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Abstract 

Author: Kristin Samuelsen. Title: Emerging Genetic and Environmental Risk Factors for 

Prenatal and Postnatal Depression. Supervisors: Main supervisor Eivind Ystrøm, and co-

supervisors Line C. Gjerde and Espen M. Eilertsen. Background: Many women experience 

depression both during pregnancy (prenatal) and following delivery (postnatal). Although 

there is some literature on risk factors, there is a lack of studies investigating heritability. 

Thus, it is largely unknown to what extent genetic and environmental factors contribute to 

depression at these time points, as well as whether they are similar across timing. Research on 

these questions may yield important insights into whether depression prior to and following 

childbirth is the same, similar or distinct constructs. Research aims: 1) Estimate the relative 

importance of genetic and environmental factors for depression during and after pregnancy, 

and 2) Estimate the genetic and environmental correlation between depression during and 

after pregnancy, i.e. estimate the extent of genetic innovation. Sample: The sample used in 

this study is a subsample of the prospective, ongoing pregnancy cohort study Norwegian 

Mother and Child Cohort Study (MoBa), conducted by the Norwegian Institute of Public 

Health (N = 64 monozygotic (MZ) twin pairs, 35 dizygotic (DZ) twin pairs, 5540 full sibling 

(FS) pairs, and 400 half siblings (HS) pairs. Research design: A quantitative, extended twin 

study design, including siblings was applied. Methods: Measurement was conducted at week 

30 of pregnancy and 6 months following delivery, using SCL-8, an abbreviated version of 

SCL-90. Univariate and bivariate twin modeling was conducted. Results: The relative 

importance of genes and environment for prenatal depressive symptoms was estimated at 

16.2%, and 83.8%, respectively, and at 25.7% and 74.3% postnatally. Estimated correlation 

between pre and postnatal depressive symptoms was at 1.00 for genetic effects, and .36 for 

environmental effects. The unstandardized genetic effects for postnatal depressive symptoms 

were 172% of that of prenatal depressive symptoms, showing a quantitative, but a lack of a 

qualitative, gene-environment interaction (GxE). That is, the same genetic factors had a 

stronger impact postnatally. Conclusions: The findings indicate that the most important risk 

factors for pre and postnatal depression are environmental in their nature, yet they appear to 

be different dependent on the timing. The same genetic factors appear to influence depression 

at both time points, but to a stronger degree postnatally. This implicates that prevention 

efforts to depression occurring at this time should be predominantly aimed at reducing 

environmental stressors of depression specific to each timing.  
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1 Introduction 

Giving birth is considered a major life event for most women, and it is usually associated with 

joy. However, many women experience depression or depressive symptoms during 

pregnancy, or subsequent to giving birth. Pregnancy and delivery are associated with major 

physical changes, in addition to life changes (Rallis, Skouteris, McCabe, & Milgrom, 2014). 

Hence, separating symptoms of mental illness from natural consequences of pregnancy, 

delivery and becoming a mother, may be a difficult task. Depression is a disorder creating 

personal suffering for the affected mother, as well as constituting a risk for the development 

and well-being of a newborn (Goodman et al., 2011). It may also affect other family members 

in a negative manner, such as older children in the family or a significant other. 

One way of investigating why people vary on certain behaviors or symptoms, such as 

depressive symptoms, is to look at contributions from genetic and environmental factors. 

There is now consensus on the field of psychology on the former controversy regarding the 

role of genetic and environmental factors in the development of mental disorders and various 

behavioral traits, known as the nature-nurture controversy (Plomin, DeFries, Knopik, & 

Neiderhiser, 2013). The current view is that genetic and environmental factors both contribute 

to individual differences in observed traits and illness. Twin studies constitute one way of 

investigating these factors, due to the unique characteristics of this methodology. A 

commonly used term is heritability, which refers to an estimate of how much of the variation 

in a trait, such as a specific mental illness, is accounted for by genetic factors (Plomin et al., 

2013). This is discussed in further detail under section 3.3.1. Heritability estimates exist for 

all common mental disorders (Polderman et al., 2015). As all estimates for a given population, 

heritability estimates vary across samples. The heritability of major depressive disorder has 

been estimated at 37% in a meta study (Sullivan, Neale, & Kendler, 2000).  

There are conflicting views on whether depression occurring during and following 

pregnancy constitute the same, or distinct, phenomena (O'Hara & Wisner, 2014). 

Additionally, there are conflicting views on whether depression occurring in a period of time 

related to childbirth is similar to or distinct from depression occurring at other times (Viktorin 

et al., 2016). Some hold that these episodes of depression represent distinct disorders, at least 

partially, as they argue that the major endocrinal, i.e. hormonal, changes related to this 

specific period play a causal role. Others, on the other hand, hold that depression occurring at 

these specific time points merely reflects an episode of depression, which is similar to 

episodes occurring at any other time. Arriving closer to an answer regarding whether mental 
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disorders represent the same construct may be done by investigating whether they are similar 

in prevalence, symptom presentation, course, response to treatment, as well as whether they 

share risk or causal factors (O'Hara & Wisner, 2014). The latter approach, namely, studying 

their etiology, is the approach utilized in the current study.  

In contrast to major depressive disorder in general, a limited amount of research has 

been conducted on genetic and environmental factors contributing to depression occurring 

during or following pregnancy, resulting in a lack of knowledge on their relative importance. 

Hence, the heritability of depression occurring during these specific time periods, as well as 

potential overlap between these factors, is uncertain. In a long-term perspective, increased 

knowledge regarding these questions may have important implications for the prevention, 

detection and treatment of depression occurring in this specific period. 

 

2 Depression 

2.1 Conceptual Clarification 

A depressive episode may occur at any time over the course of a life, also during or following 

pregnancy (Kessler, 2003). There are several terms used to specify the timing of the 

depressive episode, and how they are used vary considerably among studies. Perinatal, as 

well as neonatal and peripartum, usually refers to the period of gestation and the months, up 

to the first year, following delivery. The time frames applied also vary considerably among 

studies. Prenatal, antenatal, and prepartum refers solely to during pregnancy. Postnatal and 

postpartum refers solely to after delivery. The terms used in this thesis are prenatal 

depression and postnatal depression. Throughout this thesis, depression occurring during the 

gestation period and the first year postpartum will be collectively referred to as perinatal 

depression, and depression occurring outside of this period will be referred to as non-

perinatal depression. This is not a scientific or diagnostic distinction, rather a distinction used 

in order to help separate the depressive episodes, based on the timing of their occurrence.  

Both perinatal and non-perinatal depression may occur as part of a bipolar disorder, 

and/or with psychotic symptoms, however, the focus of the current study is unipolar 

depression, without occurrence of psychotic symptoms. Furthermore, the focus of this study is 

depression occurring in relation to pregnancy and delivery. As noted, there is some 

controversy on the field, as to whether prenatal and postnatal depression, as well as perinatal 

and non-perinatal depression are one, similar or distinct phenomena (Di Florio & Meltzer-

Brody, 2015; O'Hara & Wisner, 2014; Viktorin et al., 2016), as will be discussed in further 
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detail shortly. Hence, a brief introduction on major depression in general, e.g. non-perinatal 

depression, is warranted.  

2.2 Major Depressive Disorder 

2.2.1 Definition and Prevalence 

Depression is a common, but potentially severe, type of mood disorder (Feliciano & Renn, 

2014). There are several depressive disorders. Major depressive disorder (MDD), or simply 

major depression (MD) is widely studied, and are by many considered to have the largest 

societal impact (Feliciano & Renn, 2014). Depression is also the most studied mental disorder 

in relation to pregnancy (L. M. Howard et al., 2014) and will therefore be the focus of this 

thesis. MDD is characterized by the occurrence of at least one major depressive episode 

(MDE), and no history of mania (Feliciano & Renn, 2014). It may occur alone, or in 

comorbidity with one or several other mental or somatic illnesses. Recurrence is highly 

common (Feliciano & Renn, 2014). It is usually characterized as mild, moderate or severe, on 

the basis of its severity (American Psychiatric Association, APA, 2013; Feliciano & Renn, 

2014; World Health Organization, WHO, 1992). Severity and duration vary among the 

affected individuals. The central aspects are the occurrence of low mood or sadness, loss of 

energy and loss of interest in activities previously considered enjoyable, over a period of at 

least 2 weeks (American Psychiatric Association, APA, 2013; Feliciano & Renn, 2014; World 

Health Organization, WHO, 1992). Additionally, it often includes anhedonia, changes in sleep 

and appetite, agitation or slowing, and feelings of guilt and worthlessness. It is often 

accompanied by a characteristic cognitive style, which includes pessimism and negative 

thinking, difficulty with problem-solving, and a lack of initiative. It is also associated with 

self-harm and suicidal ideation and behavior (Feliciano & Renn, 2014). 

MDD are among the most common mental disorders, prevalent among most age 

groups (Bromet et al., 2011; Feliciano & Renn, 2014; Kessler et al., 2005). Prevalence rates 

vary across the time frames used to measure them, as well as somewhat across samples. The 

global point prevalence of MDD across genders, adjusted for methodological differences, has 

been found to be at 4.7% and to be very similar over time (Ferrari et al., 2013). Prevalence of 

depression is found to peak during the ages 18-44 (Kessler, 2003). Median age-of-onset has 

been found to be between age 25 and 34 years (Bromet et al., 2011; Ferrari et al., 2013; 

Kessler et al., 2005). This is an interesting finding, given that it is concurrent to the age of 

when most women have children (Kenny et al., 2013; Mathews & Hamilton, 2009). 
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Lifetime prevalence rates are generally higher than 6 or 12-month or point prevalence 

rates (often operationalized as current or past month), as they overreach a larger time span. 

However, they might also be influenced by recall bias, which may contribute to underestimate 

the numbers somewhat (Kruijshaar et al., 2005; Moffitt et al., 2010). Nevertheless, lifetime 

prevalence rates of depression range from 14.6% to 20.6% (Bromet et al., 2011; Hasin et al., 

2018; Kessler et al., 2005).  

The current study focuses, as noted, on depression within a time frame spanning the 

months of gestation, and the first months following delivery. Hence, the most meaningful 

prevalence rates are those spanning a shorter time frame, such as 12 months. For depression, 

12-month prevalence rates such as 10.4% (Hasin et al., 2018) and 16.6% (Kessler et al., 

2005), across genders, have been reported. The prevalence is consistently and globally 

estimated to be higher among women than men, and the female/male risk ratio is found to be 

approximately 2:1 (Andrade et al., 2003; Bromet et al., 2011; Feliciano & Renn, 2014; 

Kessler, 2003; Piccinelli & Wilkinson, 2000).  

2.2.2 Etiology 

Etiology is a debated topic in the research on depression (Feliciano & Renn, 2014). Most 

research converges on the understanding that multifactorial models of explanation are most 

successful in comprehending the heterogeneity, i.e. multiple causal factors to the same 

condition, seen in depression (Hyde, Mezulis, & Abramson, 2008; Kendler, Thornton, & 

Prescott, 2001; Kessler, 2003; O'Keane, 2000), as they incorporate interactions of 

psychological, social and biological features. Both risk and protective factors for depression 

have been identified. Examples of well-established protective factors are coping style and 

social support (Feliciano & Renn, 2014), as well as certain family-related characteristics, such 

as a higher socio-economic status (SES) (Van de Velde, Bracke, & Levecque, 2010). 

However, the focus in this thesis is on risk factors.  

As noted, twin studies have estimated the heritability of MDD at 37% (Sullivan et al., 

2000). It has proven difficult to find consistent evidence for specific genetic factors involved 

in the etiology of major depression, despite several candidate genes and various 

polymorphisms, i.e. gene variants, have been suggested to be implicated (Flint & Kendler, 

2014; Hasler, Drevets, Manji, & Charney, 2004). Recently, however, a large meta-analysis 

identified 102 independent genetic variants associated with depressive symptoms (D. M. 

Howard et al., 2019), using the genomic association wide study (GWAS) method, in which 

the entire genome is analyzed (Plomin et al., 2013). The difficulty of finding specific variants 
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may be due to the disorder being only low to moderately heritable, yet, it may also be due to 

heterogeneity in genetic factors contributing to depression. Accordingly, genetic effects 

contributing to MDD are found to be non-specific, in the sense that they appear to contribute 

to vulnerability to psychopathology in general, rather than to depression specifically (Kendler 

et al., 1995; Kuehner, 2017). For instance, MDD and generalized anxiety disorder (GAD) are 

found to share the exact same genetic vulnerability (Kendler, Neale, Kessler, Heath, & Eaves, 

1992). The finding of non-specific genetic factors is a common finding in psychopathology 

research (Kendler et al., 1995; Kessler, 2003). In addition to being a well-established risk 

factor for depression (Feliciano & Renn, 2014), the high level of comorbidity between mental 

disorders may also be viewed as suggestive of this non-specificity (Caspi et al., 2014). Thus, 

some propose viewing psychiatric symptoms as the result of a general psychopathology 

vulnerability (p) factor, rather than the result of risk for specific disorders (Caspi et al., 2014).  

It has been suggested that genetic factors may play a greater role in the etiology of 

depression in women than in men (Kendler, Gardner, Neale, & Prescott, 2001). The genes 

that influence risk for the two genders appear correlated, however, not entirely overlapping, as 

the genetic correlation in liability to depression in women and men have been estimated at 

between .50 and .65 (Kendler, Gardner, et al., 2001). Genetic factors influencing internalizing 

and externalizing phenotypes, which are unequally distributed, with the first being more 

prominent in women, while the latter being more prominent in men, might explain some of 

the gender difference (Kuehner, 2017).  

Furthermore, a myriad of biological pathways are hypothesized, as well as found, to be 

implicated in depression, particularly for women (Feliciano & Renn, 2014; Hyde et al., 2008). 

Mentioning of and elaboration on all of the hypothesized pathways exceed the scope of this 

thesis. Yet, some of them are considered particularly relevant to the current study, as they are 

closely related to the events of pregnancy and delivery. Examples include cortisol 

hypersecretion and dysregulation of sleep (Levinson, 2006). Many converge on the 

understanding that pathophysiological phenotypes of depression, i.e. differential sensitivity to 

different biomarkers such as endocrine or genetic factors, contribute to the heterogeneity of 

depression (Flint & Kendler, 2014; Kuehner, 2017; Levinson, 2006). 

The hypothalamic-pituitary-adrenal (HPA)-axis comprises a major part of the 

neuroendocrine system, which regulates various bodily responses (Feliciano & Renn, 2014). 

This includes the production and regulation of cortisol, a hormone involved in the body’s 

response to stress (Breedlove & Watson, 2013). Cortisol has been implicated in various types 
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of psychopathology, also MDD, which is found to be associated with an overabundance of 

cortisol (Feliciano & Renn, 2014). Furthermore, dysregulation of several other 

neurotransmitters are found to contribute to major depression. Some of the most commonly 

implicated neurotransmitters are serotonin and noradrenaline (Feliciano & Renn, 2014). 

Noradrenaline is involved in action mobilizing, associated with genes such as catechol-O-

methyl-transferase (COMT) and mono-amine-oxidase type A (MAOA). Serotonin is involved 

in feelings of well-being, associated with serotonin transporter gene/5-hydroxytryptamine 

translocator (5-HTT) (Breedlove & Watson, 2013; Owens & Nemeroff, 1994).  

As noted, there might be biological factors contributing to the gender differences in 

occurrence of depression, one of these being variations in hormonal levels (Feliciano & Renn, 

2014; Kuehner, 2017). The gender difference in depression is first apparent in puberty (Hyde 

et al., 2008; Kessler, 2003). This is theoretically interesting in regards to perinatal depression, 

as the perinatal period, as well as puberty, involves substantial hormonal changes. Some argue 

that a subgroup of women are susceptible to normal hormone fluctuations during 

premenstrual and perinatal periods, as well as during perimenopause (the transition period 

into menopause) and menopause (Deecher, Andree, Sloan, & Schechter, 2008; Kuehner, 

2017). This makes for a more homogenous female phenotype of depression that seems closely 

related to reproductive events. This appears to be related to the changing levels of ovarian 

hormones, such as estrogen and progesterone. These influence bodily systems that are 

involved in major depression, such as the serotonergic and noradrenergic system (Deecher et 

al., 2008). Furthermore, a blunted cortisol response to stress in periods with high 

concentrations of estrogen in women might constitute a risk of depression (Kuehner, 2017). 

Atypical depression, which is associated with mood reactivity, significant weight gain or 

increase in appetite, hypersomnia, leaden paralysis (heavy feelings in arms or legs) and a 

long-standing pattern of interpersonal rejection sensitivity (APA, 2013), is characterized by 

hypoactivation of the HPA-axis (Kuehner, 2017). This is proposed to represent a distinct 

pathophysiological phenotype, which is particularly common in women (Kuehner, 2017).  

Twin studies have estimated that nonshared environment explain 63% of the variance 

in major depression (Sullivan et al., 2000). Exposure to stress is found to significantly 

increase the risk of depression (Feliciano & Renn, 2014; Kendler & Gardner, 2010). This may 

include acute stressors, i.e. experiencing stressful life events, such as experiencing loss or an 

accident. However, it may also include exposure to more chronic stress, which is stress 
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persistent over longer time periods, for instance over several years (Bromet et al., 2011; 

Hammen, 2005).  

A commonly applied model of understanding depression, is the stress-vulnerability 

model. This model proposes that psychopathology is the result of interplay between 

encounters with stress-inducing life experiences, and a level of innate vulnerability to respond 

to these experiences, such as genetic sensitivity (Ingram & Luxton, 2005). It was first applied 

to schizophrenia (Nuechterlein & Dawson, 1984), but has subsequently been applied to a 

range of mental disorders, including depression (Ingram & Luxton, 2005). By extension, 

support has been found for a kindling hypothesis, which holds that the brain becomes 

increasingly more sensitized to a depressive state with each occurring depressive episode, 

which implies a progressively diminishing role of environmental stressors (Kendler, 

Thornton, & Gardner, 2000). Additionally, there appears to be some degree of stress 

generation in depression, i.e. individuals who are prone to depression appear to actively 

contribute to increase the risk of experiencing non-random stressors associated with 

depression, such as interpersonal problems (Liu & Alloy, 2010). By extension, the sensitivity 

to the increased risk induced by stress appear to be altered, at least partly, by genetic factors 

(Feliciano & Renn, 2014; Kendler et al., 2010; Tennant, 2002). In depression, as well as in 

other aspects of human life, there is correlation between the genes and the environment, 

which refers to the role of genetics in exposure to environments (the nature of nurture) 

(Plomin et al., 2013). This correlation can be partitioned into three categories; passive, 

evocative/reactive and active (John, Robins, & Pervin, 2008; Plomin et al., 2013). Passive 

correlation refers to when children passively inherit family environments from their parents 

that are correlated with their genetic dispositions. A recent study provides an example of this; 

maternal prenatal depressive symptoms were found to be associated with offspring early-life 

psychopathology primarily through intergenerationally shared genetic factors (Hannigan et 

al., 2018). Evocative correlation occurs when individuals evoke certain responses from their 

environment because of their dispositions. For example, evidence has been found that 

internalizing problems in children evoke depressive symptoms in their mothers (McAdams et 

al., 2015). Active correlation refers to when individuals select and manipulate experiences 

that are correlated with their genetic dispositions (Plomin et al., 2013). In regards to 

depression, one such finding is that the level of neuroticism, i.e. negative affectivity, which is 

a trait notably influenced by genetic factors (De Moor et al., 2015; Jang, Livesley, & Vemon, 

1996), is associated with the likelihood of experiencing stressful life events, which in turn 
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may contribute to development of depressive symptoms (Van Os, Park, & Jones, 2001), thus 

possibly reflecting an active correlation, i.e. stress generation. 

Overall, it appears that interactions between hormone levels and stressors, as well as 

interactions between genetic vulnerability and hormones, contribute to the observed gender 

differences in depression (Hyde et al., 2008). Furthermore, findings suggest that 

environmental stress related to gender and gender roles may exacerbate the effects of a 

biological susceptibility (Kessler, 2003; Kuehner, 2017). Gender differences in depression 

will not be elaborated on further, but the described mechanisms may be of importance in 

understanding perinatal depression.  

2.2.3 Consequences 

Depression has both individual and societal negative consequences. It is found to be very 

debilitating to the individual, and negatively impact the quality of life (Feliciano & Renn, 

2014). It may affect cognition, such as increase rumination tendencies, and may interfere with 

the execution of daily activities and routines (Feliciano & Renn, 2014). Furthermore, it may 

cause disruption of social functioning and interpersonal relationships (Hirschfeld et al., 2000). 

Depression is also globally and consistently associated with elevated rates of self-harm and 

suicidal risk (Feliciano & Renn, 2014; Nock et al., 2008). On a societal level, it contributes 

substantially to poor quality of life and disability (Pincus & Pettit, 2001), and is predicted to 

be among the leading causes of disability globally by 2030 (Mathers & Loncar, 2006). Thus, 

it is important to increase the understanding of the illness, to ever amplify precision of 

treatment and prevention efforts.   

2.3 Measurement of Depression - Diagnosis vs. Symptoms 

There is growing consensus on the notion that mental disorders appear to exist on a severity 

continuum from “normal” behavior and mood, rather than distinct categories, i.e. continuous 

rather than categorical (Goldberg, 2010; Widiger & Gore, 2014). This also applies to 

depression specifically, as it appears that depression is not a qualitatively distinct form of 

sadness, rather, similar to “normal” feelings of sadness, however, the difference lies in the 

severity continuum (Widiger & Gore, 2014). However, an elaboration on the difference in 

measurement of diagnosis and questionnaires is warranted. 

The gold standard for diagnostic assessment is the administration of psychiatric 

interviews which correspond to the diagnoses provided by the diagnostic frameworks. 

However, these interviews require time and resources, as they are extensive. Hence, for 

research purposes, various questionnaires are often used, as in this study.  
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2.3.1 Diagnostic Classification   

There are currently two mainly used diagnostic frameworks for classification of mental 

disorders. The Diagnostic and Statistical Manual of Mental Disorders, fifth edition, (DSM-5) 

is developed by the American Psychiatric Association (APA, 2013). The Classification of 

Mental And Behavioral Disorders, tenth edition, (ICD-10) is developed by World Health 

Organization (WHO, 1992). The DSM-5 is mostly used in American health care, while the 

ICD-10 is mostly used in European health care. There are task groups in place to revise and 

harmonize the classifications in order to achieve a more globally applicable body of research 

(WHO, 1992). Both frameworks are used in research, although the most widely used is the 

DSM-5. Hence, this thesis will focus on the classification provided by the DSM-5. 

The DSM-5 diagnosis of a major depressive disorder requires the fulfillment of several 

diagnostic criteria and symptoms (APA, 2013). In addition, there is a specifier for perinatal 

onset of the depressive episode. This specifier requires the onset to occur during pregnancy, 

or in the 4 weeks following delivery. The occurrence of baby blues (also referred to as 

maternity blues or postpartum blues), a relatively mild, self-limiting depressive mood state 

occurring within the first 2 weeks postpartum, is considered beneath the clinical threshold of 

major depression (Buttner, O’Hara, & Watson, 2012; L. M. Howard et al., 2014). 

2.3.2 Questionnaires/Symptom Checklists  

There are many psychometric instruments available for research purposes. These instruments 

are easier to use continuously, as opposed to categorically, i.e. diagnosis or not, as they allow 

for counting of symptoms. The instruments typically consist of 10 to several hundred items to 

be answered. The purpose of having multiple items is being able to ensure measurement 

precision, by partitioning different aspects of the trait. However, most large, population-based 

health studies use some form of abbreviated versions of these psychometric instruments, as a 

way of saving questionnaire space. Questionnaires are often studied in comparison to 

diagnostic interviews, to assess the validity, i.e. whether they measure what they are intended 

to measure (Bordens & Abbott, 2002). A more detailed description of the measurement of 

depression in this study is presented in section 5.2.  

2.4 Prenatal Depression 

2.4.1 Definition and Prevalence 

As noted, prenatal depression is depression occurring during pregnancy, prior to delivery. 

There is currently a gap in the understanding of the disorder, as there is a lack of large studies 

systematically reviewing the literature (Bennett, Einarson, Taddio, Koren, & Einarson, 2004). 
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Prenatal depression is also markedly less studied than postnatal depression. Most of the 

studies conducted have focused on the second and third trimester, which may affect the 

findings (Bennett et al., 2004). A consistent finding is that prenatal depression is often 

misclassified as postnatal depression (APA, 2013). 

The lack of extensive research is also evident in the lack of reports of prevalence rates. 

However, a few large studies have investigated prevalence rates. Bennett and colleagues 

(2004)  found rates of prenatal depression to vary, although not significantly, across 

trimesters, and found the following average (across studies) prevalence rates for the trimesters 

to be 7.4%, 12.8% and 12.0%, respectively. Whether prevalence in earlier and later stages of 

pregnancy are similar or different, vary among studies (Bennett et al., 2004; Gavin et al., 

2005). Average prevalence has been estimated at 8.4% across all trimesters (Vesga-Lopez et 

al., 2008). Studies that have investigated the effects of pregnancy on onset and recurrence of 

major depression have consistently failed to find significant differences in the rates, compared 

to non-pregnant controls (Kessler, 2003). Yet again, it is important to note that somatic 

symptoms of pregnancy, such as fatigue and altered sleep, might be difficult to distinguish 

from those of depression for the affected individual, as well as for health professionals and 

researchers (Bennett et al., 2004). 

2.4.2 Etiology 

The etiology of prenatal depression is not yet fully understood. It might be distinct from or 

similar to depression occurring at other times, as will be elaborated on in section 2.6.1 and 

2.6.2. 

The genetic factors involved in prenatal depression are currently not well-understood 

(Figueiredo, Parada, de Araujo, Silva Jr, & Del-Ben, 2015; Serati, Redaelli, Buoli, & 

Altamura, 2016). A recent twin study estimated heritability of prenatal depression at 37% 

(Viktorin et al., 2016). Several studies assess the role of polymorphisms within the serotonin-

transporter-linked polymorphic region (5-HTTLPRR) (Figueiredo et al., 2015). Other 

examples are COMT, MAOA and oxytocin receptor gene (OXTR) (Figueiredo et al., 2015). 

Oxytocin is a hormone contributing particularly to bodily responses allowing for delivery and 

breastfeeding, as well as other mother-infant-interactions (Breedlove & Watson, 2013). 

There are a wide array of hormonal changes related to the perinatal period which may 

contribute to the occurrence of prenatal depression. Mentioning and elaboration on all of them 

exceed the scope of this thesis, yet, some are considered particularly relevant to prenatal 

depression. During gestation, there are several changes to gonadal steroid levels, as well as to 
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androgens (Bloch, Daly, & Rubinow, 2003). Hormones related to the HPA-axis, for instance 

cortisol, show a marked increase, although significant associations between this and prenatal 

depression are not consistently found (Seth, Lewis, & Galbally, 2016). Whether these changes 

play a causal role in the development of perinatal depression is currently a debated topic, with 

some arguing that they represent a risk factor for some vulnerable women, whereas some 

argue that prenatal hormonal changes are protective against depressive symptoms (Bennett et 

al., 2004; Biaggi, Conroy, Pawlby, & Pariante, 2016). 

 There appears to be a substantial contribution from environmental factors to the 

occurrence of prenatal depression. A recent twin study found that environmental factors 

contributed to 63% of the variance in prenatal depression (Viktorin et al., 2016). Consistent 

findings on risk factors of prenatal depression include a personal history of depression, 

current comorbid anxiety, low partner support/relationship problems, life stress, lack of social 

support, domestic violence, substance abuse and unintended pregnancy (Biaggi et al., 2016; 

Lancaster et al., 2010; Milgrom et al., 2008; Ryan, Milis, & Misri, 2005; Räisänen et al., 

2014). 

2.4.3 Consequences 

The consequences of prenatal depression are not very well understood (Evans, Heron, 

Francomb, Oke, & Golding, 2001), yet, a consistent finding is that prenatal depression 

constitutes a risk factor for postnatal depression (Field, 2011; Milgrom et al., 2008; Silverman 

et al., 2017).  

Many studies have investigated the potential consequences of maternal prenatal 

depression on the offspring. Several studies have found that women with prenatal depression 

are at increased risk of several undesirable pregnancy outcomes, such as preterm birth and 

low birth weight (Grote et al., 2010; Nezvalová-Henriksen et al., 2016; Räisänen et al., 2014). 

Prenatal depression is associated with problems in the offspring’s infancy, most commonly 

sleep problems and unease (Field, 2011). Furthermore, many studies have found that prenatal 

depression is associated with negative early-life outcomes for the offspring, such as 

internalizing and externalizing problems (Field, 2011). Prenatal psychopathology may have 

an important effect on the uterine environment, which is suggested to have an impact on the 

developing child (Evans et al., 2001; Fisk & Glover, 1999). There exists some uncertainty 

about the exact mechanisms, however, it is suggested that neuroplasticity and 

neurodevelopment of the fetus is affected (Field, 2011). One model of explanation postulates 

that exposure of the fetus to high maternal levels of cortisol and noradrenaline and low levels 
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of dopamine, a neurotransmitter involved in reward-motivated behavior, and serotonin, i.e. 

dysfunction of the HPA-axis of the mother, may subsequently result in effects on the HPA-

axis, behavior and cognitive function of the developing fetus (Field, 2011; Sawyer, Zunszain, 

Dazzan, & Pariante, 2018). However, this may also, at least partially, be due to a shared 

genetic vulnerability, rather than a result of in-utero exposure to prenatal depression. Indeed, 

this is recently found in several studies (Gjerde et al., 2017; Hannigan et al., 2018). 

Additionally, maternal depression occurring at other times during the offspring’s 

development, e.g. such as during the postnatal period, as well as level of severity and 

chronicity of the depressive symptoms, appear to contribute substantially to the observed 

associations between prenatal depression and outcomes in offspring (Field, 2010; Gjerde et 

al., 2017). Examples of other confounding variables are prenatal comorbid anxiety and anger 

(Field, 2011). 

2.5 Postnatal Depression 

2.5.1 Definition and Prevalence 

Postnatal depression is, as noted, depression occurring after delivery. It is found to be 

one of the most common complications following birth (Robertson, Grace, Wallington, & 

Stewart, 2004). More research has been conducted on postnatal than prenatal depression 

(O'Hara & Wisner, 2014). As noted, there is a lack of consistency across studies regarding 

what constitutes the postnatal period, and different time frames are used for different purposes 

(Brummelte & Galea, 2016; O'Hara & McCabe, 2013). Studies increasingly operationalize the 

postnatal period as lasting up to the first year following delivery (O'Hara, 2009). As noted, 

there are conflicting views on whether postnatal depression and non-postnatal, e.g. prenatal 

and non-perinatal, depression are similar or distinct constructs, as it occurs at a special time in 

the affected woman’s life (Di Florio & Meltzer-Brody, 2015; Whiffen, 1992). The literature 

suggests that postnatal depression does not differ qualitatively from non-postnatal depression 

(Di Florio & Meltzer-Brody, 2015; Riecher‐Rössler & Fallahpour, 2003; Whiffen, 1992). Yet 

again, somatic changes and symptoms of the postnatal period, such as changes in sleep and 

weight, may be difficult to separate from depressive symptoms (Di Florio & Meltzer-Brody, 

2015; O'Hara & McCabe, 2013).  

The average prevalence rates across studies are found to center around 10-15% (Mann, 

Gilbody, & Adamson, 2010; O'Hara & Swain, 1996). Some studies have found that rates of 

depression increase substantially during this period (Vesga-Lopez et al., 2008). In contrast, 

most recent studies have found that there is little evidence of an increased risk compared to 
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non-postnatal women, rather, it appears that the risk is similar (O'Hara & Wisner, 2014; 

Silverman et al., 2017). Furthermore, these studies also suggest that the perceived increased 

risk is a result of postnatal women being a medically captured group. The risk of recurrence is 

estimated at 25% (Wisner, Parry, & Piontek, 2002), with some evidence suggesting that poor 

sleep quality is a significant predictor of recurrence (Dørheim, Bjorvatn, & Eberhard-Gran, 

2014; Okun et al., 2011). 

2.5.2 Etiology 

The postnatal period has been hypothesized to be a period of increased risk of depression, as 

it is closely related to large hormonal changes, as well as with major life changes, which may 

induce stress (Bloch et al., 2003; O'Hara & Wisner, 2014). 

 Although there are few heritability estimates, heritability of postnatal depression has 

been estimated at 40% (Viktorin et al., 2016). Furthermore, genetic factors have been found to 

explain 38% of the variance in postnatal depressive symptoms following first live birth, as 

well as 25% of the variance in lifetime major depression occurring postnatally (Treloar, 

Martin, Bucholz, Madden, & Heath, 1999). Increased familial clustering is consistently found 

(Forty et al., 2006), and some evidence suggests that it is particularly increased for onsets 

shortly after delivery (Segman et al., 2009). Several studies point to postnatal depression 

being associated with a past personal or family history of affective disorders (Figueiredo et 

al., 2015), especially in first onset depressive episodes occurring postnatally (Kessler, 2003). 

A recent Swedish prospective population-based study found that the relative risk of postnatal 

depression in women with a history of depression was more than 20 times higher than for 

those without such history, as well as that maternal depression history had a modifying effect 

on pre-and postnatal risk factors (Silverman et al., 2017). Furthermore, there is some evidence 

of intergenerational transmission of postnatal depression from mothers to daughters 

(Séjourné, Alba, Onorrus, Goutaudier, & Chabrol, 2011). These findings are suggestive of a 

heritable component, i.e. shared genetic vulnerability, in the occurrence of the disorder. 

 Despite extensive attempts at discovering specific genetic risk factors, as several 

genetic associations can be linked theoretically to an increased risk of postnatal depression 

(e.g. hormones), the genetic factors involved in postnatal depression remain largely unknown, 

as results are conflicting and insufficient (Corwin, Kohen, Jarrett, & Stafford, 2010; 

Skalkidou, Hellgren, Comasco, Sylvén, & Poromaa, 2012). Postnatal depression appears to be 

linked to MAOA, COMT, 5-HTT and other genetic factors commonly associated with major 

depression in general, e.g. non-perinatal depression (e Couto et al., 2015; Figueiredo et al., 
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2015; Zhang et al., 2014), which strengthens the notion that it is the same disorder as non-

postnatal depression. As prenatal depression, it appears linked to oxytocin (Figueiredo et al., 

2015). Recently, initial evidence for a distinctive gene expression profile in women 

considered completely recovered from postnatal depression, was found (Landsman, 

Aidelman, Smith, Boyko, & Greenberger, 2017). This is thought to contribute to explain onset 

and the high risk of postnatal depression recurrence (Landsman et al., 2017). Yet, whether this 

alteration is the cause of depression, or a result of depression, awaits further research.  

By extension, there are several proposed neurobiological mechanisms underlying 

postnatal depression, such as disruptions in reproductive hormones, stress, HPA-axis 

dysfunction and functional brain changes following the perinatal period (Payne & Maguire, 

2018; Skalkidou et al., 2012), which are all highly interrelated.  

However, the most extensively studied connections are between endocrine changes 

and postnatal depression. There are three substantial, sequential changes in the hormonal state 

of women during the postnatal period (Bloch et al., 2003). First, there are precipitous changes 

in hormone levels along with delivery. Second, there is a prolonged hypogonadal state, which 

persists until the reinitiation of ovulation and the menstrual cycle. Third, there is resumption 

of the normal cyclic ovarian function. The two first changes are thought to contribute to 

postnatal depression. In support of this, Bloch and colleagues (2003) found that women with a 

history of postnatal depression displayed a significantly greater mood sensitivity to changes in 

gonadal steroid levels than controls, suggesting a vulnerable subgroup of women. Various 

later studies suggest a subtype particularly sensitive to these endocrine changes (Bennett et 

al., 2004; Deecher et al., 2008).  

Furthermore, several studies focus on the associations between oxytocin and postnatal 

depression (Moura, Canavarro, & Figueiredo-Braga, 2016). Higher levels of oxytocin are 

hypothesized to protect against postnatal depression, whereas lower levels are hypothesized to 

increase the risk of depression. In support of this, Ystrøm (2012) found an association 

between breastfeeding cessation and symptoms of postnatal depression, and depression to be 

more stable throughout the first six months postpartum in mothers who stopped breastfeeding. 

Although several studies show protective effects on depressive symptoms, there is a lack of 

consistent, significant results, and reviews suggest that there might be subtypes of women 

with postnatal depression more closely related to oxytocin levels (S. Kim et al., 2014; Moura 

et al., 2016). By extension, increased risk for a subgroup of women particularly vulnerable to 

hormonal changes, who experience early onset of postnatal depression, i.e. shortly after birth, 
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concomitant to when the hormonal changes are most pronounced, is suggested (O'Hara & 

Wisner, 2014). Yet another subgroup of women particularly vulnerable to the hormonal 

changes of the later stages of the postnatal period, such as weaning from breastfeeding and 

resumption of menstruation, has also been suggested (Burke, Susser, & Hermann, 2019). 

Nonshared environmental factors have been found to explain 75% (Treloar et al., 

1999) and 60% of the variance (Viktorin et al., 2016), suggesting that environmental factors 

have substantial impact on postnatal depression. Risk factors with moderate to strong 

associations with postnatal depression include a personal or family history of depression, 

depression and anxiety during pregnancy, neuroticism, low self-esteem, postpartum blues, 

stressful life events (including childcare-related stressors), poor marital relationship and poor 

social support findings (Beck, 2001; O'Hara & Wisner, 2014; Robertson et al., 2004). Other 

important risk factors, however seemingly of smaller importance, are low SES, being single, 

unwanted pregnancy, obstetrical stressors, difficult infant temperament, (O'Hara & Wisner, 

2014) as well as lack of sleep (Dørheim et al., 2014). Taken together, three constellations of 

risk factors are found to be central; stressful life events, history of psychopathology and poor 

social support, and these are overlapping with non-postnatal depression (O'Hara & Wisner, 

2014; Wisner et al., 2002).  

Most conclude that the etiology of postnatal depression does not appear distinct from 

that of non-postnatal depression, and that there appears to be considerable heterogeneity 

(O'Hara, 2009; Riecher‐Rössler & Fallahpour, 2003; Whiffen, 1992). Many argue that giving 

birth, with all the biological and psychosocial factors associated with it, appears to act as a 

major stressor, which, in line with a general vulnerability-stress-model, may trigger onset of 

disease in vulnerable women, possibly a subtype (Mitchell et al., 2011; Riecher‐Rössler & 

Fallahpour, 2003). Furthermore, initial evidence of specific gene-environment interactions has 

been found (Figueiredo et al., 2015; Zhang et al., 2014), such as between two polymorphisms 

of the 5-HTT and SES (Mitchell et al., 2011).  

2.5.3 Consequences 

Postnatal depression is found to cause personal suffering and diminish functioning in 

important life aspects of the affected woman (O'Hara & McCabe, 2013), similarly to non-

postnatal depression. Additionally, depression occurring after delivery may interfere with 

maternal caretaking behaviors, such as ability to respond to the infant’s basic needs, 

breastfeeding and dyadic interactions between mother and infant (Field, 2010). Some also 

suggest that obstetrical consequences, which is associated with both prenatal and postnatal 



 

 

16 

 

 

depression, coupled with mental illness, might contribute to retained gestational weight gain, 

which in turn represents a risk factor for subsequent cardio metabolic disease (Meltzer-Brody 

& Stuebe, 2014).  

Moreover, several studies have suggested that postnatal depression is associated with 

behavioral, cognitive and health-related consequences for the child, such as internalizing and 

externalizing problems and general psychopathology, as well as with problems in child-

parent-interactions (Field, 2010; Wisner et al., 2002). However, several more recent studies 

suggest that the amount of the child’s exposure to maternal depression, also outside of the 

postnatal period, may play a more critical role (Brand & Brennan, 2009; Goodman et al., 

2011; Grace, Evindar, & Stewart, 2003). As with prenatal depression, shared genetic 

vulnerabilities may also contribute to explain these findings, which is also underlined in these 

studies.  

2.6 Synthesis 

Findings on depression occurring at various time points have now been presented separately. 

However, as this study also seeks to answer questions regarding the relationship between risk 

factors for depression occurring in different settings, it is important to discuss this relationship 

somewhat. First, the previously separately presented findings on prenatal and postnatal 

depression are combined and discussed jointly, referred to as perinatal depression. Second, 

the relationship between perinatal depression and non-perinatal depression is briefly 

discussed. 

2.6.1 Perinatal Depression 

Depression is one of the most common complications of the perinatal period (Gavin et 

al., 2005). Perinatal depressive symptoms are found to affect more than 25% of perinatal 

women, and major depressive disorder during the perinatal period is found to affect 10-15% 

(Gavin et al., 2005; Stuart-Parrigon & Stuart, 2014). There exists some uncertainty regarding 

whether prevalence is similar or changing during the perinatal period, with evidence 

suggesting that the second and third months after delivery have slightly higher prevalence 

(Gavin et al., 2005), whereas other findings are contradictory. For instance, in a study of 

almost 100 000 pregnancies, Ystrom and colleagues (2014) found the same rates of 

depressive symptoms in the third trimester (9.3%) as six months postnatally (9.5%). In a 

repeated measurement study, the point prevalence of depression in the first four months of the 

postnatal period did not differ significantly compared to other time periods during pregnancy 

and the postnatal period (Eberhard-Gran, Tambs, Opjordsmoen, Skrondal, & Eskild, 2004). 
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Furthermore, there is a high risk of recurrence, both perinatally and non-perinatally (L. M. 

Howard et al., 2014; Meltzer-Brody & Stuebe, 2014).  

As noted, a consistent finding on the field is that prenatal depression predicts postnatal 

depression (Underwood, Waldie, D’Souza, Peterson, & Morton, 2016). This is associated 

with uncertainty in classification, in regards to whether the onset of postnatal depression is 

truly postnatal, or rather only discovered postnatally. APA (APA, 2013) holds that 50% of 

depressive episodes that are classified as postnatal actually have onsets prior to delivery. If 

postnatal depression has a prenatal onset, this implicates that it is similar to depression 

occurring at other times, i.e. non-perinatal depression. On the other hand, some have also 

found that a substantial percentage of women with high levels of depressive symptoms 

prenatally show significant reductions in symptom severity postnatally, and stress that this 

group has not been the focus of research (Heron, O'Connor, Evans, Golding, & Glover, 2004). 

Prediction may also be caused by the degree of overlap in risk factors for prenatal and 

postnatal depression (Lancaster et al., 2010; O'Hara & Wisner, 2014). 

A familial component of perinatal depression has been suggested, although evidence 

has been stronger for postnatal depression specifically (Murphy-Eberenz et al., 2006). Some 

studies suggest that the late stages of pregnancy or the early stages of the postnatal period 

show greater genetic vulnerability (Figueiredo et al., 2015).  

As noted, there are few twin studies investigating heritability of perinatal depression, 

seemingly only the two referred to in this thesis; Viktorin and colleagues (2016), and Treloar 

and colleagues (1999), and none of them investigate the correlation between heritability of 

prenatal and postnatal depression. The most recent study, employing an extended twin design 

which included siblings, estimated the heritability of perinatal depression at 44%, with the 

remaining variance being attributable to nonshared environmental factors (Viktorin et al., 

2016).  

Most studies investigating the influence of genetic factors on perinatal depression 

utilize a molecular genetic approach (Figueiredo et al., 2015). The most frequently 

investigated molecular genetic factor for perinatal depression is the 5-HTT gene, which 

several studies have found positive associations for (Figueiredo et al., 2015). Furthermore, 

genetic studies of perinatal depression have been found to reinforce a pathophysiological role 

of the hormonal changes associated with this period (Figueiredo et al., 2015). The genetic 

factors associated with prenatal and postnatal depression appear to be closely related, 

although, not uniform (Figueiredo et al., 2015). 
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The understanding of how pathophysiological pathways contribute to perinatal 

depression is largely incomplete (Dickens & Pawluski, 2018). However, research on 

neuroendocrine aspects have been conducted, particularly research on the HPA-axis. The 

HPA-axis has been found to contribute to perinatal psychopathology directly, as previously 

discussed, as well as through interactions with other major biological systems (Dickens & 

Pawluski, 2018; Kammerer, Taylor, & Glover, 2006). This includes estrogen and 

progesterone, which are hypothesized to be important for perinatal depression (Sawyer et al., 

2018). The HPA-axis further undergoes major alterations during pregnancy, largely due to the 

creation of a placenta, thus, HPA-axis dysregulation is suggested to be predictive of risk for 

postnatal depression (Glynn, Davis, & Sandman, 2013). A growing body of research on 

rodents suggests that stress or activation of the HPA-axis prior to or during the prenatal period 

can be valuable in understanding depression in the postnatal period (Dickens & Pawluski, 

2018). Furthermore, the HPA-axis is hypothesized to contribute to prenatal and postnatal 

depression in distinct ways (Kammerer et al., 2006). During pregnancy, there is a large 

increase in plasma corticotrophin releasing hormone (CRH) and cortisol, which are both 

involved in the body’s stress response, as well as in estrogen and progesterone (Kammerer et 

al., 2006). A rapid drop in these hormones occur during delivery, and thus, it is suggested that 

symptoms of prenatal and postnatal depression may be partly distinct, and partially linked to 

these differences in function of the HPA-axis, in the sense that prenatal depression may be 

more melancholic, while postnatal depression may be more atypical (Kammerer et al., 2006). 

Melancholic depression is characterized by loss of appetite and sleep, anxiousness and loss of 

responsiveness to the environment (Lamers et al., 2013). Atypical depression is, as noted, 

characterized by the reverse tendencies; overeating, oversleeping, lethargy and reactivity to 

the social environment. Evidence of a differential role of the HPA-axis in melancholic and 

atypical depression, not related to pregnancy, has been suggested and found (Lamers et al., 

2013). Some women are thus suggested to be genetically more vulnerable to melancholic or 

atypical depression, and thus, more or less vulnerable to depression at the different stages of 

the perinatal period (Kammerer et al., 2006). However, evidence is limited, and, importantly, 

not every depressive episode is compatible with classification into these two systems. 

Changes in estrogen levels are, as noted, suggested to be related to the occurrence of 

depressive episodes (Deecher et al., 2008). The periods that appear to be most closely related 

to perinatal depression are concurrent with the periods in which estrogen levels are 

progressively changing (Bloch et al., 2003; Figueiredo et al., 2015). Estrogen may also be an 
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important trigger for changes in the expression of genes, thereby mediating the increased 

predisposition to depressive episodes observed during these time periods (Figueiredo et al., 

2015).  

Several studies find substantial overlap in the risk factors of prenatal and postnatal 

depression, however, the overlap is not absolute (Lancaster et al., 2010; O'Hara & Wisner, 

2014). Importantly, environmental stressors are found to influence the relationship between 

the genetic factors and perinatal depressive states, and gene-environment interactions are 

often found (Doornbos et al., 2009; Figueiredo et al., 2015). 

 There has been some discussion on the field, regarding whether there are several 

trajectories of perinatal depression, which may be associated with distinct phenotypic 

subtypes. Some evidence suggests that different perinatal depressive trajectories are 

associated with somewhat divergent characteristics (Putnam et al., 2017; Wikman et al., 

2019). A recent study suggests that as women move from the prenatal to the postnatal period, 

sociodemographic and lifestyle risk factors appear to be of less importance, and a personal 

and family history of depression and postnatal depression seems to be of larger importance, in 

terms of risk of experiencing depression (English et al., 2018). Only a few studies have 

investigated whether the symptom patterns of prenatal and postnatal depression are similar or 

distinct, and the results are inconclusive (Kammerer et al., 2009). It is important to stress that 

women may experience depression prior to and following birth very differently, as child birth 

is an important biological, social and psychological event, which may impact both symptom 

severity and presentation (Evans et al., 2001). 

2.6.2 Non-perinatal vs. Perinatal Depression 

Non-perinatal depression is not the focus of this study, however, as there are conflicting views 

on whether perinatal depression represents a distinct disorder, as well as a lack of research on 

heritability of perinatal depression, a brief summary of the relationship is useful, in order to 

interpret the upcoming results.  

Some studies have estimated the prevalence to be higher in perinatal women than in 

non-pregnant women when controlling for common risk factors (Eberhard‐Gran, Eskild, 

Tambs, Samuelsen, & Opjordsmoen, 2002), whereas most have found non-significant 

differences (Gavin et al., 2005; L. M. Howard et al., 2014; Kessler, 2003). Again, as noted, 

identification rates among non-pregnant women might be lower, resulting in a perceived 

increased rate (L. M. Howard et al., 2014). 
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The aforementioned Australian twin study found that the genetic correlation between 

postnatal depressive symptoms following first live birth and lifetime major depression (both 

in relation to childbirth and depression) was low (.17) (Treloar et al., 1999). The authors 

suggested that the construct measured may not have been postnatal major depression, possibly 

rather postnatal dysphoria. More recently, the Swedish twin study estimated heritability of 

perinatal depression at 54%, while nonshared environmental effects explained the remaining 

variance (46%). The heritability of non-perinatal depression was estimated at 32%, with the 

remaining variance being attributable to shared environment (6%) and nonshared environment 

(62%). Furthermore, they found that 14% of the total variance, or 33% of the genetic 

variance, in perinatal depression was unique for perinatal depression. This is suggestive of 

only partially overlapping genetic etiologies for perinatal and non-perinatal depression 

(Viktorin et al., 2016).  

As presented, perinatal depression has been found to be associated with specific genetic 

factors, e.g. polymorphisms, that overlap with those associated with non-perinatal depression, 

such as MAOA, 5-HTT and COMT (Doornbos et al., 2009). Perinatal depression is also 

found to be associated with OXTR, which is thought to be of heightened importance during 

the perinatal period (Moura et al., 2016). 

As noted, risk factors for perinatal depression have been found to be similar to those 

typically found for non-perinatal depression, such as stressful life events and poor social 

support (O'Hara & McCabe, 2013; O'Hara & Wisner, 2014). Although, with the suggested 

exceptions of sensitivity to hormonal changes specific to the perinatal period and possibly 

differentiating events related to childbirth, such as brain changes following delivery and 

transition into a new context, i.e. becoming a mother, which are discussed in further detail 

under section 7.1.2 (Deecher et al., 2008; Duarte-Guterman, Leuner, & Galea, 2019; Hillerer, 

Jacobs, Fischer, & Aigner, 2014). 

Some studies have investigated whether symptom profiles vary between perinatal and 

non-perinatal depression. As noted, women may experience significant somatic changes often 

associated with depression in the perinatal period, even if they are not clinically depressed, 

and thus be mistakenly classified as depressive symptoms (Pereira et al., 2014). By extension, 

some studies suggest that somatic symptoms, often associated with atypical depression, may 

not be suitable for diagnosis of depression in the perinatal period, as they may represent 

normal consequences of the perinatal period (Kammerer et al., 2009; Kuehner, 2017). Some 

studies have found that symptom profiles appear somewhat distinct, such as sad mood being 
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less prominent, while psychomotor problems being more prominent (Bernstein et al., 2008). 

However, other studies have found that the clinical presentations of depressive symptoms in 

women of childbearing age do not differ in perinatal and non-perinatal depression (Hoertel et 

al., 2015).  

2.6.3 Brief summary 

Prenatal and postnatal depression appear fairly similar in prevalence, symptomatology, gross 

categories of risk factors; stressful life events, history of psychopathology and poor social 

support (O'Hara & Wisner, 2014). Yet, some risk factors appear specific to each type, such as 

timing-specific hormonal changes and life changes following delivery. Importantly, prenatal 

depression is found to predict postnatal depression (Beck, 2001; Gaillard, Le Strat, 

Mandelbrot, Keïta, & Dubertret, 2014), which may be due to lack of precision in onset 

identification, as well as other factors. For instance, to what extent relative influence of 

genetic and environmental factors contribute to this, is currently unanswered. Furthermore, in 

terms of heritability, which is the focus of this study, the limited research that exists on 

perinatal depression suggests that it is more heritable than non-perinatal depression. 

Additionally, initial evidence suggests that postnatal depression appears more heritable than 

prenatal depression. Whether the genetic factors contributing to depression at each time are 

similar or distinct, is also unanswered. Thus, in order to answer these questions regarding 

heritability, an approach capable of integrating and separating genetic and environmental 

effects is necessary.    

3  Behavioral Genetics 

The observation that certain traits vary between individuals within a species is not a recent 

discovery. It has for a long time been noticed that these traits seem familial, in the sense that 

they may cluster among families. Thus, they are heritable. These observations form the basis 

of the modern study of heritability (Plomin et al., 2013).  

The story of the study of heredity and genetics often begins with the mentioning of 

Gregor Mendel (1822-1884), who studied inheritance of characteristics in pea plants. He 

noticed that by crossing individuals with different traits, interactions between the traits 

appeared to occur. This interaction resulted in traits being transferred somewhat 

systematically, and he discovered the foundations of what we today know as recessive and 

dominant inheritance of traits. Several discoveries have since been made, each contributing to 

the increasingly sophisticated methods of investigation. However, this is outside of the scope 

of this thesis, and will not be discussed in further detail. Familial similarity has later been 
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studied and discussed from different points of view. From Freud’s time (1856-1939), most 

theories regarding similarity between parents and offspring, have postulated that this is due to 

the family environment that parents provide for their children, and explained sibling similarity 

with this shared environment (Plomin et al., 2013). 

From the second half of the 20th century, however, the study of risk factors, i.e. 

characteristics or variables that contribute to increase the risk of mental illness, has grown 

increasingly popular (Plomin et al., 2013). This approach has also been used to study 

protective factors, i.e. characteristics or variables that contribute to decrease the risk of mental 

illness (John et al., 2008). A limitation of many traditional observational studies is that the 

designs do not allow for the disentanglement of the effects of genes, and the effects of the 

environment. In order to make this possible, it is necessary to utilize genetically informative 

designs, e.g. designs that do allow for this disentanglement, contributing to our ability to 

explain and differentiate between various phenomena. Alcohol abuse constitutes a classical 

example in which the consistent finding of a high risk of transmission across generations may 

be due to environmental effects, yet, it may also be due to genetic effects (McGue, 1999; 

Plomin et al., 2013; Verhulst, Neale, & Kendler, 2015). 

Behavior genetics is a field of research that seeks to assess heritability of various traits 

and phenomena, by disentangling the genetic and environmental influences, as well as 

investigating the interplay between these two. Genetics refers the study of inheritance 

provided by the genes coded for in the deoxyribonucleic acid (DNA) (Breedlove & Watson, 

2013; Plomin et al., 2013). The term behavior is here defined in a broad manner, which 

includes complex phenomena such as disorders and traits. In order to assess the relative 

importance of genetic and environmental factors on a trait, i.e. univariate analysis, similarity 

between various kinds of relatives are compared to each other. As the effects are not 

measured directly, rather inferred, they are referred to as latent variables. Multivariate 

analysis is also possible, in which it is estimated how much genetic and environmental 

influences contribute to the association between two or more phenomena, or to the same 

phenomenon across time (Plomin et al., 2013).  

3.1 The Genes and Genetic Effects 

The basis of heredity is the DNA molecule (Plomin et al., 2013). A gene is a sequence of the 

DNA, that encodes for the construction of a particular protein, which in turn codes for 

specific functions within the organism (Breedlove & Watson, 2013). A gene is the most 

fundamental unit of heredity (Plomin et al., 2013). A chromosome is a complex of condensed 
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strands of DNA and its associated protein molecules (Breedlove & Watson, 2013). The gene’s 

location on a chromosome is referred to as locus (Breedlove & Watson, 2013). Individual 

genes exist in alternative forms, which is referred to as alleles. When a trait is referred to as 

heritable, it implies that at least one allele has a measurable effect on the expressed trait. The 

total genetic potential of an individual is referred to as the genotype, which comprehends the 

entire set of an individual’s alleles. On the other hand, phenotype refers to the expressed trait, 

caused by both genotype and environmental influences.  

Some disorders are caused by mutation in a single allele, and are thus referred to as 

monogenic or single gene disorders. One example is Huntington’s disease, in which a 

singular dominant allele is responsible for the occurrence of the illness (Plomin et al., 2013). 

However, most phenotypes, such as mental disorders, are believed to be polygenic or 

complex, and thus thought to be influenced by several genes, as well as environmental effects. 

Genetic effects on a phenotype can be partitioned into additive (A) and non-additive genetic 

effects. Additive effects simply involve the sum of the contribution of each allele. Non-

additive genetic effects involve any genetic influence that is not additive, hence, the genetic 

effects of one allele is dependent on other alleles. The two most common non-additive genetic 

effects considered on the field of behavioral genetics, is dominance effects or simply 

dominance (D), and epistasis. Dominance implies interaction between alleles at the same 

locus, in which the phenotype produced by the dominant allele is present, regardless of 

whether one or two copies of the allele exist. Epistasis implies interaction between alleles at 

different loci, in which the effect of one gene is dependent on that of another (Plomin et al., 

2013). 

Research on this field often focus on additive genetic effects. This is due to the notion 

that they reveal clear similarities between parents and offspring, as well as the notion that they 

have the strongest statistical power (Plomin et al., 2013). Identification of additive genetic 

effects is the method utilized in the current study, and will therefore be the focus of 

elaboration. 

3.2 The Environment and Environmental Effects          

A wide range of environmental factors have been found to contribute to both the development 

and preservation of mental illness. Some factors, such as low SES, low levels of social 

support and adverse life events, as well as several aspects of family organization and 

interaction have been hypothesized and found to increase risk for a wide range of disorders 

(Beidel, Frueh, & Hersen, 2014). Other factors appear to constitute a risk that is more specific 
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in nature, e.g. the association between the exposure to body ideals of the western culture and 

eating disorders (Rikani et al., 2013). Environment, in this context, refers to all factors that 

influence behavior, that are not genetic.  

In twin models, environmental influences are divided into two classes, according to 

their effects on individual differences. Any influence that contributes positively and equally to 

the observed similarity between relatives, regardless of degree of genetic relatedness, is 

defined as common or shared environment (C). This may be factors such as neighborhood, 

parental education and behavior (Plomin et al., 2013). There has been controversy on the 

field, regarding shared environment. There is little evidence of shared environmental 

influences on many commonly studied phenotypes, with modest influences often found to be 

significant only through childhood and adolescence (Plomin et al., 2013). By extension, 

shared environment may be viewed as important to the individual, however, with regards to 

the population, it does not appear to contribute to making systematic differences (Plomin, 

2018). Lack of statistical power may partly explain this finding. It may also be partly 

explained by the fact that twin models only estimate the effects the environment has on 

covariance, i.e. similarity, not dissimilarity (Turkheimer, 2000). Hence, sharing a household 

appears to contribute to the similarity of family members during that time, however, it does 

not persist (Plomin et al., 2013). Furthermore, objectively shared events may not have an 

equal effect on both siblings, independent of genetic disposition and unique environmental 

influences. By extension, a useful distinction is therefore between objectively and effectively 

shared environmental influences (Kendler & Prescott, 2007), which refer to differences in 

what is objectively shared, as opposed to what actually contributes to making siblings more or 

less similar to each other. If additional information is available, such as in extended family or 

twin studies, the impact of more subtle environmental influences can be examined.  

In contrast to shared environment, nonshared or unique environmental effects (E) is 

residually inferred through difference between individuals, and includes any proportion of 

variance in the sample that cannot be attributed to genetic or shared environmental influences. 

It also includes any measurement error, hence, it can never be zero (Plomin et al., 2013). It 

may be difficult to identify specific nonshared environmental differences between siblings, 

and there is some controversy on the field regarding what the E measure actually entails. 

Research on the actual experiences of the siblings is needed in order to determine this, such as 

observational studies (Plomin et al., 2013). Previous observational studies suggest that 

parental reports of the children’s environment are of limited use, in terms of assessing 
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nonshared environment (Plomin et al., 2013). Experiences outside of the family, and how the 

siblings experience these, also contribute to nonshared environment. Included in E are also 

perinatal factors, which have been shown to have lasting effects on phenotype (Plomin et al., 

2013). Other factors that are also more biological and random in nature, such as nutrition and 

illness are also included in this measure. Thus, the utilized definition of E is very broad, 

which is important for interpretation.  

3.3 Foundations of Twin Modeling 

For simplicity, the focus in this section is on twins, however, the same logic applies to 

extended twin designs, such as those including siblings (as the current study does). Twin 

models are, as noted, commonly used to separate relative effects from the genes and 

environment, and have contributed substantially to this purpose (Plomin et al., 2013). 

Monozygotic twins (MZ), also referred to as identical twins, are the result of one fertilized egg 

separating, yielding two genetically identical embryos (Plomin et al., 2013). Dizygotic twins 

(DZ), also referred to as fraternal twins, are the result of fertilization of two separate eggs by 

two separate sperm cells. The causes of MZ twinning are considered largely unknown, while 

DZ twinning is found to be influenced by genetic and environmental maternal factors (Hall, 

2003). Accordingly, prevalence rates of MZ twinning are found to be fairly constant globally, 

while prevalence rates of DZ twinning are found to vary across populations (Hall, 2003). MZ 

twins share on average 100% of their genes, while DZ twins share on average 50% of their 

genes. When assessing the phenotypic correlations, i.e. similarity on a singular or several 

traits, between MZ and DZ twins, one can estimate the relative effects of the genes and the 

environment (Plomin et al., 2013). As elaborated on, A and C are thought to contribute to 

similarity among siblings. If MZ twins are more similar, on average, than DZ twins, then 

genetic effects appear to be more important, as C is assumed to be equal across MZ and DZ 

twins (Plomin et al., 2013). The same logic applies to extended twin designs. Full siblings 

share on average 50% of their genes, while half siblings (both maternal and paternal) share on 

average 25%. Siblings can be added to a twin study design, as done in this study, in order to 

increase statistical power, as well as generalizability (Plomin et al., 2013). 

 The variance of a phenotype (P) is, as presented, assumed to arise from the combined 

effects of additive genetic effects (A), non-additive genetic effects (D), shared environment 

(C) and nonshared environment (E). Hence, the total variance of P can be written as: 

Var(P) = Var (A + D + C + E) 
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However, as discussed, twin studies often have limited statistical power, and are therefore 

often confined to studying only A in terms of genetic effects. Hence, most commonly only A, 

C and E are included, resulting in P being written as: 

Var(P) = Var (A + C + E) 

As discussed, twins are assumed to share the family environment to the same extent, and they 

share genetics according to zygosity. Hence, the expected covariation between these two 

types of twins can be written as: 

 

Thus, if MZ twins are more similar than DZ twins on the given phenotype, these formulas 

imply that this must be accounted for by their genetic material. To what extent genetic 

influences contribute to the variance of a trait can be expressed as the heritability.  

3.3.1 The Heritability Concept 

As noted, the heritability is a statistic that describes the contribution of genetic variance to the 

observed variance on a phenotype (Plomin et al., 2013). It is useful for quantifying the 

relative importance of genes. However, it is important to underline that it is an estimate 

conducted on a particular sample at a particular time, and is therefore not strictly 

generalizable between groups, neither to the same group at a different time. Heritability in this 

sense, is an abstract aggregate statistic. Some misconceptions about how heritability should be 

interpreted exist, which are discussed more thoroughly shortly, and it is therefore important to 

clarify what heritability refers to. Heritability is dependent upon the distribution of 

environmental and genetic factors in a population, in the sense that the more homogenous 

environmental influences are within a population, the greater the relative contribution of 

genes become in accounting for phenotypic variance. Thus, if the sample is drawn from a 

more homogeneous gene pool, the relative measured effect of environment increases. There 

are two types of heritability commonly referred to in behavioral genetics. Narrow-sense and 

broad-sense heritability (Plomin et al., 2013). Narrow-sense heritability (h2 or a2) is most 

commonly used and includes only additive genetic variance (A), while broad-sense 

heritability (H2) also include non-additive genetic effects. By using Falconer’s formula, one 

can calculate the approximate estimate of the narrow-sense heritability: 

h2  = 2(rMZ – rDZ) 
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In this expression, r is the correlation coefficient. The shared environment, also contributing 

to similarity, is written as c2. This can be estimated using the following formula: 

c2 = rMZ-h2 

The residual variance of the nonshared environment, E, is found by using the following 

expression: 

E2 = 1 - rMZ 

This rests on the discussed assumption that any variance that is not shared between MZ twins 

must be accounted for by E.  

It is important to underline that heritability describes what is, not what could or should 

be. Heritability does not imply genetic determinism. However, it points to a probability. 

Neither does it constrain environmental intervention, such as treatments. In the example of 

Phenylketonuria (PKU), a rare, possibly severe disorder caused by a genetic mutation, genetic 

discoveries led to important steps regarding dietary adjustments which lessen the effect of the 

genetic contribution on the phenotype (Plomin et al., 2013). Applying an evolutionary 

perspective, there are no “good” and “bad” genes. It is well-established that a gene can have 

effects of both protection and vulnerability. For instance, the same gene is found to have 

proactive effects against malaria, while increasing the risk of sickle cell anemia (Allison, 

1954; Piel et al., 2010). Furthermore, traits are found to be influenced by pleiotropy, i.e. when 

the same genetic factors cause different phenotypes (Cross-Disorder Group of the Psychiatric 

Genomics Consortium, 2013), such as the overlap in genetic factors of GAD and MDD, as 

discussed in section 2.2.2. 

 Multivariate analyses show that genetic structure is separate from phenotypic 

structure, in the sense that many different aspects of psychopathology are highly correlated 

genetically. However, a certain degree of phenotypic similarity is warranted to investigate 

potential genetic correlation. Additionally, multivariate analyses across age typically find 

substantial age-to-age genetic correlations (Plomin et al., 2013). These results implicate that 

genetic factors contribute largely to stability across age, however, environmental factors 

contribute largely to change across age.  

3.4 Statistical Application of Twin Modeling 

3.4.1 Structural Equation Models (SEM) 

Today, the structural equation model (SEM) approach has gained massive popularity in twin 

research, as it is able to incorporate advanced hypotheses regarding expected correlation 

between multiple measures. Additionally, it can explicitly compare different models, which 
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postulate different causal theories, against each other. One way of expressing SEM models is 

through path analysis of a model, in which a structural model has a set of parameter values. 

This allows for the calculation of an expected covariance matrix. This is done by minimizing 

the distance between the observed and expected covariance matrix. The SEM approach is 

often preferred, compared to other approaches such as multivariate regression or multilevel 

models, as it is more flexible than more traditional designs (Plomin et al., 2013).  

3.4.2 Univariate Analysis 

Univariate analysis refers, as noted, to when an analysis is conducted to estimate the relative 

contributions of genetic and environmental factors to the variance of a singular trait. The 

analysis can be presented in various ways. One approach is to present a variance-covariance 

matrix. For an univariate ACE twin model, the variance-covariance matrices for MZ and DZ 

twins, respectively, would look like this (Plomin et al., 2013): 

 

 

 

 

The diagonal elements represent the variance of the trait, while the off-diagonal elements 

represent the covariance between twins in a pair. The only difference of the model is due to 

DZ twins sharing only half of the A effects, compared to MZ twins.  

Another approach is to present a path diagram of the model, illustrated in Figure 1. 

The identified model is an ACE model, which means that the best fit between the expected 

and observed matrices is produced by only one set of parameter values (Plomin et al., 2013). 

The full model, often ACE, will in almost all cases be the best fitting model. However, by 

dropping parameters, it is possible to assess whether the resulting set of parameter estimates 

still are able to account for the covariance observed. This is referred to as model trimming. As 

noted, E can never be zero, as it includes measurement error. However, parameters A and C 

can be dropped, resulting in nested submodels, such as AE, CE and E models. These models 

are then directly comparable to the full model. As long as the fit is not significantly worse, 

simpler models are preferred. 
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Figure 1. The Classical Univariate ACE Model Depicted as a Path Diagram. Rectangles illustrate observed 

variables (phenotype x), while circles illustrate latent variables (A, C and E). Single-ended arrows illustrate 

causal paths (a, c and e), while double-ended arrows illustrate covariance paths. The variance of A, C and E are 

fixed to 1.0, while a, c and e are estimated based on the variance for the MZ and DZ twins on the measured 

phenotype. A factors correlate 1.0 for MZ, and 0.5 for DZ twins. The parameter estimates are equal for each 

twin, and are therefore often simplified by depicting only one twin.  

 

3.4.3 Multivariate Analysis 

Multivariate analysis allows, as noted, for investigation of the relative contributions of genetic 

and environmental factors to the covariance between multiple traits, e.g. estimate the extent to 

which the same genetic and environmental factors affect different traits, or the same trait 

across time (Plomin et al., 2013). Bivariate analysis estimate this for two variables. A further 

utilization made possible by this method is to estimate the genetic correlation between two 

traits, i.e. examine the extent to which the genetic effects that influence trait X also influence 

trait Y. The genetic correlation between two traits is completely independent from the 

heritability of each trait, e.g. the heritability of trait X and Y could be just slightly heritable, 

yet, the genetic correlation could be high. The genetic correlation is estimated between 0 and 

1, 0 thereby implies no association between the genetic effects on trait X and trait Y, while 1 

implies that all genetic factors associated with trait X are associated with trait Y.  

Multivariate models can be illustrated in the same way as univariate models. For a 

bivariate ACE twin model, the variance-covariance matrix would look like this (Plomin et al., 

2013): 
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To utilize this method, use of statistical software designed to manage these data and designs, 

is necessary. The procedure starts by specifying the model in a script, and provide starting 

values (which often are more or less informed guesses) for the a, c and e parameters. With the 

use of optimization tools, the software uses an iterative process to test different values for the 

parameters from the starting values, until an optimal solution is found that reproduces the 

observed variance-covariance matrix as closely as possible. 

The Cholesky decomposition is a commonly used for multivariate twin models, as it 

within the same model decomposes variance and covariance into latent factors for several 

variables. Figure 2 shows a full bivariate ACE model depicted through a path diagram.  

 

 

 

 

 

 

 

 

 

 

3.4.4 Statistical Software 

The most commonly used software, when working with twin models, is the R software (R 

Core Team, 2017). The R software has a general statistical purpose, and allows for flexible 

and powerful statistical operations within several fields. OpenMx (Boker et al., 2011) is an 

extension package of R, and thus utilizes functions and properties from the R software. It has 

been developed specifically to facilitate the implementation of multivariate twin and family 

models into the R software.  

3.4.5 Optimization and Fit Function 

The process of identifying the best fitting parameter estimates is referred to as optimization. 

When utilizing OpenMx to fit twin models, two standard optimization tools are provided; 

maximum-likelihood (ML) and full information maximum likelihood (FIML). ML provides 

information about the likelihood of a model as a function of the observed data and the model 

Figure 2. Full Path Diagram for the Classical Bivariate ACE Model. Parameters represent the same constructs as in 

the univariate model. Causal paths between trait X and trait Y are added in multivariate models. 
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parameters. This likelihood is measures as a log-likelihood (LL). The overall LL should be 

maximized by moving the values of the estimated free parameters to minimize the distance 

between the observed and expected variance-covariance matrices. In comparison, FIML 

utilizes the raw scores for each twin instead of the observed variance-covariance matrices to 

obtain the highest likelihood of the data. This also includes cases where there is missing data, 

which is an advantage. However, both ML and FIML are computationally demanding and 

sensitive to starting values. Another statistic, the likelihood-based confidence intervals (CIs) 

is utilized to express the amount of certainty to the resulting parameter estimates. CIs are 

found by moving away from the obtained parameter estimates in both directions, until the chi-

squared (χ2) distributed differences in fit is significant. The CIs can be asymmetrical around 

the estimate, as they are likelihood-based (Rijsdijk & Sham, 2002). 

3.4.6 Goodness of Fit 

As statistical models may have only subtle differences in their overall goodness of fit, it is 

important to have an informed method of comparing the models. The statistic Δ-2LL involves 

the difference (Δ) in -2 times log likelihood between two models, and approaches a χ2 -square 

distribution, which allows a check for significant deterioration in χ2 in two nested submodels. 

Additionally, the Akaike Information Criterion (AIC), calculated as χ2 - 2df (the chi-square 

minus two times the number of degrees of freedom) provides information about the 

parsimony of models. A lower AIC-value reflects a more parsimonious model and is 

preferred. 

 

4 Research Objectives 

The presented analyses allow for investigation of the genetic and environmental factors 

contributing to perinatal depression. Investigation of how these are distributed at each time 

point, as well as correlation between them, makes it possible to assess and compare their 

etiology. This may represent an important step towards a better understanding of whether 

prenatal and postnatal depression represent the same construct. 

This thesis therefore aims to answer two research objectives: 

1) Estimate the relative importance of genetic and environmental factors for depression 

during and after pregnancy. 

2) Estimate the genetic and environmental correlation between depression during 

pregnancy and after pregnancy, i.e. estimate the extent of genetic innovation.  
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5 Methods 
5.1 Sample 

The sample used in this study is a subsample of the Norwegian Mother and Child Cohort 

Study (MoBa), conducted by the Norwegian Institute of Public Health (NIPH). MoBa is a 

prospective, ongoing, pregnancy cohort study (Magnus et al., 2006). It has been granted a 

license from the Norwegian Data Inspectorate. The material consists largely of 

questionnaires, however, biological material is also collected. Blood sampling was conducted 

at the time of recruitment and birth. Several questionnaires have been administered in week 

17 and 30 during pregnancy, 6 months postpartum and when the children were age 18 

months, 3 years, 5 years, 7 years and 8 years old. Later questionnaires have been administered 

approximately every second year. The data collected include a wide spectrum of topics, 

including demographics, health, lifestyle, somatic diseases, learning and language, and is 

targeted at both children and parents (Magnus et al., 2016). Written informed consent was 

obtained from all participants upon the time of recruitment.  

Recruitment took place between October 1999 and July 2009, at a routine ultrasound 

examination offered to all pregnant women in Norway, timed at gestational week 17-18. In 

total, 41% of eligible women participated. The total sample now exceeds 114,500 children, 

95,000 mothers and 75,000 fathers (Magnus et al., 2016). The mean age of women 

participating were in September 2015 40.8 years old. At the same time point, 53% of the 

women participating were between 40 and 50 years old.  

The subsample used in this thesis is part of the Intergenerational Transmission of Risk 

study (IToR), in which the aim is to gain insight into the causal mechanisms underlying 

common mental disorders, by studying genetic and environmental modes of transmission of 

risk for these disorders, intergenerationally. This subsample deviates from the general MoBa 

sample in the sense that relatedness is more closely identified. For this subsample, not only 

are the parents separated from the children, but within each generation, full siblings, half 

siblings and twins (monozygotic and dizygotic) are identified, through the use of registry 

linkage, genotyping and questionnaires.  

The present study utilized data from 64 MZ twin pairs, 35 DZ twin pairs, 5540 full 

sibling pairs, and 400 half sibling pairs (maternal and paternal) from the parental generation 

of MoBa siblings. As noted, this study utilizes an extended twin design, which includes 

siblings. Naturally, only female siblings were included, as the topic of study is perinatal 

depression.  
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As the MoBa study does not identify relatedness among the parents participating, 

relatedness was identified by linking the MoBa cohort to Statistics Norway, which tracks 

details about relatedness in the Norwegian population, including plural births. MoBa was 

linked to the Norwegian Twin Registry (NTR) in order to identify zygosity for the same-sex 

twins. For those twins who were not registered in NTR, zygosity was determined using a twin 

questionnaire, which was administered by phone or mail. These questionnaire items have also 

previously been shown to correctly classify more than 97% of twin pairs (Magnus, Berg, & 

Nance, 1983). This information was lacking for 16% of the twin pairs, and thus, zygosity of 

these twins were predicted based on similarity in height, weight, age at menarche, allergies, 

blood pressure and metabolism. These predictions were obtained by fitting a lasso logistic 

regression (Hastie & Qian, 2014) to the twin pairs where zygosity was already established. 

This resulted in correct classification in 87% of the cases.  

5.2 Measures 

As noted, various questionnaires are often used to assess symptoms of mental illness. One 

such instrument is Symptom Checklist 90 (SCL-90) (Derogatis, Lipman, Rickels, Uhlenhuth, 

& Covi, 1974). The SCL-90 is one of the most widely used instruments assessing various 

symptom dimensions of psychological distress, including depression. The SCL-25 is an 

abbreviated version, developed to focus on depression and anxiety, consisting of respectively 

fifteen and ten items (Najarian & Davoodi, 2001). It has been found to have acceptable 

reliability and validity as a measure of psychological distress (Müller, Postert, Beyer, Furniss, 

& Achtergarde, 2010; Strand, Dalgard, Tambs, & Rognerud, 2003). A further abbreviation of 

this is the eight item SCL-8. This is the short-form version used in this study, administered at 

week 30 of gestation, and 6 months postpartum. SCL-8 contains four out of the fifteen items 

in SCL-25, and has been shown to correlate at .92 with the depression score of the full SCL-

25 (Tambs & Røysamb, 2014).  

In this study, the focus was on depressive symptoms, and only the items on depression 

are included in the analyses. These four items were “Worrying too much about things”, 

“Feeling blue”, “Feeling helpless about the future” and “Feeling everything is an effort”. The 

participants were asked to what extent a set of statements, i.e. the items, were true for the last 

2 weeks. They were asked to respond on a 4- point scale, which included the following 

responses: 1 (“not bothered”), 2 (“slightly bothered”), 3 (“fairly much bothered”) and 4 (“very 

much bothered”). The data were treated continuously, rather than as a diagnostic cut-off 

score. Higher scores indicate more depressive symptoms.  
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Several responses or no response were coded as missing data. Missing data was treated 

according to how many items data was missing on. If two or more responses were missing at 

one time of measurement, the participants were excluded from further analysis at that time 

point. If only one response was missing, the missing score was estimated by calculating the 

average of the collected three responses at that time of measurement.  

5.3 Literature Search 

Literature search has been conducted continuously during the time spent writing this thesis. 

The databases Google Scholar and PsychInfo have been the primary sources of literature 

attainment, limited to articles written in English. The focus of the search has been on 

discovering reviews and meta-articles, as a meta-perspective on the literature was considered 

imperative for interpretation of the emerging results. However, also various primary studies 

have been included where this is found appropriate, either as a result of targeted search, or of 

it being referenced by articles attained during the primary search. 

5.4 Statistical Analyses  

5.4.1 Descriptive Analyses 

First, descriptive statistical analyses were performed to examine the central tendencies and 

statistical dispersion, such as means (SD) and score distributions, of the variables, as well as 

to assess internal consistency, measured by Cronbach’s Alpha. The bivariate associations 

between prenatal and postnatal depression were assessed using Pearson correlation analysis.  

5.4.2 Twin Analyses 

Second, after inspecting the outcomes of descriptive statistical analyses, biometric analyses 

were conducted, in order to estimate the genetic and environmental contributions to prenatal 

and postnatal depressive symptoms, as well as to the covariance between them. In the 

specification of the biometric analysis, the correlation between A effects among siblings were 

set to 1 for MZ twins, 0.5 for DZ twins and full siblings, and 0.25 for half siblings, on the 

basis of the relatedness accounted for in section 3.3. C effects where assumed to be equally 

shared among all groups of siblings, while E effects were assumed to be unique to the 

individual. 

Several biometric analyses were conducted in order to identify the best-fitting model. A 

complete ACE model was compared to nested submodels, in order to assess the effect of 

trimming the model. All models were run using the OpenMx, version 1.0.153. Standard 

Cholesky models (see Figure 2) were used to estimate genetic and environmental effects to 

the variance in pre- and postnatal depression, as well as to the covariance between prenatal 
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and postnatal depression. Specifically, qualitative gene-environment interaction was tested by 

dropping the specific genetic variance component for postnatal depression, rendering a 

genetic correlation of unity. Quantitative gene-environment interaction was tested by 

equalizing the respective genetic effects of the common genetic factor on pre- and postnatal 

depression. 

 

6 Results 
Results of the conducted analyses are presented in this section. First, descriptive results. 

Second, model fitting results. Some of the results presented here are standardized, as it 

facilitates interpretation.  

6.1 Descriptive Results 

In total, a relatively large sample of women participated (N = 12 078). Prenatally, 79% of 

observations were included in the analysis, whereas 21% of the observations were excluded 

from analysis. Postnatally, 70.8% of observations were included in the analysis, whereas 

29.2% were excluded. 

Descriptive statistics and inter-item correlations of the items studied prenatally are 

presented in Table 1, and postnatally in Table 2. The items are listed in the following order: 

“Feeling hopeless about the future” (item 1), “Feeling blue” (item 2), “Worrying too much 

about things” (item 3) and “Feeling everything is an effort” (item 4).  

Overall, the symptom severity was low across items, at both time points. Prenatally, 

means ranged from 1.16-1.46, whereas they ranged from 1.21-1.42 postnatally. The item with 

the highest means across both time points were “Feeling everything is an effort”, which 

arguably may be somewhat inflated due to general effects of pregnancy and caring for an 

infant, not directly related to depression. The items were summed to a total score for analysis. 

Scale statistics of the total scores both prenatally and postnatally are presented in Table 3.  

There were moderate positive correlations between all items, both prenatally (ranging 

from .35-.51) and postnatally (ranging from .39-.54). The highest correlation across both time 

points was between item “Feeling blue” and item “Feeling hopeless about the future”. The 

moderate correlations indicate that the items are related, i.e. relates to an underlying construct, 

such as depression, however, they also indicate that the items measure distinct parts of the 

construct.  

 

Table 1. Inter-Item Correlation Matrix for Prenatal Depressive Symptoms 
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 Mean±SD Item 1 Item 2 Item 3 Item 4 

Item 1 1.16 ± .43 1.00    

Item 2 1.25 ± .51 .51 1.00   

Item 3 1.36 ± .58 .44 .48 1.00  

Item 4 1.46 ± .62 .34 .43 .35 1.00 

 

Table 2. Inter-Item Correlation Matrix for Postnatal Depressive Symptoms 

 Mean±SD Item 1 Item 2 Item 3 Item 4 

Item 1 1.21 ± .50 1.00    

Item 2 1.25 ± .51 .54 1.00   

Item 3 1.30 ± .55 .50 .50 1.00  

Item 4 1.42 ± .62 .42 .49 .39 1.00 

 

Table 3. Scale Statistics for Depressive Symptoms Prenatally and Postnatally 

 Mean Variance SD 

Prenatal Depressive Symptoms 5.23 2.62 1.62 

Postnatal Depressive Symptoms 5.19 2.83 1.68 

 

6.1.1 Reliability 

Reliability is the proportion of variance in the observed scores due to true scores (Bordens & 

Abbott, 2002). In order to investigate internal consistency, a Chronbach’s Alpha reliability 

analysis was performed. The results show reliability at an acceptable level, as it ranges within 

.7 and .8 (Kline, 1999). For prenatal depressive symptoms, the reliability was .74. For 

postnatal depressive symptoms, the reliability was .77.  

6.1.2 Phenotypic Correlation 

The total phenotypic correlation between prenatal and postnatal depressive symptoms was .48 

(0.46-0.49 with 95% confidence interval), reflecting a moderate correlation. The phenotypic 

variance denotes all factors for prenatal or postnatal depression in the population (i.e. genetic 

and environmental factors). The correlation denotes the total overlap between these factors. 

This is illustrated in Figure 3.  



37 

 

 

Prenatal Depressive Symptoms     Postnatal Depressive Symptoms 

Figure 3. Total Phenotypic Correlation Between Prenatal and Postnatal Depressive Symptoms. Orange circle 

(left) illustrates the variance of prenatal depression, while the yellow circle (right) illustrates the variance of 

postnatal depression. The overlap illustrates their correlation (r = .48).  

6.2 Model Fitting Results 

6.2.1 Twin Model Fitting 

To further investigate the relative contributions of genetic and environmental factors, model 

fitting was conducted. The fit statistics for the modeling are shown in Table 4. 

First, a fully saturated ACE model (“ACE”) was tested against the data on both pre- 

and postnatal depressive symptoms, which would allow for both genetic effects, as well as 

shared and unique environmental effects. The full ACE model constitute the model of 

reference, to which the fit of the other two models were compared (-2LL = 73461.46, df = 

19681, p = -, AIC = 34099.46).                          

Second, an AE model (“AE”) was conducted. This was done to investigate whether or 

not removing the shared environmental effects (C) had a significant effect on the results. This 

was not a significantly worse fit, hence, in accordance with the concept of making a model as 

parsimonious as possible, it was chosen for further analysis (χ2 = 0.82, Δdf = 3, p = 0.84 , 

ΔAIC = -5.18).  

Third, a constrained AE model (“AE2”) was conducted. to test qualitative gene-

environment interaction. In this model, the additive genetic effects unique to postnatal 

depressive symptoms were constrained to 0. This renders a genetic correlation of unity, and 

was done in order to investigate the overlap in additive genetic effects to depressive 

symptoms at each of the time points more closely. This model did not show a significantly 

worse fit than the previous AE-model (χ2 = 1.56, Δdf = 4, p = .82, ΔAIC = -6.44). Thus, it 

was the model that portrayed the information provided in the data in the simplest way. 

Fourth, a furthermore constrained AE model (“AE3”) was conducted to test 

quantitative gene-environment interaction. In this model, the additive genetic effects for pre- 

and postnatal depression was constrained to be the same. This model had a worse fit to the 
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data (χ2 = 8.31, Δdf = 5, p = .14, ΔAIC = -1.69), indicating that in the best fitting model, 

genetic effects were larger for postnatal than prenatal depression. 

 

Table 4. Comparison of Model Fits 

Model -2LL df P AIC 

ACE 73461.46 19681 - 34099.46 

AE 73462.28 19684 0.84 34094.28 

AE2 73463.02 19685 0.82 34093.02 

AE3 73469.77 19686 0.14 34097.77 

 

A full Cholesky decomposition of an ACE model, without parameter estimates, is previously 

presented in Figure 2. The parameter estimates of the various models are presented in Table 5, 

including standard error (SE) and confidence intervals (CI). Lastly, the preferred model is 

presented through a simplified Cholesky decomposition, in Figure 4. 

 

Table 5 Parameter Estimates of the Models up to Best Fitting Model. 
 

ACE AE AE2 

Parameter Estimate SE 95% CI Estimate SE 95% CI Estimate SE 95% CI 

M pre 5.24 .02 5.20 – 5.27 5.24 .02 5.20 – 5.27 5.24 .02 5.20 – 5.27 

M post 5.21 .02 5.17 – 5.24 5.21 .02 5.17 – 5.24 5.21 .02 5.17 – 5.24 

a11 .48 .35 -.78 – .78 .68 .06 .55 - .79 .66 .06 .53 - .77 

a21 .44 .54 -.96 - .96 .81 .09 .64 - .96 .86 .06 .74 - .97 

a22 .28 .35 -.56 - .56 .33 .18 -.57 - .57 - - - 

c11 .34 .23 -.54 - .54 - - - - - - 

c21 .49 .28 -.68 - .68 - - - - - - 

c22 .00 .35 -.37 - .37 - - - - - - 

e11 1.52 .06 1.43 – 1.59 1.48 .03 1.43 – 1.54 1.49 .03 1.44 – 1.55 

e21 .64 .11 .47 – .76 .54 .04 .46 - .63 .52 .04 .45 - .60 

e22 1.41 .07 1.31 – 1.46 1.36 0.03 1.30 – 1.42 1.37 .03 1.32 – 1.42 

  

Formatted Table
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Figure 4. Simplified Cholesky Decomposition of the Resulting AE Model. Path coefficients are standardized.  

 

6.2.2 Genetic and Environmental Factors for Prenatal and Postnatal 

Depressive Symptoms 

Based on the discussed model, the relative importance of genetic and environmental factors 

for prenatal and postnatal depressive symptoms were estimated. The results are presented 

separately for pre- and postnatal depressive symptoms, and illustrated in Figure 5. 

For prenatal depressive symptoms, the genetic, environmental, and phenotypic 

variance was 0.43, 2.23, and 2.66, respectively. The relative importance of genetic factors (i.e. 

the heritability) for prenatal depressive symptoms were 16.2% (95% CI = 10.7 – 22.1), 

whereas environmental factors were 83.8% (95% CI = 78.0 – 89.3). 

For postnatal depressive symptoms, the genetic, environmental and phenotypic 

variance was 0.75, 2.16, 2.90, respectively. These numbers correspond to 172%, 97%, and 

109% of the estimates for prenatal depressive symptoms, respectively. The relative 

importance of genetic factors (i.e. heritability) for postnatal depressive symptoms were 25.7% 

(95% CI = 19.2 – 32.2), whereas environmental factors were 74.3% (95% CI = 67.8 – 80.8). 
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Figure 5. Relative Importance of Genetic and Environmental Factors for Prenatal and Postnatal Depressive 

Symptoms. Prenatal depressive symptoms are shown to the left. Postnatal depressive symptoms are shown to the 

right. Genetic effects (A) are illustrated by the red color, whereas environmental effects (E) are illustrated by the 

purple color.  

6.2.3 Genetic and Environmental Correlation Between Prenatal and Postnatal 

Depressive Symptoms 

The genetic and environmental correlation between depressive symptoms during and after 

pregnancy were estimated, in order to assess whether there were unique genetic effects 

important to postnatal depressive symptoms. The results are presented separately, followed by 

an illustration in Figure 6. 

Genetic effects unique to postnatal depressive symptoms were constrained to zero, 

resulting in a genetic correlation of 1.00, without significantly poorer fit of the model. This 

indicates no significant genetic innovation in postnatal depressive symptoms. 

The correlation of environmental effects was .35. This indicates that the innovation of 

environmental effects was substantial.  

                                                                       

       

 

                      1.00                                     .35 

Figure 6. Overlap of Genetic and Environmental Effects Across Timing. Extent of overlap between genetic 

effects (green color) and environmental effects (blue color) between prenatal and postnatal depressive 

symptoms.  

6.2.4 Gene-Environment Interactions 

The unity of genetic risk factors for prenatal and postnatal depression indicates that the same 

causal genetic variants have effect prior to and following delivery. This can be conceptualized 

as a (lack of) qualitative gene-environment interaction (Purcell, 2002). The 172% higher 

genetic variance postnatally compared to prenatally indicates that the same causal genetic 

16,2

83,8

Prenatal Depressive Symptoms

25,7

74,3

Postnatal Depressive Symptoms
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variants have stronger effects postnatally than prenatally. This can be conceptualized as a 

quantitative gene-environment interaction (Purcell, 2002). The consequential increase in 

heritability was not artifactual, since it could not be explained by a decrease in environmental 

variance. 

7 Discussion 

This study sought to assess the heritability of prenatal and postnatal depressive symptoms, as 

there is some debate as to whether they constitute the same, or different, constructs. The aims 

were to assess the relative importance of genetic and environmental factors at each time point, 

as well as investigate the correlation between these two, i.e. whether there were unique 

genetic effects contributing to postnatal depressive symptoms. This was done by utilizing a 

bivariate Cholesky model, on a relatively large sample of twins and siblings from the MoBa 

study. In this section, the results, and potential implications of these, are discussed.  

 The main findings were that genetic factors were of low importance both prenatally 

and postnatally, while environmental factors were of high importance. There was no genetic 

innovation, whereas there was substantial environmental innovation. Furthermore, there was a 

qualitative gene-environment interaction, in the sense that the same genetic factors were more 

important following, than prior to, delivery. 

7.1 What Can Explain the Association Between Prenatal and Postnatal 

Depressive Symptoms? 

7.1.1 Contributions from Genetic and Environmental Factors for Depressive 

Symptoms Preceding and Following Delivery  

As presented, the twin results of this study showed that the genetic effects for prenatal 

depressive symptoms explained 16.2% (95% CI = 10.7%–22.1%) of the variance. This is 

lower than the genetic contributions estimated in the recent Swedish twin study which 

estimated heritability of prenatal depression at 37% (95% CI=27% - 47%) (Viktorin et al., 

2016), despite both using an extended twin design including siblings. This may be due to 

various reasons. One, the measurement instrument and timing of measurement varied. This 

study measured symptoms across two particular weeks of the perinatal period, while the 

Swedish study measured symptoms across the whole perinatal period up to 12 months 

following delivery. Stable risk factors, such as genetic effects, become more prominent with 

aggregation of observations across time (Torvik, Gustavson, et al., 2018). Two, while all 

pregnant women were eligible for our sample, the Swedish study required that the depression 

was under some form of treatment, possibly censoring environmental variance in the 
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population (Torvik, Ystrom, et al., 2018). Three, while designs relying on siblings to a great 

extent estimate narrow sense heritability (i.e. additive genetic factors), the classical twin 

design, relying to a great extent on MZ twins, also capture non-additive genetic effects, 

approximating broad sense heritability (Plomin et al., 2013). A pure twin design may have 

yielded different results, however, given the relatively small number of twins included in the 

study, statistical power would have been insufficient. Taken together, the existing evidence on 

risk factors of prenatal depression suggests a heritable component (Serati et al., 2016), 

although, of unknown importance, and appears to be less important than in postnatal 

depression. 

Environmental factors contributed to explain 83.8% (95% CI = 78 – 89.3%) of the 

variance in prenatal depressive symptoms in this study. The finding that environmental 

factors are of larger importance than genetic factors to prenatal depression is in line with the 

recent Swedish twin study, reporting E effects explaining 63% of the variance (95% CI = 51–

73%) (Viktorin et al., 2016). In both studies, environmental factors were limited to nonshared 

environmental effects, whereas shared environmental effects were not significant. The 

findings of low impact of shared environment is not uncommon in twin research, as it does 

not appear to contribute significantly to variance in traits in larger samples (Turkheimer, 

2000). These studies employed a sibling design, which, as noted, may allow for a more 

accurate generalization to the population, however, also entails a less controlled sample. As 

non-twin siblings and half siblings differ more in shared environmental factors than twins do, 

such as age, living situation, social group, etc., it logically follows that the shared 

environmental factors may be lower than what is found in regular twin studies, and unique 

environmental factors may be higher. As noted, E always includes measurement errors, and 

thus, it may be somewhat inflated. Furthermore, the finding that nonshared environmental 

effects are high is common in research on major depression in general (Sullivan et al., 2000). 

As previously discussed, existing research suggests that there are several important 

environmental risk factors relevant to the prenatal period, such as low partner support, life 

stress, lack of social support, domestic violence, substance abuse and unintended pregnancy 

(Biaggi et al., 2016; Leigh & Milgrom, 2008). These are examples of factors that twins and 

siblings may reasonably vary on, independent of each other, i.e. they may contribute to the 

nonshared environmental variance.  

For postnatal depressive symptoms, the relative importance of genetic factors (i.e. 

heritability) was 25.7% (95% CI = 19.2%–32.2%). This is in line with the earliest twin study 
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available, which found that genetic factors explained 25% (CIs not reported) of the variance 

in postnatal depression (Treloar et al., 1999). It is, however, lower than the most recent one, 

which found that genetic factors explained 40% (95% CI = 31%-49%) of the variance 

(Viktorin et al., 2016). Heritability is, as noted a characteristic of the population studied, not 

of the phenotype in itself. Hence, these differences in estimates could be due to the reasons 

aforementioned for prenatal depression, to differences in the population (e.g. secular trends in 

health care or partner support), or due to randomness under the same sampling distributions. 

Aforementioned differences between the studies may also have influenced the difference in 

results. Taken together, existing literature on postnatal depression suggests a heritable 

component, however, the exact nature and extent of this heritability is unknown (e Couto et 

al., 2015; Figueiredo et al., 2015). 

The environmental factors explained 74.3% (95% CI = 67.8–80.8%) of the variance in 

postnatal depressive symptoms in this study. As noted, nonshared environmental factors have 

been found to explain 75% (CIs not reported) (Treloar et al., 1999) and 60% (95% CI = 51%–

69%) (Viktorin et al., 2016) of the variance in postnatal depression, and thus, this study 

appears to be in line with the previous research in the sense that nonshared environmental 

effects appear to be of great importance. Several important risk factors to postnatal depression 

have, as presented, been suggested in the literature. Many of the risk factors are shared with 

depression occurring at other times such as low social support, stressful life events, 

neuroticism and low self-esteem (Eberhard‐Gran et al., 2002; O'Hara & McCabe, 2013; 

O'Hara & Wisner, 2014), whereas some, as discussed, may be more ingenious and 

particularly relevant to the postnatal period, such as childcare-related stressors, lack of sleep, 

and postpartum blues (Beck, 2001; Brummelte & Galea, 2016; O'Hara & Wisner, 2014). 

These are factors that may reasonably vary among twins, and thus, may contribute to the 

nonshared environmental factors contributing to variance. 

The finding that the genetic variance of postnatal depressive symptoms was 172% of 

the corresponding estimate of prenatal depression indicates, as presented, a quantitative gene-

environment interaction, i.e. that the same genes have different impact prior to and following 

delivery (Plomin, DeFries, & Loehlin, 1977). This finding indicates that the same genes are 

involved across time, however, they appear to exert a stronger effect postnatally than 

prenatally. This is an important finding in terms of how the genes and environment interact. 

More generally, it is important to yet again underline that although effects of genes and 

environment are separated in terms of behavioral genetics studies, they are by no means 
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independent of each other. There are various ways in which this may come into play. There 

exists a degree of heritability in virtually every trait studied, as well as in life events (Kandler, 

Bleidorn, Riemann, Angleitner, & Spinath, 2012; Kendler & Baker, 2007; Plomin et al., 

2013). Thus, there is considerable interaction between genes (G) and environment (E), often 

abbreviated GxE interaction. GxE refers to when the effect of the environment on a 

phenotype is dependent upon genotype, or, that the effect of a genotype on a phenotype is 

dependent upon the environment. This is in line with general vulnerability-stress models, 

which, as noted, postulate that individuals with genetically increased risk for psychopathology 

are particularly sensitive to the effects of stressful environments (Plomin et al., 2013). Various 

studies have shown that environmental factors can activate and inhibit effects of the genetic 

predispositions of individuals (Burkhouse, Gibb, Coles, Knopik, & McGeary, 2011; Kim-

Cohen et al., 2006; Plomin et al., 2013). This may apply to this study as well. Environmental 

factors might thus contribute to both increase and reduce the risk of experiencing perinatal 

depressive symptoms. Furthermore, the contexts of which the women live in, is different from 

the prenatal to the postnatal period, providing distinct environmental stressors, such as new 

responsibilities and routines (Leigh & Milgrom, 2008). This may influence the genotypic 

contribution to the phenotype of depression in distinct ways. For instance, the finding that 

there is a reciprocal relationship between postnatal depression and parenting stress, i.e. the 

level of stress within the parent-child system, is an example of how different environmental 

risk factors can contribute to depression postnatally than prenatally, even though other risk 

factors are found to be substantially interrelated (Leigh & Milgrom, 2008). 

7.1.2 Contributions to Stability and Change in Risk Factors for Depressive 

Symptoms Preceding and Following Delivery 

The phenotypic correlation between pre- and postnatal depression was estimated at .48. This 

is lower than the temporal stability using patient registry data in Norway. Torvik, Gustavson 

and colleagues (2018) found the two-, four-, and six-year stability of diagnoses to be .75, .60, 

and .47, respectively. However, when using clinical interviews on a population based sample, 

Torvik and colleagues (2017) found the five-year stability to be .33. It could be that diagnoses 

in a registry is more dependent data due to factors related to the clinician. It could also be that 

diagnoses to a lesser extent capture total variance in risk factors for depression, inflating the 

estimated correlation across time.  

As noted, a general tendency is that genetic factors are found to contribute to 

measured stability over time, whereas nonshared environmental factors are found to 
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contribute to change (Plomin et al., 2013). As presented, the genetic effects unique to 

postnatal depressive symptoms were constrained to zero, resulting in a genetic correlation of 

1.00, without significantly poorer fit of the model. This implies that the genetic factors are the 

same, i.e. genetically prenatal and postnatal depressive symptoms are at unity. Alternatively, 

this can be expressed as zero genetic innovation in postnatal depressive symptoms. This 

appears contradictory to earlier findings of overlapping, but not uniform, genetic factors 

across the perinatal period (Figueiredo et al., 2015). This finding can be seen as a rejection of 

a hypothesis on qualitative gene-environment interaction. As discussed, according to the best-

fitting model the genetic variance was 172% postnatally than that of prenatal depressive 

symptoms is indicative of a quantitative gene-environment interaction across time points, i.e. 

prior to and following delivery. In other words, the genetic factors were stable across time, 

however, their influence increased.  

The genetic correlation at unity does not have to be causal genetic variants coding for 

genetic risk only within the organism. The genetic correlation between pre and postnatal 

depression could be due to common factors conceptualized as measured “environmental” 

factors in non-genetically informative studies. The point being, that exposure to 

environmental factors contributing to depression appear to, as discussed in the introductory 

sections, occur non-randomly, i.e. it is influenced by genetic factors (Kendler & Baker, 2007), 

as discussed in the introductory sections, it is influenced by correlation between genes and 

environment (Plomin et al., 2013). Heritability estimates for a wide array of environmental 

factors have been conducted (Kendler & Baker, 2007). Stable heritable personality traits, such 

as neuroticism and introversion (Jang et al., 1996; John et al., 2008), could be common factors 

for prenatal and postnatal depression. Partner selection and relationship conflicts, also related 

to genetic factors and personality (John et al., 2008; Kandler et al., 2012), could represent 

active and evocative gene-environment mechanisms, respectively, driving the high observed 

genetic correlation. The large categories of risk presented earlier, overlapping between both 

prenatal and postnatal depression, as well as between perinatal and non-perinatal depression 

(stressful life events, history of psychopathology and poor social support) consist of 

contributions from both genetic and environmental factors with considerable correlation 

(Kendler & Baker, 2007). Regardless, the point is that a high genetic correlation does not 

imply that there are not common factors that can be intervened on. 

The correlation of environmental effects was .35 in the postnatal measurement of 

depressive symptoms. This indicates substantial environmental innovation. In other words, 
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the stressors contributing to depressive symptoms appear endogenous to the postnatal period. 

In a recent twin study, the environmental correlation of MDD was found at .36 over a period 

of 4 years in an adult sample comparable to the sample studied in this thesis, although it 

included both genders (Torvik, Gustavson, et al., 2018). One could therefore argue that the 

transition from pregnancy to becoming a mother appears comparable to several years, in 

terms of extent of uniqueness of the environmental factors contributing to the depressive 

symptoms. Accordingly, the transition to motherhood is associated with significant 

emotionality and distress, even in women not experiencing psychopathology of clinical value 

(Rallis et al., 2014). It may involve considerable changes in lifestyle and routines, e.g. 

disruption, as well as introducing major, possibly additional, responsibilities (Duarte-

Guterman et al., 2019; Leahy‐Warren, McCarthy, & Corcoran, 2012; Rallis et al., 2014). For 

multiparous women, i.e. having given birth more than once, giving birth to a new baby might 

put a strain on resources available to care for the infant’s siblings, as well as other tasks. 

Additionally, various somatic and hormonal changes are occurring concomitantly. Some 

therefore advocate for a broader definition of perinatal distress rather than simply depression 

and anxiety (Rallis et al., 2014). What is more, if prenatal depression in itself, or the risk 

factors thereof, directly caused postnatal depression, we would expect that the genetic and 

environmental correlations to be equal. The current findings indicate less room for such an 

interpretation of the factors for stability in perinatal depression. Although, there is some room, 

since only an environmental correlation of zero rules out such an interpretation. However, if 

the stability in perinatal depression was solely due to mediating factors, we would also expect 

the genetic and environmental correlations to be the same. The current findings then also limit 

the room for putative mediating factor that can be intervened on during this period. It could be 

that the observed gene-environment interaction is a better place to lay interventions than using 

an additive mediation model. 

As discussed in the introductory sections, some propose a subgroup of women who are 

particularly vulnerable to the mood effects of hormonal changes (Bloch et al., 2003), as 

various hormonal factors and hormonal changes are associated with perinatal and non-

perinatal depression in women (Kendler, Gardner, et al., 2001; Kendler et al., 2010; Kuehner, 

2017). Reproductive depression is proposed as an overreaching subtype of depression, in 

which depressive symptoms are occurring concomitant with reproductive events, such as in 

the perinatal period (Stuart-Parrigon & Stuart, 2014), which may have contributed to observed 

depressive symptoms. Furthermore, dysregulation of the HPA-axis is, as noted, suggested to 
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have a depressogenic, as well as differentiating, effect, preceding and following delivery, 

which may contribute to depression at both times (Dickens & Pawluski, 2018; Kammerer et 

al., 2006). 

By extension, hormones and neurotransmitters are found to potentially affect 

neuroplasticity, which is linked to the perinatal period (Figueiredo et al., 2015). Some 

research suggests that there are significant structural and functional brain changes related to 

the perinatal period, both during and following gestation (Brunton & Russell, 2008; P. Kim et 

al., 2010). Some of these appear transient, whereas others appear to have long-lasting effects 

(Hoekzema et al., 2017). These long-lasting effects appear to affect how the woman’s brain 

responds to challenges later in life, such as hormones, diet and stress, long after the 

reproductive event (Duarte-Guterman et al., 2019). These changes are predominantly found to 

facilitate maternal behavior, however, they are also proposed to increase the risk of 

psychopathology, such as perinatal depression (Brunton & Russell, 2008; Duarte-Guterman et 

al., 2019). Evidence is more solid in animal studies, such as on rodents, however, also 

increasing in human mothers (Macbeth & Luine, 2010). One example is that it is suggested 

that the changes in hormonal levels throughout the ovarian cycle modulate neuronal 

excitability through effects on GABAA receptors, and that this constitutes an increased risk of 

postnatal depression (Brunton & Russell, 2008; Maguire & Mody, 2008). As discussed, 

GABA dysregulation is suggested as a potential contributing factor to late-onset postnatal 

depression in particular (Burke et al., 2019). Furthermore, pregnancy is associated with 

transient cognitive impairments, particularly in terms of memory and executive functions, and 

these impacts appear to be exacerbated by multiparity (Duarte-Guterman et al., 2019). By 

extension, a speculation in this regard is that there may be something about pregnancy and 

childbirth (i.e. “by design”) that bring forth changes that are perceived as illness, which may 

intrinsically be evolutionary features that facilitate change in behavior, as a consequence of 

the event of reproduction. For example, there has been put forth theories on how aspects of 

depression is more a “feature” than a “bug” in human affect processing (Durisko, Mulsant, & 

Andrews, 2015). The combined finding of same genes, but larger genetic effects postpartum 

could indicate that “normal” aspects of genetic risk for depression is applied to a greater 

extent in this specific context. 

There is also some evidence that perinatal sleep changes contribute to mood states 

(Dørheim et al., 2014; Okun et al., 2011). It is hypothesized that chronic sleep deprivation 

mediates the link between baby blues and postnatal depression, i.e. for most women, mood 
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improves in parallel with a gradual reduction in sleep disturbances, whereas for other women 

who continue to experience these disturbances, negative mood may develop into a depressive 

episode (Ross, Murray, & Steiner, 2005). However, evidence is limited.  

Recently, an antidepressant medication for the treatment of postnatal depression was 

approved for the first time (Frieder, Fersh, Hainline, & Deligiannidis, 2019). An exhaustive 

elaboration on antidepressant medication, and selective serotonin reuptake inhibitors (SSRIs) 

in particular, exceeds the scope of this thesis, however, this study proposes that the genetic 

factors are at unity. Thus, possibly prompting questions regarding the foundations of a 

medication targeting solely postnatal depressive symptoms, as prenatal depressive symptoms 

appear influenced by the same genetic factors.  

It is also important to underline the findings in relation to depression and women in 

general, also including non-perinatal depression. As discussed, there is a peak in depressive 

episodes which coincide with the reproductive period. Furthermore, challenges to depression 

in general, i.e. non-perinatal depression, such as recurrence, stress-vulnerability, possible 

kindling, and gender differences in depression may influence the occurrence of perinatal 

depression, regardless of pregnancy and childbirth per se.  

7.2 Implications 

This study suggests that the same genetic factors are important for depressive symptoms 

occurring both prenatally and postnatally, whereas the environmental factors are to a great 

degree changing. The genetic factors appear to be of limited importance to perinatal 

depressive symptoms, however, of larger importance postnatally than prenatally. This calls 

for a further investigation into what might exacerbate the effects of the same genetic factors 

following childbirth. Some possible mechanisms have been suggested here. As noted, there is 

consistent evidence that the environmental factors are heritable to various degrees, thus, 

environmental factors may contribute to this finding of increased heritability postnatally. 

Although prevention and treatment has not been the focus of this study, the results yield 

implications regarding these aspects. Some of the factors presented here, such as comorbid 

psychopathology, stressful life events, low social and partner support may contribute to the 

increase of heritability, while concurrently being factors very eligible for intervention. Factors 

such as hormonal changes and personality traits, which arguably may be influenced to a 

stronger degree by genetic factors, may be more difficult to intervene on, however, the genetic 

factors appear to be of substantially less importance than environmental factors throughout 

the perinatal period.  These findings implicate that the focus of prevention and treatment 
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should be on reducing the impact of environmental stressors occurring throughout both 

pregnancy and following delivery, as they appear largely endogenous to each time point. 

Some specific stressors have been discussed and proposed here, such as transient hormonal 

changes, sleep disruption and parenting stress.  

Several studies underline that the treatment literature for perinatal depression is 

incomplete, and stress the importance of continued research (Meltzer-Brody et al., 2018; 

Stuart-Parrigon & Stuart, 2014; Underwood et al., 2016). The context of childbirth may 

warrant therapeutic needs that differ from those seen in non-perinatal periods, such as 

accommodation of medication, as well as acknowledging the emerging relationship with the 

infant (Di Florio & Meltzer-Brody, 2015). As noted, there is some evidence of different 

perinatal depression trajectories, which may further underline the need for tailored treatment 

(Putnam et al., 2017; Wikman et al., 2019).  

7.3 Methodological Considerations 

7.3.1 Reliability 

The results showed acceptable reliability at both time points (.75 and .78, respectively), which 

strengthens the notion that indeed one underlying construct such as depression contributes to 

the observed results. It is generally accepted that Cronbach’s alpha should be at least .7 to 

ensure the quality of the measurement (Kline, 1999). However, a reliability level of 1 may be 

undesirable, as it implies that only one construct has been measured. Such as in the case of 

depression, the presence of both cognitive and affective symptoms appear to contribute to the 

depressive clinical picture as separate, although correlated, constructs. Thus, a somewhat 

lower Cronbach’s alpha may therefore in fact be a more appropriate measure. 

7.3.2 Assumptions of the Twin Method 

There are some key assumptions and premises of the twin method which may limit the 

findings of this study. One assumption is the equal-environment assumption, which postulates 

that the shared environmental factors are equally similar across MZ and DZ pairs. Some 

controversy remains around this, as some hold that MZ twins are treated more similarly by 

their environment than DZ twins. However, it is not considered a violation of the equal-

environments assumption if the similarities are caused by more similar genotype, and the 

equal-environments assumption has strong empirical support (Kendler, Neale, Kessler, Heath, 

& Eaves, 1993; Plomin et al., 2013). 
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Furthermore, generalizability of twins has been discussed more broadly. There are 

some important differences between twins and singletons, equal across zygosity, such as 

lower birthweight, and some delays of cognitive skills, such as verbal ability and IQ (Plomin 

et al., 2013). However, these differences are generally found to be due to postnatal 

environment rather than prematurity. In aspects more relevant to this study, such as 

personality and psychopathology, twins and singletons do not appear to differ significantly 

(Plomin et al., 2013). This study also included siblings in the analyses, which makes the 

results here less prone to these possible limitations.  

Additionally, the aspect of assortative mating, i.e. non-random mating needs to be 

considered. This refers to the notion that selection of partners occurs non-randomly. There are 

estimates of correlation between partners on various traits, such as physical traits, intelligence 

and education (Plomin et al., 2013). In the twin method, positive assortative mating can 

contribute to correlation between DZ twins, as well as siblings, as assortative mating 

increases similarity between first-degree relatives (Plomin et al., 2013). Thus, the difference 

between MZ and DZ twins, which forms the basis of estimating heritability, may be reduced, 

and consequently contribute to underestimation of heritability.  

7.4 Strengths and Limitations 

7.4.1 Strengths 

There are several strengths to this study. One obvious strength is the relatively large sample 

size. By extension, the sample included siblings of various relatedness, allowing for a more 

generalizable heritability assessment. Furthermore, recruitment was very broad, and 

measurement was conducted prospectively, which allowed for measurement that is not 

vulnerable to recall bias.  

7.4.2 Limitations 

 There are some limitations to this study. First, the sample may have influenced the 

results. There may be traits to the women who choose to participate, and continue their 

participation, in a longitudinal study such as MoBa, that are systematically different from the 

general population, i.e. selection bias. Yet, as noted, the respondent rate is relatively high and 

the recruitment broad, potential bias appears to be of limited importance (Nilsen et al., 2009). 

Furthermore, the questionnaires deployed in these studies are quite early on in the follow-up 

period, at least for the women participating for the first time, and therefore may suffer less 

from drop out than questionnaires conducted at a later time point of the MoBa study.   
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The symptom severity was overall low, across items and across measurement times. 

The symptom levels being lower is expected in epidemiological studies, particularly 

compared to clinical studies, nonetheless, this constitutes a limitation to interpretation. As 

noted, the item with the highest means across both time points were “Feeling everything is an 

effort”. This may arguably may be somewhat inflated due to general effects of pregnancy and 

caring for an infant, perhaps not directly related to depression. 

The measurement method may have influenced the results. It is important to repeat 

that the measurement method, SCL-8, utilized in this study, measures symptoms, and not a 

diagnosis, despite demonstrating high reliability and validity. The data collected is 

continuous, and no clinical cut-off score is utilized, such as in a diagnostic interview. 

Furthermore, type of depression was not specified. The depressive symptoms observed may 

be part of recurrent depressive disorder, or non-unipolar depression, i.e. bipolar disorder, 

which may have influenced the estimates. Also, the timing of measurement, week 30 of 

pregnancy and 6 months postpartum, may have influenced the responses. Week 30 is well into 

the third trimester, and may therefore bring about bodily changes which cause symptoms that 

appear similar to depression, such as fatigue, difficulty sleeping and mood changes (Davis, 

1996). Similarly, the timing of the second measurement, 6 months postpartum, may also have 

influenced the responses. As noted, higher heritability is suggested earlier in the postnatal 

period. Earlier measurement may allow for a higher prevalence and severity of depressive 

symptoms. On the other hand, measurement very early in the postnatal period could have led 

to misclassification of the more transient state of baby blues as depression. At 6 months 

postpartum, the infant is at an age where it is more active, thereby demanding more of its 

mother, and hence, depressive symptoms may become more pronounced (Leahy‐Warren et 

al., 2012; Leigh & Milgrom, 2008).  

By extension, symptoms of depression is only examined in relation to pregnancy and 

giving birth. As noted, depression is most prevalent among women of reproductive age. In 

MoBa, women are recruited solely in effect of being pregnant, hence, there is no readily 

comparable control group to study depression unrelated to the perinatal period. Whether 

depressive symptoms occurring in the studied sample would have occurred independently of 

pregnancy and delivery is therefore difficult to answer. There may be factors in the lives of 

women that occur at this stage unrelated to pregnancy, which may overlap with a period of 

childbirth.  
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Addressing some central limitations of the literature is also warranted. It should be noted 

that various measures of depression are used, both regarding prenatal and postnatal 

depression, as well as perinatal depression. The criteria vary among studies, as well as 

whether depressive symptoms are measured continuously or categorically. Furthermore, there 

are various definitions of the time frame of depression occurring at these time points. 

7.4.3 Conclusion 

This study sought to investigate whether prenatal and postnatal depression was the same or 

distinct phenomena. To answer this, the heritability of depressive symptoms occurring at both 

time points was investigated. Thus, the aims were to assess the relative importance of genetic 

and environmental factors at each time point, as well as investigating the correlation between 

these two, i.e. whether there were unique genetic effects contributing to postnatal depressive 

symptoms. The main findings were that genetic factors were of low importance both 

prenatally and postnatally, while environmental factors were of high importance, which is in 

line with research on major depression in general. There was no genetic innovation, whereas 

there was a large degree of environmental innovation. Furthermore, there was a quantitative 

gene-environment interaction, in the sense that the same genetic factors were more important 

following, than prior to, delivery. 

In conclusion, perinatal depression specifically, as major depression generally, appears 

ingenious to the current context in which people find themselves in at various points in time. 

This suggests that prevention efforts should be closely related to reducing the occurrence and 

effects of environmental stressors experienced at each stage of the perinatal period, i.e. during 

pregnancy and following delivery. As perinatal women already constitute a medically 

captured group, there are opportunities for preventing, detecting and treating perinatal 

depression.  

7.5 Directions for Future Research 

Based on the findings of this study, and the discussed implications of these, there are several 

suggestions for future research on this topic. This study proposes that genetic factors are of 

some importance to perinatal depression, whereas environmental factors are of substantial 

importance, and that these change from pregnancy to after delivery. Several risk factors are 

identified, as discussed, however, a more thorough understanding of how genetic and 

environmental factors contribute to depression occurring at these times, is lacking. Further 

research into the etiology of perinatal depression therefore appears necessary. Data regarding 

other circumstances which may be relevant to the display of depressive symptoms, such as 
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health status, role of partner, socio-economic status, etc., are readily available in MoBa. 

Especially in light of the results, discovering a large proportion of depressive symptoms being 

caused by environmental factors, as well as an increase in importance of the same genetic 

factors across the perinatal period, it would be of interest to see future studies examine these 

associations more closely. The finding that these factors seem mostly unique to each timing 

may contribute to this task being difficult. However, the finding that perinatal depression is 

mostly influenced by environmental factors allows for more readily available prevention 

efforts than genetic findings. A more comprehensive understanding of the etiology of 

perinatal depression appears crucial to correct treatment, as well as prevention.  
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