
     
     

  
    

    

ACTA 
UNIVERSITATIS 

UPSALIENSIS 
UPPSALA 

2021 

Digital Comprehensive Summaries of Uppsala Dissertations 
from the Faculty of Medicine 1773 

The relationship between 
overweight and depression in view 
of genes, environment and their 
joint influence 

SOFIA H. KANDERS 

ISSN 1651-6206 
ISBN 978-91-513-1305-4 
URN urn:nbn:se:uu:diva-453404 



           
              

    
     

      

          

Dissertation presented at Uppsala University to be publicly examined in Room A1:111a, 
BMC, Husargatan 3, Uppsala, Monday, 22 November 2021 at 13:00 for the degree of Doctor 
of Philosophy (Faculty of Medicine). The examination will be conducted in English. Faculty 
examiner: Professor Nancy Pedersen (Department of Medical Epidemiology and Biostatistics, 
Karolinska Institutet). 

Abstract 
Kanders, S. H. 2021. The relation between overweight and depression in view of genes, 
environment and their joint influence. Digital Comprehensive Summaries of Uppsala 
Dissertations from the Faculty of Medicine 1773. 81 pp. Uppsala: Acta Universitatis 
Upsaliensis. ISBN 978-91-513-1305-4. 

Obesity and depression are known to often go hand in hand, but is this due to our genetic 
heritage, environmental factors or a combination thereof? With a neuroscientific approach, I 
have investigated the relationship between obesity and depression with the aim of bridging the 
different levels of research available in order to better understand this complex topic. 

Using data from a longitudinal cohort with adults, we analysed the genetic contribution 
to antidepressant response in Study I. The association between antidepressant treatment and 
changes in body mass index, waist circumference and fat mass was assessed in Study II. In Study 
III, the importance of bullying victimization for the relationship between obesity and depression 
was analysed using a longitudinal cohort with adolescents. Lastly, the moderating effect from 
breastfeeding duration on the relation between a known obesity associated gene and body mass 
index among adolescents and young adults was examined in Study IV. 

The bidirectional relationship between obesity and depression is derived from several joint 
processes and mechanisms such as the stress system and symptomatology overlap with strong 
environmental influences affecting both disorders, plausibly through epigenetic processes. Even 
though overweight and obesity were associated with depressive symptoms, one even more 
important environmental factor for the development of symptoms was bullying victimization – a 
risk factor that persisted after six years of follow-up. The genetic contribution to these complex 
disorders from individual variations is small in most cases, but with a credible additive effect and 
with environmental factors as important moderators of these relationships. One such moderator 
is breastfeeding duration, which was found to contribute to the relationship between FTO and 
future BMI with different patterns for the individual variants, which supports the differential 
susceptibility hypothesis. Finally, when AD treatment is used, the patient should be monitored 
regularly, both regarding depressive symptoms as well as obesity-related measurements. 

Overall, it is of high importance to focus on prevention because the frequently chronic course 
of obesity, as well as depression, has a high burden on individuals, as well as on society. 
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Introduction 

Whether it is our genes or life experience that determine an illness is a com-

mon question. Obesity and depression are known to often go hand in hand, 

but is this due to our genetic heritage, environmental factors or a combination 

thereof? With a neuroscientific approach, I have investigated the relationship 

between obesity and depression with the aim of bridging the different levels 

of research available in order to better understand this complex topic.   

Obesity 

Overweight and obesity are conditions with abnormal or excessive fat accu-

mulation that may be associated with impaired health [1]. Obesity is defined 

on the basis of body mass index (BMI) [2, 3] which is the ratio of weight in 

kilograms divided by the height in metres squared [3]. Since 1975, obesity has 

nearly tripled worldwide reaching over 650 million adults in 2016 [1]. The 

 

Figure 1. Share of adults with obesity 2016. From: https://our-
worldindata.org/obesity Share of adults that are obese, 2016 CC BY license 
Source: WHO, Global Health Observatory.  



 12 

share of adults living with obesity in 2016 worldwide is shown in Figure 1 [4, 

5]. With regard to children under the age of five, 38 million had overweight 

or obesity in 2019 [1]. The share of children aged two to four years old who 

are defined as overweight in some cases exceeds 40%, as can be seen in Figure 

2 [4, 6]. Almost ten times as many older children and adolescents, over 340 

million, had overweight or obesity in 2016 [1]. This represents an increase in 

prevalence among the 5- to 19-year-olds from 4% in 1975 to about 18% in 

2016 [1]. Even though obesity has been referred to as an epidemic since the 

1990s [7, 8], obesity rates are still increasing, especially in the Americas, Eu-

rope and in the Eastern Mediterranean countries [9]. Somewhat deterministi-

cially, Benjamin Caballero stated in 2019 that “we seem to be losing the war 

against obesity” [8]. So, why are we fighting this war?  

Defining obesity as a disease 

The answer to this question has not always been straightforward. In 1981, 

Faith T. Fitzgerald [10] presented three different views on obesity for consid-

eration:  

1. Obesity may be more of an aesthetic and moral problem, than a 

health issue.  

2. The treatment of obesity may be more morbid than fatness. 

3. There may be positive sides to being fat. 

The 40-year-old review is summarized as “To treat disease in the obese is ob-

viously good. To treat simple obesity as a disease may be another matter entirely.” 

 

Figure 2. Share of children 2-4 years old who are defined as overweight 2016 
From: https://ourworldindata.org/obesity Share of children who are overweight, 
2016 CC BY license, Source: Institute of Health Metrics and Evaluation, Global 
burden of disease study. 
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[10]. Since then, there have been numerous studies on obesity, its aetiology, 

consequences, treatment and last but not least, whether obesity should be con-

sidered a disease. Even in 2003, the perception that childhood obesity is 

largely a cosmetic problem remained, despite substantial literature stating the 

contrary [11]. In 2004, Conway & Rene stated that obesity meets the medical 

definition of disease and should be accepted as such to be able to determine 

its treatment and develop widespread interventions [12].  

The debate over the classification of obesity as a disease is complex and, 

in some ways, also philosophical, because there are different definitions of 

“disease” [12, 13]. Despite this sometimes semantic debate [13], acceptance 

of obesity as a disease has gradually increased over the years [14]. In 2017 the 

World Obesity Federation published a statement in the journal Obesity Re-

views saying that “obesity is a chronic, relapsing, progressive disease process” [14]. 

Bray et al. highlight the need for action to prevent this “global epidemic” [14]. 

Today, a search with the word “obesity” gives over 380 000 results, including 

over 60 000 reviews, in the well-known database PubMed of the National 

Center for Biotechnology Information [15]. In other words, obesity is of high 

importance, and the war is worth fighting. However, there are many questions 

left to be answered in order to win this fight. Because individuals living with 

obesity often experience stigma [16], it is important to use language that does 

not reinforce stereotypes. In this thesis, people-first language such as; “indi-

viduals with obesity” will therefore be used. 

The consequences of obesity 

One of the main reasons to continue this effort is the link between obesity and 

shorter life span. BMI as a measure of obesity has been accepted as a strong 

predictor of overall mortality [2], and childhood obesity per se is related to 

premature death in adulthood [17]. Obesity is also associated in particular with 

cardiovascular risk factors leading to premature death [17]. A 2010 review 

summarized the increased risk of premature death from overweight and/or 

obesity among children and adolescents, with hazard ratios from 1.4 to 2.9 

[18]. Park et al. condense the increased risk derived from high BMI among 2- 

to 19-year-olds to 40–60% for all-cause mortality [19]. In 2017, 4.7 million 

people died prematurely due to obesity according to the Global Burden of Dis-

ease study [20]. There are many life years to be saved if obesity rates could be 

reduced. 

There are factors that complicate the relationship between BMI and mor-

tality. A phenomenon usually called the obesity-survival paradox was de-

scribed as early as 1999 when the 1-year survival rate after haemodialysis was 

shown to be higher among patients with overweight compared with patients 

with normal weight [2]. This paradox is derived from the observed inverse 
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relationship between BMI and mortality among patients with multiple dis-

eases including cardiovascular disease (CVD), hypertension and stroke [2]. 

Clearly, BMI as a single obesity measurement is not without issues. 

In addition to CVD, obesity increases the risk of cancer, type 2 diabetes 

mellitus, obstructive sleep apnoea and mental disorders [21]. Reilly and Kelly 

add polycystic ovary syndrome and asthma to the list of associated morbidities 

[18]. Some risk factors such as gestational diabetes and preeclampsia, are spe-

cific to women during pregnancy [21, 22].  

Regarding major depressive disorder (MDD), overweight or obesity at 8 

years was associated with 4 times greater odds of lifetime MDD [23]. Sutaria 

et al. found in their meta-analysis of about 144 000 children that living with 

obesity had a 1.3-times increased odds of depression compared with those 

having normal weight [24]. Obesity was also associated with 1.7-times in-

creased odds for depression among 15- and 17-year-olds [25]. In a 2010 meta-

analysis, the pooled increased odds for the longitudinal relationship between 

obesity and future depression was 1.55 [26]. In summary, obesity is associated 

with premature death, and has many comorbidities. The association with fu-

ture depression is suggested to be bidirectional, as will be seen below.  

Depression 

Major depressive disorder 

MDD is considered to be a mood disorder, in which a disturbance in mood is 

considered the main underlying feature. Depression has long been described 

as a heterogenic condition with multiple different symptoms including sad-

ness, apathy, hopelessness, lack of motivation, loss of affection or feelings and 

psychomotor inhibition, i.e. slowness [27]. In contrast, bipolar disorder is a 

mood disorder in which manic or hypomanic episodes with irritable and/or 

elated mood and reduced need of sleep are present in addition to the depressive 

episodes [28].  

In 2015, 322 million people were living with depression worldwide [29]. 

This is equivalent to about 4.4% of the global population, but with higher rates 

for females (5.1%) than for males (3.6%) [29]. The prevalence increases with 

age, with a peak in older adulthood at around 60 years [29]. According to a 

recent review and meta-analysis, there is an increasing trend in the prevalence 

of depression [30]. Indeed, there is need for a better understanding of this mul-

tifaceted disorder to be able to reduce the burden on individuals, as well as on 

society.  
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The consequences of major depressive disorder  

Overall, depression leads to loss in health and functioning. This can be quan-

tified for a population using the prevalence and the average level of disability 

associated with the disorder, which gives estimates of years lived with disa-

bility (YLD) [29]. Depressive disorders were estimated to lead to over 59 mil-

lion YLD globally in 2015 with the largest proportion occurring in low- and 

middle-income countries [29]. A world map with disability-adjusted life 

years, that in addition to YLD takes into account premature death, can be seen 

in Figure 3 [31, 32]. In addition, persons with MDD are at higher risk of dying 

prematurely due to either unattended sickness such as cancer, CVD or human 

immunodeficiency virus infection [33]. MDD also increases the risk of suicide 

[29, 33]. Adult women are about two times more likely than men to suffer 

from depression [34]. This gender difference emerges in adolescence [34]; 

hence, it is important to include young individuals in research on MDD. 

Individuals with depression often have comorbid disorders, such as anxiety 

[29, 35, 36] or attention-deficit/hyperactivity disorder [35]. Among some pop-

ulations a considerable overlap between several diagnoses can be seen. When 

investigating Canadian Armed Forces personnel, 29.5% of those with MDD 

in addition suffered from post-traumatic stress disorder (PTSD), while 44.5% 

of those with PTSD also suffered from MDD [36]. Substance use disorder and 

 

Figure 3. Disability-adjusted life years: Major depressive disorders, age-standard-
ized rate, 2016 From: https://ourworldindata.org/mental-health Disability-ad-
justed life years: Major depressive disorders, age-standardized rate, 2016 CC BY 
license, Source: Institute of Health Metrics and Evaluation, Global burden of dis-
ease study. 

 

https://ourworldindata.org/mental-health
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MDD often cooccur [37], which increases the individual burden multifold. 

The risk of suicidal thoughts was 20 times more likely among individuals with 

combined MDD and substance use disorder compared with those without both 

these conditions [37]. Last but not least, depression has been linked to future 

overweight as well as obesity, with indications that longer exposure to depres-

sion increases the risk [26]. This suggests that the war against obesity would 

benefit from addressing MDD as well. 

Brain and behaviour 

Even before we are born, the environment may influence our lives for better 

or for worse. The brain has an inherent capacity to undergo maturation: to 

change structurally and functionally depending on experience – an ability es-

pecially prominent in young individuals [38]. This neuroplasticity involves 

neurogenesis, synaptogenesis (formation of new synapses between neurons) 

and synaptic pruning (eradication of unused synapses) [38]. During some pe-

riods in life, the brain is more susceptible to environmental influence. Time 

windows when external factors or experiences have an effect on specific be-

haviours are called sensitive periods [39]. When the development depends on 

essential factors that no longer have an effect after the closing of the time 

window, these are referred to as critical periods [39]. 

Adolescence is associated with extensive changes in brain maturation and 

in neuroendocrine signalling [40]. It is a sensitive time period with regard to 

transitioning into more independent behaviour including, for example, food 

choices [40]. Neuronal pathways and projections are undergoing myelinogen-

esis, which increases the speed of impulse conduction, and dendritic pruning, 

between the prefrontal cortex (PFC), limbic and subcortical regions [40]. In 

other words, new circuits are formed with new behaviour and unused circuits 

are removed. 

In addition to being able to continuously adapt to the environment, main-

taining the internal environment is crucial for survival [41]. The internal phys-

ical and chemical environment remains stable through interoceptor signals 

from internal organs and body fluids [41]. In addition to the internal regula-

tion, exteroceptive information derived from outside the body is important for 

the behavioural response to uphold a balance regarding the physical and social 

environments [41]. In many types of animals, this behaviour is fairly simple 

and is aimed at satisfying the drives of thirst, hunger, sex and defence, but for 

humans the behavioural repertoire is more complex and with individual vari-

ations [41].  

The hypothalamus, located below the thalamus in the central region of the 

brain, is responsible for homeostasis: the regulation of body temperature and 

blood composition, such as glucose concentration [42]. In short, the hypothal-
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amus regulates much of the endocrine system, through control over the ante-

rior pituitary [42]. One of these systems is the secretion of corticotropin-re-

leasing hormone from the hypothalamus, that leads to pituitary secretion of 

adrenocorticotropic hormone, which in turn stimulates cortisol secretion from 

the adrenal glands [42]. This is what occurs when a person experiences phys-

iological, emotional or psychological stimulation or stress (real or imagined) 

[42]. The system is often referred to as the hypothalamic–pituitary–adrenal 

(HPA) axis. Cortisol secretion has several functions, including mobilization 

of energy stores and inhibition of the immune system [42]. Cortisol is a ster-

oid, a lipophilic molecule that can penetrate the blood–brain barrier and exert 

an effect on hypothalamic neurons (in a negative feedback loop) or other brain 

regions [42]. Overall, hypothalamus function is of major importance regarding 

both weight and mood. 

More complex goal-directed behaviour is organized by the prefrontal areas 

of the frontal lobes [41]. The PFC is the nonmotor area of the frontal lobe, 

which otherwise controls movement through the motor cortex [43]. The PFC 

has many critical functions in humans including planning, initiation of activi-

ties, detecting and resolving conflicting plans for action, mental flexibility, 

and emotional and personality processing that is important for social cognition 

[43]. In other words, the PFC is responsible for the executive functions, that 

allow us to plan, direct our attention and make decisions [43]. 

The neurons are the principal functional units in the nervous system that 

elicit reception, processing, and transmission of information [41]. Divergence 

is important to acknowledge, i.e. one neurotransmitter can bind to several dif-

ferent kinds of receptors, which can mediate divergent responses, or act dif-

ferently depending on the actual post-binding cascade of effects [42]. Differ-

ent neurotransmitters can also, through convergence; activation of their recep-

tor type, influence the same effector system [42]. A large number of different 

neurotransmitters are known to mediate transmission between neurons, in-

cluding acetylcholine, dopamine and norepinephrine [41, 42]. Because of its 

importance for mood disorders and regulation of appetite, a detailed descrip-

tion of serotonin will follow.  

The amine neurotransmitter serotonin, or 5-hydroxytryptamine (5-HT) is 

derived from the amino acid tryptophan [42]. The rate-limiting step in the pro-

duction of 5-HT is the availability of tryptophan, which depends on the diet 

(e.g., chocolate is rich in tryptophan) [42]. Tryptophan is converted by trypto-

phan hydroxylase to 5-hydroxytryptophan (5-HTP) which in turn is converted 

by 5-HTP decarboxylase to 5-HT [42]. The effects of serotonin on the central 

nervous system are complex and numerous depending on receptor family and 

subtype including a suppressant effect on appetite and an antidepressant effect 

on mood [44, 45]. After release, 5-HT is removed from the synaptic cleft by a 

transporter back into the cytosol, where it either enters a synaptic vesicle or is 

degraded by monoamine oxidase [42]. The serotonin transporter (SERT or so-

lute carrier family 6 member 4 - SLC6A4) mediates the uptake of serotonin 
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from the extracellular space into the cell and thereby terminates the action of 

serotonin [46]. 

In addition to the SERT, two other monoamine transporters (MATs) act on 

dopamine and norepinephrine respectively; the dopamine transporter (DAT or 

SLC6A3) and the norepinephrine transporter (NET or SLC6A2) [46]. These 

transporters are important because of their drug target capacity. 

Human genetics 

Our deoxyribonucleic acid (DNA) consists of approximately 3 billion pairs of 

four different chemical bases: adenine (A), guanine (G), cytosine (C), and thy-

mine (T) [47]. The sequence of these bases is the information used for building 

blocks in the body [47]. DNA forms a double helix of antiparallel strands 

where A pairs with T on the opposite strand, while C pairs with G [47]. The 

largest portion of the DNA is located in the cell nucleus (and some in mito-

chondria) and is packed around proteins called histones that form into struc-

tures known as chromosomes [47]. Humans have 23 chromosome pairs; 22 

autosomes and one pair of sex chromosomes; XX for females and XY for 

males [47].  

Genes vary in size, ranging from about a few hundred to over two million 

bases [47]. The human genome contains about 20 000 to 22 000 protein-cod-

ing genes, with some variations depending on the database [48]. These pro-

tein-coding genes are regions of the genome that are transcribed into ribonu-

cleic acid (RNA) that is then translated to create proteins [48]. RNA is like 

DNA built from a chain of nucleotides but uses the base uracil (U) instead of 

thymine. Put simply, to synthesize a new protein, the two strands of DNA are 

separated allowing free RNA nucleotides to link together using one of the 

DNA strands as a template [49]. Once the RNA chain is complete, the now 

messenger RNA (mRNA) is transported to a ribosome in the cytoplasm where 

it acts as a guide for protein synthesis [49]. Other types of RNA, the transfer 

RNAs that carry amino acids, bind to the mRNA sequentially to create a chain 

of amino acids that grows into a protein [49].  

In addition to the protein-coding genes, there are also noncoding genes that 

are transcribed into functional RNAs, e.g. microRNAs and lncRNAs [48]. Mi-

croRNAs block the protein production process while lncRNAs act as gene 

regulators [47]. In addition to this multiplex machinery, various modifications 

play an important role in gene expression and cell development [50]. Epige-

netic gene regulation, described as “heritable changes in gene expression poten-

tial“[51], is important to consider and will be discussed later. 

Genetic diversity is important for the evolution and conservation of species 

[52]. DNA sequence changes occur frequently, either when DNA is copied 

and base changes occur by mistake, or as a result of environmental influences 

[52]. These mutations can be inherited, especially those that convey a survival 
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advantage [52]. These variations, when two or more variants of a specific 

DNA sequence are available, are called genetic polymorphisms. The differ-

ence between two humans with regard to their total genome is generally ap-

proximated to be about 0.1% [53]. In comparison, the genome-wide nucleo-

tide divergence between humans and chimpanzees is about 1% [54]. The sim-

plest and most common form of variation is the substitution of one nucleotide 

for another, which is called a single nucleotide polymorphism (SNP) [53]. De-

pending on the location of the SNP and the impact of any accompanying nu-

cleotide shift, it may lead to changes in the amino acid sequence of transcribed 

protein, influence gene expression, or affect an individual’s susceptibility to 

diseases or drug metabolism [53]. One such SNP, rs12913832 with T/C single 

base change, has been associated with blue or brown eye colour through a 

cascade of molecular interactions that regulate gene expression [55]. Often, a 

base change is not seen this easily and linking polymorphisms to actual pro-

cesses in the body is a complicated and lengthy procedure as will be discussed 

below. 

Different frameworks for genetic studies 

To locate the genetic basis for diseases, several different methods have fre-

quently been used. One hypothesis-free approach, genome-wide association 

studies (GWAS), has improved the possibility of gene discovery [56]. It is the 

beginning of an undertaking with the aim of defining causal biological pro-

cesses [57]. The associated variants identified in GWAS might not be the 

causal variant, they could rather be considered indicators that something ad-

jacent may be important [57]. 

Another common approach is that of candidate gene studies, where a spe-

cific gene of interest is examined for association with a trait of interest [58, 

59]. However, replication of candidate gene studies has been poor in general 

[59]. This lack of replication has led to investigations of gene–environment 

(G x E) interaction analyses on the direct effects regarding psychopathological 

conditions [60]. 

Most research in this field has applied the diatheses–stress framework [60]. 

This framework implies that some individuals are more susceptible than oth-

ers to negative environmental conditions with subsequent adverse outcomes 

[60]. An alternative approach, that some individuals are more susceptible to 

both negative as well as positive factors with the subsequent adverse or bene-

ficial result is called the differential susceptibility hypothesis [60]. The idea 

that some individuals are more reactive, with a sensitivity to both negative and 

positive factors depending on context, was mentioned as early as 2005 by 

Boyce & Ellis [61]. Individuals have been referred to as orchids (the highly 

sensitive variant), as dandelions (the least reactive variant) [61] or as tulips 

(the medium-sensitive variant) [62]. Hence, the idea of assessing certain traits 
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for association with vulnerability genes might benefit from a broader perspec-

tive – association with susceptibility genes [60]. Dalle Molle et al. state that 

this hypothesis is also highly applicable for research regarding obesity [63]. 

Aetiology and pathophysiology 

Aetiology and pathophysiology are derived from the Greek words αἰτιολογία, 

aitiologia, “giving a reason for”, and πάθος, pathos, “suffering”, φυσιολογία, 

physiologia from physis, “nature” or “origin”, and logos, “the study of” [64-66]. 

That is, the words refer to the origination of something: in this case, the ab-

normal changes in the biological processes that are associated with diseases. 

Obesity 

“Obesity is the result of long-term energy imbalances, where daily energy in-
take exceeds daily energy expenditure.” [67] 

An excess of energy derived from proteins, carbohydrates, fats or alcohol [68], 

leads to de novo lipogenesis, synthesis of fatty acids in the liver and adipocytes 

[69]. White adipocytes take up a large amount of glucose after insulin stimu-

lation [70], store triglycerides [71] and release them by lipolysis during peri-

ods of energy deficit [70]. White adipose tissue, which contains these white 

adipocytes that store energy, is the most common type of fat in adult humans 

[70] and can be found throughout the whole body [72]. Fat mass is determined 

both by the number of adipocytes and their size [73]. It is noteworthy that the 

number of adipocytes is determined during childhood and adolescence, but 

will then remain constant during adulthood [73]. In other words, for early on-

set obesity, adipocyte growth starts at a younger age and reaches a larger num-

ber of adipocytes [73]. 

One of the main reasons for the increasing rate of obesity is perhaps the 

innate ability to defend these energy stores through processes in the body that 

act to maintain energy balance, prevent shift in body mass and subsequently 

preserve fat mass [68]. The regulation of food intake, appetite and body weight 

is complex [73] but there is one major contributor to the long-term regulation: 

the hypothalamic leptin–melanocortin system [74]. Adipose tissue produces 

and secretes, among other things, the hormone leptin that is released into the 

circulation and in this way communicates the available energy stores to the 

brain [75]. In the hypothalamus, the paraventricular nucleus has numerous re-

ceptors that, in response to leptin signals, either decrease or increase food in-

take [73]. Reduced leptin sensitivity in the brain, also called leptin resistance, 

has been suggested as one mechanism involved in obesity [76]. The neurocir-

cuits involved in homeostatic feeding, to maintain bodily functions, are to a 
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large degree overlapping and interwoven with those in hedonic feeding – eat-

ing for pleasure [77]. Even so, diet can have an effect on reward-seeking be-

haviour [40]. For example, high fat or high sugar intake stimulates dopamine 

release in the mesocorticolimbic system, which in turn changes the receptor 

expression [40]. This system is associated with the rewarding effects of food, 

as well as of drug abuse and sex [78]. Finally, stress can lead to either in-

creased or decreased food intake, depending on the circumstances [79]. 

Even though food intake and physical activity are the main contributors to 

overall weight change, our genetic inheritance is also of high importance. For 

example, there are gene variants that promote a shift from heat production [70] 

to increased lipid storage and the subsequent increase in fat deposits and 

weight gain [80]. 

Major depressive disorder 

The pathogenesis of MDD is not fully understood [81]. Several mechanisms 

have been suggested as contributing to this condition, including changes in 

brain signalling systems and the HPA axis, increased inflammation, and de-

creased neurogenesis and plasticity [82]. The monoamine hypothesis is sup-

ported through MDD patients’ lower levels of serotonin metabolites and the 

increase thereof from antidepressant (AD) treatment [82]. Research points to 

an important contribution from stress-induced changes in synapses, reward 

circuitry function [83, 84] and threat sensitivity [84]. The immune system is 

responsive to stressors including social stress, and the subsequent increased 

inflammatory cytokine levels lead to a disruption of 5-HT, dopamine and 

norepinephrine synthesis [84]. A positive feedback loop between depression 

and inflammation, in which the inflammation causes depression as well as 

physiological stress, which in turn promotes inflammation, has been suggested 

[82]. In some depressed patients, cortisol is released at lower stress levels than 

usual, and the cortisol levels are chronically elevated [82]. Increased gluco-

corticoids have been shown to alter three brain areas: the hippocampus, in-

volved in learning and memory; the amygdala, involved in emotional pro-

cessing; and the medial PFC [82], which as described earlier is involved in 

executive functions and processing of emotions. Chronic stress leads to an 

increase in tyrosine hydroxylase activity in the locus coeruleus and stimulates 

secretion of C-reactive protein [85]. The subsequently increased levels of 

norepinephrine and cortisol lead to an elevated sympathetic response and re-

lease of cytokines, that in turn have neurotoxic effects [82]. An extensive re-

view on depression and inflammation is available by Kiecolt-Glaser et al. [86]. 

In summary, the changes in synapses and circuitry promote the reliance on 

habits, with a decrease in exploration behaviour and in adaptive contextual 

learning as a result [82]. These derived behavioural changes might once have 

been an evolutionary advantage, because decreased motivation and activity 
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conserve energy, for example to heal wounds, while increased threat sensitiv-

ity can protect against future attacks [84]. Unfortunately, these features today 

tend rather to cause impairment, distress and diminished health. 

Treatments  

Obesity 

It is well known that obesity, once established, is hard to reverse [14, 67, 87]. 

In a review from 1993, about one third of preschool children with obesity and 

about half of school-aged children with obesity still had obesity as adults [88]. 

Interventions aiming to reduce obesity rates have often focused on the indi-

vidual with a behaviour-oriented approach but have had only minor effects on 

body weight in the long term [89]. There are numerous different interventions 

available to reduce body weight, including physical activity, dietary, educa-

tional, pharmacological, and surgical interventions [90]. Because of the low 

quality of evidence [90], it may be more important to prevent obesity from 

developing in the first place [68]. 

Major depressive disorder 

For mild or moderate cases of MDD, cognitive behavioural therapy (CBT) 

may be used alone or in combination with AD treatment [91]. CBT has shown 

a treatment response for MDD similar to that of second-generation ADs1 [91]. 

The most common types of AD treatment for acute MDD are selective sero-

tonin reuptake inhibitors (SSRIs) or serotonin and norepinephrine reuptake 

inhibitors (SNRIs) [91]. Tricyclic ADs (TCAs) are a combination of serotonin 

and norepinephrine reuptake inhibitors [92]. For more severe cases that have 

not responded to the initial treatment, monoamine oxidase inhibitors (MAOIs) 

may be used [93]. Norepinephrine-dopamine reuptake inhibitors (NDRIs) 

may also be used [94]. There are several AD compounds that act on the MATs 

mentioned previously. Bupropion, which is also a smoking cessation aid, acts 

as a DAT inhibitor, reboxetine and clomipramine are NET inhibitors, while 

paroxetine, sertraline, citalopram, fluoxetine, fluvoxamine, amitriptyline, 

desipramine, trimipramine and clomipramine are SERT inhibitors [46]. Anti-

depressant treatment in adults who have benefited from the initial treatment 

should continue for 9 to 12 months after recovery, with regular check-ups that 

include adherence to the treatment [95]. In other words, treatment is often 

continued for years, which makes the lengthy exposure to these compounds 

                               
1 agomelatine, bupropion, citalopram, desvenlafaxine, duloxetine, escitalopram, fluoxetine, flu-
voxamine, levomilnacipran, mirtazapine, nefazodone, paroxetine, sertraline, trazodone, ven-
lafaxine, vilazodone and vortioxetine  
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an important factor that must be considered. Unfortunately, the initial treat-

ment response is often poor, and in most cases does not lead to remission [96, 

97], even after switching to a different AD compound [98]. In addition, the 

risk of clinically relevant physical or psychological side effects are important 

to consider, due to the potential impact on health and to the risk of non-com-

pliance [99-104]. This highlights the need for a better understanding of the 

individual treatment response in order to increase the chance of recovery and 

to avoid a chronic course of MDD.  

Measurements 

Obesity 

While BMI is used for the definition of obesity [1], the concepts of metaboli-

cally healthy overweight and metabolically healthy obesity [2] indicate that 

the relation between obesity and health is not completely straightforward. 

Many different assessments are available, with their individual pros and cons 

and associations to different health parameters. The main measurements used 

in this thesis are described below. 

Body mass index 

For adults, overweight is defined as a BMI between 25.0 and 29.9 kg/m2, and 

obesity is defined as a BMI equal to or higher than 30.0 kg/m2 [1]. For children 

and adolescents who are growing, international sex- and age-specific curves 

have been developed [105]. 

Measuring and using BMI is fairly easy, inexpensive, and quick, because it 

requires only a scale, a measuring stick and a simple calculation. It can there-

fore be performed in most clinical settings as well as in individuals’ homes. 

Nevertheless, the method is not without issues. If height is not measured ac-

curately, even small errors are exaggerated because the calculation is based 

on squaring [106]. Moreover, the correlation with obesity-related phenomena 

such as insulin resistance is weak [8]. Some findings point to a sex difference; 

BMI is more strongly correlated with metabolic parameters including serum 

triglyceride concentrations, high-density lipoprotein-cholesterol (HDL-C) and 

blood pressure in women than in men [107]. It cannot by itself be used as an 

indicator of excess adiposity or the location thereof [21]. BMI also does not 

take into account the relation of different types of tissue in the body [108]. 

The ability to distinguish individuals with high fat levels using BMI seems to 

vary between athletes and non-athletes as well as among different types of 

athletes [108, 109]. BMI might in some cases underestimate, rather than over-

estimate, obesity in the population [108]. 
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Waist circumference 

Waist circumference (WC) is easy to measure and is an indicator of visceral 

and subcutaneous adiposity [110]. WC as a single measurement can be used 

to identify individuals who should reduce weight and those that should not 

gain more weight [106]. Several cut-offs to identify individuals with over-

weight or obesity have been suggested [106, 111]. However, there are several 

different measuring points for “waist” used in practice and with different cut-

offs, which will subsequently lead to discrepancies in the prevalence of ab-

dominal obesity depending on the choices that are made [110]. 

Fat mass 

Advanced techniques, such as magnetic resonance imaging [112], computed 

tomography [112], air displacement plethysmography [113], dual-energy X-

ray absorptiometry [112, 113] or stereovision body imaging (SBI) [114] can 

be used to map fat tissue or lipids in the body. Compared with BMI or WC, 

these techniques are more complicated and expensive because they require not 

only the right equipment, but also staff that can operate it and interpret the 

data derived from the tests. In a study by Paniagua et al., serum triglyceride 

concentrations, HDL-C and blood pressure were more strongly associated 

with percentage body fat measured through Tanita bioelectrical impedance 

analysis and waist-to-hip ratio than for BMI, but only among men [107]. SBI 

could efficiently predict visceral obesity and produce measurements that can 

be used to assess obesity [114]. Overall, these techniques can provide reliable 

quantitative assessment of adipose tissue in humans [112]. Because different 

techniques offer different possibilities but also have different limitations 

[112], one has to choose wisely. 

Summary 

The above-mentioned methods are not all-embracing. Furthermore, measuring 

waist-to-height ratio [111, 115], waist-to-hip ratio [106, 111], sagittal ab-

dominal diameter [116] or skinfold thickness [117-119] are also commonly 

used methods. Nonetheless, some research suggests that the observed associ-

ations with CVD are similar for several measurements [107]. Nevertheless, in 

an attempt to increase reliability, researchers have tried to combine measure-

ments. One example is the visceral adiposity index (VAI), which is based on 

BMI, WC, triglycerides and HDL-C [120]. Increased VAI was associated with 

both cardiovascular and cerebrovascular events [120]. A description of all dif-

ferent measurements and their associations to health parameters is beyond the 

scope of this thesis.  
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Major depressive disorder diagnosis vs depressive symptoms 

Research on mood disorders uses different approaches depending on circum-

stances and it is important to acknowledge the smorgasbord of methods and 

strategies that are available. Research may be conducted on the general popu-

lation, on inpatients in a clinical setting or on outpatients, and it is important 

to take this into account in the interpretation of the results. 

  

Major depressive disorder diagnosis 

Diagnosing MDD can be challenging, in part because of the complexity of the 

disorder and the heterogenous symptom profiles seen among different indi-

viduals [81]. The clinical judgement may be guided by a diagnostic tool, such 

as the diagnostic interview for genetic studies (DIGS), which is especially 

constructed for the assessment of major mood and psychotic disorders and 

their spectrum conditions [121]. The diagnostic criteria for MDD require, ac-

cording to the Diagnostic and Statistical Manual of Mental Disorders 5th text 

revision (DSM-V), one or more major depressive episodes and the lifetime 

absence of hypomania and mania [122]. A depressive episode requires at least 

five of the nine symptoms listed below, where one must display a depressed 

mood or loss of interest or pleasure [122]. The symptoms must cause impair-

ment or significant distress and not be caused by a substance or other medical 

condition [122]. The symptoms should have been present during the same 

two-week-period and represent a change from previous functioning [122]. 

1. Depressed mood (subjective or observed); can be irritable mood in 

children and adolescents.  

2. Loss of interest or pleasure. 

3. Change in weight or appetite. 

4. Insomnia or hypersomnia. 

5. Psychomotor retardation or agitation (observed). 

6. Loss of energy or fatigue. 

7. Worthlessness or guilt. 

8. Impaired concentration or indecisiveness. 

9. Thoughts of death or suicidal ideation or attempt. 

In addition to diagnosing MDD, there are many depressive symptom scales in 

use, including the Center For Epidemiologic Studies Depression Scale (CES-

D) [123], the Montgomery Åsberg Depression Rating Scale [124], the Hospi-

tal Anxiety and Depression Scale [125], the Beck Depression Inventory [126] 

and the Depression Self-Rating Scale (DSRS) [127]. Screening of the general 

population can be performed using self-assessment of depressive symptoms, 

but the sensitivity and specificity will depend on the chosen scale and cut-off 

[127]. 
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Key environmental factors 

Obesity  

The increased obesity prevalence seen in recent decades cannot be attributed 

to gene pool changes. It is more likely the result of changes in the environment 

that increase the likelihood of sedentary behaviour and excessive food intake 

[67]. This is often referred to as obesogenic environment. With this in mind, 

children, and especially infants and young children, are highly dependent on 

external factors such as the family and home environment and later also the 

school environment. In addition to the so-called exposure to certain food 

types, the access to the food itself, and social learning through observing 

peers, parents or the media can affect food preferences [79]. Associative learn-

ing, rewarding the food choice, or using food as a reward can in addition have 

an effect on food choice [79]. Factors such as availability of soft drinks in 

school shops [128], diet quality [129] availability of equipment and play-

grounds [130] and frequency of buses or trains passing the street where chil-

dren live [89] have also been discussed as risk factors. To complicate this fur-

ther, the thrifty genotype hypothesis states that the once-favorable adaptation 

to a changing environment, with repeated occurrences of feeding and fasting 

periods, has now become a disadvantage because of the persistent obesogenic 

environment [74]. As stated earlier, it might be more successful to prevent 

obesity than to focus on treatments. Hence it is of utmost importance to find 

protective factors. 

Early life, up to two years of age, is a critical window for prevention efforts 

related to obesity [131]. One such early potential protective environmental 

factor is breastfeeding [132]. Some research points to that breastfeeding is 

protective against childhood obesity in a dose-response manner [133, 134]. 

Ortega-García et al. found that the period of full breastfeeding (weeks) was 

protective against obesity at six years of age [133]. Even so, there are still 

contradictions surrounding the importance of breastfeeding, and the underly-

ing mechanisms that link breastfeeding to obesity are unclear [132]. 

Major depressive disorder 

Given the close link between stress and depression, many different environ-

mental factors can be involved in the development of depressive symptoms or 

episodes. For instance, childhood trauma has been associated with sensitiza-

tion of the stress response and changes in the HPA axis, which are related to 

symptoms of depression [135]. As individuals grow older, they can make 

more and more individual choices, but even adults are influenced by circum-

stances that cannot be subjected to solely individual choices. Socioeconomic 

status [136, 137], sedentary work [138], 24-hour shifts [138] and multiparity 

[22] are some factors to take into account. Reported exposure to trauma [139], 
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work stress [140], childhood abuse [141], neglect [142], war [143] or bullying 

[144] have all been associated with depressive symptoms or episodes. For the 

latter, feeling insecure in the social environment can increase focus on social 

ranking, and the subsequent fear of rejection, or feeling inferior, may increase 

vulnerability to stress and depression [145]. 

The increased responsiveness to stress that has been seen after repeated 

childhood trauma might in this view also be an adaptation to the environment 

[146]. 

Genetic influence on obesity and depression 

Genetics of obesity 

According to data from twin studies, genetic factors explain a suggested 50% 

to 90% of the variance in BMI, while data from adoption studies propose 20% 

to 60% [147]. The degree of genetic contribution seems to vary with age, with 

greater genetic influence occurring earlier in life [148]. The majority of obe-

sity cases are multifactorial and depend on many different genes and environ-

mental factors combined [73, 149]. In an estimated five to ten per cent of obe-

sity cases, the condition depends on a single-gene, monogenic, alteration 

[150]. These monogenic defects are mostly located in the leptin–melanocortin 

pathway with hyperphagia as a common symptom [73, 150]. Mutations in the 

MC4R gene with subsequent MC4R deficiency are perhaps the most prevalent 

monogenic causes of human obesity, partly because the effect is dominant 

[151]. Syndromic obesity can also be seen in syndromes such as Alström syn-

drome and Bardet–Biedl syndrome [152, 153]. To locate the genetic basis for 

this frequently multifaceted disease, several different methods have been ap-

plied. 

Genome Wide Association Studies 

The most important GWAS studies on BMI in adults have found associated 

variants in or near the melanocortin 4 receptor (MC4R), hypothalamic pro-

opiomelanocortin (POMC), brain-derived neurotrophic factor (BDNF) [154], 

FTO alpha-ketoglutarate dependent dioxygenase (FTO), and the neuronal 

growth regulator 1 (NEGR1) genes [155]. Some of these are important hypo-

thalamic regulators of energy balance [154]. FTO, and MC4R have also been 

found important in research on childhood BMI [156]. MC4R was also listed 

as a causative variant for polygenic childhood obesity [153]. Regarding early 

onset and morbid obesity in the general population, den Hoed et al. could not 

replicate previous findings identified in GWAS for a majority of the tested 

variants with regard to overweight or obesity, percentage body fat or WC 

[157]. For adolescents, variants in the FTO gene have shown the strongest 

relationship with obesity [74].  
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Results from GWAS studies are often followed up with studies on specific 

genes to establish causality. As one of the most important contributors to BMI 

in GWAS studies, FTO will be described in detail below. 

FTO – the fat mass- and obesity-associated gene 

FTO alpha-ketoglutarate-dependent dioxygenase, also called the fat mass- and 

obesity-associated protein, is an enzyme encoded by the FTO gene [158]. In 

2007, Frayling et al. identified a variant, rs9939609, associated with 1.67-fold 

increased odds of obesity and about 3 kg greater weight for homozygous car-

riers (AA) compared with non-carriers (TT) [159]. The same year, Dina et al. 

identified several SNPs in the FTO locus, associated with childhood obesity 

and severe adult obesity in European populations [160]. Hunt et al. suggested 

that the observed weight gain derived mostly from childhood [161]. Among 

the 32 loci in the 2010 GWAS, the FTO variant accounted for the largest pro-

portion of the variance (0.34%) in BMI [154]. The association with BMI and 

increased risk for obesity has been confirmed across age groups and in popu-

lations with diverse ancestry [56]. To date (September 2021), over 1 600 arti-

cles have been published on “FTO and obesity” [162]. FTO has been discussed 

as a regulator of gene expression [163] with Iroquois Homeobox 3 (IRX3) as 

a potential target [164]. This regulation could change early adipocyte differ-

entiation from beige adipocytes and thermogenesis to white adipocytes and 

lipid storing [80]. Some research suggests that the association between FTO 

and BMI is age dependent, with an opposite effect for minor allele carriers for 

infants [165]. Again, there is reason to believe that G x E influence is im-

portant to consider. 

Genetics of depression and antidepressant response 

MDD is aggregated in families with an estimated heritability of around 31% 

to 42% [166]. As for most cases of obesity, the genetic contribution to MDD 

is also complex [167]. Earlier GWAS investigating the genetic risk for MDD 

from individual SNPs provided null result [167]. A more recent analysis with 

a larger sample size of over 800 000 individuals, with replication in 1.3 mil-

lion individuals, found 87 statistically significant variants associated with de-

pression [168]. One gene putatively associated with depression was NEGR1 

[168]. A gene-pathway analysis identified cellular components in the central 

nervous system, especially in the cortex, anterior cingulate cortex and the 

frontal cortex as important biological pathways [168]. Two gene-set clusters; 

one related to synaptic activity and structure and one related to response/be-

haviour to stimuli, were identified [168]. Polymorphisms in transporter genes 

such as ATP binding cassette subfamily B member 1 (ABCB1), which func-

tions in the blood–brain-barrier among other areas, seem to affect AD treat-

ment response [169]. The most important variants for this thesis are described 

in detail below. 
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Serotonin-related genes 

Several polymorphisms related to serotonin have been found to be important 

regarding depression. Genetic variations in serotonergic transmission, e.g. the 

serotonin-linked polymorphic region (5-HTTLPR), a degenerate repeat in the 

gene that encodes the serotonin transporter SLC6A4, has been linked to de-

pression [82]. The serotonin receptor 1A, with one functional SNP, rs6295 

[170], is encoded by the HTR1A gene [171]. Results from a case-control study 

on mood disorders, suggest that rs6295 is related to the pathophysiology of 

MDD [171]. This SNP has also been investigated regarding response to AD 

treatment, with mixed results [169, 172]. 

 

The cytochrome P450-system 

The first pass effect reduces the concentration of the active drug after admin-

istration: a process that takes place primarily in the liver [173, 174]. The cy-

tochrome P450 (CYP450) system is important for the metabolism of drugs 

with the purpose of detoxification and excretion of foreign substances [174]. 

Polymorphisms that affect drug metabolism can subsequently affect the drug 

concentration in the blood. In addition, different compounds act on different 

parts of the system, which is a potential for drug interactions [174]. One such 

variant in the cytochrome P450 family 2 subfamily C member 19 (CYP2C19) 

gene causes an ultrarapid drug metabolism variant, which is highly relevant 

for ADs [175]. Variants in CYP2D6 and CYP2C19 have been found to impact 

the concentration of SSRIs [176, 177] and tricyclic compounds [92, 176]. In 

summary, many polymorphisms related to neurotransmitter signalling, drug 

metabolism or pharmacokinetics might have a direct or indirect effect on the 

individual drug response. 

The relationship between obesity and depression 

Previous research has proposed a bidirectional link between obesity and de-

pression, whereby individuals with obesity had a 55% increased risk of devel-

oping depression, and individuals with depression had a 58% increased risk 

of future obesity [26]. The evidence is mixed, however, partly depending on 

methodological variances [178]. Several reports indicate a stronger bidirec-

tional relationship for females than for males [178, 179]. A joint development 

of depression and obesity among predisposed subjects has also been suggested 

[178]. This can be due to some common factors for these disorders.  

One important mutual factor for depression and obesity is stress. Obesity 

can be stressful due to the associated stigma, and at the same time stress can 

affect eating habits [129]. Circadian changes in both stress and in feeding hor-

mones have an effect on behaviour related to food [180]. Another joint factor 
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for depression and obesity is inflammation, that in adipose tissue is the cause 

of insulin resistance [70], which in turn is associated with obesity [181, 182]. 

In addition to the similarities of these disorders, both are complex with a 

lengthy or chronic course. Moreover, obesity might affect the pharmacokinet-

ics of drugs: an increase in CYP450 2E1 activity has been reported for indi-

viduals with obesity [183]. In addition, a common side effect of AD treatment 

is weight changes [100, 104]. To complicate the matter further, evidence sug-

gests that the initial treatment might be associated with weight loss, while 

longer treatment might be associated with weight gain, although the weight-

changing properties are dependent on the actual compound [104]. The com-

plex relationship between obesity and depression has not been fully investi-

gated. 

Rationale for the thesis 

As mentioned earlier, over one third of individuals with treatment-resistant 

depression do not obtain symptom relief even with appropriate treatment 

[184]. Personalized medicine, with treatment guided by factors such as geno-

type [185] or by inflammation parameters [184] is being developed. Person-

alized AD treatment guided by an individual’s genetic contribution may lead 

to a better overall treatment response. Study I was developed to fill a gap in 

this specific research field by investigating SNPs with pharmacogenetic im-

pact among MDD subjects to assess the genetic contribution to treatment re-

sponse. 

AD treatment might be accompanied by weight gain but has heterogenic 

effects depending on the nature of the AD compound and between individuals. 

Therefore, it is of utmost importance to investigate how different AD treat-

ments affect weight parameters over time. Study II emerged with this in mind, 

to gain important knowledge both on links between MDD and obesity and to 

further guide development of personalized treatments. 

The bidirectional link between depression and obesity that has been estab-

lished among adults is yet to be confirmed among adolescents. Because the 

most effective treatments are comprehensive and multifactorial [90], preven-

tion might be more successful than treatment thereof [68]. Moreover, the fre-

quently chronic course of obesity as well as MDD makes prevention even 

more pressing, especially for younger individuals. The relationship between 

stress and obesity is also important to consider. In Study III, the significance 

of BMI and an important stressor, bullying victimization, was assessed among 

adolescents regarding development of depressive symptoms in the general 

population. Because BMI might affect bullying and vice versa, the potential 

interaction effect of bullying victimization and BMI regarding future depres-

sive symptoms was also considered. 
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The link between FTO and obesity has been shown in many studies, but it 

is likely that genes and environment interact in this condition to shape the 

phenotype. One of the earliest factors in an individual’s life, both regarding 

feeding and social relationships and comfort, is breastfeeding. Therefore, in 

Study IV, breastfeeding duration was assessed as a possible moderator of the 

relationship between FTO variants and BMI and overweight during adoles-

cence and young adulthood. Given the lack of studies addressing the differen-

tial susceptibility hypothesis in research on G x E interactions in this field, this 

theory was applied in Study IV. 



 32 

Aim 

The overall aim of this thesis was to investigate the complex bidirectional re-

lationship between obesity and depression. A schematic overview of the in-

cluded studies is shown in Figure 4. 

 

Figure 4. Schematic overview of the included studies. In Study I, adults with regu-
lar antidepressant treatment and major depressive disorder were included and ge-
netic variants plus a combined genetic risk score were analysed on their im-
portance for antidepressant response. In Study II, adults in the general population 
were included and antidepressant treatment was assessed for associations with 
changes in obesity parameters while taking different subtypes of major depressive 
disorder into account. In Study III, the importance of body mass index, bullying 
victimization and their joint effect was analysed for future depressive symptoms 
among adolescents and young adults. In Study IV, breastfeeding duration was as-
sessed as a possible moderator on the relation between FTO, the fat mass and obe-
sity-associated gene, rs9939609 variants and body mass index and overweight dur-
ing adolescence and young adulthood.  
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Specific aims: 

I To investigate individual SNPs with pharmacogenetic impact, a ge-

netic risk score derived from them, and their importance for AD treat-

ment response in adult subjects with MDD. 

II To analyse BMI, WC and fat mass changes during a 5.5-year follow-

up in relation to AD treatment in an adult population. 

III To assess the association between BMI and bullying victimization and 

their interaction regarding future symptoms of depression: Following 

an adolescent population into young adulthood, taking gender differ-

ences into account. 

IV To investigate the moderating effect of breastfeeding duration on the 

relation between FTO rs9939609 and BMI: Following an adolescent 

population into young adulthood. 
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Methods 

Design 

Studies I and II were conducted on a Swiss adult sample from the PsyCoLaus 

cohort, while Studies III and IV were conducted on a Swedish adolescent sam-

ple from the SALVe cohort further described below. The main study out-

comes, participants and type of analyses are visualized in Table 1. 

Table 1. Studies included in the thesis. 
 

Study I Study II Study III Study IV 

N (% Females) 160 (72%) 3713 (53%) 1729 (56%) 1221 (57%) 

Characteristics Major depressive 
disorder patients 
on regular antide-
pressant treat-
ment at baseline 

Individuals 
from the gen-
eral population  

Adolescents from 
the community 

Adolescents from 
the community 
who provided sa-
liva samples for 
genotyping 

Mean age 
(Standard Devi-
ation) 

56.5 (7.8) 49.9 (8.8) 14.4/17.3/19.9 
(1.0 for all) 

14.4/17.3/20.4 
(1.0 for all) 

Outcomes Depressive epi-
sodes, symptoms, 
regular antide-
pressant treat-
ment 

Body mass in-
dex, waist cir-
cumference, fat 
mass 

Depressive symp-
toms 

Body mass index, 
overweight 

Exposures Individual genetic 
variants and a 
combined risk 
score 

Antidepressant 
treatment and 
subgroups 

bullying victimi-
zation, over-
weight/obesity 

rs9939609, 
breastfeeding du-
ration 

Analyses Random forest, 
linear and binary 
logistic regres-
sion 

linear and bi-
nary logistic re-
gression 

binary logistic re-
gression, interac-
tion effects 

binary logistic re-
gression, interac-
tion effects 
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Participants 

PsyCoLaus 

The CoLaus|PsyColaus study [186] is a prospective cohort study with the aim 

of investigating mental disorders, cardiovascular risk factors and their associ-

ations. The participants were residents from the city of Lausanne, Switzerland, 

randomly selected between 2003 and 2006 from the civil registry. In total, 

6734 individuals aged 35 to 75 years were invited. The baseline physical and 

psychiatric evaluations were accepted by N = 3719 participants. The partici-

pants were followed up after a mean time of 5.5 years.  

For Study I, participants with a current or lifetime history of MDD accord-

ing to DSM-IV in combination with regular AD treatment at baseline (N = 

224) were selected. For the follow-up analyses, information was available for 

160 participants. 

For Study II, participants with a diagnosis of schizophrenia, eating disor-

der, bipolar disorder or schizoaffective disorder at baseline were excluded due 

to the association with metabolic changes and interference with the aim of the 

study. In total, 2479 participants accepted both the physical and psychiatric 

follow-up (76.8% participation among survivors) and provided information 

on changes of adiposity markers and had available information on AD treat-

ment. The CoLaus|PsyCoLaus study was approved by the Institutional Ethics 

Committee of the University of Lausanne and informed written consent was 

obtained from all participants. The Ethical Review Board of Uppsala approved 

data handling in Sweden of the previously collected data (Dnr 2017/163). 

The Survey of Adolescent Life in Västmanland 

The SALVe cohort [187] is following Swedish youth to study genes, environ-

ment and their joint impact on adolescent health. In 2012, all adolescents born 

in 1997 and 1999, and living in Västmanland at the time were selected (N = 

5233). Individuals with language difficulties, mental disabilities or severe ill-

ness or who had lived in Sweden less than five years were excluded. Eligible 

participants (N = 4712) and their parents were invited by regular mail to par-

ticipate in the study. The first assessment was conducted in 2012 (wave 1), the 

first follow-up in 2015 (wave 2), and the second follow-up in 2018 (wave 3). 

All participants provided an informed written consent. For participants < 15 

years, consent was also obtained from the legal guardian. The study was per-

formed according to the Declaration of Helsinki and approved by the Ethical 

Review Board of Uppsala (Dnr 2012/187). 

For Study III, because of missing data, the final sample consisted of 1729 

participants at wave 1, 1481 participants at wave 2, and 1111 participants at 

wave 3.  
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For Study IV, only Caucasian participants were included in the study to fit 

the study aim. Participants who provided saliva sample for DNA genotyping 

and had provided information on the study variables were N = 1221 for wave 

1, N = 1120 for wave 2, and N = 771 for wave 3.   

Measurements 

Individual characteristics 

Obesity parameters 

For Study I, body height and weight after eight hours of fasting were measured 

at the physical follow-up examination and used to calculate BMI. 

For Study II, in addition to BMI, WC was measured at the narrowest point 

between the lowest rib and the iliac crest, using a non-stretchable tape. The fat 

mass was assessed through bioimpedance measurement using the Body stat 

1500 analyser. 

For Study III and IV, self-reported data on weight and height were used to 

calculate the individual BMI at the three time points. Age- and sex-specific 

cut-offs [188] were used to categorize individuals as having normal weight, 

overweight or obesity. 

For Study IV, individuals with overweight or obesity were combined into 

one group; “overweight including obesity” due to a small number of adoles-

cents with obesity in the sample to reduce the risk of overfitting. 

Depression variables 

In Study I, symptoms of depression at the physical follow-up exam were as-

sessed using the CES-D scale [123] translated into French. The CES-D scale 

is a 20-item instrument that measures symptoms over the past week, designed 

for use in the general population. Due to non-normality, the CES-D overall 

score was logarithmically transformed. As a second measurement of depres-

sion, MDD occurrence at the follow-up evaluation was assessed. The infor-

mation was obtained through interviews, further described below. 

In Study II, the participants were interviewed by psychologists who used 

the French version of the DIGS to assess mental disorders at baseline and fol-

low-up. Diagnoses of psychiatric lifetime disorders and depressive episodes 

were assigned according to DSM-IV. Participants with MDD were subdivided 

into MDD with melancholic features, MDD with atypical features or unspec-

ified MDD with neither atypical nor melancholic features or both features. 

The interviews and diagnoses were reviewed by a senior, experienced psy-

chologist. 

For Study III, the adolescents self-rated (Yes or No) depressive symptoms 

during the past two weeks using the DSRS [127]. The 14 questions in the scale 

are based on the DSM-IV criteria for major depression [122]. Individuals were 
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classified as showing depressive symptoms if they showed at least one of the 

general criteria (depressed mood or irritation/anger) and in addition at least 

four symptom criteria, leading to a total of at least 5 criteria out of 9 possible. 

This classification was conducted for all three time points. 

Environmental factors 

AD treatment 

In Study I, participants reported their AD treatment at baseline and follow-up 

evaluation, and in addition if the treatment was either “occasional” or “regu-

lar” during the past six months. The baseline records were used in the selection 

of the study sample and the follow-up records were used for the statistical 

analyses.  

In Study II, AD treatment was coded using the gold standard Anatomic 

Therapeutic Chemical coding system [189] into groups: SSRIs, TCAs, SNRIs, 

NDRIs and MAOIs, and lastly trazodone (which belongs to the group seroto-

nin receptor antagonists and reuptake inhibitors) or mirtazapine (noradrener-

gic and specific serotonergic antidepressant; NaSSA). Other potentially 

weight-inducing drugs were also recorded. 

Bullying victimization 

In Study III, bullying victimization during the past 12 months was assessed 

using a modernized version of the Alsaker and Brunner scale [190]. Questions 

on bullying via technology/social media and bullying by an adult were added 

to the original scale. The presence and frequency of bullying victimization (5 

questions) were assessed at wave 1 and wave 2. The total scores were summed 

into separate continuous variables, one for each time point. These variables 

were also visually binned using 2 cut points and equal percentiles based on 

scanned cases and recoded into “no bullying” (0 p), “low bullying” (1 p), or 

“high bullying” (≥ 2 p) for descriptive purpose. 

Breastfeeding duration 

In Study IV, breastfeeding duration was collected from the parent at wave 2. 

First, the parent was instructed to answer if the child had been breastfed or not 

(Yes or No), and second, if “Yes”, to state the number of months of breast-

feeding. “No” on the first question was regarded as zero months and was in-

cluded in a continuous variable on breastfeeding duration. This was also cat-

egorized into 0 to 3, 4 to 6, 7 to 9, 10 to 12 or > 12 months of breastfeeding 

for descriptive reasons. The actual breastfeeding recommendations guided the 

cut-offs in the variable used in the statistical binary logistic regression models, 

0 to 6 months, 7 to 12 months and > 12 months.  
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Genetics 

Genotyping 

For Study I, genotyping of the participants was conducted using whole blood 

samples collected at the physical baseline evaluation. Nuclear DNA extracted 

from the samples was used for genome-wide genotyping using the Affymetrix 

500 K SNP chip technology. Samples were excluded if they showed incon-

sistent genotypes in duplicate samples or had a proportion of genotypes < 

90%. SNPs were excluded if they had a genotype determination rate of < 95%, 

not were in Hardy–Weinberg equilibrium (HWE) (p < 1·0 × 10–7) or were 

monomorphic among all samples. For the imputation, HapMap release 21, 

build 35, was used and performed according to Marchini et al. [191] using 

IMPUTE version 0.2.0. and CEU haplotypes with a fine scale recombination 

map from HapMap release 2. The dataset used for imputation included 5435 

CoLaus participants and 390 631 SNPs. 

For Study IV, adolescents provided a saliva sample at wave 1 using a self-

collection kit (Oragene, DNA Genotek®, Ontario, Canada). DNA extraction 

(200 µl of saliva) was performed using a silica-based extraction method 

(Kleargene™, LGC, Biosearch Technologies, UK). Genotyping of the FTO 

SNP rs9939609 T > A variant was performed using KASP™ (LGC, Biosearch 

Technologies, UK). Of the eligible participants, 86.5% were genotyped. The 

allele combinations TT/TA/AA were analysed for HWE using χ2 test (p = 

0.23). 

Selection of polymorphisms and creation of a genetic risk score 

For Study I, 69 SNPs, located in or near 50 genes, with a potential involvement 

in AD response among humans were selected. SNPs in linkage disequilibrium 

(LD) (D′ > 0.8), occurring in HTR1A, HTR2A and CYP2D6, were represented 

by a single SNP. SNPs with a minor allele frequency < 5% and not in HWE 

were excluded, leaving 44 SNPs remaining for the development of the genetic 

risk score (GRS). Random forest, a method that can rank variables with small 

effect sizes according to their importance, was applied using the Rattle pack-

age in R [192] using data from N = 150 individuals using ln-CES-D score as 

the outcome variable. The running conditions were set to 10 000 trees, evalu-

ating six SNPs at each split. The top three SNPs, mean squared error ≥ 9, were 

selected to be included in the GRS. Risk allele assessment was assigned de-

pending on available data using associations with ln CES-D (ANOVA) or 

through data from previous studies if a non-significant result was obtained. 

The GRS was constructed by summarizing the number of putative risk alleles 

in each individual, i.e. a range from zero to six risk alleles from the three SNPs 

included in the GRS. 
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Statistical analyses 

A summary of the main statistical analyses is available in Table 1. Data were 

analysed using the Statistical Package for the Social Sciences for Study I 

(SPSS, version 21, Armonk, NY) and for Study III and IV (SPSS, version 24, 

Armonk, NY) while Statistical Analysis System (SAS, version 9.4, Cary, NC, 

USA) was used for Study II. P < 0.05 was considered statistically significant 

in all analyses. Details of all analyses can be seen in the respective paper, 

while a summary of the most important analyses for the thesis are summarized 

below. 

Covariates 

Depending on the study and analysis, a selection of covariates including sex, 

age, ethnicity, physical activity, smoking, alcohol consumption, substance de-

pendence, PTSD, anxiety disorders, sociodemographic indicators (Hollings-

head scale, parental role in the labor market, living alone), early physical or 

sexual abuse and weight-inducing medication were included. 

Overweight and obesity parameters 

In Study II, serially adjusted robust models were used to analyse changes in 

adiposity variables; WC, BMI and fat mass, between baseline and follow-up 

with regard to AD treatment and for specific AD compounds. Due to a signif-

icant interaction effect between SSRI treatment and sex, analyses on SSRI 

were also conducted separately in females and males. 

In Study IV, separate binary logistic regression models were used to ana-

lyse the importance of parental reported breastfeeding categories and 

rs9939609 variants for wave 1, wave 2 and wave 3 overweight. 

Depressive symptoms and antidepressant treatment response 

In Study I, three outcome variables were used to assess AD therapy response 

in adjusted analyses. Using ln CES-D overall score as the main outcome (N = 

135), the GRS and the individual SNPs were analysed in separate linear re-

gression analyses. MDD occurrence (N = 160) and regular AD treatment (N 

= 160) were used as secondary outcomes in additional binary logistic regres-

sion analyses. 

In Study III, longitudinal analyses between the different time points were 

performed to assess the association between bullying victimization during the 

past year, actual BMI categories and future depressive symptoms, using binary 

logistic regression models. In addition, the analyses were performed sepa-

rately in females and in males. 
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Interactions 

In Study II, an interaction between AD treatment and sex for the change in 

obesity markers was systematically tested. 

In Study III, the possible interaction effect from bullying victimization on 

the relation between BMI categories and future depressive symptoms was as-

sessed using binary logistic regression models in all participants as well as 

separately in females and in males. 

In Study IV the moderating effect from breastfeeding duration in months 

on the relation between FTO rs9939609 variants and BMI was analysed using 

the SPSS Macro Process (ver. 3.5). BMI at wave 1, wave 2 and wave 3 were 

used as outcomes in separate analyses using “Model 1”, which is the simplest 

form of moderation with one moderator (Figure 5). The Johnson–Neyman out-

put was printed to find regions of significance (RoS). In addition, the moder-

ating effect from breastfeeding on the relation between rs9939609 and over-

weight was analysed using binary logistic regression models. Separate anal-

yses were conducted for each time point.  

Figure 5. Diagram of a simple moderation where X is the exposure, Y the out-

come of interest and W is the moderator.  
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Results 

Study I 

Random forest analysis 

The ranking of the SNPs con-

ducted through random forest 

analysis revealed rs12248560 

(CYP2C19), rs878567 

(HTR1A) and rs17710780 

(Rho guanine nucleotide ex-

change factor 37 – 

ARHGEF37) as the top three 

SNPs (mean squared error  ≥ 

 9) for the ln CES-D score that 

was subsequently included in 

a GRS (Figure 6). 

Antidepressant response 

Three different outcomes 

were used to analyse antide-

pressant response among the 

study participants; depressive 

symptoms (ln CES-D), MDD 

status at follow-up and regular 

AD treatment. 

Genetic risk score vs 

individual polymorphisms 

In the adjusted analyses, the 

GRS was associated with ln 

CES-D scores and MDD dur-

ing follow-up (Table 2). For the individual SNPs, rs878567 G was associated 

with lower ln CES-D scores. Rs12248560 CC had an odds ratio (OR) of 6.7 

 

Figure 6. Variable importance from random 
forest analysis measured as % Increase in 
mean squared error. The values are calculated 
for each SNP in the predictions as a compari-
son when the values are randomly shuffled. 

 



 42 

for regular AD treatment at follow-up compared with TT. In the adjusted anal-

yses, rs17710780 was not associated with any of the outcomes. None of the 

SNPs were associated with MDD occurrence during follow-up. 

Body mass index 

BMI was positively associated with depressive symptoms, but not with MDD 

status or regular AD treatment (Table 2). 

Summary 

In Study I (See outline in Figure 7), vari-

ants in HTR1A and in CYP2C19 were 

ranked as most important using random 

forest analysis. The GRS created from the 

top three SNPs was a better predictor for 

antidepressant response at follow-up com-

pared with the individual SNPs. 

Rs12248560 was associated with regular 

AD treatment while rs878567 was associ-

ated with depression scores. 

 

Figure 7. Study I outline. 
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Table 2. Linear and binary regression models to investigate parameters associated with antidepressant response.  

    Depressive symptomsa 

β (95% CI) 
Major depressive disorder 

OR (95% CI) 
Regular AD treatment OR 

(95% CI) 

Individual characteristics Body mass index 0.19 (0.01 to 0.05)* 0.95 (0.88 to 1.03) 0.99 (0.94 to 1.05) 

Environmental factors Any AD treatment 0.35 (0.31 to 0.8)*** 2.13 (0.95 to 4.79) - 

Genetics rs878567b AG –0.19 (–0.38 to –0.03)* 0.58 (0.23 to 1.48)c 1.24 (0.55 to 2.80)c 

GG 

 

0.54 (0.19 to 1.55)c 1.05 (0.43 to 2.59)c 

rs12248560b CT –0.14 (−0.43 to 0.02) 0.63 (0.25 to 1.56)d 2.47 (1.10 to 5.55)*d 

TT 

 

- 0.37 (0.08 to 1.70)d 

Genetic risk score 0.26 (0.08 to 0.31)** 1.63 (1.08 to 2.46)* 0.91 (0.66 to 1.24) 

Main results on variables of interest from linear regression models using ln CES-D as outcome, and binary logistic regression models using major depressive 
disorder and regular AD treatment as outcomes adjusted for confounders (not shown). AD = Antidepressant, CES-D = Center for Epidemiologic Studies 
Depression Scale, CI = Confidence interval, OR = Odds ratio, Significance level: * = <0.05*, ** = <0.01, *** = <0.001 
a) Linear regression models, depressive symptoms were measured by the CES-D scale, natural logarithmically transformed to ln CES-D. 
b) Analysed continuously for ln CES-D. 
c) Compared with reference AA. 
d) Compared with reference CC. 
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Study II 

Obesity parameters 

Body mass index 

Any AD treatment during follow-up was associated with a steeper increase in 

BMI than for non-treated individuals (Table 3). SSRI treatment in particular 

was associated with a steeper increase in BMI during follow-up.  

Lifetime atypical MDD as well as melancholic MDD were associated with 

BMI changes during follow-up. Regarding MDD episodes during follow-up, 

atypical MDD and unspecified type of MDD were associated with a steeper 

increase in BMI during follow-up. 

 

Waist circumference  

Any AD treatment during follow-up was associated with a steeper increase in 

WC than for non-treated individuals. The interaction effect between sex and 

SSRI treatment was statistically significant for WC and the subsequent anal-

yses were performed separately in females and in males. For males, SSRI 

treatment was associated with a steeper increase in WC during follow-up. This 

pattern was also seen for all TCA-treated individuals. 

Atypical lifetime MDD was associated with a steeper increase in WC com-

pared with no MDD. An episode of atypical or unspecified MDD during fol-

low-up was also associated with a steeper increase in WC during follow-up 

compared with no MDD. 

Fat mass 

AD treatment in general was not associated with fat mass changes during fol-

low up. Regarding specific AD-groups, SSRI treatment was associated with a 

steeper increase in fat mass. The presence of an episode of atypical MDD dur-

ing follow-up was associated with a steeper increase of fat mass during the 

follow-up. 



 45 

Summary 

In Study II (see outline in Figure 8), 

any AD treatment was associated with 

a steeper increase in BMI as well as 

with WC during the follow-up. SSRI 

treatment and atypical MDD were dis-

tinguished as the most important fac-

tors due to their association with 

changes in all three adiposity markers 

during follow-up. 

 

Figure 8. Study II outline. 
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Table 3. Linear regression models investigating the importance of antidepressant treatment and major depression subtypes for changes in obe-
sity parameters. 

    Body mass index β (95% CI) Waist circumference β (95% 
CI) 

Fat mass β (95% CI) 

Environmental 
factors 

Any AD treatment 0.35 (0.19 to 0.50)*** 1.39 (0.73 to 2.05)*** 0.37 (–0.10 to 0.84) 

SSRI treatment 0.36 (0.18 to 0.55)*** 2.60 (1.42 to 3.78)***a 0.89 (0.32 to 1.46)** 

TCA treatment 0.32 (–0.08 to 0.72) 2.42 (0.73 to 4.12)** –0.27 (–1.42 to 0.89) 

MDD lifetime Atypical 0.45 (0.22 to 0.69)*** 1.73 (0.72 to 2.74)*** 0.54 (–0.18 to 1.26) 

Melancholic 0.29 (0.11 to 0.47)** 0.74 (–0.02 to 1.50) 0.36 (–0.17 to 0.89) 

Unspecified 0.08 (–0.06 to 0.22) 0.04 (–0.56 to 0.64) 0.03 (–0.39 to 0.45) 

MDE episode 
during follow-up 

Atypical 0.51 (0.22 to 0.81)*** 1.56 (0.29 to 2.84)* 1.13 (0.26 to 2.00)* 

Melancholic –0.22 (–0.48 to 0.05) –0.36 (–1.51 to 0.79) –0.46 (–1.26 to 0.34) 

 Unspecified 0.23 (0.05 to 0.41)* 1.06 (0.27 to 1.84)** 0.25 (–0.30 to 0.80) 

Main crude results on variables of interest from robust regression models. No AD treatment/MDD/MDE were used as references. CI = Confidence interval, 
MDE = Major depressive episode, MDD = Major depressive disorder, SSRI = Selective serotonin reuptake inhibitors, TCA = Tricyclic antidepressant, Signif-
icance level: * = < 0.05*, ** = < 0.01, *** = < 0.001 
a) Males only 
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Study III 

Depressive symptoms 

Having overweight at wave 1 was associated with an increased OR for wave 

3 depressive symptoms, as can be seen in Table 4. Bullying victimization was 

consistently associated with higher odds (OR ranging from 1.19 to 1.44) for 

future depressive symptoms in adjusted analyses. 

Interaction effect 

An interaction effect between bullying victimization and BMI regarding fu-

ture depressive symptoms was seen. In general, the pattern indicated an addi-

tive effect; depressive scores increased with BMI but with higher overall lev-

els for those reporting bullying (Figure 9 and 10). 

Gender differences 

In the adjusted analyses, females had higher odds than males for showing de-

pressive symptoms (Table 4). Among males, having obesity at wave 1 was 

associated with a higher OR (OR 5.6, CI 1.8 to 17.3) for wave 2 depressive 

symptoms compared with having normal weight. This was not seen among the 

females. The scatter plots on the relation between BMI and depressive symp-

toms in dependence of bullying level indicated somewhat different patterns 

for females and males (Figures 9 and 10). For wave 2 depressive scores, the 

pattern for males was similar to the overall pattern. For females reporting no 

bullying, the depressive scores increased with BMI, while for females report-

ing bullying depressive symptoms instead decreased with BMI but on a higher 

level for high bullying than for low bullying. For wave 3 depressive scores, 

the overall pattern indicated an additive effect for BMI and bullying. A fan-

shaped pattern emerged for males, indicating that the positive association be-

tween depressive symptoms and BMI increased with higher levels of bullying. 
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Figure 9. Scatter plots on wave 1 body mass index (X-axis) and wave 
2 total symptoms of depression (Y-axis) in all, in females and in 
males separately depending on wave 1 bullying level: no bullying = 
circle, continuous regression line; low bullying = filled box, 
short/long-dashed regression line; high bullying = cross, short-dashed 
regression line. 

 

 
Figure 10. Scatter plots on wave 2 body mass index (X-axis) and 
wave 3 total symptoms of depression (Y-axis) in all, in females and 
in males separately depending on wave 2 bullying level: no bullying 
= circle, continuous regression line; low bullying = filled box, 
short/long-dashed regression line; high bullying = cross, short-dashed 
regression line. 
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Summary 

In Study III (see outline in Figure 11), 

some evidence for a relation between 

BMI and future depressive symptoms 

was found. Bullying victimization 

was consistently associated with fu-

ture depressive symptoms. An inter-

action effect between BMI and bully-

ing victimization, with indications of 

gender differences was also found.

 

Figure 11. Study III outline.  
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Table 4. Binary regression models to investigate the importance of wave 1 overweight and bullying for future depressive symptoms.  

    Wave 2 depressive symptomsa 
OR (95% CI) 

Wave 3 depressive symptomsa 
OR (95% CI) 

Individual characteristics Sexb 2.94 (2.22 to 3.91)*** 2.15 (1.6 to 2.9)*** 

wave 1 overweightc 1.08 (0.75 to 1.55) 1.49 (1.02 to 2.17)* 

wave 1 obesityc 1.47 (0.73 to 2.98) 0.74 (0.31 to 1.8) 

Environmental factors wave 1 total bullying score 1.32 (1.22 to 1.44)** 1.28 (1.16 to 1.42)*** 

Interactions obesity by bullying victimizationd 0.59 (0.37 to 0.94)* 0.74 (0.51 to 1.07) 

Main results on variables of interest from separate binary logistic regression models adjusted for age and ethnicity (not shown). CI = Confidence 
interval, DSRS = Depression self-rating scale, OR = Odds ratio, Significance level: * = < 0.05*, ** = < 0.01, *** = < 0.001 

a) Depressive symptoms were measured by the Depression Self-Rating Scale (DSRS) scale and categorized into a binary variable. 
b) Male as reference.  
c) Normal weight as reference.  
d) Separate interaction analyses adjusted for age, sex, ethnicity, wave 1 BMI category and bullying score (not shown). 
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Study IV 

Body mass index 

In the interaction analysis with breastfeeding as a possible moderator, FTO 

rs9939609 was associated with wave 1 BMI, but not wave 2 or wave 3 BMI 

(wave 1 results shown in Table 5). Process analyses indicated a moderating 

effect from breastfeeding on the relation between FTO rs9939609 and wave 1 

plus wave 2 but not for wave 3 BMI. RoS showed values for the moderator 

below 1.64 and above 28.05 at wave 1 and above 19.85 for wave 2 were sta-

tistically significant. A plot deriving from the Process output on the relation 

between wave 1 BMI and breastfeeding in months in dependence of 

rs9939609 variants AA, AT and TT showed a negative slope for AA and AT 

carriers but a positive slope for TT carriers (Figure 12). 

Overweight 

Females were less probable to be categorized as overweight at wave 1 (OR 

0.69, CI 0.51 to 0.93, p = 0.02) compared with males. Breastfeeding duration 

7–12 months was associated with decreased OR for wave 1 overweight com-

pared with shorter breastfeeding (0–6 months) as can be seen in Table 5. FTO 

rs9939609 variants were not associated with overweight at any time point in 

the binary logistic regression models. All variables in the binary logistic re-

gression models assessing wave 2 and wave 3 overweight were non-signifi-

cant. 

In the interaction analysis, breastfeeding > 12 months / rs9939609 TA was 

associated with lower OR for wave 1 overweight than breastfeeding 0–6 

months / rs9939609 TT (Table 5). Among individuals with breastfeeding > 12 

months, each additional A-allele decreased OR significantly (OR = 0.41, CI 

0.19 to 0.88). 
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Summary 

In Study IV (see outline in Fig-

ure 13), breastfeeding duration 

moderated the relation between 

FTO rs9939609 and BMI as 

well as overweight among the 

adolescents, but not among the 

young adults. The results sug-

gest that for short breastfeeding, 

rs9939609 AA was associated 

with higher BMI than for AT 

and TT, while the reverse was 

seen with long breastfeeding. 

The results support the differen-

tial susceptibility to environ-

ment model and indicate that 

rs9939609 AA is a plasticity 

variant. 

 

Figure 13. Study IV outline. 
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Figure 12. Plot showing the relation between breastfeeding in months and wave 1 body mass index depending on rs9939609 variants.   
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 Table 5. Linear and binary regression moderation analyses to investigate the importance of study variables for wave 1 body mass index and 
overweight including obesity. 

    Body mass index coeff (LLCI - ULCI) Overweight OR (95% CI) 

Environmental factors breastfeeding 0.01 (–0.03 to 0.06) 0.67 (0.49 to 0.93)a* 

Genetics FTO rs9939609 0.49 (0.03 to 0.96)* 1.07 (0.69 to 1.66)b 

Interactions rs9939609 by breastfeeding –0.05 (–0.1 to –0.01)* 0.31 (0.11 to 0.87)*c 

Main results on variables of interest from Process procedure using wave 1 body mass index and binary logistic regression models using wave 1 overweight 
including obesity as outcomes adjusted for age, sex and physical activity > 30 minutes (not shown). CI = Confidence interval, Coeff = unstandardized 
coefficient, FTO = Fat mass- and obesity-associated gene, LLCI = Lower level of confidence interval, OR = Odds ratio, ULCI = Upper level of confidence 
interval, Significance level: * = < 0.05*, ** = < 0.01, *** = < 0.001 
a) 7–12 months vs 0–6 months breastfeeding (ref) – Interaction term not included. 
b) rs9939609 AA vs TT (ref) – Interaction term not included.  
c) rs9939609TA/> 12 months breastfeeding vs TT/0–6 months breastfeeding (ref). 
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Discussion 

The relationship between obesity and depression 

The overall aim of this thesis was to investigate the bidirectional relationship 

between depression and obesity. The thesis includes two populations: one with 

adolescents that were followed up to young adulthood, the other with adults 

35 to 75 years old at the start of the study. In both cohorts, a relationship be-

tween these disorders was found. 

In Study I, higher BMI was positively associated with ln CES-D scores at 

the follow-up evaluation. In Study II, any AD treatment, and SSRI treatment 

in particular, was associated with a steeper increase of obesity parameters dur-

ing the follow-up than for those without AD treatment. Given that many indi-

viduals with MDD are treated with ADs, it is important to monitor this fre-

quently to prevent severe weight gain over time. In agreement with our results, 

AD treatment has been found to be associated with weight gain by others [193-

195]. Noordam et al. found that SSRI treatment was important for a BMI in-

crease in general, and for weight gain among women treated for more than 90 

days [194]. Moreover, they did not find any difference regarding BMI for 

TCA treatment in agreement with our study [194]. This indicates that TCA 

treatment might be associated with WC in particular. If this is the case, TCA 

treatment might be an unfavourable choice for those who already have a large 

WC. 

In Study III, overweight and obesity were associated with increased OR for 

depressive symptoms, also with indications of gender differences. Noteworthy 

is that young male adolescents with obesity showed higher odds of future de-

pressive symptoms compared with males reporting normal weight. With re-

gard to body composition, brown adipose tissue amounts and peripheral fat 

depots are larger in females, while the intra-abdominal fat depots are larger in 

males [196]. On the other hand, disordered eating has been found at higher 

levels in females than males with MDD [197]. Leptin levels were also corre-

lated with disordered eating [197]. In general, however, the endocrine and 

metabolic function differences are associated with a smaller risk in women for 

diseases associated with obesity [196]. It is plausible that these differences 

also can affect depressive symptomatology. 

Longer breastfeeding duration (Study IV) was found to be protective 

against overweight. This is in agreement with earlier studies [132]. Not being 

breast fed has previously been linked to adolescent psychopathology [198]. 
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This indicates that early life experience affects risk for obesity as well as de-

pression even many years later. 

One of the reasons why overweight and depression are linked is the symp-

tom profile of depression. Diminished interest or pleasure in activities, in-

creased sleep, psychomotor retardation, fatigue or loss of energy are all factors 

that can affect an individual’s physical activity levels and subsequently also 

energy expenditure throughout the day. Unintentional weight changes are also 

part of the symptom profile, which of course can have a direct effect on BMI. 

Moreover, previous research indicates that physiological differences in hor-

mone levels are involved that subsequently affect appetite and disordered eat-

ing [197]. 

The heterogenic symptom profile that encompasses both increased and de-

creased levels of activity is one reason for subgrouping MDD in research. In 

Study II, MDD subtypes made an important contribution to the development 

of obesity-related parameters. The atypical type of MDD was especially im-

portant for WC and BMI increase during the follow-up period in Study II. The 

atypical subtype has been acknowledged as different from the melancholic 

subtype through a significant mood reactivity, i.e. positive changes in mood 

in response to positive life events plus at least two additional symptoms 

(weight gain, appetite gain, hypersomnia, leaden paralysis) and interpersonal 

rejection sensitivity that has a significant effect on social or occupational life 

[199]. Given the symptom profile, it is perhaps not surprising that atypical 

MDD was found to be most important for the investigated parameters. The 

tendency that the atypical subtype of MDD is a strong predictor of obesity has 

been discussed in detail previously in the PsyCoLaus cohort, but with a 

slightly different material and focus than in Study II [200]. 

In Study III, bullying victimization was consistently associated with future 

depressive symptoms. An interaction effect between obesity and bullying vic-

timization was found for depressive symptoms, but with indications of gender 

differences in this pattern. Previous research on gender differences and bully-

ing have found that females had about two times higher odds of depressive 

symptoms as well as suicidal ideation and attempt compared with males, even 

if they did not report bullying [201]. If they reported bullying, the difference 

was even larger, with an OR of 7.5 for depressive symptoms compared with 

males without bullying [201]. However, BMI was not taken into considera-

tion. In support of the idea that females are more susceptible to bullying, 

Holbrook et al found a significant interaction effect between gender and bul-

lying for depressive symptoms [202]. Sports attendance and exercise were as-

sociated with lower depression scores, indicating a protective factor [202]. 

The interaction term between bullying and sports was also statistically signif-

icant [202]. Clearly, long-term stress of any kind can affect individuals, and 

not only the stress of a consistently high workload. Threats and fear can also 

affect people in the same way [203]. Bullying can be seen as a threat to the 
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social self, which induces increases in pro-inflammatory cytokines and corti-

sol [204]. Bengasser et al. discuss differences in the stress mechanism through 

locus coeruleus norepinephrine systems that may increase stress sensitivity in 

females [205]. More studies on the relationship between social stressors such 

as bullying, body composition and depression are warranted. 

Altogether, the findings from our longitudinal studies support the bidirec-

tional link between obesity and depression found in previous research. How-

ever, a joint development of the two disorders in predisposed subjects cannot 

be ruled out [178]. 

Genetic influences on obesity and depression 

Obesity 

It is important to address the possible moderating effect of breastfeeding 

(Study IV) on the relationship between FTO variants and future BMI, because 

this is one of the earliest factors in a child’s life and might influence the BMI 

trajectory for a long time. In Study IV, FTO rs9939609 was found to only have 

a small effect on overweight among adolescents, but that breastfeeding dura-

tion moderated this relationship. Longer breastfeeding duration had a protec-

tive effect on BMI development for AA carriers in particular. Short breast-

feeding for AA carriers was in contrast associated with higher BMI compared 

with TT and AT. These findings support the differential susceptibility to en-

vironment model. Unfortunately, this theory has not been applied in many 

studies [63]. Even so, earlier studies indicate that FTO rs9939609 is involved 

in food intake regulation by epistatic interactions with the leptin receptor 

[206]. One previous study by Dedoussis et al., which analysed the interaction 

between breastfeeding (categories never, < 1 month, 1 – < 3 months, > 3 – 6 

months and > 6 months) and FTO variants, found a statistically significant 

effect among peri-adolescents regarding waist-to-hip ratio, for BMI among 2- 

to 3-year-olds, and for triceps skinfolds among 3- to 4-year-olds [207]. Be-

cause this study did not assess breastfeeding continuously, RoS values could 

not be obtained for these associations. With the concept of orchids and dande-

lions in mind, individuals might vary in their susceptibility to rearing practice, 

which could affect attachment security [208] and subsequently also affect lev-

els of depression [209]. 

One study on socioeconomic status and dopamine receptor D4, DRD4 7-

repeat allele variants, which have previously been associated with obesity, 

also found support for this model [210]. Girls carrying the 7-repeat variant, 

with better socioeconomic conditions had decreased fat intake, while the re-

verse was found under poorer socioeconomic conditions [210]. Another study 

in agreement with this theory tested a polygenic approach [211]. The authors 

found no direct association between the polygenic obesity score and BMI 
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[211]. However, when they included cumulative stress exposure as an inter-

action effect, they found that those with the highest genetic score and high 

stress levels had higher BMI, while the reverse pattern was found for those 

with low stress exposure [211]. 

Several factors indicate that the timing of events is important regarding 

obesity. Bradfield et al. performed a trans-ancestral GWAS meta-analysis and 

found a large overlap between significant SNPs for paediatric obesity and 

adult BMI but with different timing in life [212]. Hardy et al. found that the 

variant rs17782313 near MC4R showed a stronger association with weight 

than with BMI [213]. The association strengthened during childhood and ad-

olescence, peaked at 20 years and weakened again during adulthood. Inter-

generational research on obesity has shown that lifestyle during pregnancy can 

have effects on offspring body weight persisting to the third generation [214]. 

McKey et al. also found consistent associations between mothers’ birth weight 

and the birth weight of their offspring [215]. In addition, grandmaternal BMI 

has been positively associated with grandchild’s birth weight via maternal 

birth weight and BMI at 18 years [216]. Epigenetic processes, such as DNA 

methylation, are discussed as important contributors to these findings [214]. 

Walley et al. summarize different hypotheses for the genetics of obesity 

[73]. It is likely that the complex hypothesis, which suggests a combination of 

different genetic factors rather than a single hypothesis, is responsible for the 

increase in obesity rates [73]. It is plausible that answers can only be found by 

re-evaluating previous research with the differential susceptibility model in 

mind. 

Major depressive disorder 

In Study I, only two of the individual SNPs included in the GRS was associ-

ated with one single measurement, while the GRS was associated with depres-

sive symptoms as well as MDD status at follow-up. Rs878567 in the serotonin 

receptor gene HTR1A was associated with depressive symptoms. One previ-

ous study on rs878567 found no direct effect on depression scores, but when 

recent stressful life events were included, the effect was clear [217]. An im-

portant point to address regarding research on MDD and AD treatment is the 

known variations that affect pharmacokinetics and metabolism, such as the 

ultrarapid metabolizer phenotype associated with CYP2C19*17 [218]. This 

variant, also known as rs12248560, was associated with regular AD treatment 

in Study I. Previous studies have shown an association with lower plasma drug 

concentrations regarding AD treatment [176]. In addition, CYP2D6 poor me-

tabolizers showed higher plasma concentrations and more side effects [176]. 

Research on ABCB1 gene variants found an interaction effect between geno-

type and plasma concentration regarding antidepressant treatment response 

[219]. The study indicates that the minor allele of one variant in combination 

with recommended blood concentration of the antidepressant was associated 
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with a better treatment response than treatment as usual, while a combination 

with a higher blood concentration was associated with more sleep-related side 

effects than treatment as usual [219]. Again, it seems to be important to ad-

dress the interaction effect rather than the polymorphisms alone. As seen in 

Study I, a PRS can also be used to capture the joint effect of several polymor-

phisms. 

Previous research on twins has shown that 65% of the variance in symp-

toms of depression and anxiety was accounted for through additive genetic 

influence [220]. This genetic risk could at the same time be associated with 

risk of bullying victimization, possibly through problem-solving strategies 

and the serotonin system [220]. Caspi et al. state that variations in SERT mod-

ifies the stress response to environmental influence [221]. One study in sup-

port of this hypothesis found that the relationship between bullying in the 

workplace and pain was modified by variants in SLC6A4 [222]. Support for 

the importance of G x E interactions regarding the effects of negative experi-

ences and stress is growing. Moreover, this highlights the small contribution 

from individual SNPs regarding development of multifaceted disorders, as 

seen in Study I. 

There has been some debate in the research community on the correct ap-

proaches to investigate complex traits for their genetic contribution. Moore 

[223], as a response to Border and Keller [224], considers that it is important 

to distinguish the different goals in GWAS in order to have an unbiased ap-

proach to detect correlation with specific traits, and to contrast this aspect with 

candidate gene studies that focus on a small subset of genes with an assumed 

relevance for a specific trait. I agree with Moore that both these approaches 

are valid and useful. These different approaches could be seen as complement-

ing each other rather than as rivals. 

Brain and behaviour 

Previous research has identified FTO (and ALKBH5) as RNA-m6A demethyl-

ases, with a role in RNA metabolism [163]. FTO regulates expression of IRX3, 

which is expressed in POMC neurons, with subsequent food intake and energy 

expenditure changes that in turn affect body adiposity [164]. Other research 

points to adiposity itself as a trigger for DNA methylation, with an effect on 

lipoprotein metabolism and inflammation pathways [8]. Some studies have 

found that genome-wide DNA methylation levels differ for children with obe-

sity compared with children without obesity, and that the corresponding genes 

are involved in immune function [225]. In addition to having a direct effect 

on energy expenditure, physical activity might also modulate the effect of obe-

sity through gene expression [8, 226]. 
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In Study I, rs878567 in HTR1A was found to be one of the top SNPs, that 

was also associated with depression scores. Mekli et al. speculate that certain 

variants are more susceptible to threat-related information reflected in an in-

creased processing through the serotonergic pathway [217]. Epigenetic 

changes in several genes including SLC6A4, BDNF and the oxytocin receptor 

(OXTR) have also been consistently associated with depression measurements 

[227]. 

Neurogenesis and neuroplasticity might be the main contributors to AD 

treatment response [82]. It is plausible that AD treatment increases plasticity 

[228, 229] and thereby makes us more susceptible to environmental influence, 

which could make symptoms worse under unfavourable conditions or create 

different problems. It is therefore important to investigate AD treatments in 

light of a possible interaction effect with physical activity or environmental 

stress. Previous research has shown that BDNF is needed for healthy neuro-

plasticity [82] and may be the link between AD treatment and the subsequent 

changes associated with clinical improvement [228]. The delayed clinical re-

sponse regarding depressive symptoms further supports this idea [230]. It is 

possible that early effects on emotional processing need to be conscious, i.e. 

experienced in light of the social environment to achieve a clinical response 

[230]. If this is the case, treatment for MDD should, in addition to ADs, in-

clude plans to include positive life events that are individually structured. 

Prevention 

For the prevention of MDD, it is of utmost importance to take a wide perspec-

tive that takes a whole life situation into account [231]. One such example is 

conflicts that might arise from trying to balance work and family situations, 

especially given that these seem to affect people differently and depend on 

gender [232]. Stressors are common and impossible to eliminate completely, 

and it is therefore important to also look at protective factors such as family 

resilience in addition to assessing cumulative stress [233]. Clearly, the respon-

sibility of addressing the multifaceted area of stress and recovery cannot rest 

on individuals themselves, even though each individual can help in some way. 

Because bullying victimization may have a long-term impact on mental 

health, it is important to address this through prevention strategies, guided by 

school-based research [234, 235]. 

Given the frequently chronic course of obesity, prevention should be con-

sidered highly important. It is plausible that a short breastfeeding duration is 

one of the factors involved in the growing rates of obesity [236]. Because 

breastfeeding practices are affected not only by individual circumstances but 

also by the culture, public health initiatives and welfare state support [237], it 

is important to address all possible reasons for the increasing rates of shorter 

breastfeeding practices. 
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Strengths and limitations 

Study design 

All four studies in this thesis derive from longitudinal cohorts with data col-

lection from several time points which is a strength regarding temporal prec-

edence; the independent variable precedes the dependent variable, which is a 

necessary criterion for assessing causality. The two different cohorts include 

individuals with a large age span ranging from young adolescence to older 

adulthood. However, the age between young adulthood and 35 years of age is 

not included, which must be taken into account. Moreover, data from young 

children were not included directly, but were retrospectively included from 

the parents in connection with the adolescents’ earlier life. Because it is im-

possible to randomize factors such as bullying victimization and breastfeeding 

duration, longitudinal studies are necessary to investigate these types of meas-

urements. The PsyCoLaus study is derived from a randomized sample, which 

strengthens the validity of the found associations. In the SALVe cohort, all 

adolescents born in 1997 and 1999 were considered for the study. Participants 

were excluded if they had lived in Sweden for less than five years, because 

these individuals might be more subjected to stressful life events in general 

due to the circumstances surrounding their move from another country [238]. 

Data collection 

In PsyCoLaus, the collection of the diagnoses was obtained through inter-

views by a psychologist and reviewed by a senior psychologist. These were 

based on DSM-IV, which has some differences from the current DSM-V, in-

cluding removal of the bereavement exclusion. This has been replaced with a 

note to call for clinical judgement, specifically addressed when someone has 

experienced a significant loss [122]. In Study II, participants with a diagnosis 

such as schizophrenia, eating disorder, bipolar disorder or schizoaffective dis-

order at baseline were excluded which makes the subsample more homogenic 

than in the general population, because comorbidities are common in major 

depression [239]. 

In SALVe, the data was self-reported which could lead to either under- or 

overestimation of key variables. Young children were not included directly, 

data was retrospectively collected from the parents regarding the adolescent’s 

earlier life. Breastfeeding duration data might therefore be subjected to recall 

bias. However, some studies indicate that maternal recall of infant feeding is 

high [240]. A low response frequency (about 40% for wave 1) could have led 

to bias. Like most longitudinal studies that encompass several years, these 

studies also had a loss of participants that could affect the results. For the 

SALVe cohort, males more often than females discontinued the study. How-
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ever, dropout analyses showed that none of the main variables of interest (de-

pressive symptoms, high bullying scores, BMI category) had any significant 

impact on dropout. 

Study variables 

Dosages on AD treatment were not collected which could be important for the 

interpretation of the study findings. Moreover, information on other, non-

pharmacological treatments such as CBT was not collected. When it comes to 

AD treatment and obesity parameters, additional medications that are known 

to affect weight were included. Even so, it is possible that this list was not 

complete. The reports on treatments were based on self-reports and not on 

administrative or medical data, and could thus be subject to recall bias. How-

ever, this was likely to have been a non-differential bias, which would in that 

case rather underestimate the size of the associations. 

The bullying victimization scale used in Study III did not define bullying 

as an imbalance of power, which makes it difficult to compare to other bully-

ing scales [241]. The bullying scale was tested for internal consistency using 

Cronbach’s alpha (.63 for wave 1 and .64 for wave 2). Factor analysis as-

sessing the principal components based on eigenvalue > 1 and varimax rota-

tion revealed one component. The depressive symptom scale in Study III 

showed good internal consistency (Cronbach’s alpha .81 for wave 1, .83 for 

wave 2 and .86 for wave 3). 

In Study III and IV, body composition parameters and disordered eating 

were not assessed, and thus could not be taken into account. For the adoles-

cents in SALVe, international age- and sex-specific cut-offs for BMI were 

used, which are important during this period in adolescent life that is often 

accompanied by rapid changes in body features. 

Statistical methods and included variables 

The random forest model used in Study I has been referred to as an A+ pre-

dictor [242] but with the downside of a hard-to-grasp mechanism [242]. The 

greatest weakness regarding this analysis is the non-random inclusion of SNPs 

derived from a non-systematic search of previous research. Hence, the indi-

vidual SNPs cannot be regarded as the most important per se, but only in re-

lation to the SNPs included in the model and for this outcome (see appendix 

to manuscript I). Regarding the individual SNPs, it is not possible to state cau-

sality because of the frequently high linkage to nearby SNPs. 

Some of the AD-groups had small numbers that made it impossible to strat-

ify the data according to those groups. Several different parameters regarding 

obesity were used in Study II (WC, fat mass and BMI) to be able to evaluate 

the results more thoroughly. 

In Study IV, including RoS values in the interaction analysis for Process 

made it possible to evaluate the direction and the limits for the interaction 



 63 

term. However, these limits are only applicable to this data set, because the 

limits are dependent on the included values of the moderator in the analysis. 

It is important to acknowledge that our findings could be coincidental, 

which has been discussed thoroughly by Dick D.M. regarding G x E interac-

tions [243]. 

Extrapolation of study results 

The results from the studies derive from individuals recruited from the com-

munity and are likely not directly applicable to more severe forms of MDD. 

The frequency of obesity was low among the adolescent sample. It is possible 

that different compounds in the analysed AD-groups exert different effects, so 

the results might not be applicable directly to individual compounds. 

Implications for future research 

To improve response rates, effectiveness of different recruitment strategies 

[244] should be considered in future studies. Treatment response studies could 

benefit from larger samples with specific AD groups and/or compounds in 

relation to depressive symptoms, to investigate our findings from Study I and 

II further. The interaction effect between bullying and BMI could be extended 

by including a perpetrator perspective as well as considering gender differ-

ences in more detail. Regarding breastfeeding duration, it is important to in-

clude longitudinal data in larger studies to assess the findings from Study IV 

in an additional sample, preferably from a quality registry. Moderation anal-

yses that include physical activity levels, stress and positive factors should be 

included to accommodate the differential susceptibility theory approach. In 

addition, it is important to re-evaluate previous research with this perspective 

in mind as new knowledge emerges. Dandelions, orchids and tulips should be 

taken into consideration when pursuing the search for new knowledge on G x 

E interactions. Lastly, investigating differences in epigenetic changes related 

to these sensitivity types would likely yield important additional information. 

Do we inherit a baseline level of gene expressions in combination with a po-

tential for stronger or weaker response to our environment? Is this inherent 

potential more open to early life experiences in such a way that we become 

more sensitive with a fast-changing environment and less sensitive if the en-

vironment is more stable? Are we but one flower, or a whole bouquet? 
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Conclusions 

The bidirectional relationship between obesity and depression is derived from 

several joint processes and mechanisms such as the stress system and symp-

tomatology overlap with strong environmental influences affecting both dis-

orders, plausibly through epigenetic processes. Even though overweight and 

obesity were associated with depressive symptoms, one even more important 

environmental factor for the development of symptoms was bullying victimi-

zation – a risk factor that persisted after six years of follow-up. The genetic 

contribution to these complex disorders from individual variations is small in 

most cases, but with a credible additive effect and with environmental factors 

as important moderators of these relationships. One such moderator is breast-

feeding duration, which was found to contribute to the relationship between 

FTO and future BMI with different patterns for the individual variants, which 

supports the differential susceptibility hypothesis. Finally, when AD treatment 

is used, the patient should be monitored regularly, both regarding depressive 

symptoms as well as obesity-related measurements. Overall, for both obesity 

and depression, it is of high importance to focus on prevention, because the 

frequently chronic course has a high burden on individuals as well as on soci-

ety. 

“I am only one, but I am one. I can't do everything, but I can do something.”  
Jeanie A. B. Greenough [245]  
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Svensk sammanfattning 

Om det är våra gener eller vår livserfarenhet som avgör om vi får en sjukdom 

eller inte är en vanlig fråga. Vi vet att fetma och depression ofta går hand i 

hand, men beror det på vårt genetiska arv, miljöfaktorer eller en kombination 

därav? Med ett neurovetenskapligt tillvägagångssätt kommer jag att under-

söka och försöka överbrygga de olika forskningsnivåer som finns tillgängliga 

i detta komplexa ämne och förhoppningsvis kasta lite ljus på det i denna av-

handling. 

Den ökade förekomsten av fetma sett de senaste decennierna kan inte till-

skrivas förändringar i genpoolen. Det är mer troligt på grund av förändringar 

i miljön som ökar sannolikheten för stillasittande beteende och överdrivet in-

tag av energi; en så kallad obesogen miljö. Även förekomsten av depression 

har setts öka i samhället. Båda dessa åkommor är förknippade med stora kon-

sekvenser för individen i form av nedsatt hälsa och förkortat liv, men även för 

samhället i stort.  

De behandlingar som finns är i många fall ineffektiva och förebyggande 

åtgärder är därför angelägna, samt att vi behöver öka kunskapen om de indi-

viduella skillnader som påverkar uppkomsten av dessa sjukdomar och behand-

lingsresultaten. Tidigare studier har visat att genetiska varianter kan påverka 

både risken för att dessa sjukdomar uppstår, men också för hur effektiv be-

handlingen är, framför allt när det gäller antidepressiv behandling vid depress-

ion. Till exempel har FTO-genen visat sig vara viktig för kroppsmasseindex, 

troligen genom reglering av andra gener. Annan forskning visar att det är vik-

tigt att ta hänsyn till miljöfaktorer som kan påverka sambandet mellan våra 

gener och sjukdom; så kallade interaktionseffekter. En viktig faktor för upp-

komsten av depression är långvarig stress.  

Syftet med denna avhandling var att undersöka det komplexa dubbelriktade 

sambandet mellan depression och fetma.  

I studie I undersökte vi genetiska varianter som visats ha påverkan på läke-

medelsbehandling, en genetisk riskskala utformad från dessa, och betydelsen 

för behandlingssvar vid antidepressiv behandling hos vuxna personer med de-

pression. Sammantaget visade resultaten att de enskilda genetiska varianternas 

effekt på depressiva mått var liten, medan den genetiska riskskalan hade ett 

större samband med de depressiva måtten.  

I studie II analyserade vi förändringen i kroppsmasseindex, midjemått och 

fettmassa under en 5,5-årsuppföljning i förhållande till olika typer av antide-

pressiv behandling hos en vuxen befolkning. Antidepressiv behandling var 
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kopplat till större ökning av både kroppsmasseindex och midjemått jämfört 

med hos de som inte fick behandling. Vid undersökning av olika behandlings-

grupper visade sig så kallade selektiva serotoninåterupptagshämmare, SSRI, 

vara förknippade med en större ökning i kroppsmasseindex så väl som kropps-

fettsmassa under uppföljningen. SSRI-behandling var också förknippat med 

ökat midjemått hos män. Resultaten visar att det är mycket viktigt med upp-

följning vid antidepressiv behandling, inte bara för att se symptomförändring, 

utan för att förhindra kraftig viktuppgång, som kan ge upphov till andra pro-

blem över tid.  

I studie III bedömde vi sambandet mellan BMI, utsatthet för mobbning och 

deras eventuella interaktionseffekt för framtida symptom på depression bland 

ungdomar. Vi undersökte även om det fanns några könsskillnader. Vi fann att 

övervikt hade en viss effekt på framtida symptom, men framför allt hade 

mobbning en effekt vilken kvarstod även sex år senare. Generellt verkade det 

finnas en additiv effekt så att med ökande kroppsmasseindex ökade även de 

depressiva symptomen, fast på en högre nivå för de som hade utsatts för mobb-

ning. Detta mönster skiljde sig dock åt för tjejer och killar och indikerade en 

större risk för framtida depressiva symptom hos unga killar med fetma som 

hade utsatts för mobbning det senaste året. Resultaten visar att det är viktigt 

att förebygga mobbning som en del av det förebyggande arbetet mot psyko-

social ohälsa.  

I studie IV undersökte vi den modererande effekten från amningstid i må-

nader på förhållandet mellan en genetisk variant i FTO-genen och kroppsmas-

seindex i tonåren och hos unga vuxna. Vi fann att både väldigt kort och mycket 

lång amningstid påverkade kroppsmasseindex hos ungdomarna olika bero-

ende på vilken variant av FTO-genen de hade. Den variant som normalt är 

förknippad med ökad risk för fetma överensstämde för de med kort amnings-

tid; desto fler kopior av riskvarianten desto högre kroppsmasseindex. För de 

som hade ammats länge var sambandet istället det motsatta; varianten var för-

knippad med lägre kroppsmasseindex. Resultaten ger stöd för att denna vari-

ant inte är en riskvariant, utan snarare en variant som är mer känslig för både 

negativ så väl som positiv miljöpåverkan.   

Resultaten härstammar från två olika longitudinella studier med flera mät-

punkter, vilket är en stor styrka för att kunna uttala sig om samband över tid. 

Avhandlingen inkluderar flera olika angreppssätt vilket är en förutsättning för 

att bilda sig en övergripande bild av dessa samband. Risken att bortfallet över 

tid eller den låga svarsfrekvensen i SALVe-kohorten har påverkat resultatet 

måste tas i beaktande när det gäller tolkningen av resultat och slutsatser.  

Det dubbelriktade förhållandet mellan fetma och depression härrör från 

flera gemensamma processer och mekanismer såsom stressystemet och över-

lappande symptom med stark miljöpåverkan för båda dessa åkommor, troligt-

vis genom processer som påverkar genregleringen. Sammantaget är det av stor 

betydelse att fokusera på förebyggande åtgärder eftersom det är vanligt med 
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kroniska förlopp, vilket är en stor börda för individer som drabbas, såväl som 

för samhället. 
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