold increased odd of BPD (Figure 11). The odds were not significant on adjusting for
available confounders. Birth by planned cesarean section was associated with a 2-fold
(95% CI: 1.15-3.65) increased odd of BPD in the unadjusted analyses (Figure 11). The
odds increased to 2.5-fold (95% CI: 1.32-4.78) on adjusting for confounders.

30 4 . . .
_ Obstetric complications and BPD

B Unadjusted

25 4
B Adjusted

N
o
L

Odds ratio

=
o
L

%_I L r J Y
Birth presentation Birth type 1 min Apgar score
Obstetric complications (categorical)

Figure 11. Obstetric complications (categorical) and BPD.
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5.4 Maternal smoking during pregnancy

The association between maternal smoking during pregnancy and BPD was examined
in a sample of 724 BPD cases and 1419 controls. Information on maternal smoking
status was available for 698 cases and 1352 controls. Among the study subjects, 18.5%
were exposed to maternal smoking during pregnancy. Initially, on analyzing the smoking
exposure as a binary variable, exposure to prenatal smoking was associated with a 1.4-
fold (95% CI: 1.12-1.79) increased odd of BPD. No association was seen on adjusting
for potential confounders (Table 11).

Subsequently smoking exposure during pregnancy was examined as a quantitative
measurement i.e. less than 10 cigarettes/day and more than 10 cigarettes /day against no
smoking exposure. Smoking more than 10 cigarettes/ day was associated with a 1.5-fold
(95% CI: 1.01-2.13) increased odd of BPD in the unadjusted analyses. The association
was not significant on adjusting for confounders. No association was found between
smoking less than 10 cigarettes/ day and BPD in offspring. Lastly smoking during
pregnancy was analyzed based on the timing of smoking exposure during pregnancy i.e.
only during first trimester/ continuing throughout pregnancy. Offspring of mothers who
smoked throughout the pregnancy had a 2.1-fold (95% CI: 1.29-3.55) increased odd of
BPD in the unadjusted analyses. The association was not significant on adjusting for
confounders.

Table 11. Smoking during pregnancy and BPD. OR! adjusting for all available confounders.
Modified from Chudal et al. 2015, study I'V.

Cases Controls
MN) (%) N) (%) OR (95% CI)  OR!(95% CI)
1  Smoking during pregnancy N = 698 N= 1352
(total sample)
No 546 (78.2) 1125 (83.2) Reference Reference
Yes 152 (21.8) 227 (16.8) 1.41(1.12-1.79) 1.14 (0.88-1.49)
2 Smoking during pregnancy N= 531 N=1021
(sub sample Jan 1987- Sept 1990)

No 422 (79.5) 848 (83.1) Reference Reference
< 10 cigarettes/day 55(10.4) 97 (9.5) 1.14 (0.79-1.64) 1.02 (0.69-1.51)
> 10 cigarettes/day 54(10.2) 76(7.4) 1.47 (1.01-2.13) 1.29 (0.87-1.92)

3 Smoking during pregnancy N= 167 N= 331
(sub sample Oct 1990- Dec 1998)
No 124 (74.3) 277 (83.7) Reference Reference
Only in first trimester 2(1.2) 8(2.4) 0.63 (0.13-3.06) 0.38 (0.07-2.04)
Continued after first trimester 41 (24.6) 46 (13.9) 2.14 (1.29-3.55) 1.38 (0.78-2.43)
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6. DISCUSSION

6.1 Main findings

This thesis examined several prenatal and perinatal risk factors in relation to BPD and
the main findings are: 1) the diagnosis of BPD in Finland among population younger
than 25 years is more common among females as compared to males, 2) mothers with
the lowest educational level have the highest odds of having BPD in offspring, 3) being
born in the Eastern and Southern region of Finland increased the odds of having BPD
later in life, 4) offspring of young fathers and very old fathers had increased odds of
BPD. Mother’s age was not associated with BPD in offspring. Age difference between
parents (i.e. older fathers and younger mothers; older mothers and younger fathers) was
not associated with BPD. 5) Children born by a planned cesarean section had increased
odds of BPD later in life. In addition, the study showed a lack of association between
perinatal complications in general and BPD. 6) Maternal smoking during pregnancy was
not associated with BPD in the offspring.

6.2 Methodological discussion

6.2.1 Study design

The studies included in the thesis are based on a nested case-control study design.
The nested case- control study involves initial selection of a cohort, which forms the
source population, and subsequent identification of cases from the cohort. Subsequently,
controls are selected among the rest of the cohort who are at risk of the disease but have
not developed the disease of interest by the time of occurrence of disease in the cases
(Ernster 1994). An additional important component of the nested case-control study
design involves time matching. This means the controls are matched to the cases on the
age, date of entry into the cohort and the duration of stay in the cohort or a combination
of these factors (Wacholder 1991). In this thesis, the initial cohort included all people
born in Finland between January 1% 1983 and December 31% 1998. Among them, cases
were those diagnosed with BPD, identified from the FHDR before December 31% 2008.
Subsequently, among the rest of the people in the cohort, two controls were identified
for each case matched on sex and date of birth (+ 30 days). The controls had to be alive
and living in Finland until the date of diagnosis of the matched case, thereby ensuring
time matching.

A nested case-control study design is used when the disease outcome is rare, the outcome
of the disease is known for all the subjects in the cohort, and it is highly expensive to
collect and process the information on the covariates from all members of the cohort.
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Thus, it is a cost effective way of examining the association between exposures and
disease by sampling a fraction of the controls (Langholz 2005). The disadvantages
of nested case-control studies include: 1) only an association between exposures and
outcomes can be interpreted from this study design. It is not possible to measure and
control for all the confounders that affect the association, therefore causation cannot
be inferred (Sedgwick 2014). 2) There is reduced statistical power in these studies. The
selection of case and controls from the predefined larger cohort means that only a fraction
of the source population is included (Wacholder 2009). 3) In the nationwide register
based studies, as a result of involvement of many clinicians in the care process, there
may be differences in the accuracy and consistency of the recording of both exposures
and outcomes of the study (Sedgwick 2014).

6.2.2 Data sources

The thesis is based on data obtained from the Finnish Nationwide Registers. The
availability of registers on various aspects of health and social welfare enables studying
the entire country as a source population. The availability of information on all the cases
of BPD diagnosed and/or treated in the specialized health care services provides an
inclusive sample of BPD cases. The strengths of the use of nationwide registers in this
prenatal epidemiological study include: 1) nationwide representative population-based
sampling, 2) information on potential risk factors at various time points of development
with linkage of data from various sources, 3) prospectively collected data on potential
risk factors thereby eliminating any recall bias and, 4) a large sample size thereby
increasing the statistical power for the analyses.

The register based study design has several limitations that need to be considered. First,
the FHDR used for case ascertainment in this study covered inpatient diagnosis over
the complete period. A Finnish study has shown that more than half of BPD II cases
and more than a quarter of BPD I cases are never hospitalized (Mantere et al. 2004).
Therefore, a significant proportion of BPD cases do not have an inpatient diagnosis.
The FHDR included the diagnoses in the outpatient services only after 1998. Although
the coverage of outpatient services started from the year 1998, it only includes the
specialized outpatient services at public hospitals (University hospitals or hospitals
serving several municipalities) and its coverage is not consistent throughout the country.
The primary care outpatient visits have been included in the FHDR only from the year
2011 (Sund 2012) and are thus not covered in this study. The coverage in the FHDR of
BPD is most likely to have an overrepresentation of moderate to severe cases and does
not identify many milder BPD cases in the population. In addition, patients with BPD
utilizing private health sector are not included in the FHDR and are therefore missed
from the sample. Due to the long term nature of BPD, it is possible that many of the cases
treated only in outpatient services before 1998 would be included in the registers during
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follow up visits after 1998. The healthcare system in Finland is generally financed by
the municipalities with highly subsidized patient fees and the overall care coverage is
good. The number of cases missing due to lack of access to healthcare services is likely
to be small in comparison to other countries with high healthcare fees and majority of
payments being made by the patients themselves (OECD 2014b).

Second, the diagnosis of BPD in the study is based on the hospital based clinical
diagnosis and not on standardized interviews. It has been shown that the validity
of hospital diagnosis is lower than the interviews (Rettew et al. 2009). However,
previous studies have shown that the validity of the diagnosis recorded in the FHDR
is good for mental disorders in general. A data quality study of the FHDR showed,
that 99% of mental disorders related hospitalizations were recorded in the correct
ICD chapter. The main diagnoses had been correctly reported at the 3-digit ICD code
level for 98% of the diagnoses (Keskiméki & Aro 1991). A recent quality review
showed the positive predictive value for common diagnoses recorded in the FHDR
to range between 75% and 99% (Sund 2012). Kieseppi et al. (2000) examined the
validity of BPD-I diagnosis in the FHDR using two twin samples. The Finnish
Population Register and FHDR were used to identify BPD-I cases (DSM-III-R)
among twin births born between 1940 and 1969. Fourty-two twins born 1940-1959
and fifteen twins born 1961-1969 were identified. The best estimate diagnosis of the
proband was made according to DSM-IV criteria using all available medical records.
Subsequently, diagnoses of the probands were confirmed using Structured Clinical
Interview (SCID) I and II interviews (Spitzer et al. 1997). False positive diagnosis
accounted for 6.8% of the cases in the first sample (1940-59). The second sample
(1961-69) had no false positive diagnosis, but 13% of the cases were erroneously
coded at discharge. The study showed the validity of the FHDR diagnosis of BPD-I
to be 92% and 87% in the two samples.

Perild et al. (2007) screened a nationally representative sample of 8,028 persons aged 30
years or older for psychotic disorder and BPD-I using Composite International Diagnostic
Interview (CIDI), self-reported diagnoses, medical examination and information from
nationwide registers. The subjects selected from the screen were then interviewed again
using Structured Clinical Interview for DSM-IV (SCID-I) (First et al. 2001). Finally,
the best estimate diagnosis was made using the information from interview and/or
case records. The study then estimated the concordance between different screens used
including the FHDR diagnosis and the best estimate diagnosis. The FHDR was the most
sensitive screen for psychotic disorders including BPD-I with a kappa (k) value of 0.8.
The FHDR had high specificity (99.7%) and negative predictive value (99.2%) but a
relatively lower sensitivity of 75.3 %. It should be noted that no separate validation study
for BPD diagnosis was conducted as part of this study.
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Third, the information on maternal smoking during pregnancy was based on maternal
self-report during maternal visits to the health care centre (study [V). It has been suggested
that maternal self-reports tend to underestimate the actual smoking exposure (Ford et
al. 1997). The social stigmatization of smoking may contribute to the underreporting
of smoking behaviour during pregnancy (Ananth et al. 1999). A previous study has
examined the validity of maternal smoking self-report in the FMBR by comparing it
with the information on smoking habits during pregnancy obtained by a questionnaire. It
showed a high concordance between the two data sources with a kappa (k) value of 0.84
(Jaakkola ef al. 2001). Serum measurement of cotinine, a major nicotine metabolite, has
been used as a more reliable marker of maternal smoking. A cross sectional analysis of
validity of smoking status in a random sample of 5846 persons aged 25 to 64 years in
Finland, using serum cotinine measurements demonstrated a high validity of smoking
self-report (Vartiainen et al. 2002). Similar studies with pregnant mothers in Finland
have been inconsistent in results. Bardy et al. (1993) showed that 38% of mothers with
high cotinine levels reported themselves as non-smokers. Another study demonstrated a
good correlation between self-reported number of cigarette smoked and serum cotinine
levels with a Spearman’s correlation coefficient, r = 0.68, p < 0.001 (Tikkanen et al.
2010). However, the wide variation in the cut off concentration levels of cotinine in the
two studies between 6 pg/l (Bardy et al. 1993) and 15ng/ml (Tikkanen et al. 2010), could
explain the inconsistent findings. In addition, the FMBR does not contain information
on the alcohol or substance abuse during pregnancy, information on postnatal smoking
exposure and smoking status among fathers.

Fourth, the FMBR lacks adequate information regarding categorization of indications
for caesarean birth i.e. either due to obstetric causes or out of fear of childbirth in the
mother. Similarly, information is lacking regarding the causes of maternal hypertension
and uterine bleeding during pregnancy.

6.2.3 Study sample

The source population of FIPS-B included 1,009,846 live births in Finland between
January 1* 1983 and 31% December 1998. The cases were identified from the source
population and two randomly selected controls were matched to cases on sex and date
of birth (30 days). Furthermore, the controls had to be alive and living in Finland on
the date of diagnosis of the matched case. In studies II, III and IV only singleton born
cases and controls were included. A sample size of 1887 BPD cases and 3774 matched
controls and the availability of information on various covariates were the strengths of
the study sample. The predefined years of birth and follow up of the study meant that
the oldest cases of BPD in were younger than or equal to 21 years (study III, IV) and
younger than or equal to 25 years (study I, II). Therefore, the findings in these studies
may be more specific for early onset BPD cases. Despite the large sample size in the
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study, the numbers in certain exposure groups were very small, therefore may lack the
statistical power to detect associations.

6.3 Discussion of results

6.3.1 Characteristics of the study sample (study I)

6.3.1.1Age at diagnosis

The mean age of diagnosis of BPD in this study was 19.3 years with no difference
between males and females in the age of onset. Despite the narrow age range of the
subjects, the mean age of onset of BPD is in line with previous studies (Weissman et
al. 1996, Mantere et al. 2004). A cross-national epidemiological study using DSM III
criteria showed the mean age of onset of BPD to range from 18 to 27 years (Weissman et
al. 1996). A study from Finland showed the average age of onset of DSM IV BPD cases
to be around 20 years (Mantere et al. 2004).

The mean age of diagnosis in this sample is based on the age at first diagnosis from the
FHDR. Most previous studies also use age at first hospitalization and age at first treatment
as a measure of age at onset. However, age at first identified major affective episode
has been considered a more reliable indicator of the start of the illness (Leboyer et al.
2005). Globally there is a lengthy delay between onset of mental disorders and seeking
treatment (Wang et al. 2007). A study from Finland has shown two delays in diagnosis
of BPD, a delay in seeking treatment and receiving the correct diagnosis. It reported a
median delay of 5.5 years from first symptoms to seeking treatment for the first time.
The median delay from first episode to first diagnosis was 7.8 years in the same study
(Mantere et al. 2004). There are two possible implications of the long diagnostic delay
in this study. First, the mean age at onset of BPD is earlier than the currently reported
age at diagnosis. Second, many cases of BPD in the source population have not yet been
identified due to either delay in treatment seeking or a delay in diagnosis.

6.3.1.1Sex

Females accounted for 68 % of all cases. Previous nationwide population-based studies
have also shown BPD to be more common among females (Laursen et al. 2007, Frans
et al. 2008). A previous study from Finland showed that females account for 72% of
BPD cases with age of onset of less than 18 years (Suominen et al. 2007). On the other
hand, international epidemiological studies have not shown gender differences in BPD
(Weissman et al. 1996). It is possible that the early onset cases of BPD are more common
among females. This difference could also be due to the differences between males
and females in treatment seeking behavior. It has been shown that women tend to seek
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psychiatric help, in general, more often than men (Kessler et al. 1981). Women have
been shown to be more likely than men to have a treatment contact for BPD (Wang e al.
2005). Parents, social health workers and clinicians in Finland dealing with young boys
with symptoms suggestive of BPD should be more careful as it could be possible that
young boys with BPD remain underdiagnosed.

6.3.1.1 Cumulative Incidence

The cumulative incidence of BPD at the end of the 11 years follow up period in 2008
was 11.6 per 10,000 population. The study design, with the oldest subjects aged 25 years
means that the incidence figures are not comparable to the total population incidence rates
of BPD. There is wide variation in the lifetime prevalence of BPD worldwide ranging
from 0.3% in Taiwan to 1.5% in New Zealand when using population-based interviews
(Weissman et al. 1996). Another cross national study found that the prevalence of BPD
varied from 0.1% in India to 4.4% in the USA. (Merikangas et al.2011). One previous
Finnish study using inpatient data from the FHDR among population aged older than 15
years showed the incidence of BPD to be 3 per 10,000 (Résénen et al. 1998). The study
identified BPD cases based on inpatient diagnosis from the FHDR between 1987 and
1994. The low incidence rates in that study is likely due to the information obtained only
from the inpatient diagnosis, thereby missing milder cases of BPD treated in outpatient
care. Although the findings are not comparable with the current study, it highlights
the limitation of FHDR in identifying the BPD cases in the population. The incidence
rates were highest among age group 15-19 years followed by closely among those in
age groups 20-25 years. One previous study has shown that more than half of BPD II
cases and more than 25% of BPD I cases are never hospitalized (Mantere et al. 2004).
Therefore, a large proportion of cases of BPD without an inpatient diagnosis are not
registered in the FHDR. The estimates of cumulative incidence of BPD are thus, likely
to be an underestimation of the actual incidence in the population.

6.3.1.1 Parental educational level

Offspring of mothers with the lowest level of educational attainment, i.e. those with
only comprehensive school education had an increased odd of BPD. Previous studies
have shown lower socioeconomic status (Van Oort ef al. 2011, Fryers et al. 2003) and
lower parental education (Paananen et al. 2013a, 2013b) to be associated with increased
risk of offspring mental disorders. Two possible explanations for the increased odds
associated with lower parental SES include: different morbidity according to parental
SES or differences in the access to healthcare (Paananen et al. 2013b). It has been shown
that children from lower socioeconomic or educational backgrounds are more likely to
use specialized mental health services. But there is no evidence suggesting a limited
access to health care among children of parents with a higher SES. Therefore, different
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level of morbidity according to parental educational level is more likely to explain the
association (Paananen ef al. 2013b).

A previous study showed that offspring of parents (both father and mother) with the
highest educational level had an increased risk of BPD (Tsuchiya ez al. 2004). Both fathers
and mothers with at least a bachelor degree had an increased risk of BPD in offspring.
The association was stronger for mother’s educational level as compared to fathers. It
should be noted that Tsuchiya et al. (2004) adjusted for the potential confounding due to
covariates including parental age and psychiatric history. However, the findings of our
study are based only on univariate analyses and likely to be confounded by other risk
factors, e.g. parental age and psychiatric history.

6.3.1.1Birth region

Children born in Eastern and Southern Finland had increased odds of BPD whereas
the odds decreased among those born in Northern and Western Finland. These findings
on the regional differences of risk of BPD are in line with previous studies. They
have shown the prevalence of psychiatric disorders (Perild et al. 2008, Lehtinen et
al. 1990) and psychiatric inpatient rates (Korkeila ef al. 1998) to be the greatest in
Southern and Eastern Finland. The Mini Finland Health Survey assessed over 8000
individuals aged more than 30 years using health interviews and health examination.
The psychiatric cases identified based on General Health Questionnaire (GHQ)
were most frequent in Eastern Finland and least frequent in Southwest and Southern
Finland. Clinically assessed mental disorders were most common in Southern Finland
and least common in Southwest Finland (Lehtinen et al. 1990). Korkeila et al. (1998)
used the FHDR to obtain information on all psychiatric hospital discharges in 1993.
The use of psychiatric hospital beds was highest in Southern and Eastern Finland.
Eastern Finland also had the highest rate of new inpatients with psychosis and
affective disorders. The Health 2000 Survey (Aromaa & Koskinen 2004) included a
population of more than 8000 people aged over 30 years and consisted of interview,
health examination and questionnaires. Among them, cases with psychotic disorders
were screened using Structured Clinical Interview for DSM-IV (SCID-I) (First et
al. 2001). Being born in Eastern Finland was associated with increased odds of any
psychosis (Perilé et al. 2008).

This association between regional variation in birthplace and BPD suggests the role of
area related risk factors i.e. genetic, environmental or both as shown with schizophrenia
(Haukka et al. 2001). A relatively stable regional population isolate was formed in
Eastern Finland out of the founder families in the 17" century. This high clustering of
genes predisposing to development of psychotic disorders could explain the increased
odds in Eastern Finland (Varilo et al. 2000, Hovatta et al. 1997). The Eastern and



Discussion 63

Northern Finland used to be one of the least developed regions with higher rates of infant
mortality, low birth weight and short duration of pregnancy in the 1950s (Palmgren
1964). These regions are still characterized by high migration rates, high unemployment,
and lower level of education (Haukka ef al. 2001). Thus, many environmental risk factors
for psychosis influencing the pre- and perinatal stage, continuing through childhood and
adolescence (Cannon ef al. 2002) have been prevalent in these areas (Perélé et al. 2008).
However, these factors are likely to play a lesser role in this study due to the following
reasons: a weak association in general between perinatal complications and BPD; and
decreased odds of BPD among those born in Northern Finland. The increased odd in
Southern Finland could be due to the migration of population after the Second World
War from the East and North to the urban areas in the south (Myrskyla 1978, Korkiasaari
et al. 1994, Saarela & Finnds 2008). The migration of the high genetic risk population
to larger cities in the South could explain the higher odds in Southern Finland. The
risk of BPD associated with urbanicity at birth (Mortensen et al. 2003) and upbringing
(Pedersen & Mortensen 2006) could further contribute to the odds. These findings are
based on unadjusted analyses and lack adjustment for potential confounder such as
parental psychiatric history.

6.3.2 Parental age (study II)

This study examined the association between paternal and maternal age and their age
difference and BPD. The association between paternal age and BPD showed a U-shaped
curve of odds ratio in the unadjusted analyses. The odds for developing BPD were
increased among offspring of both young and old fathers. On adjusting for confounders,
the odds were attenuated for young fathers and increased for the offspring of the oldest
fathers. The finding of increased odds of BPD with advanced paternal age is in line with
most of the previous studies (McGrath ef al. 2014, D’Onoftio et al. 2014, Menezes et al.
2010, Frans et al. 2008, Laursen et al. 2007). An increased odd for BPD was seen among
offspring of mothers younger than 24 years in the unadjusted analysis. The findings
were not significant on adjusting for paternal age, as well as on adjusting for available
confounders. The findings of previous studies on maternal age have been inconsistent
with two studies showing an increased risk among offspring of mothers aged 30-39 years
(Frans et al. 2008) and younger than 20 years (McGrath et al. 2014) whereas, two studies
did not find any association (Menezes ef al. 2010, Brown et al. 2013).

McGrath et al. (2014) showed a 1.2-fold increased risk of BPD among offspring of
fathers older than 45 years, while another study found more than 5-fold increased among
fathers older than 45 years (D’Onoftio et al. 2014). An increased risk of BPD was
observed with fathers aged 35 years or older with a 1.4-fold increased risk among those
aged 40-44 years (Menezes et al. 2010). Frans et al. (2008) demonstrated an increased
risk of BPD among offspring of fathers aged 30-34 years, 40-44 years and older than 55
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years. The risk among the oldest fathers increased to 2.6-fold when examining cases of
BPD with an early onset (less than 20 years). Lastly, Laursen ef al. (2007) showed an
increased risk among fathers aged 31-40 years and 50-55 with offspring of fathers aged
50-55 years having a 1.7-fold increased risk of BPD.

Few hypotheses have been put forward as possible explanations for the association with
advanced paternal age. First, it has been hypothesized that increasing de novo mutations
in the male germ line with advancing paternal age may lead to the development of
schizophrenia (Malaspina 2001). It is likely that similar mechanisms play a role in
BPD as well. The differences in the pattern of germline cell division between males
and females can explain the association demonstrated only with advancing paternal and
not maternal age. There are 24 cell divisions during the development of an ovum, 22
before meiosis and 2 during meiosis. The total number of chromosomal replication is
23 as only one replication occurs during the two meiotic divisions. Furthermore, all
these cell divisions are completed before birth. There are no changes in the number of
replications in the ovum with advancing age (Pearson et al. 2005). The sperm production
continues throughout the reproductive life and therefore, the number of cell divisions
and replications also increase with advancing age. There are 30 cell divisions in the male
germline until puberty. Subsequently there is one mitotic division in the sperm every
16 days, resulting in 23 cell divisions every year at the males in the reproductive age.
Thus, the sperm of a man aged 20 years has 7-fold more chromosomal replications than
an ovum and the ratio increases to 25-fold times for a man aged 40 years (Crow 2000).
Providing support to this hypothesis, a recent gene sequencing study showed an increase
of two mutations with a year increase in paternal age at conception and estimated that
the number of paternal mutations double every 16.5 years (Kong et al. 2012). De novo
mutations have been shown to be an important contributor to the development of BPD
(Malhotra et al. 2011).

Second, epigenetic dysregulation, which leads to errors in parental imprinting, has
been suggested to increase susceptibility to the development of neuropsychiatric
disorders (Perrin et al. 2007). There is evidence suggesting the possible role of
advancing age along with environmental exposures in altering the epigenetic process
(Bennett-Baker et al. 2003, Fraga et al. 2005). Thus, it is possible that the age related
epigenetic dysregulation contributes to the association with advancing paternal age.
Third, the accumulation of exposure to various environmental toxins over the lifetime
could result in genomic and/or epigenetic changes in the male germ cells (Yauk et
al. 2008). Lastly, it has been suggested that heritable traits of the parents which limit
their social interaction skills, results in having children later in life. This could explain
the association with advanced paternal age (Hare & Moran 1979). In this study we
examined the association between age difference between parents and BPD to evaluate
the possible role of parental personality traits and did not find any association. This
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was based on the assumption that the lack of social interaction skills among the
older fathers, results in poor interaction among their peers, and are more likely to be
involved in a relationship with much younger female partners. However, one possible
reason for the lack of the association seen with parental age difference could be due
to the increasing rates of divorces in Finland during the study period. There has been
an increase in the rate of divorces in Finland (Statistics Finland. 2013) and it is likely
that rates of older man fathering children from second marriages have also increased.
These fathers are less likely to have the risk seen with older first time fathers. The
reduced risk among their offspring for BPD could have resulted in the overall negative
association seen with parental age difference in the study.

A weaker, but significant association was observed between young paternal age and
BPD. The association between young paternal age and BPD has only been reported in
one previous study, when the BPD cases were limited to those with an early onset, i.e.
younger than 20 years (Frans et al. 2008). Young parents represent a special group with
higher rates of psychiatric problems. Childhood conduct problems have been associated
with teenage parenthood (Lehti e al. 2012a, 2012b). The personality features of young
parents such as impulsive behavior, influences early reproduction, and also passes the
genetic risk of neurodevelopmental disorders to the offspring (Lundstom et al. 2010).
The increased risk for de novo genetic disorders among offspring of young fathers has
been suggested to result from the immaturity of spermatids or impaired DNA repair or
lower antioxidant enzymes activities (Malaspina 2001). Young parents are usually less
educated and economically disadvantaged (Kiernan 1997) and young mothers have poor
prenatal care (D’Ascoli et al. 1997). Inadequate prenatal care leads to adverse perinatal
events (low birth weight and prematurity), which in turn have been associated with BPD
(Nosarti et al. 2012). Lastly, young fathers are more likely to have risky health behaviors
such as drug abuse, which have been linked with germline de novo mutations (Robbins
et al. 2005).

It should be noted that the possible explanations for findings seen with young parental
age are still unclear and do not entirely explain the findings. The association with BPD
was observed only in those aged 20-24 years and not in the youngest age group of fathers
i.e. younger than 20 years. The small number of cases and controls in the youngest
age group and thereby a low statistical power could explain the lack of association.
The association between maternal age and BPD was confounded by paternal age. It is
possible that the attenuated association is due to the high correlation between paternal
and maternal age, resulting in reduced precision in the estimation of the maternal age
effect. Many of the biological risk factors associated with young parental age seem to
affect the pregnant mother and the developing fetus, although no significant association
was observed between young mothers and BPD in the adjusted analyses. The trend of
increasing age at parenthood due to socioeconomic changes in the society coupled with
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its association with mental disorders, including BPD, further increases the relevance of
this field of research in the future.

The comparison of these findings on parental age with other psychiatric disorders makes
an interesting observation. Overall, advanced paternal age is strongly associated with
schizophrenia, whereas a weak/no association is observed with both young paternal
and maternal age (Malaspina et al. 2001). Both advanced paternal and maternal age
were strongly associated with ASD (Kolevzon et al. 2007, Hultman ef al. 2011). BPD
is thus closely related with schizophrenia in terms of association with parental age. This
is relevant considering the shared genetic relationship between schizophrenia and BPD
(Lichtenstein et al. 2009).

6.3.3 Perinatal complications (study III)

Birth by planned cesarean section was associated with an increased odd of BPD. Post-
term birth i.e. gestational age of 42 weeks or more was associated with BPD in the
unadjusted analyses but it did not reach statistical significance on adjusting for available
confounders.

The finding of an association between birth by cesarean section and BPD has not been
reported previously. There are few obstetric indications for a birth by planned cesarean
section e.g. twin delivery and history of previous cesarean section (Penn & Ghaem-
maghami 2001). Cesarean section can also be requested by the mother without any
obvious obstetric indications (Wiklund et al. 2012). A study has shown that women with
cesarean section as their preferred mode of delivery have a stronger fear of childbirth
(Rouhe et al. 2009). The mothers requesting cesarean section for delivery have been
shown to be anxious, depressed, have low self-esteem, lack social support and have
personality traits like neuroticism (Saisto et al. 2001, Storksen et al. 2012). It could
be possible that these maternal characteristics are transmitted to the offspring. The
influences of these maternal characteristics on the family environment during growth
and development may contribute towards development of BPD. It should be noted that
this is the first study showing an association between planned cesarean delivery and BPD
and the underlying mechanisms are still unclear. In addition, the FMBR lacks adequate
information regarding categorization of indications for caesarean birth, i.e. either due to
obstetric causes or out of fear of childbirth in the mother.

The number of births by cesarean section is increasing globally (Kuehn 2010). Cesarean
section by maternal request arising out of fear of childbirth has been suggested to be
one of the main reasons for the rise in the trend (Wiklund et al. 2007, Rouhe et al.
2009). Studies have shown that special focus and treatment, based on psycho-education
and counselling provided to women with a fear of childbirth by specialized staff at the
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maternity clinics have helped up to 86% women to accept giving birth vaginally although
their initial request of birth was by cesarean section (Saisto et al. 2006, Nerum et al.
2006). It is important that these preventive measures be promoted whenever possible to
reduce the rates of delivery by cesarean section in cases without a proper indication. All
the other obstetric risk factors examined (maternal high blood pressure, uterine bleeding
during pregnancy, birth presentation, induced labor, 1 minute Apgar scores and neonatal
treatment) were not associated with BPD.

A Swedish cohort study reported preterm birth (gestational age of less than 37 weeks) to
be associated with BPD, whereas no association was found with post term birth (Nosarti
et al. 2012). Children born with gestational age of 32-36 weeks had a 2.7-fold increased
risk and the risk increased to 7.4-fold among those with a gestational age of less than
32 weeks. A Danish cohort study (Laursen et al. 2007) demonstrated a 5-fold increased
risk of BPD among preterm children born small for gestational age (i.e. lower 10 %
birth weight among less than 37 weeks gestational age). However, another Danish study
examining the association between birth weight, gestational age, WGA and BPD did
not find any association (Jgendahl et al. 2006). Interestingly, studies examining the
indicators of growth and development with BPD and schizophrenia grouped together
have shown significant findings for both preterm birth and low birth weight (D’Onofrio
et al. 2013, Class et al. 2014).

Despite the lack of association between most of the risk factors, it should be noted that
many less common perinatal outcomes e.g. very low birth weight (less than 1500 grams)
and preterm birth (less than 32 weeks) had very few cases. Thus, it is possible that
despite having an overall large sample size, the statistical power in the study was weak
to detect some associations. The oldest cases of BPD in this study were only 21 years
and therefore, it is possible that the lack of findings is specific to the early onset group
of BPD. Recent advances in the prenatal and neonatal care have significantly improved
the survival rates of premature and low birth weight infants (Moster et al. 2008, Costello
et al. 2005). Thus, with an increasing number of children surviving despite exposure to
perinatal risk factors in the coming years, the examination of these putative risk factors
in relation to BPD will be a more fruitful area of endeavor.

These findings provide support to the existing literature stating a weak overall association
between pre- and perinatal complications and BPD. However, several indicators of fetal
growth and obstetric complications have repeatedly been shown to be associated with
schizophrenia (Rapoport et al. 2012). Based on these differences, it has been suggested
that schizophrenia and BPD share some common genetic susceptibility. The subsequent
exposure to obstetric complications and/or poor fetal growth and development favors the
development of schizophrenia, whereas the lack of the latter factors is more likely to add
the risk of BPD (Demjaha et al. 2012, Murray et al. 2004).
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6.3.4 Maternal smoking during pregnancy (study IV)

Maternal smoking during pregnancy was associated with BPD in the unadjusted
analyses. However, the association was not statistically significant on adjusting for
available confounding factors. The categorization of information on maternal smoking
in the FMBR was changed during the study period resulting in the use of two different
classifications for smoking status. The classification of smoking into less than 10 or
more than 10 cigarettes per day (January 1987-September 1990) enabled examining the
dose-response effect of prenatal smoking exposure. Smoking more than 10 cigarettes
per day was more strongly associated with BPD than smoking less than 10 per day.
The subsequent classification of maternal smoking (October 1990-December 1998) was
based on the timing of exposure during the pregnancy, i.e. only in the first trimester or
throughout the pregnancy. The continuation of smoking during pregnancy after the first
trimester shows a more chronic exposure to the deleterious effects to the developing
fetus. In addition, mothers who continue smoking throughout pregnancy are more likely
to have more psychosocial problems than those who quit smoking early in pregnancy.
Along similar lines, the association was stronger for maternal smoking throughout the
pregnancy than smoking only during the first trimester. Nevertheless, the availability
of a single classification throughout the study period would have further increased the
statistical power to detect an association.

This was the second study to examine the association specifically for BPD. Talati ef al.
(2013) used a cohort of children born during 1959-1966 in California, USA to study the
risk for BPD associated with exposure to smoking during pregnancy. They demonstrated
more than 2-fold increased risk for BPD among offspring of mothers who smoked.
Ekblad et al. (2010) used a cohort of children born in Finland between 1987 and 1999
(n= 186, 246) identified from the FMBR to examine the risk of psychiatric morbidity
associated with prenatal smoking exposure. Mothers smoking less than 10 cigarettes /
day had a 1.6-fold increased risk of mood disorders (F30-F39) in their offspring. The risk
increased to 1.9-fold among mothers smoking more than 10 cigarettes /day.

Prenatal exposure to maternal smoking is associated with a range of adversities. The
adverse influence occurs already in the intrauterine life resulting in adverse perinatal
events including low birth and even still birth (Hofhuis e al. 2003). Among the exposed,
symptoms of inattention have been observed in infancy and disruptive behavior disorders
have been observed later in childhood (Hunter et al. 2011, Nigg et al. 2007). Increased
substance use and antisocial behaviors are more common among them in adolescence
(Ekblad et al. 2010, Weissman et al. 1999). Another aspect that needs to be considered
while interpreting the findings of risks with maternal smoking is the possible role of
confounding by maternal characteristics. It has been consistently shown that mothers
who continue to smoke during pregnancy have different characteristics than mothers
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who never smoked and those who quit after knowledge of pregnancy (Button et al.
2007). Mothers who continue to smoke during pregnancy are usually younger, have
shorter years of education, of a lower socioeconomic status and have less access to
antenatal care and more often have a history of psychiatric illness (Matthews 2001,
Ventura et al. 2000).

Some aspects of the study need to be considered while interpreting these findings. It
could be possible that mild symptoms of BPD, which have not been diagnosed, exist
among smoking mothers and this genetic risk can be transmitted to the offspring. The
study sample included only BPD cases younger than 21 years and the findings are more
likely to be relevant to early onset BPD. The information of maternal smoking was based
on self-report, which has been shown to be prone to bias (Ford et al. 1997). However,
inadequate relevant samples, despite moderate sample size, could have contributed to
the lack of statistical power to detect significant associations.

Overall, the findings on prenatal smoking and BPD are still unclear with two existing
studies showing opposing findings. One future possibility is examining biomarkers such
as cotinine, a nicotine metabolite, as a documented measure of smoking exposure during
pregnancy, making use of maternal biological samples.
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7. CONCLUSIONS

This thesis, aimed at improving the understanding of the role of prenatal and prenatal
risk factors associated with BPD demonstrated several relevant findings. First, the
demographic characteristics of the BPD cases were identified. A majority of the young
BPD cases in Finland identified from the FHDR were females. This could either be a
true finding among young cases, or due to an increased likelihood of being diagnosed
among females. The cumulative incidence of BPD was lower than the global estimates
probably due to inclusion of a narrow age range and limited ascertainment of cases
from the population in the FHDR. People born in Eastern Finland had the highest odds
of BPD compared to other regions suggesting the role of area related risk factors i.e.
genetic, environmental or a combination of them. Offspring of least educated mothers
had increased odds of BPD, which is likely due to differences in psychiatric morbidity
according to parental socioeconomic status.

Second, the odds ratio of the association between paternal age and BPD showed a
U-shaped distribution whereas no association was observed with mother’s age. De-novo
mutations with increasing paternal age, epigenetic changes and personality traits among
fathers having a child at a later age are the possible mechanisms for the association. Age
difference between parents was examined, to test the role of parental personality traits
as a possible explanation for the increasing odd of BPD with advanced paternal age.
To our knowledge, this was the first study to test the association between parental age
difference and BPD and no association was observed. These findings on parental age are
highly relevant considering the trend of increasing age at parenthood in most developed
countries.

Third, birth by planned cesarean section was associated with BPD. The association
is most likely due to some genetic traits among mothers favoring a planned cesarean
section birth, which is transmitted to the offspring and not by the actual risk of cesarean
birth per se. A range of factors of growth and development and obstetric risk factors
were examined for their association with BPD. The lack of association with a range of
other obstetric risk factors provides support to previously suggested hypothesis that BPD
and schizophrenia stem from a common genetic background. The subsequent exposure
to adverse obstetric events favors development of schizophrenia whereas the lack of it
results in BPD.

Lastly, there was an association between prenatal maternal smoking and BPD in the
univariate analyses, which did not remain significant on adjusting for confounders.
Mothers who continue to smoke despite the knowledge of their pregnancy are different
than non-smokers or those who quit during pregnancy. It is possible that they have
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features of BPD, although the symptoms may not meet the diagnostic threshold and are
likely to transmit the genetic risk. However, with only one previous study showing a
positive association and a lack of association in this study, subsequent studies would be
needed to have a clearer picture. The findings of this study add to the existing literature
on the prenatal risk factors for BPD and support the possibility of different prenatal risk
profiles in different psychiatric disorders.

7.1 Implications for future research

The majority of studies on prenatal and perinatal risk factors and psychiatric disorders
have focused on schizophrenia and ASD. The existing knowledge is limited if these
results can be extended to other psychiatric disorders. It is important to further
investigate whether several psychiatric disorders have a common prenatal risk profile
or several specific profiles. Recently, there has been a shift in psychiatric research, from
a symptoms and syndrome based approach to more dimensional neurobiological and
behavioral outcomes approach. Future research on prenatal epidemiology of psychiatric
disorders should aim along similar lines at examining prenatal and perinatal risk profile
and dimensions of neurobiology and observable behavior. The study of some risk
factors e.g. maternal smoking exposure can be improved by making use of biomarkers
of smoking exposure such as cotinine, a nicotine metabolite. Finally, considering the
intricate etiology of psychiatric disorders, future studies should aim at focusing on the
interaction of prenatal risk factors with genetic and epigenetic factors and the role of
gene environment interactions.



72 Acknowledgements

ACKNOWLEDGEMENTS

This thesis was conducted at the Research Centre for Child Psychiatry, Department
of Child Psychiatry, University of Turku and The Turku Doctoral Program of Clinical
Sciences (CLIDP). First and foremost, I am grateful to Professor Andre Sourander,
my supervisor and mentor throughout this period. His enthusiasm and creativity on
conducting research has always been an inspiration. The discussions with him regarding
the research topic and science in general, have been fascinating. Equally important has
been his guidance and support in the non-academic aspects of my life, helping me settle
down at a new place, in a new city. His encouragement to always think big and always
keep looking for more will remain with me for life.

I would like to thank Professor Tomi-Pekka Tuomainen and Associate Professsor Olli
Kampman for their valuable time in reviewing the thesis and for the immensely helpful
comments and suggestions. I offer my sincere appreciation to Professor Jussi Kauhanen
and Professor Mika Gissler for their expertise as members of the follow-up group for
this thesis. I want to express my gratitude to Professor Gissler for his help and guidance
throughout the research process, in co-authoring the manuscripts and finally for his
valuable comments on the thesis manuscript.

I want to thank Professor Alan S. Brown, Professor lan McKeague, Docent Péivi Polo,
Dan Sucksdorff, Venla Lehti, Auli Suominen, Susanna Hinkka-Yli-Salomaki, Jukka
Huttunen and Terja Ristkari for co-authoring the manuscripts. My life as a researcher
was made so much easier, thanks to the immense help from the statistician colleagues at
the research centre. My sincere gratitude goes to Auli Suominen and Susanna Hinkka-
Yli-Saloméki for their guidance, patience and amazing support with the statistical work
involved in the manuscripts. I am also thankful to Lauri Sillanméki and Lotta Lempinen
for helping with my statistical queries. A big thanks to Dan, Susanna Leivonen, Minna
Sucksdorff, Elina Jokiranta-Olkoniemi, Sanna, Lotta and Lauri for helping me compile
the Tiivistelma. I thank Aura Professional Language Consulting, Ltd for language check
of the thesis.

I cannot be thankful enough for the amazing colleagues I have had the pleasure of
working with. I am thankful to Venla for her help and guidance, especially during the
difficult first year. Dan has been an amazing friend and co-researcher. Our weekly coffee
room discussions were of great help in getting through the mid-week dull at work. I am
thankful to Venla and Dan for their comments and suggestions on the thesis. I thank
Susanna and Elina for bringing energy and enthusiasm for research in all our discussions.
Thanks to you all, this journey has been a wonderful one.



Acknowledgements 73

Ithank everyone at the Research Centre for child Psychiatry, for making it such a wonderful
place to work at. I thank Jarna Lindroos for all her help in manuscript preparation and
helping with all of my queries. I thank Tanja Sarlin for her immense overall help in the
early years. I thank Jukka and Atte Sinokki for the technical support throughout. I would
like to thank Terja for her help with everything. Ulla Kulmala, Kristiina Saanakorpi,
Maalin Kinnunen, Jenni Vuorio, Saara Santanen, Juha-Pekka Virtanen, Lotta, Jarna and
Lauri were an integral part of a helpful and relaxed work atmosphere.

Wonderful friends have made the stay so far in Finland a memorable one. Keshav, [lona
and our weekend sessions were always cherished. Tulashi, Ashim, Prem, Gautam and
friends in Kuopio were family away from home.

I am grateful for the love and support of my parents and for the unconditional support
for all the choices I have made. I am grateful to my Grandmother for turning me into
the person I am today. I am grateful for the support of my family members, especially
Dipesh Mama, for having faith in me during difficult times. I am thankful to my lovely
sister, Smriti for her love and care.

Life has been beautiful and amazing with the arrival of my wife, Sharmila. Her love,
support and motivation have been my strengths in this journey. She has joined my
celebrations when [ have been happy and picked me up during my lowest times. Words
cannot express my joy of having her as my partner.

Finally, I am humbled by the greatness of the divine power that created the path of my
life and helped me follow these seemingly bizarre dots to the point I stand today.

The work was financially supported by the Sigrid Juselius Foundation, Academy of
Finland, University of Turku Graduate School (UTUGS), Yrj6 Jahnsson Foundation,
Orion Research Foundation and Jalmari and Rauha Ahokkaan Foundation, the support
of each one and every of them is highly acknowledged.

Turku, April 2015

Roshan Chudal



74

Erratum

ERRATUM

1. Manuscript |

a.

N

w2

Page 6, paragraph 2, “Statistical analysis, Cumulative incidence of BPD”
The paragraph should have ended at line 18 after (reference 44). No odds ratios were
calculated for cumulative incidence as stated erroneously there.

Page 6, paragraph 7, Results
The highest number of BPD subjects (cases and controls) were born in southern
Finland (40.4%). It should have been total number of subjects (cases and controls).

. Manuscript II

Page 625, paragraph 4, Materials and methods, study design

Ethical approval for the study was provided by the Ethics committee of the hospital
district of Southwest Finland and Institutional Review Board of the New York
State Psychiatric Institute and NOT by Institutional Ethical Review Board at Turku
University Hospital, Turku University as stated currently.

. Page 626. Paragraph 6, parental age

The age difference between parents was analyzed only as a categorical variable (NOT
as a continuous as stated in the manuscript).

. Manuscript I1I

Page 2, paragraph 4, Methods

Ethical approval for the study was provided by the Ethics committee of the hospital
district of Southwest Finland and Institutional Review Board of the New York
State Psychiatric Institute and NOT by Institutional Ethical Review Board at Turku
University Hospital, Turku University as stated currently.

. Page 4. Paragraph 1,2, Results

The values of strength of association, ORs and 95% confidence interval in the text are
erroneous. The values in the results Table 1 and 2 are correct.

Page 5. Table 2, Results
The OR for adjusted model for maternal high blood pressure has two values: 1.89 and
1.84. The OR of 1.89 is the correct value.



References 75

REFERENCES

Abel KM, Allin MA: Placental programming and
neurodevelopmental outcomes, in Placenta and
Neurodisability. Edited by, Baker P, Sibley C.
London, The MacKeith Press, 2005.

Abel KM, Dalman C, Svensson AC, Susser E, Dal H,
Idring S et al. Deviance in fetal growth and risk of
autism spectrum disorder. Am J Psychiatry. 2013;
170:391-8.

Abel KM, Wicks S, Susser ES, Dalman C, Pedersen MG,
Mortensen PB et al. Birth weight, schizophrenia, and
adult mental disorder: is risk confined to the smallest
babies? Arch Gen Psychiatry. 2010; 67:923-30.

Adler NE, Boyce WT, Chesney MA, Folkman S, Syme
SL. Socioeconomic inequalities in health. No easy
solution. JAMA. 1993; 269:3140-5.

Allen J, Balfour R, Bell R, Marmot M. Social
determinants of mental health. Int Rev Psychiatry.
2014; 26:392-407.

Ananth CV, Smulian JC, Vintzileos AM. Incidence of
placental abruption in relation to cigarette smoking
and hypertensive disorders during pregnancy: a
meta-analysis of observational studies. Obstet
Gynecol. 1999; 93: 622-8.

APA. American Psychiatric Association. Diagnostic
and statistical manual of mental disorders 3rd ed.,
rev.1987.

APA. American Psychiatric Association. Diagnostic
and statistical manual of mental disorders 4th ed.;
DSM-1V; American Psychiatric Association, 1994.

APA. American Psychiatric Association. Highlight
of Changes from DSM-IV-TR to DSM-5.
Available from: http://www.dsm5.org/Documents/
changes%20from%?20dsm-iv-tr%20t0%20dsm-5.
pdf. 2015. Accessed January 14, 2015.

Aromaa A. Koskinen S. Health and functional capacity
in Finland. Baseline results of the Health 2000
health examination survey. 2004. Publications of the
National Public Health Institute B12/2004, Helsinki.
http://www.terveys2000.fi/julkaisut/baseline.pdf.
Accessed November 12 2014.

Australian Bureau of Statistics. ABS. Births,
Australia, 2010. Available from: http://www.
abs.gov.au/ausstats/abs@.nsf/Products/
F7B863853E2AF406CA25793300167434%0pen
Accessed November 10 2012.

Bain M, Juszczak E, Mclnneny K, Kendell RE.
Obstetric complications and affective psychoses.

Two case-control studies based on structured
obstetric records. Br J Psychiatry. 2000; 176:523-6.

Bao Y, Ibram G, Blaner WS, Quesenberry CP, Shen
L, McKeague IW et al. Low maternal retinol as a
risk factor for schizophrenia in adult offspring.
Schizophr Res. 2012; 137:159-65.

Barker DJ, Osmond C. Infant mortality, childhood
nutrition, and ischaemic heart disease in England
and Wales. Lancet. 1986; 1:1077-81.

Bauer M, Pfennig A. Epidemiology of bipolar
disorders. Epilepsia. 2005; 46:8-13.

Bennett-Baker PE, Wllkowski J, Burke DT. Age-
associated activation of epigenetically repressed
genes in the mouse. Genetics. 2003; 165:2055-62.

Berkowitz GS, Skovron ML, Lapinski RH, Berkowitz
RL. Delayed childbearing and the outcome of
pregnancy. N Engl J Med. 1990; 322:659-64.

Bille C, Skytthe A, Vach W, et al. Parent’s age and the
risk of oral clefts. Epidemiology. 2005; 16:311-16.

Bradley RH, Corwyn RF. Socioeconomic status and
child development. Annu Rev Psychol. 2002;
53:371-99.

Breart G. Delayed childbearing. Eur J Obstet Gynecol
Reprod Biol. 1997; 75:71-73.

Brown A, Bao Y, McKeague I, Shen L, Schaefer C.
Parental age and risk of bipolar disorder in offspring.
Psychiatry Res. 2013; 208:225-31.

Buizer-Voskamp JE, Laan W, Staal WG, Hennekam
EA, Aukes MF, Termorshuizen F, Kahn RS et al.
Paternal age and psychiatric disorders: findings from
a Dutch population registry. Schizophr Res. 2011;
129:128-32.

Button TM, Thapar A, McGuffin P. Relationship
between antisocial behaviour, attention-deficit
hyperactivity disorder and maternal prenatal
smoking. Br J Psychiatry. 2005; 187:155-60.

Button TM, Maughan B, McGuffin P. The relationship
of maternal smoking to psychological problems in
the offspring. Early Hum Dev. 2007; 83:727-32.

Byrne M, Agerbo E, Ewald H, Eaton WW, Mortensen
PB. Parental age and risk of schizophrenia: a case-
control study. Arch Gen Psychiatry. 2003; 60:673-
78.

Cannon M, Jones PB, Murray RM. Obstetric
complications and schizophrenia: historical and



76 References

meta-analytic review. Am J Psychiatry. 2002;
159:1080-92.

Carter TD, Mundo E, Parikh SV, Kennedy JL. Early
age at onset as a risk factor for poor outcome of
bipolar disorder. J Psychiatr Res. 2003; 37:297-03.

Chudal R, Brown AS, Gissler M, Suominen A,
Sourander A. Is maternal smoking during pregnancy
associated with bipolar disorder in offspring? J
Affect Disord. 2015; 171:132-36

Chudal R, Gissler M, Sucksdorff D, Lehti V, Suominen
A, Hinkka-Yli-Salomiki S et al. Parental age and
the risk of bipolar disorders. Bipolar Disord.2014b;
16:624-32.

Chudal R, Sourander A, Polo-Kantola P, Hinkka-Yli-
Salomdki S, Lehti V, Sucksdorff D et al.. Perinatal
factors and the risk of bipolar disorder in Finland. J
Affect Disord. 2014c¢; 155:75-80.

Chudal R, Sucksdorff D, Suominen A, Lehti V,
Hinkka-Yli-Salomaki S, Huttunen J et al. Finnish
Prenatal Study of Bipolar Disorders (FIPS-B):
overview, design and description of the sample.
Nord J Psychiatry. 2014a; 68:169-79.

Class QA, Rickert ME, Larsson H, Lichtenstein P,
D’Onofrio BM. Fetal growth and psychiatric and
socioeconomic problems: population-based sibling
comparison. Br J Psychiatry. 2014b; 205:355-61.

Class QA, Rickert ME, Lichtenstein P, D’Onofrio BM.
Birth weight, physical morbidity, and mortality: a
population-based sibling-comparison study. Am J
Epidemiol. 2014a; 179:550-8.

Cohen G, Roux JC, Grailhe R, Malcolm G, Changeux
JP, Lagercrantz H. Perinatal exposure to nicotine
causes deficits associated with a loss of nicotinic
receptor function. Proc Natl Acad Sci USA. 2005;
102: 3817-21.

Cook EH, Scherer SW. Copy-number variations
associated with neuropsychiatric conditions. Nature.
2008; 455:919-23.

Costello D, Friedman H, Minich N, Fanaroff AA,
Hack M. Improved survival rates with increased
neurodevelopmental disability for extremely low
birth weight infants in the 1990s. Pediatrics. 2005;
115:997-03.

Craddock N, Jones I. Genetics of bipolar disorder. J
Med Genet. 1999; 36:585-94.

Croen LA, Najjar DV, Fireman B, Grether JK.
Maternal and paternal age and risk of autism
spectrum disorders. Arch Pediatr Adolesc Med.
2007; 161:334-40.

Crow JF. The origins, patterns and implications of
human spontaneous mutation. Nat Rev Genet. 2000;
1:40-47.

Crump C, Sundquist K, Sundquist J, Winkleby MA.
Gestational age at birth and mortality in young
adulthood. JAMA. 2011; 306:1233-40.

Crump C, Sundquist K, Winkleby MA, Sundquist J.
Comorbidities and mortality in bipolar disorder: a
Swedish national cohort study. JAMA Psychiatry.
2013; 70: 931-39.

D, Helenius H, et al. Childhood predictors of completed
and

D’Ascoli PT, Alexander GR, Petersen DJ et al.
Parental factors influencing patterns of prenatal care
utilization. J Perinatol. 1997; 17:283-87.

Dalman C, Allebeck P, Cullberg J, Grunewald C,
Koster M. Obstetric complications and the risk of
schizophrenia: a longitudinal study of a national
birth cohort. Arch Gen Psychiatry. 1999; 56:234-40.

Dalman C, Thomas HV, David AS, Gentz J, Lewis G,
Allebeck P. Signs of asphyxia at birth and risk of
schizophrenia. Population-based case-control study.
Br J Psychiatry.2001; 179:403-8.

Davies G, Welham J, Chant D, Torrey EF, McGrath J.
A systematic review and meta-analysis of Northern
Hemisphere season of birth studies in schizophrenia.
Schizophr Bull. 2003; 29:587-93.

Demjaha A, MacCabe JH, Murray RM. How genes
and environmental factors determine the different
neurodevelopmental trajectories of schizophrenia
and bipolar disorder. Schizophr Bull.2012; 38:209-
14.

Dempster EL, Pidsley R, Schalkwyk LC, Owens S,
Georgiades A, Kane F et al. Disease-associated
epigenetic changes in monozygotic twins discordant
for schizophrenia and bipolar disorder. Hum Mol
Genet. 2011; 20:4786-96.

D’Onofrio BM, Class QA, Rickert ME, Larsson
H, Léngstrom N, Lichtenstein P. Preterm birth
and mortality and morbidity: a population-based
quasi-experimental study. JAMA Psychiatry.2013;
70:1231-40.

D’Onofrio BM, Rickert ME, Frans E, Kuja-Halkola R,
Almgqyvist C, Sjolander A, Larsson H, Lichtenstein P.
Paternal age at childbearing and offspring psychiatric
and academic morbidity. JAMA Psychiatry. 2014,
71:432-38.

Doyle LW, Anderson PJ. Adult outcome of extremely
preterm infants. Pediatrics. 2010; 126:342-351.



References 77

Durkin MS, Maenner MJ, Newschaffer CJ, Lee LC,
Cunniff CM, Daniels JL et al. Advanced parental
age and the risk of autism spectrum disorder. AmJ
Epidemiol. 2008; 168:1268-76.

Eaton WW, Mortensen PB, Frydenberg M. Obstetric
factors, urbanization and psychosis. Schizophr
Res.2000; 43:117-23.

Ekblad M, Gissler M, Korkeila J, Lehtonen L. Trends
and risk groups for smoking during pregnancy in
Finland and other Nordic countries. Eur J Public
Health. 2014; 24:544-51.

Ekblad M, Gissler M, Lehtonen L, Korkeila J. Prenatal
smoking exposure and the risk of psychiatric
morbidity into young adulthood. Arch Gen
Psychiatry. 2010; 67:841-49.

Ekblad M, Gissler M, Lehtonen L, Korkeila J.
Relation of prenatal smoking exposure and use of
psychotropic medication up to young adulthood. Am
J Epidemiol. 2011; 174:681-90.

Ekblad M, Korkeila J, Lehtonen L. Smoking during
pregnancy affects foetal brain development. Acta
Paediatr. 2015; 104:12-18.

Ernster VL. Nested case-control studies. Prev Med.
1994; 23:587-90.

Eurostat. 2014. Available from: http://appsso.eurostat.
ec.europa.eu/nui/submitViewTableAction.do.
Accessed: August 13 2014.

Fantuzzi G, Aggazzotti E, Righi F, Facchinetti
E,Bertucci S, Kanitz. et al. Preterm delivery and
exposure to active and passive smoking during
pregnancy: a case-control study from Italy. Paediatr
Perinat Epidemiol. 2007; 21:194-00.

Fellman V, Hellstrom-Westas L, Norman M, et al;
EXPRESS Group. One-year survival of extremely
preterm infants after active perinatal care in Sweden.
JAMA. 2009; 301:2225-2233.

Fergusson DM, Woodward LJ, Horwood LJ. Maternal
smoking during pregnancy and psychiatric
adjustment in late adolescence. Arch Gen Psychiatry.
1998; 55:721-27.

First MB, Anthony JC, Tepper S, Dryman A. Structured
Clinical Interview for DSM-IV Axis I Disorders,
Research Version, Nonpatient Edition (SCID-I/
NP). 2001. Biometrics Research, New York State
Psychiatric Institute, New York.

Ford RP, Tappin DM, Schluter PJ, Wild CJ. Smoking
during pregnancy:how reliable are maternal self-
reports in New Zealand ? J. Epidemiol. Community
Health.1997; 51:246-51.

Fraga MF, Ballestar E, Paz MF, et al. Epigenetic
differences arise during the lifetime of monozygotic
twins. Proc Natl Acad Sci USA. 2005;102:10604-
09.

Frans EM, Sandin S, Reichenberg A, Lichtenstein P,
Léangstrom N, Hultman CM. Advancing paternal age
and bipolar disorder. Arch Gen Psychiatry. 2008;
65:1034-40.

Fryers T, Melzer D, Jenkins R. Social inequalities and
the common mental disorders: a systematic review
of the evidence. Soc Psychiatry Psychiatr Epidemiol.
2003; 38:229-37.

Gardener H, Spiegelman D, Buka SL. Prenatal risk
factors for autism: comprehensive meta-analysis.Br
J Psychiatry. 2009; 195:7-14.

Gissler M & Haukka J. Finnish health and social
welfare registers in epidemiological research. Norsk
Epidemiologi. 2004; 14:113-20.

Gissler M & Shelley J. Quality of data on subsequent
events in a routine Medical Birth Register. Med
Inform Internet Med. 2002; 27:33-38.

Gluckman PD, Hanson MA, Beedle AS. Early life
events and their consequences for later disease: a
life history and evolutionary perspective. Am J Hum
Biol.2007; 19:1-19.

Guinchat V, Thorsen P, Laurent C, Cans C, Bodeau N,
Cohen D. Pre-, peri- and neonatal risk factors for
autism. Acta Obstet Gynecol Scand. 2012; 91:287-
00.

Haig D, Graham C. Genomic imprinting and the
strange case of the insulin-like growth factor II
receptor. Cell. 1991; 64:1045-46.

Hékkinen U. The Impact of Changes in Finland’s
health care system. Health Econ. 2005; 14:S101-18.

Hare EH, Moran PA. Raised parental age in psychiatric
patients: evidence for the constitutional hypothesis.
Br J Psychiatry. 1979; 134:169-77.

Haukka J, Suvisaari J, Varilo T, Lénnqvist J. Regional
variation in the incidence of schizophrenia in
Finland: a study of birth cohorts born from 1950 to
1969. Psychol Med. 2001;31:1045-53.

Haukvik UK, McNeil T, Lange EH, Melle I, Dale AM,
Andreassen OA et al. Pre- and perinatal hypoxia
associated with hippocampus/amygdala volume in
bipolar disorder. Psychol Med. 2014; 44:975-85.

Heffner LJ. Advanced maternal age-How old is too
old? N Engl J Med. 2004; 351:1927-29.

Heino A, Gissler M. Nordic Perinatal Statistics 2010.
THL.2012. Available from: http://www.julkari.



78 References

fi/bitstream/handle/10024/103087/Tr07_12.
pdf?sequence=1. Accessed: May 14 2013.

Hemminki K, Kyyronen P, Vaittinen P. Parental age
as a risk factor of childhood leukaemia and brain
cancer in offspring. Epidemiology. 1999; 10:271-75.

Hendrick V, Altshuler LL, Gitlin MJ, Delrahim S,
Hammen C. Gender and bipolar illness. J Clin
Psychiatry. 2000; 61:393-96.

Herjanic B, Reich W. Development of a structured
psychiatric interview for children: agreement
between child and parent on individual symptoms. J
Abnorm Child Psychol. 1982; 10:307-24.

Hoffmann D, Hoffmann I. The changing cigarette,
1950-1995.] Toxicol Environ Health. 1997,
50:3076-64.

Hofhuis W, de Jongste JC, Merkus PJ. Adverse
health effects of prenatal and postnatal tobacco
smoke exposure on children. Arch Dis Child. 2003;
88:1086-90.

Hovatta I, Terwilliger JD, Lichtermann D, Makikyro
T, Suvisaari J, Peltonen L et al. Schizophrenia in the
genetic isolate of Finland. Am J Med Genet. 1997;
74:353-60.

Huang L, Sauve R, Birkett N, Fergusson D, van
Walraven C. Maternal age and risk of stillbirth: a
systematic review. CMAJ. 2008; 178:165-72.

Huang LZ, Abbott LC, Winzer-Serhan UH. Effects
of chronic neonatal nicotine exposure on nicotinic
acetylcholine receptor binding, cell death and
morphology in hippocampus and cerebellum
Neuroscience. 2007; 146:1854-68.

Hultman CM, Sandin S, Levine SZ, Lichtenstein P,
Reichenberg A. Advancing paternal age and risk of
autism: new evidence from a population-based study
and a meta-analysis of epidemiological studies. Mol
Psychiatry. 2011; 16:1203-12.

Hultman CM, Sparen P, Cnattingius S. Perinatal risk
factors for infantile autism. Epidemiology. 2002;
13:417-23.

Hultman CM, Sparén P, Takei N, Murray RM,
Cnattingius S. Prenatal and perinatal risk factors
for schizophrenia ,affective psychosis, and reactive
psychosis of early onset: case-control study. BMJ.
1999; 318:421-26.

Hunter SK, Kisley MA, McCarthy L, Freedman R,
Ross RG: Diminished cerebral inhibition in neonates
associated with risk factors for schizophrenia:
parental psychosis, maternal depression, and
nicotine use. Schizophr Bull. 2011; 37:1200-08.

Insel BJ, Schaefer CA, McKeague IW, Susser ES,
Brown AS. Maternal iron deficiency and the risk
of schizophrenia in offspring. Arch Gen Psychiatry.
2008; 65:1136-44.

Isometsd ET, Henriksson MM, Aro HM, Lonnqvist
JK. Suicide in bipolar disorder in Finland. Am J
Psychiatry. 1994;151:1020-24.

Jaakkola N, Jaakkola MS, Gissler M, Jaakkola JJ.
Smoking during pregnancy in Finland: determinants
and trends, 1987-1997. Am J Public Health.
2001;91:284-86.

Jaddoe VW, Verburg BO, de Ridder MA, Hofman
A, Mackenbach JP, Moll HA, et al. Maternal
smoking and fetal growth characteristics in different
periods of pregnancy: the generation R study. Am J
Epidemiol. 2007; 165:1207-15.

James A, Hoang U, Seagroatt V, Clacey J, Goldacre
M, Leibenluft E. A comparison of American and
English hospital discharge rates for pediatric bipolar
disorder, 2000 to 2010. J Am Acad Child Adolesc
Psychiatry. 2014; 53:614-24.

Jones PB, Rantakallio P, Hartikainen AL, Isohanni M,
Sipila P. Schizophrenia as a long-term outcome of
pregnancy, delivery, and perinatal complications: a
28-year follow-up of the 1966 North Finland general
population birth cohort. Am J Psychiatry. 1998;
155:355-64.

Kaytor MD, Burright EN, Duvick LA, Zoghbi HY,
Orr HT. Increased trinucleotide repeat instability
with advanced maternal age. Hum Mol Genet. 1997;
6:2135-39.

Keskiméki I, Aro S. Accuracy of data on diagnoses,
procedures and accidents in the Finnish Hospital
Discharge Register. Int ] Health Sci. 1991; 2:15-21.

Kessler RC, Brown RL, Broman CL. Sex differences in
psychiatric help-seeking: Evidence from four large-
scale surveys. J Health Soc Behav. 1981; 22:49-64.

Khashan AS, Abel KM, McNamee R, Pedersen MG,
Webb RT, Baker PN et al. Higher risk of offspring
schizophrenia following antenatal maternal exposure
to severe adverse life events. Arch Gen Psychiatry.
2008; 65:146-52.

Kiernan KE. Becoming a young parent: a longitudinal
study of associated factors. Br J Sociol. 1997,
48:406-28.

Kieseppa T, Partonen T, Kaprio J and Lonngvist J.
Accuracy of register- and record-based bipolar 1
disorder diagnoses in Finland; a study of twins. Acta
Neuropsychiatrica. 2000; 12:106-09.

Kinney DK, Yurgelun-Todd DA, Levy DL, Medoff D,
Lajonchere CM, Radford-Paregol M. Obstetrical



References 79

complications in patients with bipolar disorder and
their siblings. Psychiatry Res. 1993; 48:47-56.

Kinney DK, Yurgelun-Todd DA, Tohen M, Tramer S.
Pre- and perinatal complications and risk for bipolar
disorder: a retrospective study. J Affect Disord.
1998; 50:117-24.

Kolevzon A, Gross R, Reichenberg A. Prenatal and
perinatal risk factors for autism: a review and
integration of findings. Arch Pediatr Adolesc Med.
2007; 161:326-33.

Kong A, Frigge ML, Masson G et al. Rate of de novo
mutations and the importance of father’s age to
disease risk. Nature. 2012; 488: 471-75.

Korkeila JA, Lehtinen V, Tuori T, Helenius H. Regional
differences in the use of psychiatric hospital beds
in Finland: a national case-register study. Acta
Psychiatr Scand. 1998;98:193-99.

Korkiasaari J, Soderling I. Muuttoliike. In: Koskinen
S, Martelin T, Notkola I-L, et al. editors. Suomen
Viestd. Gaudeamus, (Himeenlinna) 1994:226-64.

Kuehn BM. Study Probes Increase in Cesarean Rate.
JAMA. 2010; 304:1658.

Langholz B. Case-Control Study, Nested. In
Encyclopedia of Biostatistics: 8-Volume Set,
2nd Edition. Peter Armitage & Theodore Colton
(Editors). John Wiley and Sons. February 2005.

Langley K, Rice F, van den Bree MB, Thapar
A. Maternal smoking during pregnancy as an
environmental risk factor for attention deficit
hyperactivity disorder behaviour. A review. Minerva
Pediatr. 2005; 57:359-71.

Larsen JK, Bendsen BB, Foldager L, Munk-Jergensen
P. Prematurity and low birth weight as risk factors
for the development of affective disorder, especially
depression and schizophrenia: a register study. Acta
Neuropsychiatr. 2010; 22:284-91.

Laursen TM, Munk-Olsen T, Nordentoft M, Bo
Mortensen P. A comparison of selected risk factors
for unipolar depressive disorder, bipolar affective
disorder, schizoaffective disorder, and schizophrenia
from a danish population-based cohort. J Clin
Psychiatry. 2007; 68:1673-81.

Leboyer M, Henry C, Paillere-Martinot ML, Bellivier
F. Age at onset in bipolar affective disorders: a
review. Bipolar Disord. 2005; 7:111-18

Lee PA, Chernausek SD, Hokken-Koelega AC,
Czernichow P. International Small for Gestational
Age Advisory Board. International Small for
Gestational Age Advisory Board consensus
development conference statement: management of

short children born small for gestational age, April
24-October 1, 2001. Pediatrics. 2003;111:1253-61.

Lehti V, Niemela S, Heinze M, Sillanméki L, Helenius
H, Piha J et al. Childhood predictors of becoming
a teenage mother among Finnish girls. Acta Obstet
Gynecol Scand. 2012a; 91:1319-25.

Lehti V, Sourander A, Sillanmiki L, Helenius H,
Tamminen T, Kumpulainen K et al. Psychosocial
factors associated with becoming a young father
in Finland: a nationwide longitudinal study. BMC
Public Health. 2012b; 12:560.

Lehtinen V, Joukamaa M, Lahtela K, Raitasalo R,
Jyrkinen E, Maatela J et al. Prevalence of mental
disorders among adults in Finland: basic results
from the Mini Finland Health Survey. Acta Psychiatr
Scand. 1990; 81:418-25.

Lencz T, Guha S, Liu C, Rosenfeld J, Mukherjee S,
DeRosse P et al. Genome-wide association study
implicates NDST3 in schizophrenia and bipolar
disorder. Nat Commun. 2013; 4:2739.

Lewinsohn PM, Klein DN, Seeley JR. Bipolar disorders
in a community sample of older adolescents:
prevalence, phenomenology, comorbidity, and
course. J] Am Acad Child Adolesc Psychiatry.1995;
34:454-63.

Lichtenstein P, Yip BH, Bjork C, Pawitan Y, Cannon
TD, Sullivan PF et al. Common genetic determinants
of schizophrenia and bipolar disorder in Swedish
families: a population-based study. Lancet.
2009;373:234-39.

Lundstrom S, Haworth CM, Carlstrom E, Gillberg
C, Mill J, Rastam M et al. Trajectories leading to
autism spectrum disorders are affected by paternal
age: findings from two nationally representative
twin studies. J Child Psychol Psychiatry.2010;
51:850-56.

Malaspina D, Harlap S, Fennig S, Heiman D, Nahon
D, Feldman D et al. Advancing paternal age and the
risk of schizophrenia. Arch Gen Psychiatry. 2001;
58:361-67.

Malaspina D. Paternal factors and schizophrenia risk:
de novo mutations and imprinting. Schizophr Bull.
2001; 27:379-93.

Malhotra D, McCarthy S, Michaelson JJ et al. High
frequencies of de novo CNVs in bipolar disorder and
schizophrenia. Neuron. 2011; 72: 951-63.

Mantere O, Suominen K, Leppdméki S, Valtonen H,
Arvilommi P, Isometsé E. The clinical characteristics
of DSM-IV bipolar I and II disorders: baseline
findings from the Jorvi Bipolar Study (JoBS).
Bipolar Disord. 2004; 6:395-05.



80 References

Martelon M, Wilens TE, Anderson JP, Morrison NR,
Wozniak J. Are obstetrical, perinatal, and infantile
difficulties associated with pediatric bipolar
disorder? Bipolar Disord. 2012; 14:507-14

Martin JA, Hamilton BE, Sutton PD, Ventura SJ, et al.
Births: Final data for 2006. National vital statistics
reports; vol 57 no 7. Hyattsville, MD:National
Center for Health Statistics. 2009.

Martin RH. Meiotic errors in human oogenesis and
spermatogenesis. Reprod Biomed Online. 2008;
16:523-31.

Mathews TJ, Hamilton BE. Delayed childbearing:
more women are having their first child later in life.
NCHS Data Brief. 2009; 21:1-8.

Mathews TJ. Smoking During Pregnancy in the 1990s
National Vital Statistics Reports. 49, 7. Available
from:  http://www.cdc.gov/nchs/data/nvsr/nvsr49/
nvsr49_07.pdf. 2001. Accessed June 25 2013.

McGrath JJ, Eyles DW, Pedersen CB, Anderson C, Ko
P, Burne TH et al. Neonatal vitamin D status and risk
of schizophrenia: a population-based case-control
study. Arch Gen Psychiatry. 2010; 67:889-94.

McGrath JJ, Petersen L, Agerbo E, Mors O, Mortensen
PB, Pedersen CB. A Comprehensive Assessment
of Parental Age and Psychiatric Disorders. JAMA
Psychiatry. 2014; 71:301-09.

McGuffin P, Rijsdijk F, Andrew M, Sham P, Katz
R, Cardno A. The heritability of bipolar affective
disorder and the genetic relationship to unipolar
depression. Arch Gen Psychiatry. 2003; 60:497-02

McNeil TF, Cantor-Graae E, Nordstrom LG, Rosenlund
T. Head circumference in ‘preschizophrenic’ and
control neonates. Br J Psychiatry 1993; 162:517-23.

McNeil TF, Cantor-Graae E, Weinberger DR.
Relationship of obstetric complications and
differences in size of brain structures in monozygotic
twin pairs discordant for schizophrenia. Am J
Psychiatry. 2000; 157:203-12.

Medical Birth Register. THL. Available from: http://
www.thl.fi/fi/web/thlfi-en/statistics/information-
on-statistics/register-descriptions/newborns.  2013.
Accesed July 2 2014.

Mednick SA, Machon RA, Huttenen MO, Bonett D.
Adult schizophrenia following prenatal exposure to
an influenza epidemic. Arch Gen Psychiatry. 1988;
45:189-92.

Menezes PR, Lewis G, Rasmussen F, Zammit S, Sipos
A, Harrison GL et al. Paternal and maternal ages at
conception and risk of bipolar affective disorder in
their offspring. Psychol Med. 2010; 40:477-85.

Merikangas KR, Jin R, He JP, Kessler RC, Lee S,
Sampson NA et al. Prevalence and correlates of
bipolar spectrum disorder in the world mental
health survey initiative. Arch Gen Psychiatry. 2011;
68:241-51.

Ministry of Education and Culture, Finland.
Available from: http://www.minedu.fi/OPM/
Koulutus/?lang=en. Accessed October 20 2012.

Ministry of Social affairs and Health. Available
from: http://www.stm.fi/en/social_and_health
services/responsible_agencies. 2013. Access date:
15.08.2014.

Mirdal GK, Mednick SA, Schulsinger F, Fuchs F.
Perinatal complications in children of schizophrenic
mothers. Acta Psychiatr Scand. 1974; 50:553-68.

Mitchell PB, Slade T, Andrews G. Twelve-month
prevalence and disability of DSM-IV bipolar
disorder in an Australian general population survey.
Psychol Med. 2004; 34:777-85.

Mortensen PB, Pedersen CB, Melbye M, Mors O,
Ewald H. Individual and familial risk factors for
bipolar affective disorders in Denmark. Arch Gen
Psychiatry. 2003; 60:1209-15.

Mortensen PB, Pedersen MG, Pedersen CB. Psychiatric
family history and schizophrenia risk in Denmark:
which mental disorders are relevant? Psychol Med.
2010; 40:201-10.

Moster D, Lie RT, Markestad T. Long-term medical
and social consequences of preterm birth. N Engl J
Med. 2008; 359:262-73.

Murray RM, Sham P, van OJ, Zanelli J, Cannon M,
McDonald C. A developmental model for similarities
and dissimilarities between schizophrenia and
bipolar disorder. Schizophr Res. 2004; 71:405-16

Murray RM. & Lewis SW, Obstetric complications,
neurodevelopmental deviance, and risk of
schizophrenia. J Psychiatr Res. 1987; 21:413-21.

Myrskyld P. Internal Migration and Migration between
Finland and Sweden in 1950-1975. Studies, No. 48.
Central Statistical Office of Finland, Helsinki; 1978.

National Collaborating Centre for Mental Health
(NICE) (UK). Bipolar Disorder. The Management
of Bipolar Disorder in Adults, Children and
Adolescents, in Primary and Secondary Care. NICE
Clinical Guidelines, No. 38. 2006. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK55364/
pdf/TOC.pdf. Accessed: July 12 2014.

National Institute for Health and Welfare (THL),
Finland. Perinatal Statistics in the Nordic Countries
2010, 2012. Available from: http://www.thl.



References 81

fi/tilastoliite/tilastoraportit/2012/Tr07_12.pdf.
Accessed October 10 2013.

Nerum H, Halvorsen L, Serlie T, Oian P. Maternal
request for cesarean section due to fear of birth: can
it be changed through crisis-oriented counseling?
Birth. 2006; 33:221-28.

Nigg JT, Breslau N: Prenatal smoking exposure, low
birth weight, and disruptive behavior disorders. J
Am Acad Child Adolesc Psychiatry. 2007; 46:362-
69.

NIMH. National Institute for mental Health. Bipolar
Disorder in Adults. 2008. Available from: http://
infocenter.nimh.nih.gov/nimh/product/Bipolar-
Disorder-in-Adults/NIH%2012-3679. Accessed
June 12 2015.

Nordentoft M, Mortensen PB, Pedersen CB. Absolute
risk of suicide after first hospital contact in mental
disorder. Arch Gen Psychiatry. 2011; 68:1058-64.

Nosarti C, Reichenberg A, Murray RM, Cnattingius S,
Lambe MP, Yin L et al. Preterm birth and psychiatric
disorders in young adult life. Arch Gen Psychiatry.
2012; 69:E1-8.

OECD. The Organisation for Economic Co-operation
and Development Family database. 2014a. Available
from: http://www.oecd.org/els/soc/database.htm
Accessed July 20 2014.

OECD/European Union. “Out-of-pocket medical
expenditure”, in Health at a Glance: Europe 2014b,
OECD  Publishing.  http://dx.doi.org/10.1787/
health_glance_eur-2014-47-en. Accessed: January
82015.

Oedegaard KJ, Syrstad VE, Morken G, Akiskal HS,
Fasmer OB. A study of age at onset and affective
temperaments in a Norwegian sample of patients
with mood disorders. J Affect Disord. 2009;
118:229-33.

Office for National Statistics (ONS). Available
from:http://www.ons.gov.uk/ons/rel/vsob1/further-
parental-characteristics--england-and-wales/2011/
sty-fathers.html. Accessed August 14 2014.

@gendahl BK, Agerbo E, Byrne M, Licht RW, Eaton
WW, Mortensen PB. Indicators of fetal growth and
bipolar disorder: a Danish national register-based
study. Psychol Med. 2006; 36:1219-24.

O’Keeffe MJ, O’Callaghan M, Williams GM, Najman
JM, Bor W. Learning, cognitive, and attentional
problems in adolescents born small for gestational
age. Pediatrics. 2003; 112:301-7.

Ortiz A, Bradler K, Slaney C, Garnham J, Ruzickova
M, O’Donovan C et al. An admixture analysis of the

age at index episodes in bipolar disorder. Psychiatry
Res. 2011; 188:34-39.

Paananen R, Ristikari T, Merikukka M, Gissler M.
Social determinants of mental health: a Finnish
nationwide follow-up study on mental disorders. J
Epidemiol Community Health. 2013a; 67:1025-31.

Paananen R, Santalahti P, Merikukka M, R&amo
A, Wahlbeck K, Gissler M. Socioeconomic and
regional aspects in the use of specialized psychiatric
care--a Finnish nationwide follow-up study. Eur J
Public Health. 2013b; 23:372-77.

Palmgren I Kehittyneisyyden  alueittaisesta
eroavaisuuksista Suomessa. 1964. (Regional
differences in the degree of development in Finland.)
Publications of the National Planning Bureau A15.

Patel V, Lund C, Hatherill S, Plagerson S, Corrigall J,
Funk M, et al. Mental disorders: Equity and social
determinants. In Blas E, Kurup AS (eds) Equity,
Social Determinants and Public Health Programmes.
Geneva: World Health Organization, 2010, pp. 115—
34.

Pearson CE, Nichol Edamura K, Cleary JD et al. Repeat
instability: mechanisms of dynamic mutations. Nat
Rev Genet. 2005; 6:729-42.

Pedersen CB, Mortensen PB. Urbanicity during
upbringing and bipolar affective disorders in
Denmark. Bipolar Disord. 2006:8:242-47.

Penn Z, Ghaem-Maghami S. Indications for caesarean
section. Best Pract Res Clin Obstet Gynaecol. 2001;
15:1-15.

Perdld J, Saarni SI, Ostamo A, Pirkola S, Haukka
J, Hérkdnen T. Geographic variation and
sociodemographic characteristics of psychotic
disorders in Finland. Schizophr Res. 2008;106:337—
47.

Perdld J, Suvisaari J, Saarni SI, Kuoppasalmi K,
Isometséd E, Pirkola S, et al. Lifetime prevalence
of psychotic and bipolar I disorders in a general
population. Arch Gen Psychiatry. 2007; 64:19-28.

Perlis RH, Miyahara S, Marangell LB, Wisniewski
SR, Ostacher M, DelBello MP et al. Long-term
implications of early onset in bipolar disorder: data
from the first 1000 participants in the systematic
treatment enhancement program for bipolar disorder
(STEP-BD). Biol Psychiatry. 2004; 55:875-81.

Perrin MC, Brown AS, Malaspina D. Aberrant
epigenetic regulation could explain the relationship
of paternal age to schizophrenia. Schizophr Bull.
2007; 33:1270-73.

Pidsley R, Mill J. Epigenetic studies of psychosis:
current findings, methodological approaches,



82 References

and implications for postmortem research. Biol
Psychiatry. 2011; 69:146-56.

Pihkala J, Hakala T, Voutilainen P, Raivio K.
Characteristic of recent fetal growth curves in
Finland. Uudet suomalaiset sikion kasvukdyrit (In
Finnish). Duodecim. 1989;105:1540-46.

Pompili M, Gonda X, Serafini G et al. Epidemiology of
suicide in bipolar disorders: a systematic review of
the literature. Bipolar Disord.2013; 15:457-90.

Population Information system (PIS). Available from:
http://www.vrk.fi/default.aspx?id=45. Accessed:
October 15 2014.

Population register centre (PRC). Available from:
http://www.vrk.fi/default.aspx?id=16 Accessed:
October 15 2014.

Post RM, Luckenbaugh DA, Leverich GS, Altshuler
LL, Frye MA, Suppes T et al. Incidence of childhood-
onset bipolar illness in the USA and Europe. Br J
Psychiatry. 2008; 192:150-51.

Pukkala E. Biobanks and registers in epidemiologic
research on cancer. Methods Mol Biol. 2011;
675:127-64.

RapoportJL,GieddJN, Gogtay N. Neurodevelopmental
model of schizophrenia: update 2012. Mol
Psychiatry. 2012; 17:1228-38.

Risidnen P, Tiihonen J, Hakko H. The incidence and
onset-age of hospitalized bipolar affective disorder
in Finland. J Affect Disord. 1998; 48:63-68.

Rettew DC, Lynch AD, Achenbach TM, Dumenci L,
Ivanova MY. Meta-analyses of agreement between
diagnoses made from clinical evaluations and
standardized diagnostic interviews. Int J Methods
Psychiatr Res. 2009; 18:169-84.

Robb JC, Young LT, Cooke RG, Joffe RT. Gender
differences in patients with bipolar disorder
influence outcome in the medical outcomes survey
(SF-20) subscale scores. J Affect Disord. 1998;
49:189-93.

Robbins WA, Elashoff DA, Xun L, Jia J, Li N, Wu
G, et al. Effect of lifestyle exposures on sperm
aneuploidy. Cytogenetic and Genome Research.
2005; 111:371-77.

Rouhe H, Salmela-Aro K, Halmesmaiki E, Saisto T.
Fear of childbirth according to parity, gestational
age, and obstetric history. BJOG. 2009; 116:67-73.

Saarela J, Finnds F. Internal migration and mortality:
The case of Finland. Environ Health Insights. 2008;
2:1-12.

Saarivirta T, Consoli D, Dhondt P. The position
of hospitals in the Finnish health care system:

An historical approach. University of Tampere.
Research Unit for Urban and Regional Development
Studies. 2010. Available from: http://www.uta.fi/
jkk/sente/julkaisut/tyopaperit/The position of
hospitals_in_the Finnish_health care system.pdf.
Accessed: November 12 2014.

Saisto T, Salmela-Aro K, Nurmi JE, Halmesméiki E.
Psychosocial characteristics of women and their
partners fearing vaginal childbirth. BJOG. 2001;
108:492-98.

Saisto T, Toivanen R, Salmela-Aro K, Halmesmaki E.
Therapeutic group psychoeducation and relaxation
in treating fear of childbirth. Acta Obstet Gynecol
Scand. 2006; 85:1315-19.

Sanches M, Keshavan MS, Brambilla P, Soares JC.
Neurodevelopmental basis of bipolar disorder: a
critical appraisal. Prog Neuropsychopharmacol Biol
Psychiatry. 2008; 32:1617-27.

Sandin S, Hultman CM, Kolevzon A, Gross R,
MacCabe JH, Reichenberg A. Advancing maternal
age is associated with increasing risk for autism: a
review and meta-analysis. ] Am Acad Child Adolesc
Psychiatry. 2012; 51:477-486.e1.

Schlotz W, Phillips DI. Fetal origins of mental health:
evidence and mechanisms. Brain Behav Immun.
2009; 23:905-16

Scott J, McNeill Y, Cavanagh J, Cannon M, Murray R.
Exposure to obstetric complications and subsequent
development of bipolar disorder: Systematic review.
Br J Psychiatry. 2006; 189:3-11.

Sebat J, Lakshmi B, Malhotra D, Troge J, Lese-Martin
C, Walsh T et al. Strong association of de novo
copy number mutations with autism. Science. 2007,
316:445-49.

Sedgwick P. Nested case-control studies: advantages
and disadvantages BMJ. 2014; 348:g1532.

severe suicide attempts: findings from the Finnish 1981
Birth

Somanath CP, Jain S, Reddy YC. A family study of
early-onset bipolar I disorder. J Affect Disord. 2002;
70:91-94.

Sourander A, Klomek AB, Niemel

Sourander A, Klomek AB, Niemeld S, Haavisto
A, Gyllenberg D, Helenius H, et al. Childhood
predictors of completed and severe suicide attempts:
findings from the Finnish 1981 Birth Cohort Study.
Arch Gen Psychiatry. 2009; 66:398-406.

Soutullo CA, Chang KD, Diez-Suarez A, Figueroa-
Quintana A, Escamilla-Canales I, Rapado-Castro M
et al. Bipolar disorder in children and adolescents:



References 83

international perspective on epidemiology and
phenomenology. Bipolar Disord. 2005; 7:497-06.

Spitzer RL, Gibbon M, Williams JBW. The Structured
Clinical Interview for DSM-IV Axis I and 1I
Disorders (SCID I-1T). Washington, DC, American
Psychiatric Press, 1997.

Statistics Finland. Changes in marital status 2013.
Available from: http://www.stat.fi/til/ssaaty/2013/
ssaaty 2013 2014-04-17 tie 001 en.html.
Accessed: April 13, 2015.

Statistics Finland-facing the future with knowledge.
Available at: http://www.tilastokeskus.fi/org/index_
en.html. 2014. Accessed September 10 2014.

Stefanis N, Frangou S, Yakeley J, Sharma T, O’Connell
P, Morgan K et al. Hippocampal volume reduction in
schizophrenia: effects of genetic risk and pregnancy
and birth complications. Biol Psychiatry. 1999;
46:697-02.

Storksen HT, Eberhard-Gran M, Garthus-Niegel S,
Eskild A. Fear of childbirth; the relation to anxiety
and depression. Acta Obstet Gynecol Scand. 2012;
91:237-42.

Sund R. Quality of the Finnish Hospital Discharge
Register: a systematic review. Scand J Public Health.
2012; 40:505-15.

Suominen K, Mantere O, Valtonen H, Arvilommi P,
Leppamaki S, Paunio T et al. Early age at onset
of bipolar disorder is associated with more severe
clinical features but delayed treatment seeking.
Bipolar Disord. 2007; 9:698-05.

Susser E, Neugebauer R, Hoek HW, Brown AS, Lin
S, Labovitz D et al. Schizophrenia after prenatal
famine. Further evidence. Arch Gen Psychiatry.
1996; 53:25-31

Susser EB, Brown AS, Matte TD. Prenatal Factors and
Adult Mental and Physical Health. Can J Psychiatry.
1999; 44:326-34.

Talati A, Bao Y, Kaufman J, Shen L, Schaefer CA,
Brown AS. Maternal smoking during pregnancy and
bipolar disorder in offspring. Am J Psychiatry. 2013;
170:1178-85.

THL. The National Institute for Health and Welfare.
2012. Available from: http://www.thl.fi/en/web/thlfi-
en/about-us. Accessed: September 12 2014.

THL. The National Institute for Health and Welfare.
2015. Available from: https://www.thl.fi/len/web/
thlfi-en/statistics/information-on-statistics/register-
descriptions/care-register-for-health-care. Accessed:
April 3, 2015.

Tikkanen M, Surcel HM, Bloigu A, Nuutila M,
Ylikorkala O, Hiilesmaa V et al. Self-reported
smoking habits and serum cotinine levels in women
with placental abruption. Acta Obstet Gynecol
Scand. 2010; 89:1538-44.

Tsuchiya KJ, Agerbo E, Byrne M, Mortensen PB.
Higher socio-economic status of parents may
increase risk for bipolar disorder in the offspring.
Psychol Med. 2004;34:787-93.

Van Erp TG, Saleh PA, Rosso IM, Huttunen M,
Lonngqvist J, Pirkola T et al. Contributions of genetic
risk and fetal hypoxia to hippocampal volume
in patients with schizophrenia or schizoaffective
disorder, their unaffected siblings, and healthy
unrelated volunteers. Am J Psychiatry. 2002;
159:1514-20.

Van Meter AR, Moreira AL, Youngstrom EA. Meta-
analysis of epidemiologic studies of pediatric bipolar
disorder. J Clin Psychiatry. 2011; 72:1250-56.

Van Oort FV, Van der Ende J, Wadsworth ME, Verhulst
FC, Achenbach TM. Cross-national comparison
of the link between socioeconomic status and
emotional and behavioral problems in youths. Soc
Psychiatry Psychiatr Epidemiol. 2011; 46:167-72.

Varilo T, Laan M, Hovatta I, Wiebe V, Terwilliger
JD, Peltonen L. Linkage disequilibrium in isolated
populations: Finland and a young sub-population of
Kuusamo. Eur J Hum Genet. 2000; 8:604-12.

Vartiainen E, Seppdld T, Lillsunde P, Puska P.
Validation of self-reported smoking by serum
cotinine measurement in a community-based study.
J Epidemiol Community Health. 2002; 56:167-70.

Ventura SJ, Martin JA, Curtin SC, Mathews TJ, Park
MM. Births: Final data for 1998. National vital
statistics reports; vol 48 no. 3. Hyattsville, Maryland:
National Center for Health Statistics.2000. Available
from:  http://www.cdc.gov/nchs/data/nvsr/nvsr48/
nvs48 03.pdf. Accessed September 10 2014.

Verdoux H, Bourgeois M. A comparative study of
obstetric history in schizophrenics, bipolar patients
and normal subjects. Schizophr Res. 1993; 9:67-69.

Wacholder S. Bias in full cohort and nested case-
control studies? Epidemiology. 2009; 20:339-40.

Wacholder S. Practical considerations in choosing
between the case-cohort and nested case-control
designs. Epidemiology. 1991; 2:155-58.

Wang PS, Angermeyer M, Borges G, Bruffaerts R, Tat
Chiu W, DE Girolamo G et al. Delay and failure
in treatment secking after first onset of mental
disorders in the World Health Organization’s World



84 References

Mental Health Survey Initiative. World Psychiatry.
2007; 6:177-85.

Wang PS, Berglund P, Olfson M, Pincus HA, Wells KB,
Kessler RC. Failure and delay in initial treatment
contact after first onset of mental disorders in the
National Comorbidity Survey Replication. Arch
Gen Psychiatry. 2005; 62:603-13.

Ward C, Lewis S, Coleman T. Prevalence of maternal
smoking and environmental tobacco smoke exposure
during pregnancy and impact on birth weight:
retrospective study using Millennium Cohort. BMC
Public Health. 2007 16; 7:81.

Weissman MM, Bland RC, Canino GJ, Faravelli
C, Greenwald S, Hwu HG, et al. Cross-national
epidemiology of major depression and bipolar
disorder. JAMA. 1996; 276:293-99.

Weissman MM, Warner V, Wickramaratne PJ, Kandel
DB: Maternal smoking during pregnancy and
psychopathology in oftspring followed to adulthood.
J Am Acad Child Adolesc Psychiatry. 1999; 38:892-
99.

White KR. The relation between socioeconomic status
and academic achievement. Psychological Bulletin.
1982;91:461-81.

Whiteford HA, Degenhardt L, Rehm J, Baxter AJ,
Ferrari AJ, Erskine HE et al. Global burden of disease
attributable to mental and substance use disorders:
findings from the Global Burden of Disease Study
2010. Lancet. 2013; 382:1575-86.

WHO. Health statistics and information systems.
Available from: http://www.who.int/healthinfo/
global burden_disease/metrics_daly/en/. Accessed
October 16 2014.

WHO. International Statistical Classification of
Diseases and Related Health Problems 10th
Revision. 2015. Available from: http://apps.who.
int/classifications/icd10/browse/2015/en. Accessed:
January 22, 2015.

WHO. The World Health Report 2002. Reducing Risks,
Promoting Healthy Life. Geneva, Switzerland. World
Health Organization. 2002. Available from: http://

www.who.int/whr/2002/en/whr02_en.pdf?ua=1.
Accessed: August 18 2014.

WHO. World Health Organization. International
Classification of Diseases, 10th Revision (ICD-10).
Geneva, Switzerland: World Health Organization.
1992.

Wiklund I, Andolf E, Lilja H, Hildingsson I. Indications
for cesarean section on maternal request--guidelines
for counseling and treatment. Sex Reprod Healthc.
2012; 3:99-06.

Wiklund I, Edman G, Andolf E. Cesarean section
on maternal request: reasons for the request, self-
estimated health, expectations, experience of birth
and signs of depression among first-time mothers.
Acta Obstet Gynecol Scand. 2007; 86:451-56.

Williams JH, Ross L. Consequences of prenatal
toxin exposure for mental health in children and
adolescents: a systematic review. Eur Child Adolesc
Psychiatry. 2007; 16:243-53.

Winkleby M, Jatulis D, Frank E, Fortmann SP.
Socioeconomic status and health: how education,
income, and occupation contribute to risk factors for
cardiovascular disease. Am J Public Health. 1992;
82:816-20.

Wohl M, Gorwood P. Paternal ages below or above
35 years old are associated with a different risk of
schizophrenia in the offspring. Eur Psychiatry. 2007,
22:22-26.

Xiao D, Huang X, Yang S, Zhang L. Direct effects
of nicotine on contractility of the uterine artery in
pregnancy. J Pharmacol Exp Ther. 2007; 322:180-
85.

Yauk C, Polyzos A, Rowan-Carroll A, Somers CM,
Godschalk RW, Van Schooten FJ et al. Germ-line
mutations, DNA damage, and global

hypermethylation in mice exposed to particulate air
pollution in an urban/industrial location. Proc Natl
Acad Sci USA. 2008; 105:605-10.

Zornberg GL, Buka SL, Tsuang MT. The problem
of obstetrical complications and schizophrenia.
Schizophr Bull. 2000; 26:249-56.



	Abstract
	Tiivistelmä
	Contents
	Abbreviations
	List of Original Publications
	1.	Introduction
	1.1	Diagnostic Classification

	2.	Review of the Literature
	2.1	Epidemiology of Bipolar Disorder 
	2.1.1	Global distribution
	2.1.2	Age and sex

	2.2	Risk factors for BPD
	2.2.1	Place of birth
	2.2.2	Parental socioeconomic status
	2.2.3	Parental age
	2.2.3.1	Paternal age and BPD
	2.2.3.1	Maternal age and BPD

	2.2.4	Perinatal complications 
	2.2.4.1	Obstetric complications and BPD
	2.2.4.1	Indicators of growth and development and BPD

	2.2.5	Maternal smoking during pregnancy 
	2.2.5.1	Maternal smoking during pregnancy and BPD


	2.3	Gaps in the existing literature

	3.	Aims of the Study
	4.	Materials and Methods
	4.1	Study design
	4.2	Overview of the Finnish Healthcare system
	4.3	Overview of the Finnish Nationwide Registers
	4.4	The National Institute for Health and Welfare (THL)
	4.4.1	Finnish Hospital Discharge Register (FHDR)
	4.4.2	Finnish Medical Birth Register (FMBR)

	4.5	Finnish Population Register Centre (PRC)
	4.6	Statistics Finland
	4.7	Linkage of the Registers
	4.8 Overview, design and description of the FIPS-B (study I)
	4.8.1	Study subjects 
	4.8.2	Parental educational level, region of birth and BPD

	4.9	Parental age and BPD (study II) 
	4.9.1	Study subjects 
	4.9.2	Paternal age, maternal age, parental age difference and BPD

	4.10	Perinatal complications and BPD (study III)
	4.10.1	Study subjects 
	4.10.2	Indicators of fetal growth, obstetric complications and BPD

	4.11	Maternal smoking during pregnancy and BPD (study IV) 
	4.11.1	Study subjects 
	4.11.2	Prenatal maternal smoking and BPD

	4.12	Study Ethics
	4.13	Statistical analyses

	5.	Results
	5.1	Overview, design and description of the study sample
	5.1.1	Descriptive
	5.1.2	Parental educational level and region of birth
	5.1.3	Cumulative Incidence

	5.2	Parental age at birth 
	5.3	Perinatal complications
	5.4	Maternal smoking during pregnancy 

	6.	Discussion
	6.1	Main findings
	6.2	Methodological discussion
	6.2.1	Study design
	6.2.2	Data sources
	6.2.3	Study sample

	6.3	Discussion of results
	6.3.1	Characteristics of the study sample (study I)
	6.3.1.1	Age at diagnosis
	6.3.1.1	Sex
	6.3.1.1	Cumulative Incidence
	6.3.1.1	Parental educational level 
	6.3.1.1	Birth region 

	6.3.2	Parental age (study II)
	6.3.3	Perinatal complications (study III)
	6.3.4	Maternal smoking during pregnancy (study IV)


	7.	Conclusions
	7.1	Implications for future research

	Acknowledgements
	Erratum
	References


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.929 x 9.843 inches / 176.0 x 250.0 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     -4
            
       D:20150206130427
       708.6614
       B5
       Blank
       498.8976
          

     Tall
     1
     0
     No
     1091
     515
    
     QI2.9[QI 2.9/QHI 1.1]
     None
     Right
     2.8346
     -0.2835
            
                
         Both
         3
         AllDoc
         22
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus3
     Quite Imposing Plus 3.0k
     Quite Imposing Plus 3
     1
      

        
     7
     84
     83
     84
      

   1
  

 HistoryList_V1
 qi2base





