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Abstract 
Keijser, R. 2021. Depressive Symptoms Among Adolescents and Young Adults. 
Psychometrics and the Influence of Family Environment, and Candidate Gene–environment 
Interactions. Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of 
Medicine 1772. 121 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1303-0. 

The overall aims of this thesis were to evaluate the psychometric properties of a questionnaire 
designed to evaluate parenting styles, and to study how depressive symptoms among 
adolescents and young adults may vary depending on the family environment and 
candidate gene–environment interaction (cG×E). 

The study sample consisted of participants (born during 1997 or 1999), and their caregivers 
from the Survey of Adolescent Life in Västmanland Cohort Study. This thesis included data 
from 2012 when the participants were 13 and 15 years old (Wave I: DNA collection), 2015 
at ages 16 and 18 years (Wave II: Parenting styles, parental depression, depressive symptoms, 
early life stress i.e., ELS) and 2018 at ages 19 and 21 years (Wave III: Depressive symptoms). 

Paper I: A good model fit was obtained for the Parent as Social Context Questionnaire 
(PASCQ) parent and adolescent versions through psychometric evaluations. Paper II: Positive 
and negative parenting styles were associated with fewer or more depressive symptoms 
among adolescents and young adults, respectively. Parental depression×sex was associated 
with more depressive symptoms, preponderant among female adolescents. The findings 
were not significant among young adults. Paper III: A significant cG×E effect between 
oxytocin receptor single-nucleotide polymorphism (SNP) rs6770632 and negative parenting 
style on depressive symptoms among young adults was found. Paper IV: Significant cG×E 
effects were found for the FKBP5 SNPs rs1360780, rs4713916, rs7748266 and rs9394309 
moderated by ELS and positive parenting style on depressive symptoms among young adults. 

These findings suggest that parenting styles may be measured with the PASCQ and that 
depressive symptoms among adolescents and young adults seem to vary dependent on the 
family environment and cG×E effects. However, the cG×E effects may be more central for 
some individuals depending on differences in diathesis- or sensitivity towards the family 
environment. The variance in depressive symptoms may therefore contain diathesis stress and 
differential susceptibility effects regarding the cG×E interaction. The insight gained from this 
thesis provides a foundation for future research and contributes to research areas such as 
parenting research and the understanding of biological factors behind depressive 
symptomology among adolescents and young adults. 
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‘If we knew what it was we were doing, it would not be called research, would it?  
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Introduction 

Depression  

Mental health problems, including mood disorders, have increased signifi-

cantly among adolescents and young adults during recent decades1. Depres-

sion seems to emerge from various factors such as genetic predisposition, the 

environment, social aspects, and hormonal functions of the brain2-7. Depres-

sion is distinctively age-related (i.e., it increases with age)8, 9. Childhood de-

pression is rare10; however, the risk rises substantially throughout adolescence 

when mental health problems often debut11-14. Across different countries, the 

highest risk period for the onset of a major depression episode ranges from 

mid- to late adolescence and up to middle age12. Children, adolescents, and 

young adults usually do not share common neurobiological correlates regard-

ing the onset of depression15, suggesting a complex architecture of non-shared 

as well as shared pathways at different developmental stages15. The onset of 

depression at different ages may reflect slightly different causal factors16. As 

these age groups differentiate in terms of risk, separating evaluations by age 

is preferrable in biosocial research, prevention and intervention17. This age 

aspect is also interesting from a protective perspective.  

The increase in mental health problems is not limited to the most vulnerable 

adolescents and young adults who experience stressful psychosocial events18, 

such as a negative family environment. The increase affects a wide range of 

individuals, and currently, there is no clear explanation as to why18. 

Course and Comorbidity 

As one of the most common psychiatric disorders and the third leading cause 

of years lived with disability worldwide, depression is a global public health 

problem and a major contributor to early mortality from suicide19. Depression 

has a high prevalence, a high risk of relapse and impairment, and can cause 

long-term sickness because of its potential disease burden through life20-24. 

Over 264 million individuals of all ages suffer from depression globally, with 

the proportion of the global population with depression estimated to be 4.4% 

in 201519. About one-quarter of 18-year-olds have had one or more episodes 

of depression25. There is great variability in prevalence estimates across dif-

ferent countries12. In 2020, the prevalence of depression diagnosis in Sweden 

among 18–29-year-old adults was about 4%26, whereas 22% of the general 
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population reported an overall prevalence of clinically significant levels of 

depressive symptoms and 11% indicated possible clinical depression27.  

One of the most robust findings regarding depression is sex differences; 

i.e., being female is one of the most critical risk factors for the development 

of depression and depressive symptoms28-30. The global depression rate among 

females is 5.1%, compared with 3.6% for men19. This difference may be in-

fluenced by psychosocial factors, biological changes during puberty and/or 

differences in oestrogen and testosterone levels29. Females in Sweden aged 

16–29 years were more likely than men and older females to report a diagnosis 

of depression during 202026. 

Depression is a common comorbidity with other psychiatric disorders and 

symptoms13, 31-34. Comorbidity between psychiatric disorders tends to affect 

aspects of health-related quality of life, which reflects the transition, from an 

infectious disease to disease burden35. Depression also contributes to an in-

creased risk of developing concurrent physical disorders such as heart disease 

and diabetes, and accounts for the poor prognosis for individuals with such 

conditions36. The association between depression and chronic physical dis-

eases is known to be a heightened disease risk, and associated with physical 

impairment37. Moreover, individuals suffering from depression may not only 

suffer from the disease burden, impaired quality of life and comorbidity, but 

also from the economic burden of health care- and work loss-related costs38.  

Symptomology and Diagnosis 

There are a number of common symptoms of depression: decreased energy 

levels; loss of motivation, interest and initiative; increased degree of irritation; 

impaired concentration, memory, and self-esteem; guilt, shame and worthless-

ness; disrupted sleep; weight gain/loss; and suicidal thoughts and actions39. 

These symptoms are employed to define major depressive disorder among 

children, adolescents and adults39. The two most frequently used classification 

manuals for mental disorders, the Diagnostic and Statistical Manual of Mental 

Disorders (DSM) and International Classification of Diseases (ICD) concep-

tualize and define diagnostic criteria for depressive disorders in similar ways, 

and both indicate that depressed mood may manifest as irritability among chil-

dren and adolescents40, 41. When comparing the profiles of adolescent and 

adult major depression symptoms, previous research has found that appetite, 

weight change, energy loss and insomnia were more common among adoles-

cents, and that loss of interest, anhedonia and concentration problems were 

more common among adults42. These differences were similar for depressive 

symptom count and major depressive disorder42. The most common DSM 

symptom for both adults and adolescents with depression is suggested to be 

depressed mood42. Because of the early development and the chronic state of 

depression, it is desirable to recognize and treat the symptoms as early as pos-

sible43.  
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The Family Environment 

The family environment has been a known predictor for mood disorders for 

decades44-46. Evidence for the role of family environment in the development, 

course and maintenance of depression among children and adolescents is well 

established46. Different family characteristics, demographic variables and so-

cio-cultural factors are suggested to be associated with depression47. Early life 

stress (ELS)48, family relationships49, parenting styles50, and parental depres-

sion46 all have individual and/or joint effects on depression50-58,  for better and 

for worse59. 

Parent–Child Relationship 

The ability to parent well is influenced by contextual and environmental fac-

tors. The interplay between the family and the surroundings influences the 

relationship between parents and their children60. The characteristics of par-

enting include physical care, family safety, the mental health of the parent and 

nurturing61. The most significant people in the life of children are their parents, 

from infancy through adolescence and further into adulthood, in terms of their 

development and mental health62. Parents are important for the child, espe-

cially during the early years when the maturation of different neurophysiolog-

ical systems makes the child dependent on and receptive to a sensitive envi-

ronment for emotional regulation63-65. The parents and the immediate family 

shape the environment in which the child adapts their effective psychological 

functions66. 

The parent–child relationship and its quality are considered the most influ-

ential environmental contributor to child development, either independently 

or as a mediator of other factors67, 68. The relationship is bidirectional and 

changeable over time61; it is not solid but dynamic, and a parent may do better 

during certain phases or areas61. In the same way that parents differ, so too do 

children, and their needs and demands on their parents vary with age and de-

velopmental stage61. The family environment is the initial point of contact that 

links a child to their surroundings. Within this environment, a child learns how 

to react to the world. They develop and learn how to communicate, adapt basic 

norms, and eventually form attitudes and ethics. Their mental and physical 

health also develops at this time69-72. The way in which children are raised 

affects many aspects of their lives, which in turn affects their mental health57, 

73-75. Parenting may thereby moderate risk or function as a resource that coun-

teracts risk72, 76. A child raised in an environment that meets their psychologi-

cal needs and nurtures them often has  healthy growth and development as a 

consequence77.  

The relationship between the parent and child changes and becomes more 

self-sufficient as the child develops towards adulthood78, 79. The need for au-
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tonomy is associated with a deterioration in the parent–adolescent relation-

ship80. A transformation occurs during adolescence when development in 

physical, psychological and interpersonal aspects occurs81, 82. The develop-

mental maturation that occurs during adolescence, is the final period of rapid 

neurological change in human development. This change affects hormonal 

levels and influences mental functions that cause sexuality to progress, which 

in turn triggers the targeting of another attachment figure beside their par-

ents83. Female adolescents tend to have wider social support than their male 

peers during late adolescence (around age 19). Female adolescents report 

mothers, friends, siblings and romantic partners as the most significant, whilst 

male adolescents rate their romantic partner as the most significant84. Most 

adolescent studies show that family members are an important source of sup-

port during mental health issues, regardless of age85, and that adolescents re-

port being close to their parents, being able to to talk to them, feeling loved by 

them and admiring them86.  

Parenting Styles 

Parenting styles are qualities and/or descriptive schemes used to assess and 

describe the nature of parenting87. More than 50 years ago, Baumrind and 

Black88 presented three primary parenting styles, authoritarian, authoritative 

and permissive, that underlie a wide range of parenting styles seen today88. 

Later, Maccoby and Martin89, added the neglectful parenting style to Baum-

rind´s concept, which was later supported by Lamborn et al.,90. These parent-

ing styles are widely used today in different contexts. During the first decades 

of parental research, a considerable amount of time was spent conceptualizing 

general parenting characteristics by  interviewing, reading journals and ob-

serving and rating parents on general behaviours, such as strict accepting91. 

The primarily focus was initially on two styles, Warmth and control, which 

were subsequently followed by Structure91. The number and specifications of 

the different parenting styles are handled differently between researchers, alt-

hough most support the dimensions of Warmth, Structure, and Control as well 

as Hostility, Involvement, Ignoring, Directives, and Autonomy90-92. Skinner et 

al.,87 presented six parenting styles: Warmth, Rejection, Structure, Chaos, Au-

tonomy support, and Coercion, (further presented in Table 1). 
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Table 1. Parenting styles, definitions, and key concepts 

Parenting style Definition Key concept 

Warmth Expression of emotional nurturance, availability, 

support, genuine care and love. Often prominent 

when the child seeks comfort, in the parent–child 

interaction, and when teaching or discipline oc-

curs87, 93, 94. 

Child focused 

Appreciation 

Acceptance 

Closeness 

Kindness 

Structure Clear expectations with consistent and appropriate 

limit setting. Provides information on how to 

achieve goals and avoid undesirable outcomes, 

and supports and guides the children to follow 

such pathways87, 95  

Organisation 

Firm control  

Rule setting  

Consequent 

Directives 

Autonomy support Characterized by interactions in which children are 

expected and encouraged to express their thoughts 

and visions. These are considered when plans are 

set and problems needs to be solved87, 95  

Responsiveness 

Permissiveness 

Democracy  

Tolerance  

Freedom 

Rejection Actively dislikes the child, undermining their 

emotional regulation. Overt communication of 

negative feelings towards the child (i.e., criticism, 

disapproval or ridicule). Can be expressed in reac-

tion to/or independent of the child’s needs for at-

tention43, 87. 

Undermining 

Harshness 

Irritability  

Aversion 

Hostility 

Dislike 

Chaos Lack of structure, inconsistent unpredictable, un-

dependable, arbitrary and erratic87 

Under controlled 

Unpredictable 

Inconsistent 

Illogical 

Causal 

Coercion Demanding, psychological control, requiring strict 

obedience. Often also referred to as absence of au-

tonomy support87, 95  

 

Over controlling 

Compliance  

Demanding 

Regulation 

Forceful 

Note: Table adapted from Skinner et al.,87. Six Dimensions of Parenting: A Motivational Model. 
Copyright © 2021 Taylor & Francis Group Ltd. 

 

Three parenting styles are considered to be negative: Rejection, Chaos, and 

Coercion87. These are considered a source of social adversity during the early 

years of childhood43, 63, 87, 95. The other three styles, Warmth, Structure, and 

Autonomy support57, 73, 87, 93-95, are considered helpful for development and 

positive for mental health. The positive parenting styles are expected to pro-

mote and meet innate psychological needs, and thereby contribute to the ado-

lescent’s motivation to self-regulate their behaviour in concurrence with in-

ternalized social values87, 96, 97. The negative dimensions are predicted to result 

in parent–child conflict and emotional and/or behavioural problems for the 

adolescent87, 96, 97. With regards to the positive parental categories, parental 

Warmth directs positive affection and nurturance towards the child, Structure 

characterizes consistency in the interaction between the parent and the child, 

and Autonomy support encourages and allows the child to freely express their 
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own mind87. Regarding the negative parental categories, Rejection defines 

perceived parental hindrance and disapproval, Chaos defines an erratic or un-

predictable parental response and lastly Coercion is characterized by parental 

restrictiveness and autocracy87. 

Parenting Styles and Depression  

Parenting styles may be a critical as an influence on child development, be-

cause of their impact on child compliance and willingness to socialize64, 89, 98. 

Parental Warmth, Structure and Autonomy support are suggested to be critical 

for the needs of belonging, competence and autonomy87. Conversely, parental 

Rejection, Chaos and Coercion undermine the sense of belonging and efficacy 

and prevent children from developing autonomy87. A child raised in an envi-

ronment of autonomy and encouragement99 is more likely to benefit  from 

socialization with its parents87. Parents who fulfil the psychological needs of 

their children influences them to engage and co-operate with their parents, 

whilst children who interact with a hostile, chaotic and coercive parent be-

comes disengaged from the interaction and may become submissive, opposi-

tional or even indifferent87. In terms of mental health, a negative parenting 

style is said to increase the risk for depression, whereas a positive parenting 

style is said to reduce it46, 100. A meta-analysis and review revealed that posi-

tive parenting has been associated with better child functioning (e.g., attach-

ment) and reduced internalizing symptoms, and general psychopathology 

among children of all ages101. The effect was strongest among children up to 

a year old, and was significantly larger than the effects for children aged 1-11 

years101. There furthermore seems to be a link between different parental roles 

(or combinations of roles) and depressive symptoms102. Combined parental 

roles in general were more associated with depression than non-combined pa-

rental roles102. For example, biological parents with one child residing at home 

and another outside the home were more strongly associated with depression 

among children102. 

A systematic review suggested that targeting certain parenting styles during 

early developmental stages might improve the long-term risk of negative out-

comes such as mental illness among children and adolescents103. Nevertheless, 

the authors stated that even if these effects were supported, the findings on 

both positive and negative parenting during childhood influencing the devel-

opment of depression in adolescence are inconsistent, and the area is under-

studied103. Another review104 also found inconsistency in terms of longitudinal 

associations between parenting during childhood and adolescent symptoms of 

depression. While it appears that a link between mental health problems and 

the parent–child relationship exists, it needs further evaluation. Research has 

found a potential confounder in parental psychopathology78, 105. 
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Parental Depression1 

The mechanisms of the links between parental depression and mental health 

problems in their offspring and its costs are not understood fully106. There is 

still much to be explored the connection between parental depression and off-

spring depression and whether that connection is mediated by heritable genetic 

factors and/or modified by environmental contexts106. Within a multidimen-

sional approach, previous research has studied the family environment and 

parental diagnoses, such as parental depression, to understand the develop-

ment of adolescent depression46. 

In their review, Goodman and Gotlib48 identified four mechanisms that may 

explain the complex transmission between mother and youth depression: ge-

netics, neuroregulation difficulties that impact affect regulation, exposure to 

negative maternal affect and behaviours, and lastly, stress and the environ-

mental context of the adolescent. Mental health problems, such as depression, 

are twice as common among children and adolescents when a parent suffers 

from depression because of the negative impact on the child107, 108. Maternal 

depression has been significantly associated with parenting practice, where 

mothers were less warm and interacted less with the child, independent of the 

age of the child when their depression was assessed101. There were some effect 

size differences related to age. Significantly larger effects were seen for chil-

dren aged 5–11 years compared with children aged 0–1 year and 13 months–

5 years. No differences were observed between the oldest  groups of children 

(5–11 years and 11–15 years)101. 

Depressive symptoms among parents are said to compromise parenting 

practice (e.g., being less warm and interactive)109. Parental depressive symp-

toms work as a predictor for withdrawal from involvement with the child109, 

intrusiveness110 and negative emotional expression111, all of which are risk 

factors for the development of depression in children109
. Even if the linkage is 

clear, the mechanisms behind this process are not understood fully109. 

Early Life Stress 

Early life stress (ELS) is often defined as an experience of severe stress from 

a comprehensive spectrum of stressful experiences (e.g., maltreatment, abuse 

or neglect, separation, parental loss, economic hardship, starvation, domes-

tic/community/school violence) occurring sometime during the childhood 

years112, 113,  from prenatal life or the first months of life up to adolescence114-

116. The rates of experienced ELS are high at 30–40% among adults117. A 

large-scale epidemiological study on adverse childhood events reported that 

approximately 64% of people in the US experienced at least one adverse early 

life event, and 12.5% experienced at least four adverse early life events118. 

                               
1 Notably, parental depression in the present thesis is considered as an environmental predictor 
and not as a genetically predisposed variable. 
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ELS and Depression  

ELS may have a profound long-term effect on the individual’s psychological 

health119, 120, conferring a risk for depression up to young adulthood121, 122. 

Stress is a precipitating predictor for mood disorder123, 124, and ELS in any 

form is a risk factor for various psychiatric syndromes, such as depression125. 

Early development plays a key role in future well-being126, where children can 

be affected by adversities over several domains that increase the risks for de-

pression at an early age127. The more severe the ELS exposure (such as sexual 

abuse or continuous ELS), the more robust and persistent the effect on depres-

sion128-130. It may be inferred that individuals exposed to ELS have a different 

threshold for stress susceptibility, causing mechanisms required for coping 

with stress to be altered or less functional123. The effects of stress on brain 

function are suggested to be reliant on timing and duration of the exposure, 

ELS may there for be particularly relevant for later psychopathology because 

of the impact on structures that are not fully matured123.  

Parental, caregiver or social support may therefore be necessary for chil-

dren exposed to ELS. The people close to the child may form a network of 

social support that may help the child to respond to stress in a healthy manner, 

both physically and emotionally  in the future118. Small children’s sensitivity 

to the social environment indicates that they are susceptible to adverse envi-

ronmental experiences such as episodes of daily stress within the home and in 

the extended environment63.  

Biology of Stress 

Homeostasis is continuously tested by internal and/or external adverse factors 

but it is important that homeostasis is balanced131. Stress occurs when home-

ostasis is, or, is perceived to be, threatened. Homeostasis may be re-estab-

lished by different mechanisms such as a  physiological  response131. Extreme 

exposure to stress, particularly during stress sensitive developmental stages of 

higher brain plasticity or neuroplasticity, such as childhood, may permanently 

disrupt vital central neurobiological systems by over- or under-stimulating 

neuroendocrine responses to stress, causing an altered homeodynamic state131-

133. Biological systems are referred to as homeodynamic due to their ability to 

dynamically self-organize at fragmented points of their behaviour where and 

when they lose stability134. An alteration in the homeodynamic state may end 

up in a sustainable, profound and disturbing effect on physiological develop-

ment and lead to chronic physical and/or mental illnesses131-133. 

The hypothalamus–pituitary–adrenal (HPA) axis is best known for its in-

volvement in stress and the regulation of the stress response. HPA axis activity 

progresses from infancy, throughout life114. The HPA axis includes a group of 

hormone-secreting glands from the nervous and endocrine system, namely the 

hypothalamus, pituitary gland, and adrenal glands135. The hypothalamus is lo-

cated above the brain stem and controls the release of hormones from the pi-

tuitary gland which is located below the hypothalamus135. When the pituitary 
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gland releases hormones into the bloodstream, they travel down to the kidneys 

and influences the secretion of hormones released from the adrenal glands, 

which are located on the top of the kidneys135. 

When individuals are stressed due to external factors, the hypothalamus 

releases corticotropin-releasing hormone (CRH)136. The CRH signals the pi-

tuitary glands to secrete a hormone called adrenocorticotrophic hormone 

(ACTH)136. The ACTH travels down to the adrenals where it triggers the re-

lease of cortisol from the cortex or outer layer of the adrenal glands136. The 

release of cortisol causes changes that enable the body to handle stress. For 

example, it helps the body to mobilize energy such as glucose so that the body 

has enough energy to deal with a prolonged stressor123, 137-140. The receptors 

and areas of the brain such as the hypothalamus and hippocampus sense when 

the cortisol levels in the blood are raised, which leads to the shutting down of 

the stress response. This is known as a negative feedback mechanism123, 137-

140.  

The HPA axis and ELS 

Regulatory changes of the HPA axis, particularly alterations in cortisol levels, 

are considered a central mechanism through which ELS is transformed into 

physical and psychiatric disease during life141. Excessive cortisol exposure to 

the developing brain is minimized by several mechanisms, such as expression 

levels of different receptors, hypertension and hormone levels142. The mater-

nal HPA axis stress response is reduced during late pregnancy because hor-

mones from the placenta serve as a barrier that protects the foetus from expo-

sure to high levels of maternal cortisol143 by converting active cortisol to in-

active cortisone. Postnatally, during the stress hyporesponsive period charac-

terized as a critical developmental period, cortisol exposure is minimized and 

a reduced responsiveness to external stressors has been seen144. The length of 

the stress hyporesponsive period is said to be linked to the quality of care re-

ceived by the infant145. Low quality of care causes premature development of 

cortisol responsivity up until 15 months of age145. 

The effect of ELS on the HPA axis seems to vary by age. Exposure to ELS 

among children up to two years of age may cause hyperactivity and hyperre-

sponsiveness of the HPA axis, while exposure to ELS during adolescence may 

lead to hypoactivity and hyporesponsiveness of the HPA axis146. The long-

term effects also seem to be age-related, where an association between ELS 

during the child’s first year and higher cortisol reactivity during adulthood 

was found, an effect that was not noted when ELS exposure was present dur-

ing late childhood or adolescence147. ELS during early childhood furthermore 

causes higher adult cortisol levels whereas lower cortisol levels are seen after 

exposure to ELS during adolescence147. These age differences in the HPA axis 

plasticity may be applicable to risk for mental disorder during adulthood114. 
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ELS is suggested to cause vulnerability to stress effects later on in life, 

meaning that children exposed to ELS are predisposed regarding future psy-

chiatric consequences125. This may be understood in the suggestion that chil-

dren exposed to ELS show an alteration in function of the HPA axis which in 

turn is associated with an  increase in mental health problems148. The func-

tioning of the HPA axis among children is suggested to be conditional on the 

type of ELS149. ELS-related altered HPA function is more common among 

those who suffer from depression150. This effect seems to be bidirectional 

where the type of ELS and internalizing symptoms also influence HPA func-

tioning151. A chronic state of ELS that begins at birth and proceeds through 

early childhood are suggested to have long-terms effects on the HPA func-

tioning of the child152. Children that are exposed to ELS are furthermore more 

vulnerable to alterations in the HPA function, which in turn increase mental 

health problem severity152.  

The HPA axis and Depression 

One of the most robust biological findings of depression, which has been 

known for over 50 years, is that of hyperactivity of the HPA axis153. Individ-

uals vulnerable to depression are suggested to have an impairment of the stress 

response154, 155 and dysregulation in HPA axis activity, associated with mental 

health disorders138, 153, 156. Previous research has proposed an association be-

tween ELS and long-term disturbance of the HPA axis among depressed pa-

tients157. With regards to animal studies, studies have reported that neonatal 

rodents and non-human primates that are separated from their mothers pro-

duce changes in the HPA axis that are persistent into adulthood, findings that 

resemble those seen among depressed human adults136. 

Furthermore, ELS exposure during early childhood leads to a higher risk 

of developing depression in adulthood, while ELS exposure in adolescence 

leads to a heightened risk for post-traumatic stress disorder158. Activity in the 

HPA axis among individuals with depression is perhaps not a consequence of 

depression as much as an indicator of persistent neurobiological abnormalities 

that predispose the individual to depression153. This suggestion may explain 

the equivocal findings of some studies of HPA axis hyperactivity in depres-

sion that did not control for ELS153. 

Introduction to Genetics  

The smallest units of life are cells. The word ‘cell’ stems from the Latin word 

cella, which means a small room. The cell is the basic structure, functional 

and biological unit of all known organisms, from the most simple organism 

consisting of only one cell to multicellular animals, such as humans159. The 

genome, the cell’s database, is the complete set of genes in a particular organ-
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ism160. Deoxyribonucleic acid (DNA) holds the genetic information and alter-

ations in genetic expression161. The gene typically consists of three types of 

nucleotide sequence: coding regions (exons), non-coding regions (introns) and 

regulatory sequences that control the expression of the gene159. A small frac-

tion, < 2%, of the human genome consists of protein-coding sequences161. 

DNA is a long molecule that looks like a twisted ladder that holds two long 

nucleotide chains or strands (Figure 1). 

 
Figure 1. The human genome has 23 pairs of chromosomes within the nucleus of body 
cells. Chromosomes are strands of DNA covered in proteins (i.e., histones). The chro-
mosomes comprise part of the DNA (i.e., the genes that code for proteins). DNA is 
further made up of nucleotides, which are the code of the DNA that determines what 
proteins are completed by a given gene (Figure credit: Chromosomes by Mariana Ruiz 
Villarreal (LadyofHats), CC BY-NC 3.0, for CK-12). 

There are four types of nucleotides: adenine (A), thymine (T), guanine (G), 

and cytosine (C). The sequence of these nucleotides carries information. The 

nucleotides are referred to as the building blocks of DNA162. The nitrogenous 

bases of each chain form base pairs where A always pairs with T and C always 

https://en.wikipedia.org/wiki/Molecule
https://www.ck12.org/user:ynv0dgviaw9sb2d5zmfjdwx0eubnbwfpbc5jb20./book/human-biology-butte-17-18/section/8.3/
https://creativecommons.org/licenses/by-nc/3.0/
https://www.ck12.org/user:ynv0dgviaw9sb2d5zmfjdwx0eubnbwfpbc5jb20./book/human-biology-butte-17-18/section/20.6/
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pairs with G159. One nucleotide is composed of a sugar molecule, a phosphate 

group and one of the four nitrogenous bases of A, G, C and T159, 163, 164 (Figure 

1). 

The Human Chromosomes 

The numbers and sizes of chromosomes differ between species of plants and 

animals. Chromosomes are normally visible under a light microscope during 

the metaphase of cell division (where all chromosomes are aligned in the cen-

tre of the cell in their condensed form)160. Genes are made from a long mole-

cule (i.e., DNA), which is copied and inherited across generations. A chromo-

some is a package that carries DNA within the cells. It contains a single long 

piece of DNA, that is wound up and clustered into a compact structure160 (Fig-

ure 1). In human cells, DNA is organized into 23 pairs of chromosomes, or a 

total of 46 individual chromosomes165. Twenty-two of these are referred to as 

autosomes and look the same in both sexes, while the 23rd pair is referred to 

as the sex chromosomes and differentiate between males and females165. Fe-

males have two copies of the X chromosome, while males have one X and one 

Y chromosome. Chromosomes are formed before cells divide and carry nu-

merous genes. Each gene or genetic marker inhabits a specific position on the 

chromosome, called the locus. A genetic locus may be theorized as a position 

on the genome166. 

Each human chromosome contains a centromere, which divides the chro-

mosome into a short arm (‘p’ for ‘petit’) and a long arm (‘q’ for ‘queue’)167. 

The different regions and bands are numbered sequentially from the centro-

mere outward and along each chromosome167. Certain clearly visible banding 

landmarks divide each arm into regions. These landmarks are considered to 

belong entirely to the region’s outer part (distal) and are the first band in that 

region167. Moving from the centromere towards the ends (telomeres), the first 

chosen landmark encountered is region 2, and the next distal landmark is the 

first band of region 3 and so forth. The two regions adjacent to the centromere 

are referred to as region 1 in each arm167 (Figure 2). The defined regions may 

be furthered divided into at least two more bands according to the staining 

patterns in that region167. For example, the region 3p2 is divided into two 

bands (Figure 2): 3p21 and 3p22. When an existing band in subdivided, a dec-

imal point is placed behind the original band designated, followed by the num-

ber assigned to the sub-bands167. For example, in Figure 2, the band of 3p22 

is divided into sub-bands of 3p22.1 and 3p22.2, where 3p22.1 is closer to the 

centromere and 3p22.2 closer to the telomere. The sub-bands may be further 

divided by additional digits to the designation. The most common division of 

regions is three; however, any number of new bands is possible167. The cen-

tromere is commonly referred to as ‘cen’, sometimes designated as p10 or q10. 

The telomeres are commonly referred to as ‘ter’167. The ends of the chromo-

somes are called telomeres and labelled p telomere (p-tel) and q telomere (q-

https://en.wikipedia.org/wiki/Metaphase
https://en.wikipedia.org/wiki/Cell_division
https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Molecule
https://medlineplus.gov/genetics/chromosome/x/
https://medlineplus.gov/genetics/chromosome/y/
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tel). The notation 3ptel refers to the end of the short arm of chromosome 3 and 

the notation of 6ptel refers to as the end of the short arm of chromosome 6 

(Figure 2). 

 
Figure 2. General rules for the nomenclature of cytogenetic bands. The centromere 
divides chromosome 3 into a short arm (p-arm) and a long arm (q-arm) ending with 
telomeres of p and q. The p- and q-arms are divided into different regions. A detailed 
description is provided in the text of this thesis. (Image credit: Geer and 
Messersmith168. Cytogenic bands. https://commons.wikimedia.org/wiki/File:Cytoge-
netic_Banding_Nomenclature.png. Public Domain Mark 1.0) 

Examples of genes used in this thesis (Papers III and IV) are the oxytocin 

receptor (OXTR) gene and the FKBP prolyl isomerase 5 (FKBP5) gene. The 

cytogenetic map location of the oxytocin receptor (OXTR) gene is 3p25.3, 

which indicates that it is on chromosome 3, p arm, band 2, sub-band 5, and 

sub-sub-band 3. The cytogenic map location of the FKBP prolyl isomerase 5 

(FKBP5) gene is 6p21.31, which indicates that it is located on the chromo-

some 6, p arm, band 2, sub-band 1, sub-sub-band 3 and sub-sub-sub band 1. 

An allele is the unique form of a single gene that holds information. Genes 

have a variety of forms that are located at the same locus on a chromosome. 

Humans have two alleles at each genetic locus and are therefore referred to as 

diploid organisms159. Humans inherit one allele from each parent and each 

https://creativecommons.org/publicdomain/mark/1.0/deed.en


  24 

allele-pair represents a genotype of a specific gene169. If the genotype consists 

of two identical alleles at a certain locus, the genotype is called ‘homozygous’. 

If the two alleles differ from each other, they are called heterozygous170. The 

alleles contribute to the phenotype of the organism as well; i.e., the phenotype 

is the external appearance of the organism. There is therefore a difference be-

tween the combination of alleles that an individual possesses for a specific 

gene (genotype) and the observable expression of the gene (phenotype).  

Alleles can be dominant or recessive. An organism that is heterozygous at 

an explicit locus and carries one dominant and one recessive allele will express 

the dominant phenotype171. Alleles may also be subject to minor DNA se-

quence variations that might not influence the phenotype of the gene. The phe-

notype refers to the observable physical traits of an individual such as appear-

ance and behaviour, and to inner traits such as blood cells. Phenotype is de-

termined by the genotype and the environment171. Individuals with identical 

genotypes (identical twins) that grow up in different environments may differ 

from each other and express nonidentical phenotypes due to the unique envi-

ronmental influences they are exposed to during different developmental pe-

riods172. 

The genotype and allele frequencies of a population will remain constant 

from one generation to another, provided no evolutionary mechanisms are pre-

sent. The population is then said to be in Hardy–Weinberg equilibrium 

(HWE). HWE refers to a state of a system, such as a population, that no longer 

changes with time173. This information is commonly assessed with a 2 test 

where a non-significant result indicates HWE. Even though deviations from 

the HWE with a significant 2 test may indicate the presence of an evolution-

ary burden, genotyping errors per se are a more common reason for this find-

ing174. Therefore, HWE testing is considered a type of genotyping quality con-

trol in genetic association studies174. 

Genetic Variation 

Humans differ from each other because of differences in the genome175. Some 

of these differences have no impact while others cause dysfunction, or a gene 

enabled by an external factor could cause the emergence of disease175. Single-

nucleotide polymorphisms (SNPs) are the most common type of genetic vari-

ation among humans and are recognized as the major contributing factor for 

genetic variations176. Each individual SNP represents a difference in a single 

nucleotide, where, e.g., an SNP may replace nucleotide A with nucleotide G 

in a certain section of DNA. 

Genetic variation arises due to mutations, with the difference or variation 

between two random individuals believed to be approximately 0.1%176. This 

indicates that the human genome, with a total length of ~3 billion base pairs, 

is approximately 99.9% identical between humans. SNPs comprise over 80% 

of all known polymorphisms and are mainly suggested to be responsible for 
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phenotypic differences between individuals of the same species176. SNPs are 

also suggested to be involved in the likelihood of the development and pro-

gression of different diseases in humans, and to determine individual re-

sponses to environmental stress177. Moreover, SNPs are able to serve as valu-

able biological markers177. 

The SNPs generally occur throughout a person’s DNA, on average almost 

once in every 1000 nucleotides, indicating that there are ~4–5 million SNPs 

in a human genome. These variations may be unique or occur in many indi-

viduals and are believed to be stable176. Roughly 50% of the SNPs occur in 

noncoding regions, 25% lead to missense mutations, and the remaining 25% 

are silent mutations or synonymous SNPs176, 178. An SNP with two alleles has 

three possible genotypes, such as GG, GA, and AA179. More than half of the 

discovered human SNPs have minor allele frequencies (MAF) of  20%180. 

The minor allele is the least common allele in a genotype. SNPs are catego-

rized as common if the MAF are > 5% and rare when the MAF are < 1%181. 

Haplotypes have been a fundamental part of human genetics since the 

1980s182. The term ‘haplotype’ is derived from a combination of the term’s 

haploid and genotype. A haploid describes a cell with one set of chromosomes 

(as opposed to the diploid, which have two sets of chromosomes)183, 184. Gen-

otype refers to the genetic composition of an individual cell or an organism183. 

A group of genes within an organism, inherited together from a single parent, 

is therefore referred to as a haplotype184. In a broader sense, a haplotype is 

sometimes referred to as a set of DNA variations along a chromosome that are 

often inherited together because of the similarity closeness of the variations 

and not because of crossovers or recombinations between these polymor-

phisms185. A haplotype may also be a combination of alleles in a single gene, 

alleles across multiple genes or SNPs that are in-between genes and not inside 

a gene185. 

In summary, the variations in the DNA are so close to each other that they 

tend to be inherited through generations together185. The number of observable 

haplotypes increases as does the number of genetic variants186. There are three 

main categories of haplotype analysis: haplotype block structure of the ge-

nome, understanding haplotypes as a functional unit and using haplotypes as 

genetic markers182. Haplotypes are sometimes referred to as superior genetic 

markers over single SNPs due to their broader base and inclusion of more 

information, such as heterozygosity, than other individual markers182. A 

FKBP5 haplotype was used in Paper IV.  

The SNP database (dbSNP) is a variation database at the National Center 

for Biotechnology Information (NCBI). The NCBI is a public repository of 

submitted nucleotide variations187. It includes SNPs and other variations such 

as small insertions/deletions and microsatellites or short tandem repeats187 (not 

discussed here). A submitted entry is assigned a unique ID number that begins 

with the letters ‘ss’ (submitted SNP)187. A number of submitted SNP entries 

that align to the same position on the genome assembly are also reported as 
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part of a group called the Reference SNP cluster (refSNP), which is assigned 

a new ID number that begins with the letters ‘rs’187. 

Genetic Approaches to Understanding Psychiatric 

Outcomes 

The association between genetic variants and different diseases has been in-

vestigated in several studies that have aimed to clarify the pathways involved 

in the aetiology of a disease188. Genetic research regarding different associa-

tions between genes, diseases and diagnoses are included in the field of med-

ical genetics159 and often investigated through genetic association studies. 

Candidate gene studies are dependent on a set of markers that are based on a 

priori hypotheses, which suggests the role of that particular gene, or a group 

of pathway-related genes, on a phenotype189. A candidate gene is identified 

through either its protein product, which suggests that it might be a determi-

nant of a specific disease of interest (i.e., a biological candidate), or by its 

position on a chromosomal region that has previously been linked to that dis-

ease (i.e., positional candidate)190. Post selection of a gene in association stud-

ies, a selection of a small number of variants are genotyped174. The association 

between genes and a disease that has been confirmed in genetic association 

studies concludes that corresponding gene products represent a potential risk 

or disease marker188. The number of genes associated with a certain disease 

may vary substantially between different diseases188. Disease susceptibility is 

altered by a mutation that changes the activity of a gene (mutation and poly-

morphism are terms that are commonly used interchangeably)174. All poly-

morphisms are mutations, however, only they are only referred to as a poly-

morphism when present in > 1% of the population. A gene with a function 

changed by a variant is called a disease gene if the alteration is strong enough 

to be contributory in disease pathogenesis. An increase of an allele or of a 

genotype in a certain group with a disease indicates that the presence of that 

allele may increase a risk of that disease191. 

An affected gene can be a sex chromosome (i.e., one sex is more likely to 

be affected than the other) or an autosomal chromosome (i.e., evident in both 

males and females)174. Because 22 of the 23 pairs of chromosomes are auto-

somal, most mutations transpire in those chromosomes. Nevertheless, other 

factors may influence autosomal genetic variants causing them to show sex 

specificity, such as sex hormones174. In genetic association studies, it is im-

portant to remember that differences in incidence rates of diseases between 

males and females do not automatically mean that the disease gene is on a sex 

chromosome174, which is notable in depression rates between males and fe-

males. 
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There are two types of genetic association studies: candidate gene studies 

and genome-wide association studies (GWAS). Candidate gene studies are 

hypothesis driven whereas GWAS are non-hypothesis-driven studies188. 

Genes with a known or assumed role in pathways or diseases from previous 

research are targeted in candidate gene studies188. GWAS studies have a non-

biased theoretical approach and included or screened genes across the entire 

genome are scanned to test associations with a phenotype and examine how 

much of the genetic variability associates with a disease188, 191-193. The basis of 

GWAS is that allele frequencies of common genetic variants > 5% are com-

pared between individuals with/without a disease or randomly selected from 

the population191, 192. GWAS studies contribute with useful information for fu-

ture evaluation in candidate gene studies188. 

It is hard to differentiate whether an association is caused by a rare variant 

of a large effect or if it is a common variant with a small effect because of a 

single robustly associated SNP in a homogeneous sample194. To understand 

how specific genes contribute to a phenotype, studies of gene expression and 

function need to be conducted after initial findings of associations between a 

phenotype and gene variants174. One approach is to study different conditions 

that emerge through a combination of hereditary predisposition and environ-

mental factors159. These are often investigated through candidate gene–envi-

ronmental interaction studies (cGE). 

It has been suggested that to understand the aetiology behind depression, 

an understanding of environmental and genetic factors, and their interaction is 

needed195 because depression seems to develop through a combination of ge-

netics, psychological aspects and environmental factors103, 196-198. The candi-

date cGE approach was used in Papers III and IV of the present thesis. 

Candidate Gene–Environment Studies 

Together with the main effects of the environment and genetics, cGE may 

play a role in depression. The cGE effect indicates that genetic effects are 

moderated by specific environmental factors199. 

Many individuals who are or have been exposed to environmental stressors 

do not become depressed, while other do. A possible explanation for that may 

be their underlying genetic susceptibility. The biological concept of a cGE 

interaction is a joint contribution in the same causal mechanism that leads to 

a disease200, such as depression. Statistically, an interaction refers to a situa-

tion where one variable cannot be understood without the other—the set ef-

fects are not independent201. The statistical concept denotes that a cGE inter-

action is present when the effect of exposure on a disease risk depends on the 

genotype, or vice versa200. Most often, behaviour effects that are referred to as 

environmental may be under the influence of one or more genes202. A weak 

environmental effect may emerge more clearly with a research design that fo-

cuses on different subgroups with heightened susceptibility203. It also appears 
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that cGE studies bear a higher power in comparison with plain environmental 

studies204. 

In psychiatry research, cGE studies have mostly focused on candidate 

genes and the field has been filled with publications of positive findings with 

a subsequent lack of replication, indicating publication bias205. Candidate gene 

studies of depression appear in several publications; however, there are few 

robust findings206. In depression, the most frequent studied cGE combination 

is that of the serotonin transporter promoter polymorphism (5-HTTLPR) and 

stressful life events or childhood trauma207. Several inconsistent findings have 

been published over decades. More recently a co-ordinated meta-analysis, by 

Culverhouse et al.,208, concluded a lack of evidence for these interactions. The 

conclusion of the meta-analysis was that  

‘if an interaction exists in which the S allele of 5-HTTLPR increases risk of de-

pression only in stressed individuals, then it is not broadly generalizable, but must be 

of modest effect size and only observable in limited situations’208. 

One explanation for this may be that the role of the cGE interaction in the 

development of the phenotype needs to be explored, an important approach 

due to the possibility that a main effect between genotype and phenotype 

might be concealed by the presence or absence of external signals that trigger 

susceptibility to a disorder193. An example of relevance to this thesis is the 

discovery of the association between FKBP prolyl isomerase 5 (FKBP5) pol-

ymorphism and depression, which was found via a candidate gene ap-

proach209. The findings by Zannas et al.,209 have since been replicated by larger 

studies and extended to cGE studies193 to show that FKBP5 genotype and 

early stress interact to affect DNA methylation, which has subsequent effects 

on gene expression related to the stress response signals that trigger suscepti-

bility to a disorder. 

Theoretical Frameworks of cG×E Studies 

Researchers have sought to understand the antecedents of psychopathology 

from different perspectives, e.g., that individuals who develop psychiatric dis-

orders differ from those who do not before onset, or that stress is a common 

factor that triggers the emergence of psychiatric disorders. However, not all 

individuals are necessarily affected, even if they are exposed to the most se-

vere environmental conditions210. The common approach in psychiatric cGE 

studies has been to focus on detecting risk alleles and vulnerability genes211. 

A shift has been seen during recent years where the same individuals who are 

adversely affected by negative environments may also be more likely to ben-

efit from positive environments212. The findings of this thesis are interpreted 

through both these frameworks: the diathesis stress model and differential sus-

ceptibility theory (Papers III and IV). 
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Diathesis Stress Model 

The diathesis stress model of psychopathology is a theoretical framework that 

aims to understand the development of different psychological disorders210, 

213. According to the diathesis stress model, all individuals hold some degree 

of inherent vulnerability (diathesis) to develop a given psychiatric disorder210, 

213. The onset of the disorder depends on stressful triggers in the environment. 

In turn, the intensity or amount of environmental stress required to trigger the 

onset of a disorder depends on the extent to which an individual has inherited 

such vulnerability201, 213. In practice, the greater the vulnerability to a disorder, 

the smaller required amount of environmental stress needed to trigger the de-

velopment of the disorder213. 

The term ‘diathesis’ refers to an individual’s vulnerability and is deter-

mined by genetic and psychological factors. ‘Stress’ refers to several minor or 

a major psychosocial event/s that result in an acute or cumulative burden on 

that individual’s mental health213. The diathesis in the model represents a re-

silience threshold. The clinical phenotype is not expressed below this thresh-

old independent of environmental stressor/s. However, above that threshold, 

a psychiatric disorder may be triggered after exposure to environmental 

stress210 (Figure 3A). 

According to the diathesis stress model, an interaction between diathesis 

and stress causes an effect on depression that is more robust than their main 

effects. The model furthermore holds that an interaction between stress and 

depression is dependent on the effects of the diathesis210. The development of 

depression therefore emerges from several different interactions210. 

The core understanding of the cGE interaction is said to be explained by 

the diathesis stress model through the understanding that the influence of a 

negative environment is dependent on risk alleles and vice versa214. This 

would, in turn, reflect that the genetic influence becomes more apparent and 

robustly associated with the outcome201 (depressive symptoms in the present 

thesis). Individuals with a genetic vulnerability are therefore disproportion-

ately expected to be affected adversely by harmful stressors207, 211, 212 and more 

prone to developing depression, which is referred to as a fan-shaped interac-

tion effect201. The diathesis stress model was used to interpret the interaction 

effects in Papers III–IV. 

Differential Susceptibility Theory 

The differential susceptibility theory212 suggests that certain gene variants may 

be considered as susceptibility alleles rather than risk alleles59 (Figure 3B). 

The theory holds that the same individuals who are adversely affected by a 

negative environment might also be more likely to benefit from positive envi-

ronments212. This would imply a search for plasticity genes or genes involved 

in responsivity to environmental conditions, instead of only risk alleles with 



  30 

regards to psychiatric outcomes201, 212. The differential susceptibility theory is 

closely related to the concept of biological sensitivity to context215. This ap-

proach is linked to an evolutionary developmental biology perspective216. A 

selection pressure that favours genotypes that support different phenotypes in 

response to environmental conditions offers flexibility that would benefit the 

survival of the species216. Biological sensitivity therefore implies the potential 

for positive effects under a highly supportive environment, and an inability to 

handle the negative effects of a harsh environment216. 

In the differential susceptibility theory, individuals carrying plasticity 

genes are more receptive to both positive and negative environments59, 212, 217, 

and consequently are disproportionately likely to be affected favourably and 

adversely in a ‘for better and for worse’ manner59, 212, 217. The differential sus-

ceptibility theory was used to interpret the interaction effects in Papers III–

IV. 

For Better and/or for Worse 

The two frameworks render equivalent predictions for individuals that express 

a high susceptibility or vulnerability218; however, the frameworks differ with 

regards to the ‘for better’ component in the ‘for better or for worse’ phenom-

enon59, 212, 217. The diathesis stress model does not consider the positive envi-

ronment (Figure 3A), and vulnerable individuals are solely influenced by a 

negative environment. The differential susceptibility theory considers both 

positive and negative environments (i.e., for better and for worse) (Figure 3B). 

More susceptible individuals are more influenced by negative and positive en-

vironments than less susceptible individuals. This frameworks suggests that 

individuals are not necessarily vulnerable, given the positive effects of sup-

portive environments218. The evidence and support regarding differential sus-

ceptibility theory emerges from experimental research with genetic modera-

tors of intervention efficacy and cGE studies219. 
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Figure 3. The nature of a cGE interaction effect. (A) The diathesis stress model 
is predictive of a fan-shaped form of interaction. (B) The differential susceptibil-
ity theory is predictive of a cross-over form of interaction as in Figure B (Image 
adapted from Olofsdotter220. The nature of a G × E interaction effect. CC-BY 4.0). 

Genetics of Depression 

Identification of risk variants and plasticity genes may increase the under-

standing of how depression develops and may lead to more effective therapies 

and improve prevention206. Genetic factors are suggested to account for ∼37% 

(95% confidence interval: 31–42) of variance in depression2, 206, 221. However, 

at first, no significant associations between genes and depression were found 

in GWAS studies206 and no genome-wide significant risk locus was identi-

fied222-224 until a meta-analysis by Hyde et al.,225 was conducted during 2016. 

A GWAS meta-analysis conducted by Howard et al.,226 included up to 322,580 

UK Biobank participants and presented 102 significant depressive diagnosis 

risk loci. The Psychiatric Genome Consortium MDD group reported 44 ge-

nome-wide significant loci including > 130,000 cases and > 330,000 con-

trols227. These equivalent findings might be explained by the clinical hetero-

geneity of depression. 

Even though an approximate heritability of 37% in depression was sug-

gested, none of the studies included in the meta-analysis showed evidence of 

the contribution of shared environmental factors2. The heritability reported in 

a particularly large twin study during 2006 was estimated to be 38%221. In a 

review during 2012, the estimated heritability of multiple depressive disorders 

was approximated to be 30–40%124. Finally, in a more recent investigation of 

the field, genetic heritability in general was suggested to account for ~30% 

during childhood and ~40% during adolescence228. 

https://creativecommons.org/licenses/by/4.0/
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The heritability of depression furthermore seems to be dependent on sex. 

Previous studies have shown a greater heritability among females (30–40%) 

than males (29–30%)221, 229. Several genetic risk factors for depression are sug-

gested to be shared between the sexes; however, when individual genetic var-

iants that have an effect on the risk of depression are conclusively character-

ized, a great proportion of them will be partly sex specific in their effect 206. 

The search for genetic risk variants for depressive phenotypes has proven 

to be challenging due to both low heritability and the heterogeneity of the 

clinical appearances of depression230. There may be several possible explana-

tions as to why a genetic variant with a true effect on biology relevant to a 

behavioural phenotype might not necessarily be detected by GWAS, inde-

pendent of sample size, one of which being that GWAS only can detect effects 

of genotypes that are independent of any type of environment or random de-

velopmental process193. The significant findings of genetic risk variants 

through cGE studies that are not found by GWAS, and vice versa, could be 

attributed to many factors, including variation in methodology, gene–environ-

mental correlation, the timing of assessment, severity of the environmental 

factor, and single candidate gene effects231, 232. 

The heritability of depression does not have a clear pattern; i.e., individuals 

with a first-degree relative with depression may not develop depression, even 

if the risk is greater, whilst many individuals with a healthy first-degree rela-

tive do develop depression. The field of medical genetics evaluates both 

knowledge regarding heritage of a disease as well as genetic associations with 

different loci159. Two genes are investigated in this thesis: the oxytocin recep-

tor (OXTR) gene in Paper III and the FKBP prolyl isomerase 5 (FKBP5) gene 

in Paper IV. Both have shown significant results in association with mental 

health106, 129, 233-238. 

Oxytocin 

Oxytocin is a peptide hormone and hypothalamic neuropeptide involved in 

regulating the social behaviour of all vertebrates239. It was the first peptide 

hormone to have its structure determined, in 1984240, and the neurohypo-

physial hormone oxytocin was the first to be chemically synthesized in bio-

logically active form241. The sequence of the oxytocin receptor was reported 

approximately eight years later in 1992242. The activities of oxytocin are 

spread over several contexts from the modulation of neuroendocrine reflexes 

to the establishment of social manners and bonding behaviours that are related 

to reproduction and care of the offspring243, 244. Oxytocin consists of nine 

amino acids that are critical for central and peripheral aspects of mammalian 

attachment as well as survival243. The neuropeptides are critical for different 

aspects, mainly in social bonding during infancy and social manners during 

adolescence, which are both instances when substantial changes in behaviour 

and physiology occur245. In addition to its role in social behaviour and social 

cognition, oxytocin influences the mammalian physiological stress response 
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by interacting both with the HPA axis246 and with sympathetic nervous system 

stress reactivity247. However, the primary association of oxytocin has been 

with emotional bonding between parents and children, with child–parent syn-

chrony248-251. Growing evidence has also suggested oxytocin’s role in psychi-

atric illness with a deficit in mood disorders238, 250. Previous research has 

shown that oxytocin also has  an effect on stress and stress regulation250, which 

are closely linked to depression252. 

Oxytocin Receptor Gene 

There are three different oxytocin signalling genes that have been implicated 

in human social behaviour: structural gene for oxytocin, oxytocin receptor 

(OXTR), and oxytocin secretion (CD38)253. OXTR is the main focus of this 

thesis (Paper III). It is a protein that functions as a receptor for the hormone 

and neurotransmitter oxytocin243. The OXTR in humans is encoded by the 

OXTR gene242, located on chromosome 3(GRCh38.p13)254. 

Oxytocin Receptor Gene and Depression 

Previous research has suggested that the beneficial effects of oxytocin may be 

reliant on environmental and/or individual factors, and interpretation of the 

situation, increasing its effect through a heightened sensitivity to environmen-

tal cues106, 255. Several studies have evaluated the genetic variability in the ox-

ytocin system in relation to depression with a primary focus on SNPs located 

in the OXTR gene238, 256. Previous studies have evaluated different OXTR SNPs 

in association with depression with varying results. One of the first studies 

composed was a genetic analysis study by Strauss et al.,257, which aimed to 

investigate the potential associations between variants among neuroendocrine 

genes and depression onset during childhood; however, no significant associ-

ations between different OXTR SNPs (including rs237898) and childhood on-

set of mood disorders were found. In a mediation study, OXTR rs53576 did 

not mediate the link between work stress and depression258, indicating that 

independent of a negative environment the OXTR rs53576 did not cause any 

variation in depression. No significant effects were found in Myers et al.,259 

study regarding unconditional relationship between the rs237889 and depres-

sion. Yet previous research has also found significant results. An association 

was found between OXTR rs53576 and depression score where AA individu-

als reported lower scores than GG/GA individuals on the Beck Inventory 

Scale, independent of age260. Minor AA allele carriers of rs53576 reported 

lower depression under conditions of high paternal care compared with those 

who reported low paternal interest in their rearing261. Costa et al.,262 found a 

significant main effect of rs53576 on unipolar depression, where GG allele 

carriers were at less risk of developing depression. Saphire-Bernstein et al.,263 

found that AA allele carriers of rs53576 were at greater risk of developing 

depression in a non-clinical sample. The OXTR SNP rs53576 has further been 

evaluated in a mediation analysis, suggesting that AA allele carriers showed 

https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Receptor_(biochemistry)
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Neurotransmitter
https://en.wikipedia.org/wiki/Oxytocin
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higher levels of depressive symptoms, an effect that was mediated by psycho-

logical resources263, 264. Moreover, carriers of the GG allele of rs53576 were 

at greater risk of displaying depressive symptoms if they also reported expe-

riences of a negative environment during early childhood263, 264. Regarding ad-

olescents, previous research has found that AA carriers of rs53576 who had 

mothers with previous depression showed greater depressive symptoms at age 

15 years265. The OXTR has also been suggested to modulate potential interac-

tions between unsupportive parent–child relationships, coping styles and se-

vere depression symptomology266. The OXTR SNPs rs53576 and rs2254298 

have also been found to be significantly involved in gene–environment inter-

actions that modulated risk for psychopathology and subsequent psychiatric 

disorders, such as depression267. 

FKBP5 

FKBP prolyl isomerase 5 (FKBP5; previously known as FK506 binding pro-

tein 5) is a protein coding gene in humans268. The FKBP5 gene is located on 

the short arm of the human chromosome 6p21.31 (GRCh38.p13), which is a 

gene region covering several SNPs269. FKBP5 was investigated in Paper IV 

of this thesis. 

FKBP5 and Depression  

The FKBP5 protein is an important modulator ‘source signal’ of stress re-

sponses, which, among other functions, acts as a co-chaperone that controls 

glucocorticoid receptor activity209. A co-chaperone changes both the folding 

and activity of other proteins209. Cortisol and other glucocorticoids bind to the 

glucocorticoid receptors270. The glucocorticoid receptors are expressed in 

nearly all cells in the human body and have several functions, such as regulat-

ing genes, and controlling development and the immune response270. When 

glucocorticoids bind to the glucocorticoid receptors, their primary mechanism 

of action is the regulation of gene transcription270. Substantial inconsistency 

in FKBP5 expression has been detected in the human brain. High levels of 

FKBP5 expression were noted in the hippocampus and low levels of FKBP5 

expression were detected in the hypothalamus270. After simulation with stress 

exposure on adult mice, FKBP5 expression increased substantially in a num-

ber of brain regions, while the hippocampus showed a much less pronounced 

FKBP5 induction271. The FKBP5 expression furthermore seems to increase 

with age in the mouse brain, including in the hippocampus and cortical and 

subcortical structures272. 

Different FKBP5 variants have been described and outlined previously270. 

The best characterized FKBP5 polymorphisms were comprised into a haplo-

type with a duration over the whole gene. The haplotype contains up to 18 

SNPs in strong linkage disequilibrium in Caucasians, and is commonly tagged 

by rs3800373, rs9296158, or rs1360780270. The haplotype has been associated 

with an increased risk for relapse as well as recurrent course of depression269. 
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Findings regarding the association between FKBP5 and depression vary; some 

show a significant association233, 236, 273-276 and some without234, 237, 277-279. 

FKBP5 also tends to have a dual effect with a positive environment with re-

gard to psychiatric settings280 and seems to have a beneficial effect in the pos-

itive response to treatment of psychiatric illness and depression269, 279. A meta-

analysis conducted by Fan et al.,281 on the FKBP5 SNPs rs1360780, 

rs4713916, rs3800373, rs9470080, and rs9296158 analysed 16 publications. 

The meta-analysis consisted of 5125 patients with depression and 8,399 

healthy controls or controls without any mental disorder. All publications used 

were published between 2006 and 2020. The findings of the meta-analysis281 

showed significant associations between CT and CC carriers of rs1360780 and 

depression, between AG and GG carriers of rs4713916 and between AA vs. 

AG/GG of the same SNP. A significant association was also seen between 

rs3800373 and depression regarding AC and AA carriers as well as CC/AC 

and AA carriers whereas no significant associations were found regarding ei-

ther rs9470080 or rs9296158 in any models281. Several studies have presented 

support for either the diathesis stress model or the differential susceptibility 

theory in relation to psychiatric outcomes237, 282-285. However, only one study 

evaluated both a positive and negative environment (i.e., differential suscep-

tibility of the FKBP5 regarding depression), and performed statistical tests to 

investigate the pattern of the cGE effects277. There were no significant effects 

of FKBP5 in relation to depression in that cGE study277. Nevertheless, the 

study sample was rather small (n = 86) and the design cross-sectional277, em-

phasizing the need for further studies. 
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Aim of the Thesis 

The overall aims of this thesis were to evaluate the psychometric properties of 

a questionnaire designed to evaluate parenting styles, and to study how de-

pressive symptoms among adolescents and young adults may vary dependent 

on the family environment and candidate gene- environment interaction.  

Specific Aims and Hypothesis  

Paper I 

The aims of Paper I was to evaluate the psychometric properties of the Swe-

dish version of the Parents as Social Context Questionnaire (PASCQ) regard-

ing dimensional structures and investigate concordance between the parent 

and adolescent reports. 

Paper II 

There were three hypotheses for Paper II. 1) A positive parenting style will 

be associated with fewer depressive symptoms among adolescents, while a 

negative parenting style and parental lifetime depression will be associated 

with more depressive symptoms among adolescents. 2) There will be an inter-

action between adolescent sex and both parenting style and parental lifetime 

depression in relation to adolescent depressive symptoms, with a stronger ef-

fect among females. 3) These associations will be present in a cross-sectional 

and longitudinal study design. 

Paper III 

The primary aim of Paper III was to evaluate the potential interaction be-

tween different OXTR SNPs and parenting style during adolescence in relation 

to the development of depressive symptoms in young adulthood. A secondary 

aim was to explore the type of cG  E interactions from the perspectives of 

the diathesis–stress and differential susceptibility frameworks. 

Paper IV 

The aim of Paper IV was to evaluate if a cG × E interaction effect of FKBP5 

SNPs or Haplotype and Early Life Stress on depressive symptoms among 

young adults was moderated by a positive parenting style, through the frame-

works of the diathesis stress theory and differential susceptibility hypothesis. 
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Methods 

This thesis is based on four papers, two of which (Papers I and II) were in-

cluded in the licentiate thesis titled Depressive Symptoms among Adolescents: 

Evaluation & Influence of Parental Dimensions presented by the author in 

2018. Detailed materials and methods are described in the respective papers 

and appendix attached to this thesis. 

Study Procedure 

The Survey of Adolescent Life in Vestmanland Cohort study (SALVe cohort) 

was initiated during 2012 and will proceed until 2032. All data was collected 

by the SALVe research group, Centre for Clinical Research, Region Västman-

land. Genotyping was performed at Uppsala Biomedical Centre (BMC), De-

partment of Neuroscience, Uppsala University. The SALVe cohort collects 

data from two birth cohorts born during 1997 and 1999 (N = 5233) and their 

caregivers in Västmanland, Sweden. The County of Västmanland is repre-

sentative of the larger society in Sweden regarding proportions of employed 

parents, separated parents, single-parent households, disposable income of 

households, urban and rural areas, and ethnic backgrounds. The SALVe co-

hort collects data from self-report surveys (approximately every third year), 

interviews, psychophysiological evaluations and official registers. 

Study Sample 

The numbers of participants included in the SALVe cohort study were 1846 

during Wave I, 1644 during Wave II and 1212 during Wave III. The present 

project includes data from 2012 when participants were 13 and 15 years old 

(mage 14.4 years; Wave I: DNA collection), 2015 when participants were 16 

and 18 years old (mage 17.36 years; Wave II: Estimation of parenting styles, 

reports of depressive symptoms, and ELS) and 2018 when participants were 

19 and 21 years old (mage 20.19 years; Wave III: Reports of depressive symp-

toms). Parental depression was reported by the guardian during 2015 in the 

Wave II parents’ questionnaire. Paper I includes a cross-sectional design with 

data from Wave II, while Papers II–IV have a longitudinal design including 

data from Waves I–III. 
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Characteristics of Study Samples 

Paper I 

There were 1555 adolescents and 1477 caregivers participating in Paper I. 

Drawn from the study population were 1345 parent–adolescent dyads matched 

by ID number. Among the 1555 adolescents, 47.5% were 16 years old (299 

males, 439 females) and 52.5% were 18 years old (342 males, 475 females). 

The guardians consisted of biological mothers (80%), biological fathers (18%) 

and other relations (2%). A complete response to the PASCQ was necessary 

for inclusion in the analysis. All data analysed were collected during Wave II. 

Adolescents and their caregivers were included in Paper I after they met the 

inclusion criteria, i.e., to have answered the PASCQ. 

Paper II 

There were 1603 adolescents/young adults participating in Paper II, each 

with one guardian. There were 58.1% females in the sample, 50.7% of whom 

were born in 1997. Participants were included in Paper II after they met the 

inclusion criteria of having answered the PASCQ and DSRS completely, and 

caregivers were included if they had answered the question regarding depres-

sion. 

Paper III 

Paper III consisted of 1098 Caucasian participants (63.3% females, overall 

mage 20.19 years) and 1098 caregivers. Inclusion criteria for Paper III were 

providing DNA samples, answering the PASCQ and DSRS (Waves II and III) 

completely, and being of Caucasian heritage. 

Paper IV 

Paper IV consisted of 1006 Caucasian participants (634 females) and 1006 

caregivers. Participants were included in Paper IV if they met the inclusion 

criteria of providing DNA samples, answering the PASCQ and DSRS (Waves 

II and III) completely, being of Caucasian heritage and having a caregiver who 

provided records of ELS. 
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Measurements 

Questionnaires 

Depressive Symptoms 

In Papers II–IV, symptoms of depression were measured by the Depression 

Self-Rating Scale (DSRS)286. The DSRS is a self-report inventory developed 

to assess major depressive disorder based on the 4th edition of the DSM (DSM-

IV) Criteria A39. The DSRS may be computed as a measure of only depressive 

symptoms (DSM-IV Criteria A, see appendix) or as a combination of symp-

toms and functional impairment (DSM-IV Criteria A + C)287. Both have been 

previously validated286. The original validation of the DSRS adult version pre-

sented the best properties when only Criteria A were included286. The valida-

tion was made using the Structured Clinical Interview for DSM-IV depression 

module (SCID-I)288 as the diagnostic standard, with a cut-off of at least five 

depressive symptoms on the DSRS (i.e., meeting DSM-IV major depression 

A criteria), and reported a sensitivity of 96% and a specificity of 59% for the 

classification of major depression disorder among adult psychiatric patients286. 

The DSRS used in Papers II–IV is a modified version of the original scale 

consisting of the A criteria and an item regarding irritability287. The DSRS 

consists of 15 items (i.e., depressive symptoms, with yes/no statements) and 

includes the following symptom categories occurring during the past two 

weeks: 1. Dysphoric mood/irritability; 2. Loss of interest or pleasure in most 

activities; 3. Sleep disturbances; 4. Weight loss or gain/appetite disturbances; 

5. Psychomotor agitation or retardation; 6. Fatigue or loss of energy; 7. Feel-

ings of worthlessness or guilt; 8. Concentration disturbances; and 9. Thoughts 

of death and thoughts of suicide (Appendix). 

Depressive symptoms were assessed at two time points: Waves II and III. 

All symptoms, per time point, were clustered and categorized into two sepa-

rate discrete depressive symptom summation indices (Depressive Symptoms 

Wave II and Depressive Symptoms Wave III). Participants were able to score 

0–9 units (number of reported symptom categories for depressive symptoms) 

because some criteria were assessed using two items, but were only counted 

as one criterion289 (Appendix). 

Note that DSRS was used only as a symptom count measurement and not 

as a diagnostic tool in the present thesis (Papers II–IV). Internal consistency 

assessed by Cronbach’s  with regards to the items was  = 0.827 (Wave II) 

and  = 0.865 (Wave III). 

Parental Diagnosis of Depression 

In Papers II–IV, parental depression was assessed by a questionnaire where 

the caregivers indicated previous or present paternal or maternal diagnosis of 

depression. The answers regarding paternal and maternal depression were then 
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clustered and dichotomized into presence of depression diagnosis among any 

of the parents (1) and absence of depression diagnosis among the parents (0). 

Parenting Styles 

In Papers I–IV, parenting styles were measured by the Parents as Social Con-

text Questionnaire developed by Skinner et al.,87. The PASCQ is a self-report 

questionnaire that measures six different parenting styles: Warmth, Rejection, 

Structure, Chaos, Autonomy support and Coercion. Two versions of the 

PASCQ were used in the present thesis: the parental version (Paper I) and the 

adolescent version (Papers I–IV). 

The adolescent version of the PASCQ is a 24-item self-rating scale provid-

ing scores on the six parenting styles over two dimensions: a positive dimen-

sion including parenting styles of Warmth (e.g., ‘My parents let me know they 

love me’), Structure (e.g., ‘If I ever have a problem, my parents help me to 

figure out what to do about it’) and Autonomy support (e.g., ‘My parents let 

me do the things I think are important’); and a negative dimension including 

parenting styles of Rejection (e.g., ‘Nothing I do is good enough for my par-

ents’), Chaos (e.g., ‘My parents get mad at me with no warning’) and Coercion 

(e.g., ‘My parents are always telling me what to do’). Each parenting style is 

composed of four questions with the response scale for each question ranging 

from not at all true (0) to very true (3). The adolescents were asked to consider 

both caregivers when answering the PASCQ. 

The PASCQ parental version is a 30-item self-rating scale providing scores 

on the six parenting styles over two dimensions: a positive dimension includ-

ing parenting styles of Warmth (e.g., ‘I do special things with my child’), 

Structure (e.g., ‘I make it clear to my child what I expect from him/her.’) and 

Autonomy support (e.g., ‘I encourage my child to express his/her opinions 

even when I don’t agree with them.’); and a negative dimension including 

parenting styles of Rejection (e.g., ‘Sometimes my child is hard to like’), 

Chaos (e.g., ‘I can get mad at my child with no warning’) and Coercion (e.g., 

‘I find myself getting into power struggles with my child’). Each parenting 

style is composed of four questions with the response scale for each question 

ranging from not at all true (0) to very true (3). The adolescents were asked to 

consider both caregivers when answering the PASCQ. 

The PASCQ was translated from English into Swedish (Swedish version in 

appendix) by the SALVe Cohort Research Group under standard proce-

dures290, 291. Firstly, a group of evaluators consisting of three professional eval-

uators (psychiatrist, sociologist, social worker) and three adolescent/young 

adult laypeople were, in a first step, asked to evaluate the Swedish translation 

regarding content validity in comparison with the original English scale. Sec-

ondly, the evaluators were asked to evaluate whether the Swedish translation 

corresponded with the original English wording regarding the essence and in-

tended meaning of each item while considering cultural differences. The eval-

uators’ comments and suggestions for rephrasing were compared, and the 
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translated scale was adjusted accordingly. The comments from the six inde-

pendent evaluators were similar and the translation was therefore considered 

to be unambiguous. Lastly, the Swedish version of the scale was back-trans-

lated into English by a professional translator, and a comparison of the back-

translated and original scales showed that the essence of the scale remained 

intact. A positive summation scale (PASCQpos) was constructed and consisted 

of Warmth, Structure and Autonomy support, and a negative summation scale 

(PASCQneg) was constructed and consisted of Rejection, Chaos and Coercion. 

Each summation index ranged from 0 to 36 points and demonstrated internal 

consistency of Cronbach’s  = 0 .853 and 0.846, respectively. 

The PASCQ is available in different languages and has been evaluated in 

different cultures, age groups, ethnical groups and settings, providing a good 

psychometric structure71, 87, 97, 292. The psychometric structure of the Swedish 

version was evaluated in Paper I in this thesis, and its results are presented 

under the main findings and in more detail in Paper I in the Appendix. 

Early Life Stress 

In Paper IV, ELS was measured through the Neuropattern – Pre-/Postnatal 

Stress Questionnaire (NPQ-PSQ) by Hero293. The NPQ-PSQ is a retrospective 

self-report questionnaire answered by the guardians. The questionnaire as-

sessed ELS through four dimensions targeting pregnancy (e.g., relationship 

status), birth (e.g., special mediation intervention after birth), childhood (e.g., 

whether stressors, such as massive conflict within the family, exist) and gen-

eral information (e.g., estimation of income during childhood). The guardian’s 

evaluation of the total impact of experienced stress exposure during childhood 

was used as a measure of ELS by a summarizing question: ‘Consider all ques-

tions regarding the child’s childhood/upbringing. How stressful do you con-

sider the child’s childhood to be on a scale from 1 to 10; not stressful (1) to 

highly stressful (10)’. The negative environment was not used as a rating scale 

of the frequency of ELS but as a measurement of the guardian’s subjective 

estimation of the impact of ELS exposure on the level of experienced stress 

during childhood. The estimation was then used as a component in the family 

environment. The NPQ-PSQ was translated into Swedish by researchers in the 

SALVe cohort group according to recommended procedures290, 291. The NPQ-

PSQ questionnaire is part of the Neuropattern, a translational tool to detect 

and treat stress pathology. The NPQ-PSQ has shown adequate psychometric 

properties294, 295. 

Genotyping 

Genotyping as a procedure is based on DNA amplification, allele discrimina-

tion and identification177. The genomic region of interest is amplified through 

the polymerase chain reaction, which is a common method in DNA sequenc-

ing177. In short, polymerase chain reaction works by using heat to separate a 
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duplex DNA molecule into two single-stranded molecules, which are then 

copied with thermostable DNA polymerases (i.e., resistant to change due to 

the applied heat) and small, custom-made primers296. After the DNA polymer-

ases are copied, the single-stranded molecules each become a new duplex 

DNA molecule296. Each round of amplification doubles the amount of targeted 

DNA fragments in a process that can be repeated 30–40 times296. 

In Papers III and IV, genetic information (OXTR and FKBP5, respec-

tively) was assessed through saliva samples for genotyping using the Or-

agene® DNA self-collection kit (Ottawa, ON, Canada). DNA was extracted 

in accordance with the manufacturer’s guidelines. Genotyping was performed 

using a fluorescence-based competitive allele specific polymerase chain reac-

tion (Kompetitive Allele Specific: KASPar™) assay (KBioscience®, Ted-

dington, UK). The KASPar™ genotyping technique uses genotype-specific 

primers in a polymerase chain reaction to produce an allele-specific fluores-

cent signal that increases with each round297. The genotype can be determined 

by reading the fluorescent signal, after completion of the polymerase chain 

reaction cycles177. Allele discrimination was completed using SNPviewer® 

(Teddington, UK). SNPviewer® is a tool that enables genotyping data to be 

viewed as a cluster plot to assess allele discrimination. The HWE was calcu-

lated through an online spreadsheet (Papers III and IV) with non-significant 

values, indicating that all SNPs were in equilibrium. The genotype calling was 

furthermore performed blind to psychosocial data and genotypes were coded 

assuming an additive function and based on minor allele count: 0 = homozy-

gous for the minor allele, 1 = heterozygous and 2 = homozygous for the major 

allele for both OXTR and FKBP5. 

OXTR Variants 

Eleven OXTR SNPs were evaluated in Paper III. The rs4564970 and 

rs1488467 were excluded from evaluation, as they had only four and two par-

ticipants, respectively, being minor allele homozygous (Table 2). 

FKBP5 Variants 

Seven FKBP5 polymorphisms and a haplotype (Table 2) were evaluated in 

Paper IV. The haplotype comprising the seven SNPs was categorized into 1) 

only major alleles (no presence of minor alleles, defined as FKBP5 low risk), 

2) presence of at least one minor allele (1–6 minor alleles present; defined as 

FKBP5 intermediate risk), and 3) haplotypes containing at least one minor 

allele in each haplotype (FKBP5 high risk)278. FKBP5 haplotype low risk ac-

counted for 43.0% of the participants, intermediate risk 46.7% of the partici-

pants, and high risk 10.2% of the participants (Table 2). 
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Table 2. Genetic characteristics of FKBP5 SNPs, FKBP5 haplotype and OXTR SNPs 

 

FKBP5 SNPs 

N (%)  

MAF 

 

HWE p 

 

Molecular consequence 

 

Chromosome location* Homozygous major Heterozygous Homozygous minor 

rs1360780 CC 485 (58.1) TC 391 (41.7) TT 61 (6.5) 0.27 0.13 Intron variant Chr6:35639794 

rs3800373 TT 528 (56.5) TG 351 (37.6) GG 55 (5.9) 0.25 0.74 3 UTR variant Chr6:35574699 

rs4713916 GG 475 (51.0) GA 382 (41.0) AA 74 (7.9) 0.28 0.82 Intron variant Chr6:35702206 

rs7748266 CC 670 (71.7) TC 249 (26.7) TT 15 (1.6) 0.15 0.13 Intron variant Chr6:35624967 

rs9296158 GG 489 (52.5) GA 382 (41.0) AA 61 (6.5) 0.27 0.24 Intron variant Chr6:35599305 

rs9394309 AA 462 (49.6) GA 394 (49.6) GG 75 (8.1) 0.29 0.48 Intron Variant Chr6:35654004 

rs9470080 CC 416 (44.8) TC 430 (46.3) TT 82 (8.8) 0.32 0.06 Intron Variant Chr6:35678658 

Haplotype TGCCACG:TGCCACG 403 (43.0%)   

 TGCCACG:minor haplotype 438 (46.7%)   

 Minor haplotype:minor haplotype 96 (10.2%)   

 

OXTR SNPs 

N (%)  

MAF 

 

HWE p 

 

Molecular consequence 

 

Chromosome location* Homozygous major Heterozygous Homozygous minor 

rs53576 GG 422 (43.1) GA 438 (44.7) AA 119 (12.2) 0.35 0.75 Intron variant Chr3:8762685 

rs237880 AA 479 (48.7) GA 410 (41.7) GG 94 (9.6) 0.30 0.65 Intron variant Chr3:8741819 

rs237887 AA 339 (34.5) GA 471 (47.9) GG 173 (17.6) 0.42 0.67 Intron variant Chr3:8755356 

rs237889 CC 418 (42.7) CT 429 (43.8) TT 132 (13.5) 0.35 0.19 Intron variant Chr3:8760797 

rs237898 AA 406 (41.3) TA 442 (45.0) TT 134 (13.6) 0.36 0.43 Intron variant Chr3:8766809 

rs1042778 GG 390 (39.5) TG 451 (45.7) TT 146 (14.8) 0.38 0.40 3 UTR variant Chr3:8752859 

rs2268490 CC 731 (75.2) CT 229 (23.6) TT 12 (1.2) 0.13 0.21 Intron variant Chr3:8755399 

rs2268491 CC 765 (78.1) CT 205 (20.9) TT 10 (1.0) 0.11 0.36 Intron variant Chr3:8758712 

rs4686302 CC 751 (76.6) CT 211 (21.5) TT 19 (1.9) 0.13 0.36 Missense variant Chr3:8767536 

rs6770632 CC 560 (57.4) CA 351 (36.0) AA 65 (6.7) 0.25 0.32 3 UTR variant Chr3:8752038 

rs13316193 TT 344 (35.4) CT 459 (47.3) CC 168 (17.3) 0.41 0.48 Intron variant Chr3:8761057 

Note: FKBP5 SNPs = FKBP5 polymorphisms; HWE  = Hardy–Weinberg equilibrium probability; MAF = minor allele frequency; OXTR SNPs = 

oxytocin polymorphism receptors; *GRCh38 = The Genome Reference Consortium Human Genome Build 38 

http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/
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Statistics 

Analyses were performed using the Statistical Package for Social Sciences 

(versions 24.0 and 26.0; IBM SPSS Statistics for Windows, Armonk, NY, 

USA). The AMOS macro for SPSS was used to conduct the confirmatory fac-

tor analyses298. The PROCESS macro for SPSS versions 3.3 and 3.4 was used 

to test and visualize interaction effects299. 

The methods used for statistical inference are reliant on different assump-

tions regarding data collection, data analyses and selection for presentation of 

the findings300. The assumptions are in turn dependent on several steps in the 

data collection process from choosing participants and formulating research 

questions to choosing the data analyses300. The assumptions used in the thesis 

are outlined below. 

Statistical Analyses 

Descriptive statistics, including measures of sample size (n), central tendency 

(mean, median), dispersion (standard deviation [SD], interquartile range), fre-

quency and percentage were used to describe basic features of the data in Pa-

pers I–IV. Little’s301 missing completely at random (MCAR) test was used to 

evaluate potential missing data values and a priori power analysis was con-

ducted using G*Power302 to test the effect of the dependent variables using 

linear regression models in Papers III and IV. In Papers I–IV, parametric 

and non-parametric tests such as independent samples t-tests, 2 tests, Mann–

Whitney U test and the Kruskal–Wallis test were used for comparison. Spear-

man’s  and partial correlation were used to assess correlations. Hierarchical 

cluster analysis (HCA) was used to assess the dimensions of positive and neg-

ative parenting styles. Multiple linear regression analyses were used in Papers 

II–IV, and a stepwise backward elimination was used in Paper II to assess 

the final regression model. Moderation analyses were used in Papers III and 

IV to assess two- and three-way interactions, respectively. The Johnson–Ney-

man regions of significance test (RoS) was used to evaluate support for the 

differential susceptibility theory or the diathesis stress model in Papers III 

and IV. 

Assumptions, Interpretations and Statistical Inference 

Assumption violations may have adverse effects of inference and are therefore 

important to consider303; however, the focus should not be on whether these 

assumptions have been violated but rather how much such violations may 

cause a misdirection when interpreting the findings and the inferences made 

from the findings303. Statistical inference is the process of using data analysis 

to infer properties of an underlying distribution of probability that can differ 
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due to natural variability in the data. Inferential statistical analysis infers prop-

erties of a population, e.g., by testing hypotheses and deriving estimates 

through different statistical methods304. 

Statistical Hypothesis Testing 

The statistical analyses of each Paper (I–IV) were used to test the specific 

hypotheses, starting with the equilibrium of null hypotheses, which states that 

when a null hypothesis is true, no differences in the subgroups of a study sam-

ple are seen300, 305. The null hypothesis was evaluated using p-values, which is 

a standard procedure in statistics300. The p-value reflects the probability that 

the chosen test statistic would have been at least as large as its observed value 

if every model assumption were correct300. The p-value is interpreted as sta-

tistically significant (< 0.05, 5%) or non-significant (> .05). This cut-off is 

often referred to as the significance level or the -level300, 304. For the consid-

eration of significance through all analyses, a two-sided p-value of 0.05 was 

considered significant306. In terms of hypothesis testing, two types of error can 

be made; type I () error and type II () error)305. The type I error is referred 

to as a false positive conclusion and is made when a true null hypothesis is 

rejected in error307. That is, findings of a study are concluded as significant 

when they occurred by chance or unrelated factors. A large number of varia-

bles in the analyses, as well as multiple analyses on the same dependent vari-

able, inflate the risk of type I error308. The probability in committing a type I 

error corresponds to the chosen -level (i.e., the p-value). A p-value of 0.05 

indicates that there is a 5% risk of error when a null hypothesis is rejected304. 

The type II error refers to a false negative conclusion and is made when a false 

null hypothesis is not rejected307. That means that a researcher concludes that 

the findings do not have a significant effect despite there actually being a sig-

nificant effect. A hypothesis test may only indicate if the null hypothesis 

should be rejected or not and therefore is different from accepting a null hy-

pothesis. The probability of committing a type II error corresponds to the sta-

tistical power (i.e., power = 1–). The consequences of type I and II errors are 

that unnecessary changes are made or that no changes are made even though 

they are needed304. Further discussion of type I and II errors are made in Pa-

pers II–IV and in the Discussion section of the thesis. 

The Johnson–Neyman technique 

The Johnson–Neyman technique is an extension of hypothesis testing where 

a RoS can be established309. The RoS specifies all systems of values for which 

the null hypothesis should be rejected309. For every point representing a signifi-

cant value in this region, the null-hypothesis should be rejected309. The John-

son–Neyman technique309 can be used over different areas of statistical testing 

from t-tests to continuous moderators310, 311. The technique allows exact com-



  46 

putation of different conditions and values when a moderator produces signif-

icant slopes312. The Johnson–Neyman technique was used in Papers III and 

IV to evaluate support for the differential susceptibility theory or the diathesis 

stress model in the evaluation of cGE interaction effects. The RoS test was 

used to evaluate whether there were significant associations between genotype 

and depressive symptoms at low and/or high values of the PASCQneg (Paper 

III) and low and/or high values of the PASCQpos (Paper IV). As recom-

mended by Roisman et al.313, the RoS index was restricted to a range of inter-

est ± 2 SD from the mean of the PASCQneg. 

Missing Data 

Longitudinal studies are important for predicting developmental effects314. 

Cohort studies may encounter several challenges that might affect the col-

lected data. One major concern is incomplete or missing data, which was 

briefly described in the study sample section. Missing data in longitudinal 

studies is most often due to non-responders in the population (some variables 

within a certain measurement occasion) or attrition (among all variables across 

entire measurement occasions)315, 316. The missing data emerges from three 

different mechanisms: MCAR, which is totally random; missing at random 

(MAR), which is a measured process that can be predicted; and missing not at 

random, which is an unpredictable process316. These processes do not clarify 

why the data is missing but identify where it is missing316. Little’s MCAR test 

differentiates between missing observations that are MCAR (null hypothesis) 

or MAR dependent on other variables (alternative hypothesis)317. Little’s301 

MCAR tests for mean differences in all study variables simultaneously using 

one statistical test317. The test sorts the collected data into different groups 

dependent on whether the study variables are observed or missing across cases 

to detect potential patterns in the missing data by sorting the data into sub-

groups based on whether the variables are observed or missing across cases to 

detect missing data patterns317. In a second step, the variable means are calcu-

lated for the subgroups individually and also across the subgroup for certain 

variables317. The standardized mean differences between variables in each 

subgroup and the overall mean are then summarized using 2 statistics317. The 

reason behind the standardized mean differences is that possible discrepancies 

in the variable variance may complicate the collected measures of mean dif-

ferences318. A significant 2 statistic indicates a significant deviation in mean 

differences over one or more study variables between each subgroup, there-

fore rejecting the null hypothesis due to the data not being MCAR301. Little’s 

(1988) MCAR test was performed in Paper III and IV to detect missing data 

values. 
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Psychometrics 

Psychometrics is a research field involved in the theory and technique of psy-

chological measurement, such as scale development and evaluation319. Key 

concepts within classical test theory are reliability and validity, which indicate 

the quality of the target instruments used. Briefly, reliability refers to con-

sistency. A reliable measure measures a construct consistently over time, in-

dividuals, and situations or contexts. Validity refers to intended measures, that 

is, the degree to which a measurement measures what it is intended to meas-

ure. Reliability is necessary, but not sufficient, for validity320. Both reliability 

and validity can be assessed statistically. 

Reliability 

The quality of the data is a reflection of the reliability of the measurement 

process320. When a scale is developed, evidence regarding the demonstration 

of consistency and reproducibility is needed319, 321, 322. If the measurement used 

is not reliable, analysis based on the same measurement is not either320. Reli-

ability is therefore a reflection of the potential errors in a measurement319. A 

measurement consisting of separate items, independent or dependent of each 

other, depends on various factors to determine the reliability of these compo-

nents323. Reliability analysis may help the researcher to value the trustworthi-

ness of the findings 324. 

Internal consistency 

The internal consistency of a scale is an estimate of whether various items on 

a scale measure the same thing. Items suggested to measure the same construct 

yield similar scores. Reliability assessment methods covering the items of a 

scale are usually inter-item correlation, item-total correlation, split-half, and 

Cronbach’s 319, 322, 325. Cronbach’s , which is rather sensitive to the number 

of items in the scale, becomes rather low when fewer items are included; with 

scales consisting of fewer than 10 items, it is suggested to report the mean 

inter-item correlations for the scale325. Cronbach’s  and inter-item correla-

tions were used to assess the internal consistencies of measures included in 

this thesis and were calculated for the DSRS in Papers II, III, and IV; for the 

PASCQ parental report in Paper I; and for the PASCQ adolescents report 

Papers I–IV. In the interpretation of -values, the following recommended 

levels were used: Cronbach’s  to > 0.9 excellent, > 0.8 good, > 0.7 accepta-

ble, > 0.6 questionable, > 0.5 poor, and  0.5 unacceptable326. Inter-item cor-

relations should range between 0.2 and 0.4327. 

Validity 

Validity refers to whether a test or scale accurately measures what it is sup-

posed to measure319, 321, 328. Measures of accuracy in a specific sample that a 

https://en.wikipedia.org/wiki/Psychological
https://en.wikipedia.org/wiki/Psychological
https://en.wikipedia.org/wiki/Measurement
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scale is designed for (internal validity) are often correct329. However, valida-

tion of an independent dataset (external validity) gives a more accurate view 

of the performance of a scale. A satisfactory result on an independent data set 

provides support that the instrument is generalizable to the target popula-

tion329. In the classical test theory of validity, construct validity, alongside 

content validity and criterion validity are three main types of validity evi-

dence. 

Construct validity 

Construct validity refers to the degree to which a test measures what it claims, 

or purports, to be measuring319, 321, 328. Construct validity can be viewed as a 

theoretical term that assess the validity of the measurement procedure (e.g., a 

scale) that is used to measure a given construct, such as parenting319, 328, 330. 

Construct validity is generally regarded as a combined form of validity for 

psychological and social scales, subsuming both content and criterion valid-

ity331, 332. A common approach to assessing construct validity is confirmatory 

factor analysis (CFA). CFA allows the possibility of comparing alternative 

models of relationships among constructs, which is a critical component of 

theory testing331. Construct validity of the PASCQ was assessed in Paper I 

through CFA. 

Confirmatory factor analyses 

CFA is a statistical tool that evaluates the nature and relationships of latent 

constructs such as attitudes or traits333. CFA explicitly tests a priori hypotheses 

with regard to the relationship between observed variables such as ratings or 

test scores, latent variables or factors333. CFA is the preferred choice when the 

aim is to develop or refine measurement instruments, assessing construct va-

lidity, identifying method effects, and evaluating factor invariance across time 

and groups334. The relative fit indices are based on the assumption that a null 

hypothesis would mean that the variables in the model were uncorrelated335. 

The relative fit indices used were root mean square error of approximation 

(RMSEA), with an approximate cut-off of 0.06–0.07, and standardized root 

mean square residual (SRMR) with an approximate cut off < 0.09336-338. The 

2 df was set to < 2–3339. CFA was used to confirm the internal structure of 

the PASCQ parent and adolescent reports in Paper I. 

Hierarchical cluster analysis 

Cluster analysis is a method used to categorize objects into groups where the 

participants responses in different clusters are similar to each other. Cluster 

analysis does not bear a priori knowledge of group characteristics but emerges 

from the process of identifying clusters of objects340. Also known as hierar-

chical clustering341, HCA is an approach within cluster analysis that explores 

https://en.wikipedia.org/wiki/Test_validity
https://en.wikipedia.org/wiki/Content_validity
https://en.wikipedia.org/wiki/Criterion_validity
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the organization of samples within and among groups, representing a hierar-

chy342. Like general cluster analyses, HCA is a random method and suggested 

to be used for exploratory purposes only343. The fundamentals of HCA are 

repeated calculation of distance measures between the participants in the anal-

ysis, as well as the distance between the clusters created by the participants344. 

The purpose of HCA is to build a tree diagram (dendrogram) that shows the 

organization of the sample and its relationship in a tree form343, where the 

most similar responses by the participants in the study are placed on branches 

that are close together344 (Figure 4). 

 
Figure 4. A dendrogram of a HCA over the parenting styles from the parents as so-
cial context questionnaire PASCQ. 

An interpretation of the dendrogram is then made by observing the points at 

which the clusters are joined together in the dendrogram344. The categories 

that are joined together sooner hold more similarity to each other than those 

that are joined later in the dendrogram344. In Figure 4, Warmth and Autonomy 

support are more similar than Structure. Chaos and Coercion are more similar 

than Rejection, whereas, Warmth, Autonomy support and Structure are closer 

together than they are with Chaos, Coercion and Rejection. The composition 

of the parenting styles of PASCQ was assessed through HCA in Paper II. 

Regression Analyses 

Regression analysis is a statistical technique that attempts to explore and 

model relationships between variables. The analyses of Papers II–IV are 

based on this technique with multiple linear regression models (Paper II), 

moderation models (Paper III) and moderated moderation models (Paper 
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IV). The regression analyses hold some assumptions, which are discussed be-

low. 

Assumptions for interpretation 

When a regression model, such as a linear regression model, is considered, the 

certainty of its appropriateness is not given in advance345. Assumptions such 

as linearity of the regression function, normality of the error terms, and homo-

scedasticity299 may be violated and not appropriately met345. Therefore, it is 

important to evaluate the suitability of the model for the data before inferences 

based on that model are undertaken345. 

Linearity 

In an ordinary least squares (OLS) regression model, the assumption of a lin-

ear or somewhat linear relationship between the variables must be made299. 

The assumption of linearity is crucial because a violation may risk the mean-

ingfulness of the interpretation of the regression coefficient346. Linearity holds 

the assumption that the relationship between the independent variable (X) and 

the mean of the dependent variable (Y) is linear. The linearity assumption can 

best be tested with scatter plots, which was done in Papers II–IV. 

Normality 

The assumption of normality is one of the least crucial in linear regression 

analyses, but is critical if the sample size is small or the violation severe299. It 

has been suggested that only the most severe violations of the normality as-

sumption substantially affect the validity of the statistical inference with re-

gards to regression analyses, if the sample size is not small303, 347. Violation of 

normality may influence the sample variance under some conditions in a way 

that reduces the power of hypothesis tests (the power of a hypothesis test refers 

to the probability of correctness in rejecting a false null hypothesis)299. The 

normality assumption was tested in Papers II–IV through Q–Q plots, and the 

Kolmogorov–Smirnov test. 

Homoscedasticity 

The assumption of homoscedasticity is that the size of the error term is the 

same across all values of the independent variables; if this condition is violated 

the errors are heteroscedastic299. The heteroscedasticity may affect the validity 

as well as the power of hypothesis tests and furthermore affect accuracy in the 

confidence intervals for the regression coefficients that are dependent on the 

form of the heteroscedasticity299. Previous research has suggested that a mild 

violation of homoscedasticity assumption is acceptable347. One way to detect 

homoscedasticity is an evaluation through a scatter plot (as used in Papers II–

IV). Another option is the use of heteroscedasticity-consistent covariance es-

timators that do not assume homoscedasticity299 (Papers II–IV). The family 

of heteroscedasticity consistent (HC) standard error estimates for regression 
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coefficients (HC estimator) approaches the correct value with increasing sam-

ple size despite the presence of heteroscedasticity346. The HC3 was used in 

Papers III and IV. 

Collinearity and multicollinearity 

Collinearity occurs when two regressors are highly correlated, which most of-

ten happens when the regressors are dichotomous346. However, multicolline-

arity is the same as collinearity but with several correlated regressors. Collin-

earity only affects the power of tests on regression coefficients and not their 

validity. It only affects a few of the regressors, and if those are covariates, the 

independent variables are not affected346. 

The assumption of multicollinearity may be evaluated in different ways, 

through correlation analysis and collinearity statistics such as tolerance (TOL) 

and the variance inflation factor (VIF) (Papers II–IV). 

A correlation analysis provides information regarding the strength and the 

direction of an association or relationship between two variables348. The two 

most commonly used correlation coefficients in medical research are the Pear-

son coefficient and the Spearman coefficient349. A Spearman coefficient re-

sembles a Pearson correlation coefficient, but is calculated with the ranks of 

the values of the two variables instead of their actual values345. Spearman’s 

correlation was used in Paper I to evaluate associations and in Papers II–IV 

to evaluate collinearity. The Spearman coefficient is abbreviated as the  

(rho), or in some cases rs
348 and is not restricted to continuous variables be-

cause ordinal data can be ranked. The use of ranks allows the coefficient to 

quantify strict monotonic relationships between two variables (ranking of the 

data converts a nonlinear strictly monotonic relationship to a linear relation-

ship)348. These properties make the Spearman coefficient relatively robust 

against outliers348. When no association is present, the  is equal to zero, whilst 

in a perfect monotonic relationship  equals ±1 and a p-value concludes the 

significance of the relationship348. Partial correlation is another method for 

analysing the strength of a relationship while controlling for the effect of one 

or more other variables (Papers III and IV). The partial correlation used in 

the present thesis was based on the unsquared method, i.e., an estimation be-

tween two variables whilst all other regressors were held constant, meaning 

that the associated variables have been corrected for their shared association 

with other regressors346. If the correlation analyses indicate multicollinearity 

among the variables different tests to evaluate whether the data meet these 

assumption needs to be performed. TOL and VIF are two measures to evaluate 

the degree and amount of multicollinearity. They are two related statistics for 

diagnosing collinearity in multiple regression. Both are based on the R2 value 

obtained by regressing a predictor on all other predictors in the analysis, yet 

inverse304. TOL and VIF were used to evaluate multicollinearity in Papers II–

IV. TOL is associated with each independent variable and ranges from 0 to 1. 

The VIF for a regression model variable is equal to the ratio of the overall 

https://www.statisticshowto.com/independent-variable-definition/
https://www.calculushowto.com/types-of-functions/domain-and-range-of-a-function/#def
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model variance to the variance of a model consisting of only that single inde-

pendent variable304. The ratio is calculated for each independent variable. A 

high VIF value is an indication of high collinearity between an independent 

variable with other variables in the same model. Cut-offs for the VIFs were 

set to < 1 not correlated, 1–5 moderately correlated and > 5 highly correlated. 

The TOL cut-off was set to 0.4, with 0.84 considered high tolerance (low mul-

ticollinearity) and 0.19 considered low tolerance (serious multicollinearity)346, 

350. 

Linear regression analyses 

Regression analysis is a statistical method that utilizes the relationship be-

tween two or more quantitative variables so that an outcome or dependent 

variable can be predicted from the other independent variables345. The relation 

can be either functional or statistical, where a functional relation is found 

through a mathematical formula, and describes precisely how two variables 

relate345. Given that X denotes the independent variable and Y the dependent, 

a functional relation is of the form: 

 
𝑌 = 𝑓(𝑋) 

 

As a particular value of X, the function 𝑓 indicates the corresponding value of 

Y345. A statistical relation is not a perfect relation (i.e., the variable Y is not a 

function of X); they may be influenced by other factors as well. The statistical 

relation is used with the intention of uncovering underlying functional rela-

tionships345. A regression model is a formal means of expressing two crucial 

components of a statistical relation; to show the tendency of the response var-

iable Y to vary with the predictor variable X in a systematic way, and to portray 

a scatter of points around the curve of statistical relationship345. A basic re-

gression model where there is only one predictor (i.e., X variable) and the 

regression function is linear can be denoted as follows: 
 

𝑌 = 𝛽0  +  𝛽1𝑥 +  𝜖 
 

A regression model is suggested to be simple when there is only one predictor 

variable, linear in the parameters when no parameter appears as an exponent 

or is multiplied or divided by another parameter, and linear in the predictor 

variable when this variable appears only in the first power345. The main effects 

were tested in Papers II–IV using simple linear regression. 

Multiple Linear Regression (Paper II) 

Multiple linear regression (or multiple regression) is a statistical technique that 

uses several explanatory variables to predict the outcome of a response varia-

ble304. Multiple linear regression aims to model a linear relationship between 

the explanatory (independent) variables (X) and an outcome (dependent) var-

iable (Y)304. Multiple linear regression is an extension of OLS regression due 

https://www.investopedia.com/terms/v/variance.asp
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to its inclusion of several independent variables346. Linear regression is a func-

tion that allows predictions about one variable based on the information that 

is known about another variable, hence a linear relationship304. A linear re-

gression method can only be used in the presence of at least one independent 

variable and a dependent variable that is continuous. The independent variable 

is the parameter that is used to calculate the dependent variable304. 

Such a framework would yield a linear relationship between positive/neg-

ative parenting, parental depression and sex with depressive symptoms among 

adolescents (cross sectional) or with depressive symptoms among young 

adults (longitudinal). The analyses were adjusted for age. The longitudinal 

models were further adjusted for adolescent depressive symptoms in Wave II. 

Stepwise backward elimination, where non-significant terms are withdrawn 

from the analysis one by one, was used to assess the final linear regression 

model. 

Simple Moderation Analyses (Paper III) 

Moderation analysis, also known as two-way interaction, is based on the as-

sumptions of linear regression. The effect of X on Y can be moderated when 

its size, sign or strength is dependent on or can be predicted by W. When this 

occurs, the relationship between X and Y is moderated or W and X interact in 

their influence on Y299. The statistical model consisting of X, W and XW as 

antecedent variables can be denoted in the equation: 

 

Υ =  𝑖Υ +  𝑏1𝑋 +  𝑏2𝑊 +  𝑏3𝑋𝑊 +  ℯΥ   
 

The moderator of an effect yields the understanding of the boundary condi-

tions of that effect or the circumstances, stimuli or type of individuals for 

which the effect is small or large, absent or present, and negative or positive299. 

Such a framework would yield that the relationship between OXTR SNPs and 

depressive symptoms may be different among those who had a negative fam-

ily climate compared with those who did not. Calling OXTR SNPs X and per-

ceived positive or negative parenting W allows the context of a simple mod-

eration model that lets the effect of X on Y depend on W (Hayes; PROCESS 

Model 1)299. A model consisting of X, W, and XW as antecedent variables 

may be presented as shown in Figure 5. 
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Figure 5. Statistical diagram over the two-way interaction used in Paper III. The 
model was built with one OXTR SNP as the predictor (X), depressive symptoms as 
the dependent variable (Y) and perceived negative parenting as the moderator (W). 

Moderated Moderation Analyses (Paper IV)  

Like simple moderation, moderated moderation is built on the assumption of 

linear regression. When a moderation model consists of a secondary modera-

tor, it is called a moderated moderation, or a three-way interaction299. The con-

straint of moderated moderation is that, as in a moderation model, the effect 

of X on Y is moderated by W but also by a secondary moderator (Z)299. When 

a model is represented by XWZ as a product of the variables X, W, and Z, it 

allows the moderation of the effect of X on Y by W to be dependent on Z. 

Such a model can be denoted in the following equation: 

 

Υ =  𝑖Υ + 𝑏1𝑋 + 𝑏2𝑊 + 𝑏3𝑧 + 𝑏4𝑋𝑊 + 𝑏5𝑋𝑍 + 𝑏6𝑊𝑍 + 𝑏7𝑋𝑊𝑧 +  ℯΥ 

 

Expressed as such, the effect of X on Y is shown to have two different com-

ponents: one that is determined by Z and one determined by W. Therefore, 

W’s influence on X’s effect on Y is conditional on Z, meaning that the mod-

eration of the effect of X on Y by W is itself moderated by Z. Such a frame-

work would yield that as ELS increases by one unit, the effect of FKBP5 SNP 

on depressive symptoms increases by FKBP5 SNPELS units. Furthermore, 

the influence of ELS on the link between FKBP5 SNP and depressive symp-

toms may be dependent on a positive parenting style, and the differences in 

ELS may be smaller among individuals that reported higher levels of positive 

parenting than others. Calling FKBP5 SNPs X and ELS W, perceived positive 

parenting Z and depressive symptoms Y allows the context of a moderated 

moderation model that lets the effect of X on Y depend on W (Hayes; PRO-

CESS Model 3)299. A model consisting of X, W, Z, XW, ZW and XWZ as 

antecedent variables may be presented as shown in Figure 6. 
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Figure 6. Statistical diagram over the three-way interaction used in Paper IV. The 
model was built with one FKBP5 SNP or haplotype as the predictor (X), depressive 
symptoms as the dependent variable (Y) and perceived positive parenting (Z) and 
ELS (W) as moderators. 
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Ethical Considerations 

The studies (Papers I–IV) included in this thesis were approved by the Ethical 

Review Board of Uppsala (Dnr 2012/187) as part of the SALVe cohort. In-

formed consent from adolescents and/or parents was collected before inclu-

sion with regards to both saliva samples for DNA extraction and completion 

of questionnaires as a potential invitation to the sub-studies. Confidentiality 

of the participants was guaranteed. The participants were informed that they 

could be excluded by choice from participation at any given timepoint and 

that they could assess the information collected. All participants received cin-

ema tickets after their participation (per wave) as compensation for their time. 

.  
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Main Findings 

Paper I 

Measuring parental dimensions: A psychometric evaluation of the parents as 

social context questionnaire, Swedish version 

 

The PASCQ showed internal consistency of  = 0.481 for the adolescent re-

port and  = 0.617 for the parent report. Correlations between the parent and 

adolescent reports, using matched parent–adolescent dyads, ranged from r = 

0.164 (Structure) to r = 0.366 (Coercion). 

The inter-item correlations of the parenting styles (Warmth, Rejection, 

Structure, Chaos, Autonomy support and Coercion) ranged from 0.3 to 0.5 

(adolescents) and 0.3 to 0.4 (parents), indicating a satisfying construct of the 

parenting styles. A reversed correlation pattern was seen between the negative 

(Rejection, Chaos and Coercion) and positive (Warmth, Structure and Auton-

omy support) parenting styles, regarding both the adolescents and parents. 

The model fit indices of SRMR, for both parental and adolescent reports, 

met the cut-off criteria for model fit and the RMSEA was in the range of an 

acceptable value and had significant 2 values (Table 3). 

 

Table 3. Model fit indices of PASCQ for adolescent and parental six factor models 

Scale version χ2 df RMSEA SRMR p n 

Adolescent 2037.09 237 0.070 0.063 < .001 1555 

Parent 2075.34 390 0.054 0.061 < .001 1477 

Correlation coefficients between Adolescents and parents dyads1 

 Adolescent Parent Spearman’s ρ 

Parenting styles Mean SD Mean SD ρ p 

Warmth 3.690 0.457 3.340 0.399 0.271 < 0.001 

Rejection 1.340 0.525 1.500 0.458 0.270 < 0.001 

Structure 2.970 0.610 3.420 0.391 0.164 < 0.001 

Chaos 1.700 0.589 1.520 0.446 0.244 < 0.001 

Autonomy support 3.450 0.527 3.610 0.391 0.232 < 0.001 

Coercion 1.920 0.612 1.670 0.534 0.366 < 0.001 

RMSEA = root mean square error of approximation; SRMR= standardised root mean residual; 
PASCQ = Parents as Social Context Questionnaire; 1n = 1345 
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The factor loading estimates of the adolescent scale items ranged from 0.310 

to 0.763. One item failed to demonstrate convergent reliability of > 0.4 (Struc-

ture item 4: ‘My parents explain the reasons for our family rules’, factor load-

ing 0.310). The factor loading estimates of the parental scale items ranged 

from 0.383 to 0.757, with an item that failed to demonstrate convergent relia-

bility of > 0.4 (Autonomy support item 3: ‘I trust my child’, factor loading 

0.383). The Spearman correlation between parent and adolescent estimation 

was significant overall (Table 4). 

Concluding Remarks 

The findings of Paper I indicate that the PASCQ (parent and adolescent re-

ports) is a valid measurement for parenting styles. Both the parent and the 

adolescent reports showed good model fit, yet low concordance. The adoles-

cent report may therefore be suitable for measuring the adolescent’s view of 

the relationship but perhaps less representative of the parent’s experiences and 

vice versa. The unstable findings on the Coercion style may need further in-

vestigation and validation. 
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Paper II 

The influence of parenting styles and parental depression on adolescent de-

pressive symptoms: A cross-sectional and longitudinal approach 

 

The correlations between the six parenting styles (Warmth, Rejection, Struc-

ture, Chaos, Autonomy support and Coercion) were significant, and the cor-

relations between the positive and negative parenting styles revealed an oppo-

site pattern. Because the parenting styles correlated, the VIFs and TOL were 

inspected for multicollinearity, to ensure that assumptions of the linear regres-

sion analyses were not violated. The VIFs for the parenting styles and depres-

sive symptoms in Wave II ranged from 1.3 to 2.4, with TOL from 0.4 to 0.8. 

The VIFs for the parenting styles and depressive symptoms in Wave III ranged 

from 1.4 to 3.1, with TOL between 0.4 and 0.7. 

An HCA, visualized through a dendrogram, revealed two clusters in an 

early stage where the positive parenting styles were combined in one group 

and the negative parenting styles in another, supporting the use of a negative 

and a positive index. 

A significant difference was seen regarding cross-sectional reports of de-

pressive symptoms between males and females during adolescence, and lon-

gitudinal reports, three years later, during young adulthood. There was no sig-

nificant difference between males and females regarding perceived positive or 

negative parenting style. Females reported higher levels of depressive symp-

toms at both time points. 

Cross-sectional Approach 

Positive and negative parenting styles, parental depression, sex, and age all 

had significant main effects on depressive symptoms. A positive parenting 

style was associated with a decrease in depressive symptoms while a negative 

parenting style was associated with an increase in depressive symptoms. Ad-

olescents at 18 years of age reported more depressive symptoms than 16-year-

olds. Parental depressionsex as an interaction term was significantly associ-

ated with depressive symptoms (b = 0.810, p = 0.003, p = 0.034). The full 

model had an explained variance of R2 = 0.258, in depressive symptoms. Pa-

rental depression was suggested to have an increasing effect on depressive 

symptoms among adolescents, an effect significantly more pronounced among 

females than males (Figure 7). 
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Figure 7. Ordinal fan-shaped interactions over parental depression, depressive 
symptoms among adolescents divided by sex (Figure credit: Keijser et al.,351. Au-
thors rights). 

Longitudinal Approach 

The main effects of the study variables at Wave II were significant associa-

tions with depressive symptoms three years later. Higher reports of positive 

parenting style scores were associated with fewer depressive symptoms. Pre-

vious reports of depressive symptoms were positively associated with depres-

sive symptoms three years later. Negative parenting style, parental depression 

and age were not significant as main effects. The significant interaction effect 

of parental depressionsex was no longer significant as the adolescents had 

reached young adulthood. 

Concluding Remarks 

The findings of Paper II contribute to further understanding of the variance 

in depressive symptoms caused by parenting style and parental depression 

during adolescence to early adulthood. The finding of a long-term protective 

effect of positive parenting style during adolescence for depressive sympto-

matology three years later may be of particular interest for treatment pro-

grammes and family-based prevention strategies related to depressive symp-

tomatology. The possible influence of the parent–child relationship and family 

environment, even during later adolescence, should not be underestimated in 

the prevention and treatment of depressive symptomatology in adolescents 

and young adults. 
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Paper III 

Gene–environment interaction: Oxytocin receptor (OXTR) polymorphisms 

and parenting style as potential predictors for depressive symptoms 

 

A significant two-way interaction effect was seen between OXTR SNP 

rs6770632 and negative parenting style on depressive symptoms among 

young adults. The moderation model had an explained variance of R2 = 0.18, 

where the model significantly predicted depressive symptoms.  

The OXTR SNP rs6770632negative parenting interaction uniquely ex-

plained R2 = 0.004 of the variance in depressive symptoms. Probing the inter-

action showed that the conditional effect of rs6770632 on depressive symp-

toms transitioned from non-significant to significant at a negative parenting 

style level of 19.072 points (i.e., the RoS value) (Figure 8). 

 

 
Figure 8. The conditional effect of OXTR SNP rs6770632 on depressive symptoms as 

a function of negative parenting style. Johnson-Neyman region of significance scores 

on negative parenting style with values of ± two SDs and 95% confidence interval 

(upper and lower) shown: –3.41 (–2 SD) and 18.33 (+2 SD). Reprints from Psychiatry 

Research Keijser et al.,352. Gene–environment interaction: Oxytocin receptor (OXTR) 

polymorphisms and parenting style as potential predictors for depressive symptoms. 

Copyright (2021), with permission from Elsevier. 
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The RoS value corresponded to negative parenting levels at approximately 

+2SD and above, indicating that rs6770632 was associated with depressive 

symptoms only at higher levels of negative parenting style. 

The findings furthermore indicated that AA carriers of the rs6770632 who 

reported higher levels of negative parenting were more likely to report more 

depressive symptoms than CA and CC carriers (Figure 9). 

 

 
Figure 9. Two-way interaction effects with unstandardized beta (b) and p-value of 
OXTR SNP rs6770632 divided by allele and negative parenting style on depressive 
symptoms among young adults. Reprints from Psychiatry Research Keijser et al.,352. 
Gene–environment interaction: Oxytocin receptor (OXTR) polymorphisms and par-
enting style as potential predictors for depressive symptoms. Copyright (2021), with 
permission from Elsevier. 

Concluding Remarks  

The findings of Paper III indicate that OXTR SNP rs6770632 and negative 

parenting style were significant in a two-way interaction (rs6770632 

PASCQneg), supporting the diathesis stress theory in only a more negative 

environment. The interaction term accounted for 0.4% of the variance in de-

pressive symptoms which, although significant, may be interpreted as a null 

finding. 
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Paper IV 

Three-way interaction effects of early life stress, positive parenting and 

FKBP5 in the development of depressive symptoms in a general population 

Diathesis Stress Pattern of Interactions 

The findings of Paper IV provided statistical support for a diathesis stress 

pattern of interactions regarding FKBP5 SNPs rs1360780, rs4713916 and 

rs9394309 with a single RoS value, presented in their models (Figure 10a–e). 

The conditional two-way rs1360780ELS interaction at different values of 

PASCQpos (mean = 28.44, SD = 4.98, range 10–36) indicated significant ef-

fects on depressive symptoms at the higher end of positive parenting (Figure 

11a). These findings suggest a difference in the effect of ELS between CC, 

TC, and TT carriers in those that estimated PASCQpos scores of  33 points 

(i.e., 1 SD above the mean). The three-way rs1360780ELSPASCQpos in-

teraction indicated that the homozygous minor (TT) carriers reported higher 

levels of depressive symptoms when high levels of ELS were reported, yet the 

least depressive symptoms when lower levels of ELS were reported under the 

influence of higher levels of PASCQpos, in comparison with TC and CC carri-

ers. 

The conditional two-way rs4713916ELS interaction at different values of 

PASCQpos indicated significant effects on depressive symptoms at the higher 

end of positive parenting (Figure 10b). These findings suggest a difference in 

the effect of ELS between GG, GA, and AA carriers in those that estimated 

PASCQpos scores of  32 points (i.e., 1 SD above the mean). The three-way 

rs4713916ELSPASCQpos interaction indicated that the homozygous minor 

(AA) carriers reported higher levels of depressive symptoms when high levels 

of ELS were reported, yet the least depressive symptoms when lower levels 

of ELS were reported under the influence of higher levels of PASCQpos, in 

comparison with GA and GG carriers. 

The conditional two-way rs9394309ELS interaction at different values of 

PASCQpos indicated significant effects on depressive symptoms at the higher 

end of positive parenting (Figure 10c). These findings suggest a difference in 

the effect of ELS between AA, AG and GG carriers among those that esti-

mated PASCQpos scores of  32 points (i.e., 1 SD above the mean). The three-

way rs9394309ELSPASCQpos interaction indicated that the homozygous 

minor (GG) carriers reported higher levels of depressive symptoms when high 

levels of ELS were reported, yet the least depressive symptoms when lower 

levels of ELS were reported under the influence of higher levels of positive 

parenting, in comparison with GA and AA carriers. 
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Figure 10. a) Conditional FKBP5 SNP rs1360780ELS interaction at values of positive parenting (PASCQpos) with 95% confidence interval 

(CI). b) Conditional FKBP5 SNP rs4713916ELS interaction at values of PASCQpos with 95% CI. c) Conditional FKBP5 SNP rs9394309ELS 

interaction at values of PASCQpos with 95% CI. d) Conditional FKBP5 SNP rs7748266ELS interaction at values of PASCQpos with 95% CI. 

All vertical lines in each figure represent the limits of the Johnson–Neyman RoS. All figures were adjusted for sex, age, and previous depressive 

symptom scores. (Figure credit: Conditional three-way interaction effects by Keijser et al.,353, CC. BY. 4.0).

https://creativecommons.org/licenses/by/4.0/
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Differential Susceptibility Pattern of Interaction 

The findings of Paper IV provided statistical support for a differential sus-

ceptibility form of interaction regarding rs7748266. The conditional two-way 

rs7748266ELS interaction at different values of PASCQpos indicated signif-

icant effects on depressive symptoms at the higher end of positive parenting, 

with two RoS values (Figure 10d). These findings suggest a difference in the 

effect of ELS between CC, TC, and TT carriers among those that estimated 

PASCQpos scores  23 or  33 points (i.e., ±1 SD from the mean). The three-

way rs7748266ELSPASCQpos interaction indicated that the homozygous 

minor (TT) carriers, reported higher levels of depressive symptoms overall, 

independent of environment, in comparison with TC and CC carriers. 

Concluding Remarks 

The findings of Paper IV indicate that the effects of the FKBP5 alleles on 

depressive symptoms seem to be moderated by ELS and positive parenting, 

supporting both the diathesis stress model and the differential susceptibility 

theory, partially confirming previous literature on the matter. The evaluations 

made in Paper IV may therefore contribute to further research on the role of 

FKBP5 in the development of depressive symptoms. 
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Discussion 

The four studies that comprise this thesis investigated the psychometric prop-

erties of the Swedish version of the PASCQ, parent and adolescent reports, in 

the general population. It furthermore investigated parental depression, ELS, 

parenting (referred to as the family environment), and genetic influence on 

depressive symptoms in the general population of adolescents and young 

adults. 

The parent and adolescent versions of the PASCQ were useful instruments 

for the assessment of parenting styles. The influence of family environment 

on depressive symptoms from adolescence to young adulthood were signifi-

cant between Waves II and III. The interaction effects of OXTR SNP 

rs6770632 and negative parenting on depressive symptoms among young 

adults suggested that AA carriers of rs6770632 reported more depressive 

symptoms than CA and CC carriers. However, the effect needs further evalu-

ation. The interaction effect of FKBP5 SNPs (rs1360780, rs4713916, 

rs7748266, and rs9394309), positive parenting and ELS on depressive symp-

toms among young adults showed that they differed in their diathesis or sus-

ceptibility to a negative and positive environment, depending on whether they 

were carriers of plasticity gene variants or not. 

This thesis provides a deeper understating of how the family environment 

affects depressive symptoms, and how certain individuals are affected in a for-

better-and-for-worse manner depending on their genetic predisposition. 

The Parents as Social Context Questionnaire 

The evaluation of the psychometric properties of PASCQ in Paper I is the 

first evaluation of the Swedish version of the scale. The scale was translated 

by the SALVe research group according to standard procedures. The PASCQ 

has been used by the SALVe group in several publications354, 355 (not included 

in this thesis), and in Papers II–IV (adolescent version) of this thesis as a 

measurement of negative and positive environment. As other versions of the 

scale have been evaluated previously71, 87, 97, 292, 356, a confirmatory approach 

was adequate. The general findings showed a good model fit for both the pa-

rental and adolescent reports. The results supported the reliability and validity 

of the Swedish translations of both reports. The adolescent scale was further 

evaluated as part of Paper II regarding the use of a positive and a negative 

summation index, as this approach was used throughout the thesis (Papers II–
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IV). The HCA supported the use of a positive summation index consisting of 

the parenting styles of Warmth, Structure, and Autonomy support, and a neg-

ative summation index consisting of the parenting styles of Rejection, Chaos 

and Coercion. Further discussion of the scale is given in the Methodological 

considerations section. 

Previous psychological literature has defined at least eight major parenting 

categories that are relatively robust in the absence of intervention357. The cat-

egories reflect those used in the PASCQ—parental Warmth, Rejection, Struc-

ture, Chaos, Autonomy support, Coercion—as well as demandingness and re-

sponsivity358. Even though different researchers use different concepts to de-

scribe parenting styles, their domains are consistent across the published liter-

ature358. 

Although the six parenting styles have been confirmed, the parenting style 

of Coercion shows less robustness, with an inter-item correlation that suggests 

an unstable fit among Singaporean and Indonesian adolescents71, 292. This pat-

tern was also seen among Swedish adolescents in Paper I of the thesis. Coer-

cion as a parenting style shows an inconsistent pattern between different stud-

ies, where a negative correlation has been seen with positive parenting styles87, 

suggesting a bipolar relationship. Yet, a positive correlation has been found 

with Warmth and Autonomy support, indicating it to be a positive parenting 

style attribute among Indonesian adolescents292. Parental responsivity and de-

mandingness are suggested to influence improvement in child cognition and 

behaviour, whilst parental Warmth and Rejection influenced behaviour but 

not cognition358. Interestingly, parental Coercion has no influence over child 

outcomes among children born preterm and up to two years of age358. The 

interaction between Coercion and extrovert child temperament among chil-

dren 6-12 years of age has been found to affect explicit child behaviour359. The 

interaction between Coercion and negative affect in child temperament has 

been shown to influence the child’s indirect aggression359. 

The findings of Coercion as an unstable parenting style as well as the null 

findings of Coercion with behaviour and interaction effects on child aggres-

sion may suggest that Coercion is only a predictor with other factors present, 

and only influences children with a certain temperament. A previous study 

found 5–6-year-old children with high affect were more sensitive to negative 

parenting behaviour and showed greater non-caring traits in comparison with 

others360. Parental Coercion may not always induce vulnerabilities or internal-

izing problems among children or adolescents or a parental need of control, 

but rather other environmental factors. Parents who live under stressful con-

ditions may have difficulties in executing constructive and adaptive parenting 

styles as a response to child/adolescent behaviour in everyday life during 

chronic stress conditions361. Stress may create an increase in Coercion; the 

need to protect the child from environmental risk factors may induce control-

ling behaviour towards the child and its surroundings361. However, this may 

not be true for all stages of development from childhood to adolescence and 
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into young adulthood. During infancy, Warmth might be more prominent, 

whereas in toddlerhood, authority and autonomy issues might be more prom-

inent361. Differences may arise in adolescence as well. The findings of Paper 

I showed that adolescents perceived parenting differently depending on age 

and sex. These findings are in line with previous research that showed a shift 

in parenting when adolescents enter young adulthood, as they are given more 

space and privacy362. The idea of privacy invasion differs between cultures 

and age groups. For example, some cultures consider access to the adoles-

cent’s devices to be natural, where in other cultures it is not362. The idea of 

interdependence is linked to autonomy and promoted in Western cultures362. 

As Warmth is more prominent during the child’s first year, autonomy is more 

likely to be central during middle childhood, adolescence, and young adult-

hood. The parents are supposed to balance problems and prominent demands 

to allow more autonomy in the parent–child relationship361. These differences 

illustrate the importance of evaluating parenting styles adequately in different 

cultural contexts291. 

Regarding the concordance between parents and adolescents and perceived 

parenting, the findings of Paper I detected a discrepancy between parental 

reports and adolescent reports of parenting. These findings are not new to the 

field, but in line with previous research, where adolescents reported negativity 

from their mothers within a conversation that was not seen by people observ-

ing their relationship363. The perception of negativity from parents during con-

versations among adolescents may serve as an indication of ongoing or devel-

oping depression. 

Influence of the Family Environment  

Papers II–IV showed that the family environment has an impact on depres-

sive symptoms, in line with previous research364. Previous studies that inves-

tigated the family environment and depression have focused on children or 

adolescents50, 365, 366. This thesis investigated depressive symptoms in adoles-

cence and young adulthood over a three-year span, which is a distinctive pe-

riod both biologically and socially. 

Childhood and adolescent depression are more common when a parent also 

suffers from depression. This may be due to the negative environmental im-

pact on the child or to heritability107, 108. The findings of Paper II confirmed 

that parental depression had a significant main effect on the depressive symp-

toms reported by adolescents and young adults. Maternal depressive symp-

toms have shown to reduce parenting quality367. The association between pa-

rental depression and parenting style might be related to future depression of 

the offspring because difficulties in the early parent–child relationship con-

tribute to the future development of depression during adolescence, as well as 

its course and maintenance50, 78, 105. 
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A previous study by Rote et al.,363 showed that internalizing symptoms 

among adolescents were linked to an increase in feelings of guilt, shame and 

perceived guilt induction during an observed discussion between mothers and 

adolescents. The perceived negativity was induced by creating negatively bi-

ased perceptions of maternal statements and behaviours during communica-

tion363. Adolescents with depression and internalizing symptoms are more 

likely to attend to negatively perceived stimuli than others368 and more likely 

to report their parents as being part of psychological control361. The present 

thesis found a link between parenting and depressive symptoms among ado-

lescents as well as young adults (Papers II–IV), where a perceived negative 

parenting style increased reports of depressive symptoms. This relationship 

may be bidirectional, as a negative parenting style may influence depressive 

symptoms. However, depressive symptoms may potentially influence the per-

ceived and reported parenting style. There may be a tendency among vulner-

able individuals to evaluate negative exposures or their consequences as worse 

than others and thereby be more likely to develop depressive symptoms than 

individuals without such tendencies369, 370. 

Previous research has found that parental Warmth had a buffering effect on 

psychological distress among adolescents/young adults, particularly among 

females94, 371, 372. Interestingly, this seems to be the case in both Papers II and 

IV, where perceived positive parenting was associated with fewer depressive 

symptoms among both adolescents and young adults, with stronger effects 

among females. 

Positive results in prevention programmes have been identified in a mental 

health context373 in such way that the preventive actions strengthen protective 

factors such as problem solving, prosocial behaviour and social support from 

the parent373. These could all be strengthened through a positive parenting 

style. A warm and supportive environment seems to prevent or decrease the 

development of psychiatric illness even if other factors in the environment are 

harsh73. These findings were supported by the findings of the present thesis 

(Paper IV). Parenting may in that sense moderate or lower risks for the de-

velopment of mental illness72, 76. Although previous research has suggested 

positive preventive outcomes373 and positive parenting has shown to be a pre-

ventive environment72, less is known about the longitudinal preventive per-

spective373. As parenting styles have an impact on mental health among ado-

lescents57, 73, both in the treatment context and in a family based preventive 

aspect72, 76, 374, future research regarding the longitudinal context is warranted. 

There is a difference in depressive symptoms between males and females, 

with a preponderance among females375, 376. The thesis findings were in line 

with such results both during adolescence and young adulthood. When evalu-

ating the aspect of sex differences, the parental depressionsex interaction 

showed significant effects where females were more sensitive to parental de-

pression than males, both as adolescents and as young adults (Paper II). The 

influence of parental depression may affect the child differently depending on 
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when the depression is present. Eighteen-month-old children of mothers with 

depression were found to exhibit different risks for behaviour problems than 

children of mothers without depression, even when behaviour problems over-

all were increased377. The largest influences were observed among children of 

mothers with depression during both the antenatal and postpartum periods, 

followed by children of mothers with only antenatal depression377. 

Previous research found a link between depression trajectories among 

mothers and behaviour problems among females377, which is interesting con-

sidering the consequent sex differences regarding depression in the literature 

as well as in this thesis. 

Depression among children and adolescents may furthermore influence 

parenting styles, due to a greater need for flexibility from the parents with 

regards to parenting style, behaviours and approach47. Some parents may find 

it easy to meet their offspring’s demands, while others may not. This can, in 

turn, be due to other environmental stressors. The parental approach towards 

the offspring might reflect an already unsteady situation. 

Influence of Early Life Stress on Psychopathology 

ELS is a robust predictor for depression54, 56, and confers a risk for depression 

up to young adulthood121, 122. The severity (form and extension) of ELS expo-

sure involves more robust, persistent, and stronger effects on depression128, 129. 

ELS was associated with an increase in depressive symptoms during adult-

hood in Paper IV. The influence of a stressful environment starts in the 

womb; the intrauterine environment has a great impact on the foetal brain and 

on determining developmental paths that may later result in psychopathol-

ogy378, 379. As ELS includes a stressful environment during pregnancy, this as-

pect may play a role regarding the findings of Paper IV, where reports of the 

number of depressive symptoms were positively associated with ELS. There 

may be several reasons for this. Previous research has shown that the concen-

trations of stress hormones increase during pregnancy380, 381. Because of fur-

ther increase in stress hormones caused by a positive feedback loop due to the 

impact on maternal stress381. ELS may also lead to poorer health outcomes 

through other genetic mechanisms382. The role of genetics has been considered 

in previous research, regarding a structural level of gene variants in epigenetic 

regulation of DNA expression124. Variants of candidate genes may increase 

susceptibility to stressful environmental factors, and thereby increase the risk 

for mood disorders383. Depression susceptibility caused by the effects of stress 

on brain structure and brain function are suggested to be mediated by an im-

pairment of neuronal plasticity due to the possible modulation of mechanisms 

behind neuronal resilience123. Importantly, these mechanisms can serve as pro-

tective by activation of defensive pathways during acute stressful environ-

ment, whereas prolonged adverse exposure may cause impaired mechanisms 

that can lead to reduced neuronal plasticity123. An understanding of ELS is 
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therefore very important in the context of the relationship between the family 

environment, biology and the development of depression. 

Even though the family environment has some bearing on depressive symp-

toms, as confirmed in Papers II–IV, individuals exposed to a harsh environ-

ment are not destined to develop mental illness. Rather, through various fac-

tors such as genes and the environment, have some influence30, 103, 197, 198. The 

effects of the environment may vary dependent on genetic susceptibility105, 215, 

384. Environmental main effects may emerge more among carriers of genetical 

plasticity variants203. The effect of exposure on an outcome risk depends on a 

genotype or the presence of the cGE interaction effect200. The family envi-

ronment was therefore evaluated as cGE interaction effects on depressive 

symptoms. 

Diathesis Stress and Differential Susceptibility 

The findings of Papers III and IV have been evaluated through the theoretical 

frameworks of the diathesis stress model and the differential susceptibility 

theory. According to the diathesis stress model, vulnerable individuals (e.g., 

carriers of vulnerable alleles) are at a disproportionate risk of being affected 

unfavourably by harmful stressors or risk factors212. Consequently, stress in-

fluences a carrier of risk alleles to a higher degree than non-carriers, and thus 

transforms a tendency toward mental illness into psychopathology210. Accord-

ing to the differential susceptibility theory however, susceptible individuals, 

(e.g., carriers of susceptible alleles) are more responsive to both harmful 

stressors and risk factors and to a positive environment, compared with non-

carriers, and may therefore be more affected in both negative and positive di-

rections regarding their mental health59, 212, 217, 385. A previous study by Belsky 

et al.,219 queried whether the children who appear to be disproportionally af-

fected by parenting style are the same children who are also the most suscep-

tible to ELS; i.e., whether children are ‘differentially, differentially suscepti-

ble’219. This query may also be applicable to the diathesis stress model. Their 

findings suggested some differences regarding susceptibility among children 

with similar polygenic scores. Further research with different environmental 

settings is needed; however, this may explain the different findings of the the-

oretical frameworks. 

Interaction Effects of OXTR and Negative Parenting 

A significant interaction effect of OXTR SNP rs6770632 and negative parent-

ing on depressive symptoms among young adults was detected in Paper III. 

The results indicated longitudinal interaction effects of the OXTR SNP 

rs6770632 and negative parenting on depressive symptoms when adjusted for 

parental depression, sex and previous depressive symptom scores. The full 

statistical model accounted for < 20% of the variance in depressive symptoms, 

which indicates that there might be other explanatory factors for the variance. 
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The interaction term rs6770632PASCQneg only accounted for a minimal pro-

portion of the variance in depressive symptoms which, although significant, 

could be interpreted as a null finding. Possible explanatory factors that could 

be added in future models are peer stressors, parental divorce, family size, 

sexual abuse, or other dysfunctionality within the family386, 387. One potential 

explanation for the small variance could be that depression is linked to a cog-

nitive processing bias to negative stimuli197, where oxytocin seems to reduce 

attentional bias towards negative stimuli among individuals with heightened 

depression levels388 or with a cognitive vulnerability in a harsh environ-

ment389. However, even if the interaction is theoretically plausible, it may end 

in weak results with small effects, and the power to detect possible interactions 

will be even more limited in a small population390. This might be the case in 

Paper III. Nevertheless, the findings of Paper III indicated a pattern of OXTR 

SNP rs6770632 AA carriers being more sensitive to negative parenting style 

than CA and CC carriers. The RoS value on parenting style indicated that 

rs6770632 was associated with depressive symptoms only at higher levels of 

negative parenting style. A finding in line with the diathesis stress model was 

that carriers of a risk allele were at a disproportionate risk of being affected 

unfavourably by a negative environment (i.e., parenting)212. 

Previous research has placed the OXTR SNP rs6770632 in the field of psy-

chopathology. It has been linked to aggression, callous-unemotional traits 

(lack of concern for performance feelings, lack of empathy, lack of guilt/re-

morse), and/or behaviour problems391-395, and with social behaviour396. Fur-

thermore, a higher prevalence of the AA allele for rs6770632 has been found 

in aggressive child/adolescent females with disruptive disorders compared 

with healthy adults395. To our knowledge, Paper III is the only study to con-

duct gene–environment interaction effects of OXTR SNP rs6770632 and de-

pressive symptoms and interpret the findings in the theoretical frameworks of 

diathesis stress and differential susceptibility. Paper III therefore presents 

new findings regarding the association between oxytocin and depressive 

symptoms. These, and the general findings of oxytocin and depression, are 

inconsistent and illustrate the importance of further research and the necessity 

of clarifying and understanding such relationships250. 

Interaction Effects of FKBP5, Positive Parenting and ELS 

Significant interaction effects of FKBP5 SNPs rs1360780, rs4713916, 

rs7748266 and rs9394309, ELS and positive parenting on depressive symp-

toms among young adults were detected in Paper IV. The results indicated 

longitudinal effects of each SNP, ELS and negative parenting on depressive 

symptoms when adjusted for parental depression, sex, and previous depressive 

symptom scores. The three-way interaction models uniquely explained ap-

proximately 20% of the variance in depressive symptoms, including all main 

and interaction effects. The separate three-way interactions in their isolated 

models uniquely explained 0.4–0.9% of the variance in depressive symptoms. 
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As for Paper III, the finding of the interaction effects of Paper IV only ac-

counted for a small percentage of the variance in depressive symptoms which, 

although significant, could be interpreted as weak findings. The variance in 

depressive symptoms may also be due to other factors. Individuals who were 

previously exposed to negative life events are suggested to inhibit certain cog-

nitive tendencies, such as evaluating exposure, or its consequences, nega-

tively, and are therefore more likely to develop depressive symptoms in com-

parison with individuals without such cognitive tendencies369. That may imply 

that an interaction between cognitive vulnerability and stress may increase the 

likelihood of depressive symptoms369. These individuals may furthermore be-

have in a way that partially causes further stressful life events and subse-

quently increases the risk of developing depression370. As noted in Paper II, 

a discrepancy between parent and adolescent reports was significant. This may 

also be the case regarding reports of ELS; the situation during childhood may 

have had a greater impact on the parents than the child. Even though the 

PASCQ showed adequate model fit in Paper I, a risk of the strength of the 

positive parenting being too weak is possible. Thus, the positive environment 

might not yield a strong enough effect on ELS. 

Despite weak effects, diathesis stress patterns of interaction were shown 

for rs1360780, rs4713916 and rs9394309 with a single RoS value at the higher 

end of positive parenting, in the presence of ELS. These findings suggest a 

difference in the effect of ELS between the allele groups, and among those 

that estimated higher levels of positive parenting. These three-way interac-

tions indicated that compared with non-risk allele carriers, homozygous minor 

carriers reported higher levels of depressive symptoms when high levels of 

ELS were reported, yet the least depressive symptoms when lower levels of 

ELS were reported under the influence of higher levels of positive parenting. 

These individuals were at a disproportionate risk of being affected unfavour-

ably by a negative environment212. 

A differential susceptibility pattern of interaction was observed for the 

rs7748266 with two RoS values at the lower and higher end of positive par-

enting. These findings suggest a difference in the effect of ELS between the 

allele groups, and among those that estimated lower or higher levels of posi-

tive parenting. The three-way interaction of rs7748266ELSPASCQpos indi-

cated that the homozygous minor carriers reported higher levels of depressive 

symptoms overall, independent of environment, in comparison with carriers 

of no plasticity alleles. 

Previous research has placed different FKBP5 SNPs in the field of psycho-

pathology. A heightened risk for the development of depression for those who 

had experienced ELS in interaction with FKBP5 has been suggested in a meta-

analysis236. Some FKBP5 SNPs were non-significant (Supplementary Table 2 

in Paper IV). These equivocal findings are not new to the field; some other 

studies did not find any association277, 278, while others did129, 234, 236, 237, 282. 

Some aspects of Paper IV must be addressed regarding the knowledge gap 
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and the use of both a positive and a negative environment. ELS and parenting 

styles have been suggested to predict mental health problems, especially in the 

context of environmental factors in cGE research, respectively and jointly397-

399. Paper IV findings detected effects of the FKBP5 alleles on depressive 

symptoms as an interaction between ELS and positive parenting with support 

for both the diathesis stress model and differential susceptibility theory. These 

findings partially confirm previous literature on the matter. Previous studies 

have presented results indicating support for the diathesis stress and/or differ-

ential susceptibility theorem, but have not performed statistical tests to evalu-

ate the interactions237, 282-285. Only one study prior to Paper IV in this thesis, 

conducted by Perez-Perez et al.,277 has evaluated both positive and negative 

aspects regarding differential susceptibility effects of FKBP5 in relation to 

depressive symptoms using a cross-sectional design. However, the findings 

were not significant. The investigations made in Paper IV may therefore con-

tribute to further research on the role of FKBP5 in the development of depres-

sive symptoms and contribute with knowledge to further understand such in-

teraction effects. Future research regarding the cGE must be conducted to 

understand the variance in depression caused by FKBP5 and positive and neg-

ative environment236, and with regard to differential susceptibility. Even 

though the statistical results indicated a diathesis stress pattern of interaction 

of rs1360780, rs4713916 and rs9394309, a differential susceptibility pattern 

was noticed, and needs further evaluation. 

Methodological Considerations 

This section presents brief discussions regarding the methods used, and their 

strengths and limitations. Please consult the Method sections of Papers I–IV 

for more detailed descriptions relevant to each study, and the Discussion sec-

tions in Papers I–IV in the thesis for further discussion of the strengths and 

limitations. A strength of the thesis was the approximately equal distribution 

of sex among the adolescents and young adults. The study sample was repre-

sentative of the general population of Västmanland County and the general 

Swedish society, which improves the generalizability400. A limitation of the 

thesis was the small sample sizes in Papers III–IV, as genetic studies often 

need larger sample sizes. 

Questionnaires 

The DSRS286 is based on the DSM-IV’s symptom criteria401. The Swedish 

translation of the DSRS has been evaluated previously and has proven relia-

bility402. The accuracy of the DSRS is important due to the accuracy of the 

outcome variable, i.e., that depressive symptoms really were assessed. How-

ever, the assessment of DSRS induces the risk of information bias from false-
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positive or false-negative participant reports, where individuals under the in-

fluence of a depressive state tend to interpret their relations as more negative. 

Moreover, no information on psychopharmacological or therapeutic treatment 

for depression, which is problematic because of the potential impact on de-

pressive symptoms independent of the study predictors in Papers II–IV. This 

might allow the misclassification of participants with ongoing depression as 

non-depressive. A screening tool is adequate when evaluating depressive 

symptoms and not clinical depression because it is able to identify potential 

depression among individuals403, but a high level sensitivity is important be-

cause of the inclusion of all potential cases and no missed ones404. Heightened 

sensitivity might lead to a decrease in specificity404; therefore, the risk of in-

cluding individuals with symptoms unrelated to depression is therefore quite 

large. The specificity is nevertheless considered more important in a diagnos-

tic tool than in a screening instrument. None of the symptoms in the DSRS are 

characteristic of depression per se, but could be included in other psychiatric 

and medical illnesses, or considered just everyday symptoms376. Because the 

individual symptoms appear in other psychiatric diagnoses, the disorder is 

based upon symptoms that form a syndrome and in turn may cause an impair-

ment376. Regardless, the DSRS has shown a sensitivity of 96%, which means 

that the outcome variable may assess the symptomology of depression quite 

well286. 

The PASCQ was evaluated in Paper I and used in Papers II–IV to assess 

positive and negative parenting styles. The PASCQ was translated by the 

SALVe research group prior to the evaluation. The translation of the PASCQ 

followed suggested guidelines291. Expert raters were appointed to evaluate the 

Swedish wording and the essence of the meaning compared with the original 

scale, and a professional Swedish–English translation service for the retrans-

lation of the scale was used. The use of a combined parental scale instead of 

the separate maternal and paternal scales provided mean scores for parents 

instead of separate scores for mothers and fathers. However, previous research 

that evaluated the PASCQ using both maternal and paternal scales found no 

differences between the mothers’ and fathers’ reports71. There was a skewed 

sex distribution among the parents, with an overrepresentation of mothers. 

This further supported the use of a parental scale instead of separate ones. 

Moreover, the use of separate scales might have increased the risk of collect-

ing only positive estimations, due to rating the parent close at hand. Analyses 

regarding negative maternal or paternal behaviour on depressive symptoms 

among adolescent/young adults might have improved some findings and per-

haps would have led to more robust cGE interactions effects. Another limi-

tation of the matched parent and adolescent dyads in Paper I was that alt-

hough the dyads were matched by ID number, we could not ensure that the 

adolescent had the participating parent in mind when responding to the 

PASCQ. The discrepancy could therefore be due to the adolescent rating only 

one parent, while the other parent participated in the SALVe cohort. The high 
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mean age of the adolescents might further have affected the concordance. 

Nevertheless, only the adolescent scale was used as a measurement in Papers 

II–IV, and low concordance was therefore less significant in the thesis. The 

parent report may be more suitable for children than for adolescents, because 

of the more intimate relationship between younger children and their par-

ents405. Egeli et al.,97 evaluated a revised version of the PASCQ called the 

Revised Parent as Social Context Questionnaire and found no differences re-

garding age. Moreover, only 16–18-year-old adolescents were included in the 

present evaluation and therefore the findings are limited to that age group. 

Even though all measurements used in the thesis were previously evaluated87, 

286, 293, 406, 407 and showed good reliability, retrospective self-reports induce the 

risk of report bias, which is to be considered a limitation. 

The NPQ-PSQ293 Swedish version was used to assess ELS in Paper IV. 

The translation was made by researchers in the SALVe reserach group accord-

ing to recommended procedures290, 291. The NPQ-PSQ questionnaire is part of 

the Neuropattern, a translational tool to detect and treat stress pathology. The 

NPQ-PSQ has shown adequate psychometric properties294, 295. The NPQ-PSQ 

was answered by the guardians who were asked to use relevant documents if 

needed to make an accurate estimation of the level of perceived stress. The 

method of using a comparison of contemporaneous and retrospective accounts 

is said to be most accurate408, and encouragement to use relevant documents 

from the child’s childhood strengthens the retrospective reports of ELS. A 

summarizing question of ELS was used in the analyses to assess the total sub-

jective impact of the stressful events. The use of a summarizing question in-

stead of multiple items to measure ELS must be addressed. The negative en-

vironment was not used as a rating scale of the frequency of ELS but as a 

measurement of the guardian’s subjective estimation of the impact of ELS 

exposure on the level of experienced stress during childhood. The estimation 

was then used as a component in the family environment. The wider context 

of total stress exposure that stimulates the HPA axis and causes long-term 

stress during childhood was targeted409. Individuals with mood disorders may 

have a different threshold for stress susceptibility where the coping mecha-

nism required for stress may be altered or less functional123. The effects of 

stress on brain function depend on the timing and duration of the adverse ex-

perience123. The use of a summarizing question on ELS that conveys the child-

hood experience from 0 to 15 years may include a wide range of perceived 

stress and not just a point measurement. 

ELS includes different forms of child abuse and neglect and has short- and 

long-term effects on human physiology410. ELS also includes different kinds 

of adverse experiences a child might encounter, such as exposure to toxins, 

nutritional restriction, abuse, neglect, and limited family resources411. ELS has 

been clearly demonstrated to be associated with increased risk for many psy-

chiatric disorders, including depression412. There is a positive association be-

tween the severity of ELS and depressive symptoms among adolescents, with 
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a preponderance among females413. This association was mediated by adoles-

cents’ reported levels of stress during the COVID-19 pandemic413. Despite all 

these robust and recent findings, relatively little is known about how these 

associations work with behavioural patterns and how they increase the risk for 

mental health disorders and disease411. It is still unclear which changes are 

significant for different types of health risks and what supports individual dif-

ferences in children’s outcomes after experiences of ELS411. Therefore, the 

use of a summation index might hold some limitations, and future research 

with specific kinds of ELS may be useful. 

The longitudinal approach of assessing different measurement points over 

three years brings a valuable aspect to the thesis in the understanding of the 

architecture of depression. The family environment was measured from child-

hood to middle adolescence, and depressive symptoms were measured at two 

time points during middle adolescence and young adulthood, all of which in-

clude developmental stages that are crucial biologically, physiologically, psy-

chologically and socially. 

Psychometric Evaluation 

CFA is often used as evidence of construct validity in theory-based instrument 

construction334, as in Paper I. The CFA belongs to the family of structural 

equation modelling that handles measurement models (e.g., indicators like test 

items or factors)334. The CFA is hypothesis driven and unlike its counterpart, 

exploratory factor analysis, must be driven from prespecified aspects334. When 

applying the CFA, a firm a priori sense of the number of factors that exist in 

the data, and the specific indicators related to those factors, based on known 

evidence and theory, must be applied334. The PASCQ is a set scale with pre-

decided items and factors. When translated into Swedish by the research group 

support was sought to ensure the essence of the scale remained intact. CFA is 

used during the process of scale development to evaluate the latent structure 

of a test instrument, to verify the number of underlying dimensions (factors) 

of an instrument, and to evaluate the pattern of item–factor relationships, that 

are factor loadings334. The CFA was considered adequate to use in Paper I of 

the thesis when the PASCQ was translated and evaluated. 

Genetic Studies 

Several recommendations for refining the cGE studies were followed: Em-

pirical support for the selection of genes, a theory-driven selection of environ-

ment, and presentation of power calculations for the detection of reasonable 

effect sizes390, 414 should all be considered strengths for Papers III and IV. 

Some argue that the possibility of cGE interaction is preceded by multiple 

comparisons for genetic and environmental factors as main effects204, while 

others argue that cGE only should be considered when a main effect of the 
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gene is detected201. The latter approach has been encouraged and recom-

mended by genetic statisticians415 and the Psychiatric GWAS Consortium 

Steering Committee416. Some main effects of the cGE interaction were de-

tected in Paper III (OXTR SNP rs1042778), and in Paper IV (FKBP5 SNPs 

rs4713916, rs7748266, and rs9394309). The OXTR SNP rs1042778 was not 

significant in a cGE interaction, whereas rs677032 was significant in an in-

teraction but not as a main effect. All three FKBP5 SNPs were significant in 

their cGE interactions, and one FKBP5 SNP (rs1360780) was not significant 

as a main effect but as an interaction term. These findings indicate that a main 

effect does not necessarily mean the significance of an interaction effect in the 

present sample. A limitation of this approach is that it might prevent the find-

ings of crossover interaction effects and cGE interactions that transpire in 

the presence of low frequency environments201. The main effects of the geno-

type might furthermore vary across samples if the genetic effects are depend-

ent on an environmental exposure, and would cause failure in replication due 

to differences in environmental exposure201. Still, GWAS may have some ad-

vantages over association studies because of agnostic screening over the ge-

nome, and candidate gene studies due to the more precise localization of the 

gene/genetic variant390. 

Biological data, which may have brought another dimension to the analyses 

of Papers III and IV due to the knowledge gap of hereditability, was not col-

lected from the parents. The information regarding allele frequencies among 

the parents was not available. 

Adjustment for previous depressive symptom reports and parental depres-

sion in Paper III and adjustment for previous depressive symptoms in Paper 

IV brings robustness to the models used. There was no adjustment for psychi-

atric comorbidity in the participants, nor in adolescents or caregivers, even 

though comorbidity is common in the presence of depressive symptoms13, 31, 

386. The models did not account for other confounding factors such as parental 

divorce, physical abuse, sexual abuse, or other dysfunctionality within the 

family386. No other adjustments for environmental factors, such as peer stress-

ors, were made, even though previous research has shown the impact of such 

factors in the onset of depression387. Although the models explain a small 

amount of unique variance and other factors may play a role in depressive 

symptomology in Papers III and IV, the approach of adding several more 

variables would not be satisfactory. cGE studies are sensitive to confounders, 

even if some are considered mandatory to control for in models with interac-

tion terms129. The number of variables included in the models increases the 

risk of type I error308, which is true for all confounders. An inclusion of many 

predictors might have decreased the power, but the results would have been 

difficult to interpret. 

The inclusion of both single SNPs and a haplotype in the analyses of Paper 

IV amplifies the power in genetic research to detect possible associations417. 

The lack of findings regarding the haplotype may indicate that not all genetic 
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variants of the haplotype have an effect. When each SNP was evaluated, four 

out of seven indicated a significant effect. However, the design of the study 

offers a useful model for the future evaluation of cGE interaction research, 

including FKBP5 in a general population. 

Papers III and IV were conducted using multiple analyses on the same 

dependent variable, which inflates the risk of type I error308. There are several 

methods to correct the p-value, however, these are most often conservative 

and induce the risk of type II error. For this reason, no p-value correction was 

made in either Paper (III and IV), which could be seen as both a strength and 

a limitation. 

Genetic analyses require large samples. The sample size of > 1000 in Pa-

pers III and IV should be considered rather small in this context. This should 

be taken into consideration when evaluating the findings. The cGE studies 

are suggested to be most prominent when they consist of family, adopted sib-

lings, twins and so forth, to fully understand the contribution of the genes and 

the influence of the environment201. This was not possible in the present study, 

but may inspire future research. However, the variance explained by studies 

based on family, adopted siblings, twins and such are suggested to have limi-

tations as well. Where models of such characteristics may assume non-inter-

action effects and often lack the cG×E term in their models232. 

The cGE interaction studies focus on one or more smaller sets of genes 

chosen from a theoretical framework and may therefore be of relevance for 

the biological mechanism behind a diagnosis, whereas GWAS aims to detect 

a wide range of potential variants associated with a disease193. The choice be-

tween cGE and GWAS is made with regards to the aim of the study. Previous 

research has pointed out the necessity of cGE studies in the approach of un-

derstanding psychological disease195, 418. The advantage of cGE studies over 

plain environmental studies is that of a higher statistical power, which reduces 

the probability of committing a type I error. This advantage has been found in 

previous research204, and seems to be dependent on study design and, in some 

cases, disease prevalence204. The role of exposure frequency is suggested to 

be smaller in cGE studies than in environmental studies204. The appropriate 

approach to use is dependent on characteristics of the disease, the risk factor 

and data availability419. Environmental exposure is dynamic and varies over 

time, as does gene expression420. Development among humans involves peri-

ods of timed expression and silencing of specific genes, in certain cells420. 

Probing and Visualization of Interaction Effects 

The main focus of moderation analyses is on causal effects, how they operate 

under certain events, for which populations such an effect is present or not, 

and to what extent421. These studies are based on linear regression, which was 

used in Papers III and IV. A strength of moderation analyses is that they are 

not dependent on large sample sizes, but can operate at any sample size299. 

This is appropriate for this thesis as the sample size increases as participants 
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are filtered on different criteria, such as Caucasian. A two- or three-way inter-

action analysis may be hard to interpret. It is therefore highly recommended 

that the reader, and the author, visualize the moderation421. There are several 

ways to visualise the interaction, including bar plots or graphs421. It is im-

portant to note that the plot only visualizes the interaction and should not be 

used as anything else because it does not consider the mathematical aspect 

behind the interaction303. A visualisation of the interactions (Papers III and 

IV) was made in two ways—by graph and in a Johnson–Neyman plot that was 

actually based on the mathematical standpoint303. The decision to use both a 

graph and a Johnson–Neyman plot was due to the hardship in the interpreta-

tion of two- and three-way interactions. 

Ethical Considerations 

There are several ethical considerations that must be addressed in the present 

thesis. Paper I included research on minors, and Papers II–IV included sen-

sitive data provided by adolescents/young adults and their caregivers at dif-

ferent time points. The data included in the present thesis assessed information 

about depressive symptoms, ELS and parental depression (Paper II). Genetic 

information was collected and analysed (Papers III and IV). 

First and foremost, all ethical considerations regarding the research in the 

thesis were monitored and approved prior to data collection by the Ethical 

Review Board of Uppsala (Dnr 2012/187). Informed consent from adolescents 

and parents for both saliva samples, DNA extraction, and completion of ques-

tionnaires was collected prior to inclusion in sub-studies within the SALVe 

project. The confidentiality of the participants was guaranteed in both analyses 

and Papers (I–IV). The participants were informed that they could be ex-

cluded by choice from participation at any given timepoint and that they would 

be excluded from the research register. Individual information collected was 

available for the participants upon request. All participants received cinema 

tickets for their participation (per wave). 

Ethical Framework and Guidelines 

Emanuel et al.,422 presented seven requirements that may provide a compre-

hensible framework to use when evaluating the ethics of clinical research: 

Value, scientific validity, favourable risk-benefit ratio, independent review, 

informed consent and respect for enrolled subjects422. If and when all seven 

requirements are met, ethical research is conducted422. The findings of the the-

sis contribute to knowledge of the influence on depressive symptoms in ado-

lescents and young adults. These findings may contribute to the prevention 

and treatment both in treatment programmes and in family-based prevention 

programmes, which meets the requirement of value. All methods used in each 
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study were evaluated and well considered, ensuring that the requirement of 

scientific validity was met. Participants were invited from a community sam-

ple and were not at any risk in participation. Some questions asked in the forms 

might have been of a sensitive nature and therefore information was distrib-

uted on who participants should contact if they felt troubled; fair subject se-

lection was therefore met. There was no pronounced risk to participants for 

participating and the benefit to society may be large; the favourable risk-ben-

efit ratio requirement was therefore met. Regarding the independent review, 

information of participation was sent out beforehand to the guardians and the 

adolescents stating what participation would mean. The participants were 

asked to read, consolidate and sign the written informed consent which ena-

bled the requirements of independent review and informed consent. The pri-

vacy of the participants was well monitored, and the confidentiality of the par-

ticipants was guaranteed. The participants were informed that they could be 

excluded by choice from participation at any given timepoint and that they 

could access the information collected. All participants were handled through 

an ID-code and the key to the codes was locked at the Centre for Clinical 

Research. These precautions helped meet the requirement of respect for en-

rolled subjects. 

The current state of ethical guidance on mental health research including 

children and adolescents is multifaceted. The focus of prevention research is 

on the need to reduce the burden of mental illness on the individual, the fam-

ilies and society423. Research that includes minors is ethically sensitive, espe-

cially when questions on mental health issues (e.g., suicidal thoughts) are 

raised423. One issue to address when including minors is consent. Adolescents 

aged 12–13 years are developmentally mature enough to understand partici-

pation, yet, the principle of informed consent requires the approval of legal 

representatives of the child (i.e., guardians)423. However, the Ethical Review 

Board states that even if the guardian consents to participation, if the adoles-

cent reneges, it is illegal to include the adolescent in the research. Adolescents 

between the ages of 15 and 18 years sign their own informed consent if they 

understand the essence of a participation. 

Ethical guidelines for genetic research are no different from other ethical 

guidelines regarding health care research159. Within the field of medicine, four 

principles are evaluated regarding research: Autonomy, to do good, not to 

harm and rightfulness. In certain cases, two other aspects are added; solidarity 

and integrity159. This means that the research conducted is not allowed to vio-

late an individual’s self-determination, the effects must be positive, must not 

harm an individual and should be fair, e.g., by not favouring one person over 

another159. The research conducted must also be of some use and must not 

violate anyone’s integrity. If the research violates any of these principles, an 

ethical dilemma arises159. When conducting research regarding certain risk al-

leles for a specific disease, it is recommended that the caregivers take some 
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time to evaluate what participation means for the child or adolescent424. Infor-

mation regarding the collection of DNA was given to the participants in be-

forehand. No screening for physical diseases was conducted. All analyses 

were made on a group level, preventing the researcher from identifying indi-

viduals at risk. 

Future Studies   

Men and women seem to be at different risk for different illnesses425, e.g., 

where women more often develop depression426. Previous studies have re-

ported a greater level of stress experiences and higher stress vulnerability 

among women than men426 as well as differences in the HPA axis377, 381; lower 

cortisol response among females is suggested to be associated with hyporeac-

tivity of the HPA axis425. Previous research has also suggested that higher rates 

of depression among females may depend on a hyperactive stress response 

regarding interpersonal settings425. Genes involved in the regulation of the 

HPA axis include, among others, FKBP5155, 269, a gene that has been evaluated 

to render the functional architecture underlying HPA dysregulation in depres-

sion. Future studies regarding sex differences are therefore needed to evaluate 

potential differences regarding genes, ELS, the HPA axis and depression. A 

more profound understanding of such sex differences could contribute to fu-

ture treatment approaches427. 

Another possibility for future studies emerged from previous research that 

suggested that individuals who have experienced ELS and also have cognitive 

tendencies to interpret exposure, or exposure consequences, as more negative 

are more likely to develop depression than others369. This indicates that de-

pression or a vulnerability for depression (e.g., cognitive vulnerabilities) and 

ELS may have bidirectional effects. Individuals vulnerable to depression may 

act in a way that causes ELS and subsequently increase depression risk370. A 

longitudinal design investigating the causal relationship may address this 

query, and predictive mediation models may be one way of assessing the path-

ways between these traits. 

Another possible way to interpret findings in future studies may be the van-

tage susceptibility theory. The vantage susceptibility theory offers a theoreti-

cal framework regarding the anticipation of variability in response to a posi-

tive environment as a function of genetic factors428. The theory suggests vari-

ation in the sensitivity of individuals to supportive environments, and suggests 

that this sensitivity may influence how beneficial psychological therapy might 

be429. This invites studies of influences on therapeutic treatment among clini-

cally depressed individuals and consideration of whether treatment effects 

may vary with positive reinforcement, dependent on susceptibility.  
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Future studies regarding the theoretical frameworks used in this thesis (Pa-

per III and IV) may consider the ‘differential, differential susceptibility’ ap-

proach, which according to the findings of Belsky et al.,219, suggests that chil-

dren seem to differ in their susceptibility. One approach could be to compare 

young adults with depression that had either a positive or a negative upbring-

ing, to see if individuals with similar genotypes differed in their susceptibility.  

Longitudinal designs may contribute further to possible epigenetic find-

ings. Epigenetic studies may answer questions regarding the possible environ-

mental effects on gene expression.  

Research that includes samples of patient diagnosed with depression are of 

interest because the findings of the thesis lean towards an effect in a non-clin-

ical sample.  

Different interaction studies are of interest as well. Investigation of gene–

gene interaction effects between different genes involved in the regulation of 

HPA axis are a possible approach to understanding the architecture of depres-

sion. Gene–environment interactions involving concrete environmental risk 

factors towards the mother during pregnancy (such as partner violence) are of 

interest as well, due to changes in the HPA axis and severe stress exposure 

during the critical developmental periods of the foetus.  

Because of the weak findings of Paper III, further research on the OXTR 

SNPs is needed to evaluate the indication of significant effects; that is, to in-

vestigate whether the variance in depressive symptoms may depend on genetic 

differences or other factors.  

The novel findings of Paper IV need further evaluation; there is little re-

search on the relation between FKBP5, ELS and the effect of positive parent-

ing. One possibility could be to assess the positive parenting aspects during 

early childhood when ELS is assessed, to further understand how a positive 

parenting style may operate during stressful events during childhood.  
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Concluding remarks 

The PASCQ (parent and adolescent reports) is a valid measurement for par-

enting styles with good model fit, but low concordance. The adolescent report 

is therefore suggested to be suitable for measuring the adolescent’s view of 

the relationship but is perhaps less representative of the parent’s experiences 

and vice versa. The parenting style of Coercion showed an unstable structure 

that may need further investigation and validation.  

Further understanding of the variance in depressive symptoms related to 

parental style and parental depression during adolescence and early adulthood 

was provided in the thesis. The findings suggest a long-term protective effect 

of positive parenting style during adolescence for depressive symptomatology 

three years later. These findings may be of particular interest for treatment 

programmes and family-based prevention strategies related to depressive 

symptomatology. The influence of the parent–child relationship and family 

environment, even during later adolescence, should not be underestimated in 

the prevention and treatment of depressive symptomatology in adolescence 

and young adults.  

The OXTR SNP rs6770632 and negative parenting style were significant in 

a two-way interaction with support for the diathesis stress model in more neg-

ative environments. The findings suggest that carriers of OXTR SNP 

rs6770632 minor allele AA may be disproportionally affected by a negative 

environment than carriers of non-risk alleles. The interaction accounted for a 

small variance in depressive symptoms which, although significant, may be 

interpreted as a null finding. This finding may contribute to future research on 

different OXTR SNPs in relation to depression. 

The effects of the FKBP5 alleles on depressive symptoms were moderated 

by ELS and positive parenting with support for both the diathesis stress model 

and the differential susceptibility theory. These novel findings contribute to 

closing the knowledge gap regarding different FKBP5 SNPs and their involve-

ment in the development of depression among carriers of susceptibility alleles. 

These findings suggest that parenting styles may be measured with the 

PASCQ and that depressive symptoms among adolescents and young adults 

seem to vary dependent on the family environment, and cGE effects. How-

ever, the cGE effects may be more central for some individuals, depending 

on differences in diathesis or sensitivity towards the family environment. The 

variance in depressive symptoms may therefore contain diathesis stress and 

differential susceptibility effects regarding the cGE. The insight gained from 

this thesis provides a foundation for future research and contributes to research 

areas such as parenting and the understanding of biological factors behind de-

pressive symptomology among adolescents and young adults. 
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Svensk Sammanfattning  

Depression är en av de vanligaste psykiatriska sjukdomarna, över 264 milli-

oner individer (ca 4%) lider av depression globalt19. Depression är även den 

tredje ledande orsaken bakom kvalitetsjusterade levnadsår, och kan i värsta 

fall leda till suicid19. Tidigare forskning har påvisat en hög återfallsrisk med 

potentiella skov genom hela livet hos individer med depression20-24. Psykisk 

ohälsa drabbar inte bara de mest sårbara individerna som tidigare utsatts för 

stressande psykosociala händelser18, utan en rad olika individer, i olika åldrar, 

från olika bakgrunder, med olika erfarenheter. Forskning pågår kontinuerligt 

gällande att förstå de biologiska- och miljömässiga faktorerna samt hur de 

samspelar vid utvecklingen av depression. Trots detta finns det kunskaps-

luckor som behöver fyllas18. 

 

Det övergripande syftet med avhandlingen var att utvärdera de psykometriska 

egenskaperna hos ett mätinstrument framtaget för att evaluera föräldrastilar, 

att studera hur depressiva symptom hos ungdomar och unga vuxna kan variera 

beroende på familjemiljö och kandidatgen- och miljöinteraktion (cGE).  

 

Vidare består avhandlingen av fyra delstudier med specifika syften: 

 

Studie I 

Syftet med studien var att utvärdera de psykometriska egenskaperna gällande 

struktur av föräldrastilar men även samstämmighet mellan ungdoms- och för-

äldrarapporter hos mätinstrumentet The Parents as Social Context Quest-

ionnaire (PASCQ). 

 

Studie II 

Studien bestod av tre hypoteser:  

1) Att en positiv föräldrastil kommer att vara associerad med färre depressiva 

symptom hos ungdomar, medan en negativ föräldrastil samt föräldradepress-

ion kommer att vara associerade med fler depressiva symptom hos ungdomar. 

2) En signifikant interaktion mellan kön och föräldrastil samt föräldradepress-

ion i relation till depressiva symptom hos ungdomar, med en starkare effekt 

hos kvinnor, kommer att finnas.  

3) Nämnda associationer kommer att vara närvarande både i en tvärsnittsde-

sign och en longitudinell design.  
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Studie III 

Det primära syftet med studien var att utvärdera potentiella interaktioner mel-

lan elva enbaspolymorfismer (SNPs) i oxytocinreceptorgenen (OXTR) och 

föräldrastil i relation till variansen i depressiva symptom under ung vuxen ål-

der. Ett sekundärt syfte var att utvärdera cGE-interaktionen utifrån två teo-

retiska ramverk: Diathesis–stress-modellen och Differential susceptibility-te-

orin.  

 

Studie IV 

Syftet med studien var att utvärdera huruvida en cGE effekt av FKBP5 SNP:s 

eller Haplotyp och ELS på depressiva symptom hos unga vuxna modererades 

av en positiv föräldrastil genom de teoretiska ramverken; Diathesis-stress-mo-

dellen och Differential susceptibility-teorin. 

 

Studiepopulationen bestod av deltagare (födda 1997 eller 1999) och deras 

vårdnadshavare från ’The Survey of Adolescent Life in Västmanland Cohort 

Study’. Den aktuella avhandlingen inkluderade data från 2012 när deltagarna 

var 13 och 15 år gamla (våg I: DNA), från 2015 när de var 15 och 18 år (våg 

II: föräldrastil, föräldradepression, depressiva symptom och stress under barn-

domen) samt från 2018 när de var 19 och 21 år gamla (Våg III: depressiva 

symptom).  

Studie I baserades på enkätdata från studiedeltagarna och deras vårdnads-

havare (våg II). Den psykometriska utvärderingen av PASCQ baserades på en 

konfirmatorisk faktoranalys. Studie II bestod av enkätdata från studiedelta-

garna samt deras vårdnadshavare (Våg II och III). Analyserna baseras på 

klusteranalyser och linjära regressionsanalyser. Studie III och IV bestod av 

DNA (Våg I) från studiedeltagarna och enkätdata från studiedeltagarna samt 

deras vårdnadshavare (Våg II och III). Analyserna bestod av moderationsana-

lyser. 

Samtliga analyser genomfördes i Statistical Package for the Social Sciences 

(SPSS) (IBM Corp. Released 2016 – 2020. IBM SPSS Statistics for Windows, 

Version 24.0 – 27.0. Armonk, NY: IBM Corp.). Den konfirmatoriska faktor-

analysen genomfördes i det statistiska tilläggsprogrammet AMOS. Klustera-

nalyser och linjära regressionsanalyser genomfördes i SPSS. Samtliga mode-

rationsanalyser genomförs i det statistiska tilläggsprogrammet PROCESS. 

 

De primära fynden för respektive delstudier var: 

 

Studie I 

Den psykometriska utvärderingen påvisade en fullgod stabilitet gällande 

PASCQs förmåga att mäta föräldrastilar. Detta gör att PASCQ är ett adekvat 

mått på familjemiljö i en svensk kontext.  
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Studie II 

En positiv såväl som en negativ föräldrastil påverkar variationen i depressiva 

symptom under adolescensen men även senare under tidiga vuxenlivet, oav-

sett kön och i justering av föräldradepression. Vidare framkom en ökning av 

depressiva symptom givet att någon eller båda föräldrarna lider av depression, 

ett samband som var starkare bland kvinnor jämfört med män, effekten var 

signifikant över tid.    

 

Studie III 

Det fanns ett samband mellan OXTR SNP rs6770632 och depressiva symptom 

hos unga vuxna, vilket modererades av en negativ föräldrastil där AA-bärare 

tycktes känsligare gällande en negativ föräldrastil till skillnad från CA- och 

CC-bärare. Vidare framkom stöd för Diathesis-stress-teorin vid högre skattade 

värden av en negativ föräldrastil. Av elva OXTR SNP:s var en signifikant med 

negativ föräldrastil. Inga signifikanta samband framkom vad gäller en positiv 

föräldrastil.  

 

Studie IV 

I delstudie IV framkom fyra signifikanta trevägsinteraktioner gällande FKBP5 

SNP:s (rs1360780, rs4713916, rs7748266 and rs9394309) tillsammans med 

ELS på värden av en positiv föräldrastil vilka enskilt stod för variansen i de-

pressiva symptom hos unga vuxna.  Vidare påvisades stöd för Diathesis- 

stress-teorin vad gäller rs1360780, rs4713916 och rs9394309 och Differential 

susceptibility-teorin vad gäller rs7748266.  

 

Fynden från de fyra delstudierna föreslår att föräldrastil kan mätas med 

PASCQ och att depressiva symptom bland ungdomar och unga vuxna tycks 

variera beroende på familjemiljö och cGE effekter. cGE effekterna tycks 

mer centrala för vissa individer beroende på olikheter i diathesis eller suscepti-

bilitet för familjemiljön. Diathesis-stress-känslighet och Differential suscepti-

bility-effekterna gällande cGE tycks därför vara relevanta gällande variansen 

i depressiva symptom. 
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Appendix 

The Depression Self-Rating Scale (DSRS) 

A-Criteria in Swedish with number of items and response scale 

 

 

Följande frågor handlar om hur du känt dig de senaste två veckorna 
DSM-IV 

symptoms 

Har du känt dig nere, ledsen eller tom, nästan hela tiden, nästan varje 
dag?  1 
Har du känt dig irriterad, arg eller upprörd nästan hela tiden, nästan 
varje dag?  1 
Har du nästan varje dag, känt dig ointresserad av det mesta eller haft 
svårt att ha roligt åt sådant som du vanligtvis tycker om?  2 
Har du ätit mindre än vanligt eller har du gått ner 2 kg, eller mer i vikt 
under denna tid? 3 
Har du ätit mer än vanligt eller har du gått upp 2 kg eller mer under 
denna tid?  3 
Har du haft svårt att somna, vaknat under natten, eller vaknat tidigare 
än vanligt på morgonen?  4 
Har du sovit mer än vanligt, i stort sett varje natt?  4 
Har du känt dig så orolig och rastlös att du haft svårt att vara stilla?  5 
Har du varit mer stilla och rört dig mindre än vanligt?  5 
Har du känt dig svag, utmattad eller haft lite energi?  6 
Har ditt självförtroende varit sämre än vanligt?  7 
Har du haft skuldkänslor eller känt dig värdelös?  7 
Har du haft svårigheter att tänka eller att koncentrera dig?  8 
Har du haft tankar på döden eller tänkt att det skulle vara bättre att 
vara död? 9 
Har du haft tankar på att ta ditt liv?  9 

Response scale for all items is: Yes or No  
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The Parents as Social Context Questionnaire (PASCQ) 

Items in Swedish (adolescent and parent versions) by subscale, with response 

scale 

 
Parents as Social Context Questionnaire (PASCQ) (Adolescents) 

 

 
Warmth 

1. Mina föräldrar visar att de älskar mig.  

2. Mina föräldrar tycker om att vara med mig.  

3. Mina föräldrar är alltid glada att se mig.  

4. Mina föräldrar tycker att jag är speciell.  

 

Rejection 

1. Ibland undrar jag om mina föräldrar tycker om mig.  

2. Mina föräldrar tycker att jag alltid är i vägen.  

3. Mina föräldrar får mig att känna som att jag inte är önskad. 

4. Ingenting jag gör är tillräckligt bra för mina föräldrar.  

 

Structure 

1. När jag vill göra något, visar mina föräldrar mig hur.  

2. När jag vill förstå hur något fungerar, förklarar mina föräldrar det för mig.  

3. Om jag har ett problem, hjälper mina föräldrar mig att komma på hur jag ska lösa det. 

4. Mina föräldrar förklarar varför vi har våra familjeregler. 

 

Chaos 

1. När mina föräldrar lovar något, vet jag aldrig om de kommer att hålla det. 

2. När mina föräldrar säger att de ska göra något, händer det att de inte alls gör det. 

3. Mina föräldrar ändrar reglerna för mig hela tiden.  

4. Mina föräldrar blir arga på mig utan förvarning.  

 

Autonomy Support 

1. Mina föräldrar litar på mig.  

2. Mina föräldrar accepterar mig som jag är.  

3. Mina föräldrar låter mig göra de saker som jag tycker är viktiga.  

4. Mina föräldrar försöker förstå min synvinkel.  

 

Coercion 

1. Mina föräldrar säger alltid åt mig vad jag ska göra. 

2. Mina föräldrar bestämmer jämt över mig.  

3. Mina föräldrar tycker att det finns ett enda sätt att göra saker på, deras sätt.  

4. Mina föräldrar säger “nej” till allting.  

 

 
Response scale for all items is:  
Stämmer inte alls (1), Stämmer ganska dåligt (2), Stämmer ganska bra (3), Stämmer helt (4) 
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Parents as Social Context Questionnaire (PASCQ) (Parents) 
 

 
Warmth 

1. Jag känner väl till vad som händer i mitt barns liv/vardag.  

2. Jag vet verkligen hur mitt barn känner för olika saker.  

3. Jag gör speciella saker tillsammans med mitt barn (utöver vardagen).  

4. Jag avsätter tid för att prata med mitt barn om sådant som är viktigt för honom/henne.  

5. Jag visar eller säger till mitt barn att jag älskar honom/henne.  

 

Rejection 

1. Jag förstår mig inte på mitt barn särskilt bra.  

2. Ibland är mitt barn svårt att tycka om.  

3. Ibland kräver mitt barn så mycket att det känns som en börda  

4. Mitt barn behöver mer än vad jag hinner ge honom/henne.  

5. Ibland känner jag att jag inte kan vara där för mitt barn när han/hon behöver mig 

 

Structure 

1. Jag är tydlig med vad som händer om mitt barn inte följer våra regler.  

2. Jag gör det tydligt för mitt barn vad jag förväntar mig av honom/henne.  

3. Jag förväntar mig att mitt barn följer våra familjeregler.  

4. När jag säger till mitt barn att jag ska göra något, så gör jag det.  

5. Om mitt barn har ett problem, så hjälper jag honom/henne att komma på hur han/hon ska 

lösa det.  

 

Chaos 

1. Jag låter mitt barn komma undan med saker som jag egentligen inte borde tillåta.  

2. När mitt barn får problem/hamnar i svårigheter är min reaktion inte särskilt förutsägbar. 

3. Mitt barn verkar inte veta vad jag förväntar mig av honom/henne.  

4. Jag ändrar ofta reglerna hemma.  

5. Jag kan bli arg på mitt barn utan förvarning.  

 

Autonomy Support 
1. Jag uppmuntrar mitt barn att utrycka sina känslor även när de är svåra eller jobbiga att 

höra. 

2. Jag uppmuntrar mitt barn att utrycka sina åsikter även när jag inte instämmer i dem. 

3. Jag litar på mitt barn.  

4. Jag uppmuntrar mitt barn att vara sann mot sig själv.  

5. Jag förväntar mig att mitt barn säger vad han/hon verkligen tycker.  

 

Coercion 

1. Mitt barn bråkar jämt med mig.   

2. För att få mitt barn att göra något, måste jag skrika åt honom/henne.  

3. Jag kan inte tillåta att mitt barn bestämmer för många saker på egen hand.  

4. Ibland känns det som att jag måste pressa mitt barn för att få honom/henne att göra saker. 

5. Jag märker att jag hamnar i maktkamper med mitt barn.  

 

 
Response scale for all items is:  

Stämmer inte alls (1), Stämmer ganska dåligt (2), Stämmer ganska bra (3), Stämmer helt (4) 
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