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ABSTRACT 

The Swedish Commission on Health Inequality defined health inequality 
as systematic differences in health between groups in society with different 
social positions. All avoidable socioeconomic health inequalities are unfair, 
and as stated by WHO's Commission on the Social Determinants of Health, 
we have a moral obligation to try to reduce them. “Putting these inequities 
right is a matter of social justice. Reducing health inequities is, for the Com-
mission on Social Determinants of Health, an ethical imperative.” This eth-
ical imperative is especially apparent regarding the health of children and 
adolescents. Children’s right to the highest attainable standard of health is 
also enshrined in Article 24 of the Convention on the Rights of the Child. 
To reach the goal of a reduction of health inequalities, research is necessary 
to describe the social gradients of health. Research is also needed to better 
understand why these gradients occur. A better understanding and 
knowledge about health inequalities can lead to policies that reduce these 
inequalities and ensure children’s right to health. 
 This thesis investigates social inequality in child health using data from 
a Swedish population-based prospective birth cohort, the All Babies in 
Southeast Sweden (ABIS) cohort. Social inequality in obesity in the ABIS 
cohort is also compared with other birth cohorts participating in the Eluci-
dating Pathways to Child Health Inequality (EPOCH) collaboration which 
includes cohorts from six high-income countries; Sweden, the Netherlands, 
Canada (one national and one cohort from Quebec), UK, Australia, and 
USA.  
 In Paper 1 we show that health inequalities in overweight and obesity 
are detectable already at two years of age and that these inequalities in-
crease during childhood. In adolescents, low socioeconomic status in-
creases the risk of becoming overweight and the risk of components of the 
metabolic syndrome, including high blood pressure and dyslipidemia (low 
high-density cholesterol). 
 The level of inequality in obesity in the Swedish ABIS cohort was lower 
than in the other participating countries in the EPOCH collaboration (Pa-
per 2). Inequality was lower in absolute and relative terms when SES was 
measured by household income. Inequality was also lower in absolute, but 
not relative, terms when SES was measured by maternal education. This 
finding indicates that some of the policies implemented in Sweden may at-
tenuate social inequalities in obesity in children. Examples of such policies 
with evidence for reducing social inequality in obesity implemented in Swe-
den include universal preschools and free school meals. 
 This thesis also investigates health inequalities in autoimmune disease 
(Paper 3). In this study, we found that low socioeconomic status increased 
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the risk of Type 1 Diabetes but not the other autoimmune diseases investi-
gated. Path analysis indicated that part of the increased risk in children 
with low SES of Type 1 Diabetes might be mediated by a higher body mass 
index and an elevated risk of serious life events.   
 In the final paper, this thesis tests the hypothesis that differences in 
maternal and child self-control mediate social inequalities in obesity. Two 
measures of self-control were used; for mothers, the self-control variable 
was based on behaviors related to self-control (smoking during pregnancy, 
smoking during the child’s first year of life, breastfeeding duration, and 
participating in the ABIS study with biological samples). For the children, 
the self-control variable was based on questionnaire data on the impulsivity 
subscale of the Strengths and Difficulties Questionnaire (SDQ). The results 
showed that the two measures of self-control mediated 87.5 % of the in-
creased risk of obesity at age 19 years in children with low maternal educa-
tion and 93 % of the risk if maternal BMI was also included in the self-
control variable.  
 In the discussion part of this thesis, the conclusions that can be de-
duced from understanding the mechanisms of social inequality in child 
health are discussed. A theory with a central role of self-control for health 
inequality predicts that social inequality will increase without interven-
tions. In an environment with rising numbers of stimuli of the human re-
ward system, stimuli that also have negative long-term consequences (so-
called Limbic traps), child and adolescent health, in general, will decrease. 
Because of the mechanisms related to SES and self-control, children with 
low SES will be disproportionally affected. The result of this development 
will be increasing levels of social inequalities in child health.  
 The discussion also includes implications for policies that may improve 
health and reduce inequalities. These policies should reduce the exposure 
of children and adolescents to harmful behaviors/limbic traps. Examples 
of policies that have this effect include universal preschools for all children, 
free healthy meals in preschools and schools, increased after-school activi-
ties for all children, and longer school days for adolescents with increased 
hours for physical activity, music, and art. Mobile phones and social media 
restrictions in schools and policies to reduce use at home should also be 
implemented. Finally, policies should be implemented to reduce residen-
tial and school segregation in the community. 
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SVENSK SAMMANFATTNING 

Hälsoojämlikhet definierades av den Svenska kommissionen för jämlik 
hälsa som ”systematiska skillnader i hälsa mellan samhällsgrupper med 
olika social position.” Debatten om de bakomliggande orsakerna till hälso-
ojämlikhet tog fart efter att rapporten ”the Black Report” kom ut i Storbri-
tannien på 1980-talet. I denna rapport konstaterades att ojämlikheten i 
hälsa hade ökat mellan socioekonomiska grupper trots införandet av fri 
sjukvård och andra samhällsförbättringar. Orsakerna till den ökande ojäm-
likheten har sedan dess debatterats och ett antal teorier har lagts fram för 
att förklara fenomenet. Fortfarande råder det dock oenighet kring hur de 
olika bakomliggande faktorerna leder fram till skillnaderna i hälsa. Inter-
nationella organisationer har samtidigt arbetat för att minska skillnaderna, 
bland annat WHO som 2008 bildades ”the Commission on Social Determi-
nants of Health”. Denna kommission slog fast i sin rapport att vi alla har 
en moralisk plikt att minska skillnaderna i hälsa; ”Att ställa dessa skillna-
der till rätta handlar om social rättvisa. Att minska hälsoojämlikhet är för 
kommissionen ett etiskt imperativ”. Rätten till bästa möjliga hälsa slås 
också fast i Barnkonventionen, artikel 24. För att kunna minska hälsoojäm-
likheter behöver man studera inom vilka områden/sjukdomar skillnader 
uppstår och varför, med målet att utforma åtgärder för att minska skillna-
derna. 
 Denna avhandling syftar till att studera socioekonomiska skillnader i 
barns hälsa. Avhandlingen baseras på data från den svenska prospektiva 
födelsekohortstudien Alla Barn i Sydöstra Sverige (ABIS). Social ojämlik-
het i övervikt och obesitas jämförs även med den sociala ojämlikheten i 
motsvarande data från födelsekohorter i fem andra höginkomstländer; Ne-
derländerna, Kanada, Storbritannien, Australien och USA. 
 Resultaten från Studie 1 visade att socioekonomiska skillnader i risken 
att utveckla obesitas kan upptäckas redan vid 2 års ålder och att denna 
skillnad i risk ökade under uppväxten. I tonåren framkom socioekono-
miska skillnader gällande övervikt/obesitas samt för utvecklingen av högt 
blodtryck och lågt HDL-kolesterol (delar av det metabola syndromet). 
 Socioekonomisk ojämlikhet i förekomsten av obesitas i ABIS var 
mindre än i de övriga kohorterna i EPOCH-samarbetet (Studie 2). Detta 
gällde både i absoluta och relativa mått när socioekonomisk status mättes 
med hushållsinkomst. När socioekonomisk status baserades på moderns 
utbildningsnivå var skillnaderna mindre i ABIS i absoluta men inte i rela-
tiva mått. Fynden tyder på att samhällspolitiska åtgärder i Sverige tycks 
minska ojämlikhet i obesitas under barnaåren. Subventionerad förskola 
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och gratis skolmat i förskola och skola är exempel på åtgärder som visat sig 
ha en effekt på socioekonomiska skillnader i obesitas. 
 Vi har även studerat socioekonomiska skillnader i risk att utveckla 
autoimmuna sjukdomar (studie 3). Typ 1 Diabetes visade sig vara mer van-
ligt förekommande hos barn vars mödrar enbart hade förgymnasial utbild-
ning. Denna skillnad kunde delvis förklaras av ett i genomsnitt högre BMI 
under barndomen och en ökad risk för allvarliga livshändelser i denna 
grupp. För övriga studerade autoimmuna sjukdomar fanns inga statistiskt 
signifikanta socioekonomiska skillnader.  
 I avhandlingens sista studie prövades hypotesen att den sociala ojäm-
likheten (mätt med moderns utbildningsnivå) och risken att utveckla obe-
sitas medierades av skillnader i självkontroll hos mor och barn. Självkon-
troll hos modern estimerades genom följande beteendevariabler; rökning 
under graviditeten, rökning under barnets första levnadsår, amningsdurat-
ion och grad av deltagande i ABIS-studiens datainsamling med biologisk 
provtagning. Barnets grad av självkontroll uppskattades genom analys av 
svar i frågeformuläret SDQs subskala om impulsivitet. Resultatet av stu-
dien visade att mor och barns självkontroll medierade 87,5 % av sambandet 
mellan moderns utbildningsnivå och barnets risk att ha utvecklat obesitas 
vid 19 års ålder. Sambandet stärktes ytterligare om även moderns BMI vid 
barnets 1 års ålder adderades till analysen. Den medierade effekten ökade 
då till 93 % av den totala. 
 En av avhandlingens slutsatser är att begreppet självkontroll bör ha en 
central roll i teorin om hälsoojämlikhetens orsaker. En sådan teori förutser 
att hälsoojämlikheten kommer att öka succesivt om inga interventioner 
görs. Hälsan hos barn och ungdomar kommer påverkas negativt av en miljö 
med ökande tillgång till allt fler stimuli av hjärnans belöningssystem, sti-
muli vilka också har negativa långtidseffekter för hälsan (s.k. Limbiska fäl-
lor ex. sociala medier). På grund av kopplingen mellan socioekonomisk sta-
tus och självkontroll, kommer barn med låg socioekonomisk status drabbas 
i högre uträckning av denna ohälsa vilket kommer att leda till ökad hälso-
ojämlikhet.  
 Slutligen diskuteras vilka implikationer för hälso- och sjukvården, lik-
som för hälsopolitiken, som resultaten i avhandlingen kan få och hur man 
kan minska den sociala ojämlikheten i hälsa. Sådana hälsopolitiska åtgär-
der bör reducera barn och ungdomars risk för skadliga beteenden/limbiska 
fällor. Exempel på åtgärder inkluderar förskola för alla barn (oavsett om 
föräldrarna yrkesarbetar eller ej), fria hälsosamma måltider i förskola och 
skola, ökad möjlighet till aktiviteter efter skoltid, förlängda skoldagar för 
äldre barn med mer skolgymnastik, musik och estetiska ämnen, restrikt-
ioner för mobilanvändning för att motverka överanvändande av mobiltele-
foner i hemmet och skolan, samt policys för att motverka boende och skol-
segregation i samhället. 
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INTRODUCTION 

Since the early days of my Ph.D. project, I have been involved in the Elu-
cidating Pathways of Child Health Inequality (EPOCH) project, which 
aimed to find explanations for the association between Socioeconomic 
Status (SES) and health outcomes in children. I had been delegated the 
task of the paper on childhood obesity and had read up on the literature. 
When I approached my Ph.D. halftime seminar, things were going pretty 
well. I had published one paper on the inequality in cardiovascular risk 
factors and was almost done with the first paper on comparisons of the 
inequality gradient in obesity across the cohorts in the EPOCH collabora-
tion. However, the next step, which was supposed to be an analysis of the 
mediating pathways, was still bothering me. Two mediators of childhood 
obesity that most consistently had been reported in epidemiological stud-
ies were maternal smoking during pregnancy and breastfeeding. Still, the 
explanatory mechanisms for how these mediators gave rise to childhood 
obesity seemed to be missing. As I was contemplating this fact, I read a 
very unusual study, it was a secondary analysis of the PROBIT cluster-
randomized trial, a trial that had successfully increased breastfeeding in 
randomly selected regions and compared the BMI of these children at 8,5 
years of age, the result was a small INCREASE in BMI in the group with 
a higher breastfeeding rate.1 The same authors had also analyzed the BMI 
development of children born small for gestation (SGA), the outcome most 
clearly related to smoking during pregnancy, and found that the children 
had a lower, not higher, BMI than their peers at age 11,5 years.2 These 
findings made me think about the two behaviors. As a Pediatrician, I knew 
that breastfeeding was hard work; the mother had to wake up several 
times per night, the feeding took longer than bottle feeding, and often the 
children woke up more during the night. Mothers with high education 
could go through severe complications like pain and mastitis/infections to 
breastfeed, which was supposed to increase the well-being of their child 
(reducing the risk of some diseases).  
 What was this called, the act of enduring hardship now to earn a re-
ward later in time? And what were the mechanisms for that kind of be-
havior? Not being able to quit smoking during pregnancy was a sign of 
the opposite, the inability to control a rewarding behavior (nicotine) for a 
later benefit (child health). These thoughts took my thinking on mediators 
of SES- child obesity in a different direction. The road led to human be-
haviors and the battle between two systems.    



 

 16 

Health Inequalities 
The Swedish Commission on Health Inequality defined health inequality 
as systematic differences in health between groups in society with different 
social positions.3 The most commonly used indicators of SES are educa-
tional attainment, income, and occupation.4,5 The impact on childhood SES 
affects children's health in numerous ways.6 Examples include the findings 
that children of mothers with low education have an increased risk of de-
veloping overweight, limiting long-standing illness as well as socio-emo-
tional difficulties.7 There is evidence that these health inequalities have in-
creased during the last decades.8,9 This happened during a time of increas-
ing income inequalities across most OECD countries, with the fastest rise 
occurring in Sweden in recent years.10 There is evidence, although dis-
puted, for a connection between a country's level of income inequality and 
the level of health inequalities, with higher prevalence and absolute ine-
quality for health problems with SES gradients in countries and states with 
higher income inequality.11,12 Economic research has shown that income in-
equality is likely to keep rising, not least because of the increasing part of 
income that comes from return on capital.13 Thus, the importance of stud-
ying SES inequalities is ever-increasing. What diseases and health prob-
lems are associated with low SES and why? All avoidable socioeconomic 
health inequalities are unfair, and as stated by the commission on the social 
determinants of health, we have a moral obligation to try to reduce them. 
“Putting these inequities right is a matter of social justice. Reducing health 
inequities is, for the Commission on Social Determinants of Health, an eth-
ical imperative. The right to the highest attainable standard of health is en-
shrined in the Constitution of the World Health Organization (WHO) and 
numerous international treaties”.14 This ethical imperative is especially ap-
parent when it comes to the health of children and adolescents.  

Theories of Social Inequality in Health    
Since the publication of the Black Report from the UK in 1980, which 
showed increasing health differences between socioeconomic groups, there 
has been an ongoing debate about the importance of socioeconomic status 
(SES) for health and how it can be explained.15-17 Theories for explaining 
these differences were described already in the Black Report itself and, at 
that time, included four major theories:  

Natural and Social Selection  
This theory states, "People with poor health tend to move down the occu-
pational scale and concentrate in the lower social classes.” The Report con-
cluded that although there was evidence for the fact that serious childhood 
illness and short stature (potentially a sign of ill health) could lead to lower 
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social status, this association explained only a fraction of the observed dif-
ferences between social groups.15 

Cultural/Behavioral Explanation 
“The way people in different social groups choose to lead their lives: the 
behavior and voluntary lifestyle they adopt.” Health inequalities arise be-
cause low social groups engage in more dangerous and health-damaging 
behaviors. The report concluded that lifestyle, including smoking, alcohol, 
and dietary differences, explained some, but not all, of the observed differ-
ences in health. The report also concluded that studies on cultural beliefs 
in different social groups had not identified significant differences in beliefs 
about what constitutes a healthy lifestyle. Thus, there was no evidence of a 
“culture of poverty”.15 

Structuralist/Materialist  
This theory “emphasizes the role of the external environment: the condi-
tions under which people live and work and the pressure on them to con-
sume unhealthy products.” Differences in housing affects health, income 
difference limits food choices, leading to a lack of fruit and vegetable intake, 
stress of low income leads to mothers going against medical advice and giv-
ing their children sweets to keep them happy and content on shopping trips 
and other stressful occasions, cigarette smoking in women could be a way 
of easing tension and helping them survive the stressful workload. The Re-
port concluded that there was a complex relationship between individual 
behavior and structural and material factors; it is too simple to explain it 
all down to ignorance or laziness.15  

The Artifact Explanation 
“Methods of measuring occupational class – by the Register General’s so-
cial class classification - artificially inflates the size and importance of 
health differences.” The Report concluded that although there was general 
agreement that occupational class was an insufficient measure of SES, evi-
dence supported that the measure used by the Register General underesti-
mated the differences between social groups.15  

Modern Theories  
Over the following decades, the arguments between researchers on health 
inequality about the theories of inequality have been ongoing. The theories 
above have been improved, and additional theories have been constructed. 
One central problem for health inequality research has been the persistence 
of inequality in the welfare state. One of the leading modern researchers in 
health inequality, Johan Mackenbach, has summarized these theories and 
their relationship to the problem of persisting inequalities; in addition to 
the theories of the Black Report, they include:18 
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The Fundamental Cause Theory 
This theory states that SES represents a fundamental cause that will affect 
the possibility of changing behavior when new information on how to pre-
vent disease emerges. High SES gives “access to resources that can be used 
to avoid risks or to minimize the consequences of disease once it occurs. 
We define resources broadly to include money, knowledge, power, prestige, 
and the kinds of interpersonal resources embodied in the concepts of social 
support and social network”.19   

The Life Course Perspective 
This theory focuses on the fact that some outcomes like cardiovascular dis-
ease can be the effect of exposures as early in life as in utero or during early 
childhood. One example is being born small for gestational age (SGA), 
which indicates intrauterine growth restriction. SGA is associated with an 
increased risk of adulthood diseases like COPD and Cardiovascular dis-
ease.20 The Barker theory is part of this perspective; according to this the-
ory, early programming in the uterus determines health outcomes later in 
life, including insulin resistance.21 The life-course perspective also includes 
how disadvantages are transmitted through life; in the UK, low SES chil-
dren are less likely to attend preschool, which reduces their chances of ed-
ucational attainment, and low educational attainment leads to lower occu-
pational status and income in adulthood, which is associated with worse 
health outcomes.20 Consistent with the life-course perspective, studies 
have shown that health inequalities increase with age.22 

The Personal Characteristics Theory 
According to this theory, which Johan Mackenbach advocates for, the dif-
ferences in health can be attributed to personal characteristics.23 The pri-
mary characteristics investigated in this theory have been “the Big Five per-
sonality traits”.24 Another trait/characteristic investigated has been IQ.25 
Together, the investigated personal characteristics have been estimated to 
explain 20-50% of SES-related differences in health.23  

The Neo-Materialistic Theory 
According to this theory, inequalities in health arise due to differences in 
the distribution of material resources. It is recognized that these resources 
are clustered in low SES groups with “occupational hazards, poor housing, 
and unemployment.”26 This includes not only the income of the individual 
but also other resources, including the public expenditure on health-re-
lated policies. “In the US, higher income inequality is significantly associ-
ated with many aspects of infrastructure; unemployment, health insurance, 
social welfare, work disability, educational and medical expenditure, and 
even library books per capita”.27 These differences in resources lead to the 
negative health consequences that give rise to differences in health between 
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low and high SES groups. Its proponents have proposed this theory to bet-
ter explain the observed differences in health between countries and states 
with different levels of income inequality than the psychosocial pathway.28 

The Psychosocial Theory 
The importance of psychosocial stress for health inequalities has been pro-
posed in the work of Michael Marmot and Richard Wilkinson.29,30 This the-
ory states that social hierarchies induce status stress in humans, just like in 
other animals with social hierarchies. The theory further says that this sta-
tus stress is increased with higher levels of income inequality and thus ex-
plains why health differences are more significant in unequal societies.12  

The Diffusion of Innovation Theory 
According to this theory, innovations are adopted at different rates 
throughout a society; early adopters are characterized by having leadership 
roles and higher incomes. Thus, high SES groups will benefit faster from 
innovations that improve health, and this will lead to an increase in health 
inequality.31 Studies from Brazil have shown that improved access to care 
and public health policies aimed at reducing mortality in children initially 
increased inequalities.32 In these studies, inequalities started to be dimin-
ished only when high SES groups reached the limit of the potential im-
provement, i.e., a very low neonatal and child mortality. 

The Culture Capital Theory 
Initially developed by Pierre Bourdieu, this theory focuses on the effect of 
cultural capital. Bourdieu described how cultural capital leads to the repro-
duction of hierarchies through the educational system by rewarding such 
things as ‘‘subtle modalities in the relationship to culture and language as 
affluence, elegance or distinction”.33 Cultural capital is a kind of capital that 
the individual acquires through social learning and comes in the form of 
health values, perceptions, health knowledge and behavioral norms which 
provides the non-material resources needed to develop a healthy lifestyle 
and deal effectively with health issues.34 The fact that the acquisition of cul-
tural capital depends on the social class-specific learning context explains 
why the health resources that emerge from it are also unequally distributed 
across the social classes. 
 In conclusion, there are many theories of why social inequality in 
health occurs. One of the central themes is that health-related behavior 
tends to be unequally distributed across socioeconomic groups, with more 
favorable behaviors in high SES groups and more unfavorable behaviors in 
the low SES groups, which gives rise to a social gradient in health. The the-
ories above have tried to explain this in different ways but have failed to 
provide a complete explanation. One of the main reasons has been a reluc-
tance to consider factors on the individual level that influence decision-
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making.23 To develop a general theory of health inequality, one must con-
sider the mechanisms of human decision-making that regulate behavior. 

The Dived Soul and the Role of Self-control  
In ancient Greece, philosophers constructed theories about the mecha-
nisms of human behavior. The human soul was recognized to consist of 
several parts, one rational and one or more irrational parts. In his book The 
Republic, Plato stated that the spirit had three parts: rational and two irra-
tional: the spirited (emotional) and the appetite (pleasure-seeking) parts.35 
Aristotle also divided the soul into parts, the rational and the irrational; the 
irrational could be divided into the vegetative and the sensitive.36 Aristotle 
acknowledged the presence of self-control in his book The Nicomachean 
Ethics, which he termed Enkrateia. An Enkratetic person would do the 
right action even though he desired to do the wrong one. The akratic person 
would instead give in to the desire to do the improper action, knowing that 
it was wrong.37  
 After the introduction of Christianity, behavior related to loss of self-
control was categorized as sin. Thus, pride, greed, wrath, envy, lust, glut-
tony, and sloth were named the cardinal sins and were contrasted to the 
seven heavenly virtues: chastity, temperance, charity, diligence, patience, 
kindness, and humility.38 
 In the early 20th century, Sigmund Freud developed his theories of the 
working mechanism of the human psyche. Freud characterized the human 
psyche as consisting of three agents: The Id (emotions, pleasures), the Ego, 
and the Superego (norms, rational decision). The Ego was an intermediate 
who negotiated with the Id.39 Also, in modern psychological treatments like 
Dialectical Behavioural Therapy (DBT), the methods include a division of 
the mind, referring to traditional Zen methods; DBT divides the mind into 
three parts: reasonable, wise, and emotional.40 
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On the other hand, B.F. Skinner, the founder of Behaviourism, thought
the human mind was a “black box” and that its working mechanisms were 
unnecessary for researchers. Instead, Skinner focused on the effect of a 
given stimulus. He characterized stimuli as positive reinforcers (pleasure)
or negative reinforcers (avoiding pain/anxiety), showing that both were 
sources of learned behaviors.41 Much of his experiments were done in ani-
mal models like rats. Skinner's understanding of the human brain as be-
yond the reach of research and a focus on measurable variables have been 
part of the social science paradigm called positivism, which has emphasized 
data analysis without considering theories of human behavior.42  

”Here take this, you are studying the wrong animal” Ancient Greek Philosopher to 
B.F. Skinner. This image was created with the assistance of AI, DALL·E 2.  
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Modern Research on Self-control 
“The frontal cortex makes you do the hard thing when it’s the right thing to do” 
- Robert Sapolsky.43 

In his famous Marshmallow studies, Walter Michel found that the ability 
to resist the temptation of an immediate reward in favor of a larger later 
reward, the delay of gratification, varied significantly between children.44 
The experiments took place in the preschool at Stanford University, where 
the average parental educational level was high as the children’s parents 
were either faculty or students at the university. In follow-up studies, 
Michel found that the children who could delay gratification had better ed-
ucational attainment, lower BMI, were less likely to develop addictions and 
had a lower rate of divorce.45 Walter Mischel developed a theory of two cog-
nitive systems, the hot/cool system, to explain this finding.46 One system 
aimed at long-term rewards while the other acted to get immediate re-
wards; the ability of the cool system to control the behavior was termed the 
ability to self-control/willpower.46  
 Roy Baumeister has studied the mechanisms of self-control. His stud-
ies have shown that the ability to self-control is not a static ability. Instead, 
self-control is a limited resource, and the brain's ability to perform this con-
trol is reduced by activity, much like a muscle becomes weaker with repet-
itive use. Baumeister has termed this ego depletion.47 The abilities related 
to self-control can be affected by seemingly unrelated tasks. One example 
is an experiment where a participant first resists eating a piece of chocolate 
or a vegetable for some time; in the second step, the participant tries to 
solve an unsolvable puzzle. Participants who had resisted the chocolate 
gave up earlier than the other group. The ability for self-control also varies 
across the course of the day, and between different days, the ability is de-
creased every time an impulse is inhibited.47 Baumeister’s research has also 
shown that when asked to register moments of loss of self-control over sev-
eral days, individuals report failing to impose self-control on several occa-
sions each day.48  

Modern Definition of Self-control 
Modern theories of self-control have combined information from neurosci-
ence and psychology into a neural circuit-based theory.49 Similar to the hot 
and cool system in Mischel’s studies (and the theories of the ancient Greek 
philosophers), decisions according to this theory will be a result of two pro-
cesses: one higher-order goal process that takes place in the cortex where 
predictions about the effect of decision are made and how these effects re-
late to different higher-order goals (i.e., health).50 The other process will be 
made in the mesolimbic system where the immediate reward potential of a 
behavior will trigger activation of the mesolimbic reward pathway, neurons 
in the Ventral Tegmental Area (VTA) that releases Dopamine in the 
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Nucleus Accumbens, and fear of consequences of a behavior that will trig-
ger the Amygdala and Insula. These two processes will lead to a Desire/Im-
pulse (I) and a Goal (G). An I-G conflict will arise, which will be resolved in 
the anterior cingulated cortex, leading to a behavior. Whether the Impulse 
or the Goal will decide the behavior will be a matter of the motivation and 
effort of the dorsolateral prefrontal cortex (dlPFC). The dlPFC will be af-
fected by whether there are competing higher-order Goals that might be in 
line with the impulse. The dlPFC is also affected by other factors such as 
depletion of control capacity51, stress level52, and drugs such as alcohol. The 
subject sensitivity to certain stimuli will decide the strength of the impulse. 
Food, sugar, nicotine, drugs, sex, social connections, gambling, etc, will ac-
tivate the reward pathways differently in different individuals.  Competing 
Desires/Impulses may also influence the ability to self-control (e.g., avoid-
ing the Amygdala activation of choosing something different from your 
peers).53  
 Modern neuroscience, including MRI and fMRI studies, has started to 
explain the underlying details of the mechanisms of self-control and its as-
sociation with obesity and SES. It has been shown that the prefrontal cortex 
(PFC) plays a vital role in inhibiting signals from the limbic system; for ex-
ample, in food choice tests, the thickness of the PFC is associated with bet-
ter inhibitory control, which explains BMI differences.54 Low SES is asso-
ciated with thinner PFC.55,56 Studies also show that whether the control ef-
fort is sufficient to overcome the temptation depends on the mental energy 
expended to inhibit the impulse and work toward the goal.50 The anterior 
mid-cingulate cortex (aMCC) also plays a central role in self-control and 
related concepts such as persistence/tenacity/grit. Activity in the aMCC 
during effortful judgment predicts persistence, and it has also been re-
ported that an increased grey matter level in the aMCC is associated with a 
higher level of persistence.57 Greater aMCC activity leads to choosing 
healthy food over more calorically dense options, and obese individuals 
with successfully maintained weight loss show enhanced aMCC activation 
in response to food cues.58,59  
 The terminology regarding self-control can be somewhat confusing as 
there are several overlapping terms (self-regulation, delay of gratification, 
etc.); there is also overlap and a correlation with other constructs, such as 
persistence/tenacity/grit and executive functions. Self-control and related 
concepts are defined as having two central features. First, self-control 
should be self-initiated, i.e., putting away one’s mobile phone while study-
ing involves self-control, while a teacher putting away a student’s mobile 
phone does not involve self-control. Second, self-control is only used when 
one option is more valuable in the long run, but the other is momentarily 
more attractive/pleasurable.60 Self-control is initiated when a self-control 
conflict arises, which can thus be described as a tug-of-war between 
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impulses and higher-order goals.61 Higher-order goals are more abstract 
(imagined futures) and more strongly associated with one’s values and vir-
tues. Higher-order goals vary in strength, like impulses. The strength of 
higher-order goals is determined by at least three factors: importance (the 
degree to which a goal represents a high-priority objective), commitment 
(one’s determination to achieve the goal), and self-efficacy (one’s perceived 
ability to accomplish the goal).61  
 The central role of self-control in human behavior has many conse-
quences. One important consequence often overlooked is that behaviors 
related to self-control will be associated with each other in epidemiological 
studies. This kind of non-causal association used to be called spurious, but 
today, it is called confounding.  
 

 

 
 
Figure 1. The reward pathway of the human brain. Neurons projecting from the 
VTA release Dopamine in the Nucleus Accumbens. Amygdala activation plays 
a central role in negative reinforcement. The Prefrontal cortex (dorsolateral 
part) has a central role in Self-control i.e., to suppress behaviors induced by the 
limbic system when an Impulse-Goal conflict arises. VTA =Ventral Tegmental 
Area, AMG Amygdala NAc Nucleus Accumbens, PFC Prefrontal Cortex. Pic-
ture from A. Jacques et al. “The impact of sugar consumption on stress-driven, 
emotional and addictive behaviors” Neuroscience & Biobehavioral Reviews, 
2019. Published according to CC BY 4.0. 
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Confounding 
When an observed association between two variables, i.e., ice-cream sales 
and sunburns, are not causally related but caused by a variable that affects 
both, i.e., high temperature, this is called confounding. Confounding bias 
is a core problem when researchers want to draw cause–effect conclusions 
in observational studies and the background to the critique of these studies.  
 In the early days of statistics, Karl Pearson found these “spurious” cor-
relations and warned against drawing causal conclusions about correlation. 
There was no correlation when Pearson measured the length and width of 
human skulls in men and women separately. Still, when he combined the 
data from both groups, a correlation appeared (because a short skull was 
now associated with the confounding variable, woman, which was associ-
ated with a narrow skull). As Judea Pearl wrote in his book on the history 
of causal inference, this was a missed opportunity in history and would lead 
to the continuation of the dogma “association is not causation,” which is 
still heard among scientists today.62  

Mediation Analysis  
Pearson's disciple, R.A. Fischer, continued the critique of observational 
studies but also, to his credit, came up with one potential solution, the ran-
domized controlled trial (RCT). If an exposure or treatment was allocated 
randomly in a sufficiently large sample, then the effect of these confound-
ers would be evenly distributed. Thus, any remaining effect would be re-
lated to the investigated exposure/treatment. There are two major prob-
lems with RCTs. The first problem is the dependency of sample size, which 
makes the risk of drawing wrong conclusions due to insufficient partici-
pants (power) high, so-called Type II error (not rejecting the null hypothe-
sis when it is false).63 The other problem with RCTs is that allocating expo-
sure at random is not always ethically possible. This second problem put 
Fischer on the wrong side of history in the debate on smoking and lung 
cancer. In this debate, Fischer, even in the face of a large amount of data, 
upheld the thesis that smoking and lung cancer could potentially be caused 
by a confounding gene and not be causally related. Eventually, after the 
studies of Bradford Hill and the Surgent generals report in 1964 that stated 
that “Cigarette smoking is causally related to lung cancer in men,” the rela-
tionship between exposure and outcome was finally generally accepted but 
with a delay of more than a decade since the first reports.62 
 Fischer's arguments and opinions also negatively influenced the devel-
opment of causal statistical models. In 1912, Sewall Wright developed Path 
analysis in his studies on breeding traits in Guinea Pigs.64 Unfortunately, 
for my thesis and the world, his approach, which included setting up a the-
oretical framework of the causal relationship between variables and a 
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method of calculating the mediating variables' relative importance, did not 
become part of the mainstream field of science.62 Instead, a paradigm 
where science was supposed to be free of a priori assumptions and rely only 
on the observations in the data prevailed.  
 Interestingly, according to Judea Pearl, one of the first known causal 
diagrams made by Barbara Burks involves SES.65 Evident from this DAG is 
the fact that Barbara Burk considered the relationship between SES and 
parental intelligence (child’s heredity) to be bidirectional.66 

Sweden and Health Inequalities 
The welfare state reduces the importance of many of the materialistic path-
ways to health inequality. In a pure market economy, there would have 
been a gradient in the quality of daycare/preschools and schools; however, 
public financing blocks this development. Child allowance and the fact that 
parental leave benefits only compensate for part of the salary and have an 
upper limit of compensation reduce income differences among families 
with young children.67 Parents with higher education in Sweden also, 
through their behavior, reduce income differences by taking longer 

 
 
Figure 2. Barbara Burks figure of causal pathways in the relationship between Pa-
rental occupational group, Child’s heredity (parental intelligence), child’s environ-
ment and child’s intelligence. 
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parental leave, and this includes fathers.68 The Swedish child health care 
system also reduces inequality by giving children equal distribution of cu-
rative and preventive health care. The system also provides repeated health 
information to parents regarding health and preventive measures to im-
prove health literacy and reduce differences between SES groups.69  

The Outcomes 
Obesity  
Obesity is an environmental disease; this is obvious from historical data. 
The prevalence of obesity in the USA has risen from 3% in 1890 to 35% in 
men aged 50-59 in 2000.70 The prevalence of obesity in children and ado-
lescents increased from 1970 to 2000. During the last decades, there is 
some evidence that the increases have plateaued in northern and western 
Europe and increased but at a slower rate in the US.71-73 Although the total 
prevalence seems to have plateaued, the differences between socioeco-
nomic groups have kept increasing.9 Excess energy intake to energy ex-
penditure causes adiposity and obesity, as the adipose cells store such en-
ergy in the form of triglycerides.74 There is a strong association between the 
introduction of sugar in society and the increase in obesity prevalence, doc-
umented especially in indigenous people of the Pacific, which has the high-
est prevalence of obesity today.75 There is also evidence for the “Thrifty 
gene hypotheses” that humans have accumulated mutations that make us 
especially good at deriving fat from fructose.76  

Cardiovascular Risk Factors  
Cardiovascular risk factors and disease in adults are some health outcomes 
most correlated to SES.77 The fact that these differences start to arise al-
ready during childhood has been suspected, and low childhood SES has 
been shown to increase arterial stiffness in early adulthood.78  

High-Density Lipoprotein (HDL)  
The level of HDL is related to and decreases with elevated Triglycerides and 
insulin resistance (IR).79 The association of low HDL with cardiovascular 
disease is strong.80 However, medical treatments (CETP inhibitors) to in-
crease HDL have failed to show an effect on cardiovascular outcomes.81 
HDL increases with physical activity due to reduced insulin resistance.80 

Low-Density Lipoproteins (LDL) 
LDL cholesterol is affected by dietary factors, including saturated fat and 
dietary cholesterol.82 The metabolic syndrome is not correlated with an in-
creased level of LDL, but with a qualitative change, the number of small-
dense LDL particles that are the most atherogenic types of LDL cholesterol 
increase but not the total level of LDL.83 LDL is recognized as the most im-
portant factor in the development of atherosclerotic plaque, and its causal 
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relationship with cardiovascular disease is proven by the risk reduction 
seen after initiation of LDL-lowering medications such as Statins.84 

Hypertension 
Blood pressure increases with BMI and vascular stiffness. Salt (sodium) in-
take is an important factor in developing hypertension.85 Data from the 
Swedish Obesity Register show a prevalence of hypertension of 18.1% and, 
more specifically, 15.3% for systolic pressure and 5.5% for diastolic pres-
sure hypertension in obese children (mean age 10,3 years).86  

Metabolic Syndrome and Insulin Resistance 
The components of the metabolic syndrome include insulin resistance (IR), 
glucose intolerance, hyperinsulinemia, dyslipidemia, and hypertension, 
defined as syndrome X by Reaven in 1988.87 Later studies have shown that 
his syndrome also occurs in children and adolescents.88 That the metabolic 
syndrome shared a common mechanism has been suspected since the orig-
inal paper by Reaven, and also that IR had a central role, but the exact 
mechanisms are still being elucidated. Intracellular lipids play an im-
portant role in muscle cell IR and the development of general IR89. Muscle 
cell IR can be present even in lean individuals and reversible by weight re-
duction.90 There is also strong evidence for a central role of fructose intake 
and metabolism in the development of IR.76  

Type 1 Diabetes  
Type 1 Diabetes is an autoimmune disease where the immune system is 
triggered to produce antibodies and destroy the insulin-producing Beta-
cells of the pancreas.91 Type 1 Diabetes has had an estimated annual in-
crease of incidence of 2.4 % per year worldwide and 3-4 % in Europe.92,93 
Genes increase the risk of developing Type 1 Diabetes; HLA-types are the 
most important genetic risk factors.94 However, the genetic composition of 
the populations has not changed across the timespan that the incidence of 
Type 1 Diabetes has increased. This increase must thus be attributed to one 
or more environmental factors.95 An increased risk of Type 1 Diabetes has 
been found in individuals with obesity; this association has been stronger 
than for other autoimmune diseases.96 This has given rise to the Accelera-
tor hypothesis, which states that the increased incidence of Type 1 Diabetes 
could be caused by increased levels of obesity and a higher level of insulin 
resistance in the population.97 Because men have higher levels of insulin 
resistance than women, the Accelerator theory could also explain the sex 
difference seen between Type 1 Diabetes, which is equally common in boys 
and girls and twice as common in boys after puberty, and other autoim-
mune diseases that are more common in girls/women.98 Evidence from the 
ABIS study also suggests an important role of changes in the gut microbi-
ome for the risk of developing Type 1 Diabetes.99 
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Autoimmune Diseases 
The other autoimmune diseases studied in this thesis include Celiac Dis-
ease, Inflammatory Bowel Disease (which includes both Crohn’s Disease 
and Ulcerative Colitis), Juvenil Idiopathic Arthritis (JIA), and Autoim-
mune Thyroid Disease (both Hashimoto’s Disease/Hypothyroidism and
Graves’ Disease/Hyperthyroidism). These diseases share the increase in in-
cidence with Type 1 Diabetes seen in recent decades, except for JIA, where 
the development is less clear due to changes in the classification of the dis-
ease.100-103 The search for environmental and/or lifestyle factors that could 
explain this development is ongoing.104 One of the most prominent hypoth-
eses is the hygiene hypothesis, i.e., that an environment with less exposure 
to infections leads to inappropriate immunologic responses that character-
ize autoimmune disease.105  

Conclusions About the Outcomes 
For this thesis, it is sufficient to know that excess dietary intake of 
sugar/fructose, saturated fats, and salt are the primary reasons for the de-
velopment of obesity, IR, and elevated apo-B/LDL. These effects, together 
with lack of physical activity and smoking, are the main causes of cardio-
vascular disease, the leading cause of mortality in the world.106 Cardiovas-
cular disease in adults is also one of the diseases most associated with 
SES.12 Thus, it follows that the mechanisms of health behaviors, including 
dietary intake, smoking, and low physical activity, play a central role in the 
research on health inequalities.

Figure 3. Mechanism in the metabolic syndrome. High sugar/fat/salt diet leads 
to obesity, insulin resistance, dyslipidemia and hypertension, which leads to 
increased risk of numerous outcomes including Cardiovascular disease (CVD), 
Type 1 and Type 2 Diabetes, Non-alcoholic fatty liver disease (NAFDL), Renal 
disease, Some Cancers, Neurodegenerative disease (Alzheimer’s Disease, De-
mentia), Poly Cystic Ovary Syndrome (PCOS), Musculoskeletal problems, 
among other diseases.  
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AIM 

The Overall Aim of the Thesis 
The overall objective of this thesis is to investigate the impact of socioeco-
nomic status on the health of children, adolescents, and young adults. 
Through investigations of the association between SES and specific disease 
groups, this thesis aims to add to the knowledge about which diseases are 
related to SES. The thesis also investigates the pathways that lead to the 
apparent SES-related differences in the outcomes, BMI/obesity and Type 1 
Diabetes, including the mediating role of self-control.   
 

Specific Aims 
 

• Paper 1 To determine whether SES predicts cardiovascular risk 
factors in Swedish adolescents and identify which socioeconomic 
factors were most important for developing each risk factor. Fur-
ther, using longitudinal data, we aimed to investigate at what age 
overweight and obesity inequality developed and how the level of 
inequality changed during childhood. 

 
• Paper 2 To analyze the longitudinal relationships in relative and 

absolute terms between early childhood SES and the development 
of overweight and obesity at age 8–11 years and compare these 
across seven birth cohorts from six high-income countries. 

 
• Paper 3 To investigate whether SES was associated with the risk of 

developing autoimmune diseases. Second, to investigate whether 
SES influenced the age at autoimmune disease diagnosis. Third, to 
analyze pathways between SES and disease in diseases where an 
SES association could be established. 

 
• Paper 4. This study aimed to estimate the mediating effect of ma-

ternal and child self-control in the relationship between childhood 
SES measured by maternal education and the development of 
higher BMI and obesity in early adulthood. 

 



 

 31 

MATERIAL AND METHODS 
This thesis is based on prospective birth cohort data in Sweden (the ABIS 
study) and six high-income countries (the EPOCH study). Data from the 
ABIS study has been cross-linked with the Swedish National Patient Reg-
isters to obtain medical diagnoses and information about healthcare utili-
zation.  
 
Table 1. Methods  
 Paper 1 Paper 2 Paper 3 Paper 4 
Study Design Cohort Multiple Co-

horts 
Cohort Cohort 

Cohort(s) ABIS ABIS 
EPOCH cohorts 

ABIS ABIS 

Other data 
sources 

  National Patient 
Register 

 

Age groups 2-16 years 8-11 years 0-22 years 19 years 
Exposure Maternal  

Education 
Household  
Income 
Occupational 
Class  
White/Blue-  
Collar City 

Maternal  
Education 
Household  
Income 
 

Maternal  
Education 
Household  
Income 
 

Maternal  
Education 

Outcome Overweight 
Low HDL 
High LDL 
High BP 

Overweight 
Obesity 

Type 1 Diabetes 
Celiac Disease 
JIA 
IBD 
Autoimmune 
Thyroid disease 

BMI 
Obesity 

Confounders  Sex 
Ethnicity 
Maternal Age 

Sex 
Ethnicity 
Heredity of AD 

 

Mediators   BMI  
Serious Life 
Events 

Maternal  
Self-control 
Child  
Self-control 

Statistical 
Method 

Logistic  
regression 

Poisson  
regression 
Meta-analysis 
Slope Index of 
Inequality 

Poisson  
regression 
Path Analysis 

Poisson  
regression 
SEM 

ABIS All Babies In Southeast Sweden, AD Autoimmune Disease, BMI Body Mass Index, 
BP Blood Pressure, EPOCH Elucidating Pathways Of Child Health, HDL High-Density Lip-
oprotein, JIA Juvenil Idiopathic Arthritis, IBD Inflammatory Bowel Disease, LDL Low-Den-
sity Lipoprotein, SEM Structural Equation Modelling   
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The ABIS Study
The All Babies In Southeast Sweden 
study, ABIS, is a population-based
prospective birth cohort study that 
included 17,055 participants born be-
tween Oct 1997 and Oct 1999 in 
Southeast Sweden. All parents to 
children born during the study period 
were invited to participate, out of ap-
prox. Of 21,700 children born during 
the study inclusion time, 78,6% chose
to participate. 

The area of Southeast Sweden 
consists of five counties: Östergöt-
land, Jönköping, Kronoberg, Kalmar, 
and Blekinge; it includes three out of 
Sweden’s ten biggest cities, Linkö-
ping (5th) Norrköping (9th) and Jön-
köping (10th). The total population of 
the area is approx. 1.25 million people 
out of Sweden’s total population of 
approx. 10 million.107

The maternal educational level of 
the original participants in the ABIS 
study is consistent with data on the 
average maternal education of 
women aged 25-35 in Sweden at the 
time the study was conducted.108

The level of income inequality in 
the population of southeast Sweden is 
close to the mean of the total popula-
tion, between the most unequal areas 
(Stockholm) and the counties with 
the lowest income inequality (the 
Northern counties.109

The three cities included in Paper 
1 represent different social histories 
and socioeconomic environments.110

In that paper, Motala and Norrkö-
ping were labeled as blue-collar cities because of their mainly industrial 
history. The city of Linköping, with its history as a political and ecclesiasti-
cal administrative center of the county, was labeled as a white-collar city.
Previous studies of these cities have exhibited marked public health
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differences, including higher mortality in cardiovascular disease among 
adults in blue-collar cities and differences in life expectancy.111,112 

The Swedish National Patient Register  
The register collects data from medical records on medical diagnoses and 
in and out-patient visits. The diagnosis codes have been shown to have a 
high validity.113 In the ABIS study, diagnoses of Type 1 Diabetes have also 
been cross-checked with the National Diabetes Register to ensure validity 
further.  

The EPOCH Study 
The Elucidating Pathways of Child Health Inequality Study, EPOCH, is a 
collaboration between researchers from six high-income countries: Swe-
den, the Netherlands, Australia, the United Kingdom, Canada, and the 
USA. The collaboration uses data from seven birth cohorts to compare so-
cial gradients in health outcomes across the participating countries. The 
birth cohorts involved are the All Babies in Southeast Sweden (ABIS) study, 
the Generation R (GenR) study (Rotterdam, Netherlands), the Longitudi-
nal Study of Australian Children birth cohort (LSAC B), the Millenium co-
hort (MCS), Quebec Longitudinal Study of Child Development (QLSCD), 
National Longitudinal Study of Children and Youth, Canada (NLSCY) and 
National Longitudinal Study of Children and Youth, USA (USNLSY). A 
grant from the Canadian Institute of Health funded the EPOCH collabora-
tion.  

Statistical methods 
Directed Acyclic Graph (DAG) 
A DAG is a methodology to describe the relationship between variables. 
This description is based on previous research and clarifies the researcher's 
hypothesis. When the relationship between variables is uncertain, several 
DAGs can be produced to describe and compare the results of the hypoth-
eses on which the DAGs are based. DAGs are also helpful in identifying 
which variables act as confounders of the exposure (e.g., SES) – outcome 
(e.g., obesity) relationship and should be adjusted for in the statistical anal-
ysis. The DAG can also identify possible mediators of the effect of the ex-
posure (e.g., high sugar/high-fat diet, physical activity). The mediated ef-
fects can be analyzed in mediation analysis, but mediators should not be 
adjusted for in an analysis to determine the role of an exposure. In a DAG, 
it is also possible to identify Colliders. Colliders are variables with no causal 
effect on the outcome. If used in the analysis, colliders will confound the 
relationship between exposure and outcome because they are connected to 
a mediator. One limitation in analyses based on DAGs is that the relation-
ship between variables cannot be bidirectional. The researcher needs to 
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choose which direction he/she deems most important and choose the di-
rection of the arrow according to that choice.114 

 

Logistic Regression  
Logistic regression is used when the outcome variable is binary, e.g., 
obese/not obese. The odds ratio (OR) is the exponential of the regression 
coefficient (b1), which is the estimated increase in the log odds of the out-
come per unit increase in the exposure value. The OR shows how much a 
one-unit change in the predictor/exposure changes the odds of the out-
come (similar to b in a linear regression). The odds ratio (OR) is the ratio 
of the odds of the event occurring (obesity) with the predictor/exposure 
(low SES) vs without the predictor (the reference value, e.g., high SES). If 
the OR is above one, the odds increase with the predictor increasing; if be-
low one, the odds decrease with an increase of the predictor. The ORs are 
commonly reported with 95 % confidence intervals (CI); the true (popula-
tion) value of the OR is somewhere between these two values with 95 % 
certainty. The width of the CI decreases with increased sample size due to 
the higher statistical reliability of larger samples. If the CI contains 1.00, 
e.g., 0.8-1.4, it is uncertain whether the predictor variable increases or de-
creases the odds of the outcome, and the p-value will not be statistically 
significant (p=>0.05).115,116 In logistic regression, variables deemed as con-
founders can be adjusted for, producing an adjusted OR.51 The adjusted OR 

 
 
Figure 4. The basic components of a DAG. C= Confounder, E = Exposure, M 
= Mediator, K = Collider, O = Outcome. 
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is the best available estimate of what the OR would be if the entire sample 
had recorded the same value of the potentially confounding variable(s).   

ROC-curve  
The Receiver-Operator-Characteristic (ROC) curve is used to estimate the 
predictive ability of a test for a disease. It can also be used to estimate the 
predictive power of an observed exposure variable (SES) on another ob-
served outcome variable (obesity).  The ROC curve plots the sensitivity 
(also called the True Positive Fraction) on the y-axis, that is, the fraction 
with the disease (obesity) that the model predicts correctly using the in-
cluded predictor (e.g., maternal education). 1 – specificity (False Positive 
Fraction) is plotted on the X-axis. The area under the ROC curve (AUC) 
indicates the overall predictive value of the model in classifying the data 
into disease/no disease. The area under the ROC curve values ranges from 
0.5 to 1. When the binary model can perfectly separate the classes, the area 
under the curve is 1. When the binary model cannot separate the classes 
better than chance, then the area under the curve is 0.5.117 

Poisson Regression 
In recent years, modified Poisson regression with robust variance estima-
tion has become an increasingly popular method for analyses of longitudi-
nal observational studies. This method produces Risk Ratios (RRs) rather 
than ORs. Similar to logistic regression, this method allows for adjusting 
for confounding variable(s). The benefit of RRs compared to ORs is that 
they are non-collapsible, meaning that adjustment can only increase preci-
sion and not change the estimate.118 RRs do not change with prevalence in 
the same way as ORs do. When the outcome is rare, ORs and RRs will be of 
similar size, but if the outcome is common (>10 %), the ORs will be higher 
or lower than the RRs.119  

Multiple Imputation  
Multiple imputation is a method used to minimize the effect of missing data 
in statistical analyses of epidemiological studies. The method assumes that 
missing data is missing at random, i.e., that the missing data can be pre-
dicted using the observed data in the dataset. In this method, several plau-
sible versions of the dataset are created, and the missing values are imputed 
using predictions based on the observed values in the dataset with an ap-
propriate level of random variability. Standardized statistical methods es-
timate associations in the imputed datasets in the second step. Estimates 
will vary between the datasets as the imputed values will differ between the 
sets, and finally, the results are averaged together to give an overall esti-
mate of associations.120  
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Inverse Probability Weights 
Inverse probability weighting is another method to reduce potential re-
sponse bias. In this method, the probability of participation is calculated 
using variables with information about the population or the original co-
hort. This method is used and could be preferable to MI in studies with 
multiple follow-ups where some individuals will either have close to all var-
iables in a specific follow-up if they participated in that follow-up but lack 
all variables if they didn’t participate, in this case, the validity of MI could 
be questioned and Inverse probability weighting could be a better option.121  

Slope Index of Inequality (SII) 
The SII indicates the difference in the prevalence of an outcome in the most 
advantaged group compared to the least advantaged. SII is a regression-
based index that accounts for the socioeconomic distribution of the popu-
lation, excluding the size of socioeconomic groups as a source of variability 
in estimating the magnitude of inequalities in health.122 The SII represents 
the difference in an estimated value of an outcome between the most ad-
vantaged and the most disadvantaged while considering all other sub-
groups. SII takes the value zero if there is no inequality. For adverse indi-
cators, negative values indicate a concentration among the disadvantaged, 
and positive values among the advantaged. SII is an absolute measure of 
inequality. The larger the absolute value, the higher the level of inequality. 
SII considers all population subgroups, i.e., high, middle, and low educa-
tional level or occupational classes I-V; the subgroups are weighted accord-
ing to their population share.123 

Meta-analysis and Forest-plots  
Meta-analysis is a method for quantitative pooling of estimates from mul-
tiple studies in such a way that statistically more reliable studies, e.g., large 
sample size studies, are given greater weight than less reliable studies. It 
can increase precision in the pooled estimate but also incorporate a risk of 
misleading interpretations if variations across studies are not carefully con-
sidered.124 The Forest Plot is a graphical result presentation used to present 
data in a meta-analysis. In the Forest Plot, the point estimate, the RR in 
cases with dichotomous outcomes, with 95% Confidence Intervals of the 
individual studies, is shown, as well as the pooled estimate with its 95% CI. 
The meta-analysis also provides an estimation of heterogeneity between 
the studies concerning the quantity being pooled; it is measured by the I2 
statistic, which ranges from 0 to 100%, indicating the magnitude of heter-
ogeneity.124 A high level of heterogeneity suggests that there might be an 
underlying reason for the observed differences between studies; such rea-
sons for heterogeneity include population, study method, and healthcare 
systems differences between the individual studies.125 

Latent Variables in Structural Equation Models (SEM)  
SEM is a regression-based method to analyze the relationship between ob-
served and unobserved (latent) variables. Unlike conventional regression, 
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however, all regressions are estimated simultaneously. SEM includes ob-
served variables, which are, as the name implies, constructs that can be 
measured directly, such as years of education or body mass index. SEM also 
includes latent variables that cannot be measured directly but are meas-
ured indirectly through several observed variables that are then statistically 
combined into a single latent variable. Path analysis is one type of SEM that 
only includes observed variables and can include analysis of direct and in-
direct effects of variables based on a priori assumptions about the relation-
ship between variables. In SEM, a latent variable is commonly used in so-
cial and psychological studies for such constructs as personality, abilities, 
and emotions. The observed variables used to construct the latent variables 
could be survey items, total scores of different instruments, behavioral ob-
servations, or physical characteristics. Structural equation modeling is es-
pecially useful for modeling latent variables and their relation to other ob-
served variables. The latent variable is interpreted using Factor loadings, 
which is the correlation between the observed variable and the latent vari-
able constructed. It ranges from -1 to 1; if the correlation is high, it is close 
to 1; if a high value in the indicator is correlated with a low value of the 
latent variable, the factor will be close to -1. In the regression part of the 
analysis, composite scores are produced by summing the indicators using 
standardizing scores and taking a mean. Variance in the indicators is as-
sumed to be attributable to all latent variables that influence it, a unique 
factor that is reliable and specific to that indicator, and random error.126 

Ethical Considerations 
One potential ethical problem in a longitudinal study that spans from birth 
to adulthood is the participant's right to make decisions about their partic-
ipation and to give informed consent. This problem has been addressed in 
the ABIS study by giving increasing levels of responsibility for the informed 
consent process to the child as the children become older. The parents of 
the ABIS study provided informed consent to participate at the child's birth 
after receiving written and oral information about the study. From the fol-
low-up at age eight and onward, the children were also considered to have 
given consent if they answered the child questionnaire in the follow-up. In 
the first follow-up in adulthood at age 19 and the ongoing follow-up at age 
24, only the participants were given written information regarding the 
study. The participants gave their informed consent in the follow-ups in 
adulthood while filling in the online questionnaire of each follow-up. The 
ABIS study, including follow-ups and linkage to Register data, has been ap-
proved by the Research Ethics Board at the Faculty of Health Sciences at 
Linköping University (Dnr 96-287, Dnr 99-321, Dnr 03-092, Dnr 
2013/253-32, Dnr 2016-427-32) and the Faculty of Medicine at Lund Uni-
versity (LU 83-97), Sweden.  
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RESULTS 

Paper I 
This paper finds a gradient for three out of four health outcomes: over-
weight/obesity, low HDL, and high blood pressure. Educational level and 
parental occupation were better predictors of outcomes than household in-
come. Blue-collar city was the best predictor of low HDL, however, most of 
the association between the blue-collar city and the outcomes was reduced 
after adjustment for individual-level SES measures. 
 We also analyzed the development of inequality during childhood. This 
analysis showed that an increased risk of obesity in children with low ma-
ternal education was detectable already at two years of age. The level of 
inequality increased in later follow-ups; the OR of obesity in the low ma-
ternal education group at 12 years of age was 2.16 (1.29-3.61).  
 
Table 2. Association between maternal education level at birth and child over-
weight or obese at four ages  

Timepoint: 2 years 5 years 8 years 12 years 
Available sample approach 
Age: mean (SD) 2.73 (0.30) 5.34 (0.31) 7.86 (0.38) 12.40 (0.91) 
Sample size available 7925 6602 2998 3337 
Low Maternal education 
Overweight* 

1.18  
(1.03, 1.34) 

1.30  
(1.13, 1.50) 

1.16  
(0.94, 1.42) 

1.70  
(1.39, 2.06) 

Low Maternal education 
Obesity* 

1.56  
(1.12, 2.17) 

1.52  
(1.15, 1.99) 

2.28  
(1.31, 3.95) 

2.16  
(1.29, 3.61) 

*Odds ratio (95% confidence interval) 
Note: The available sample approach uses any participant with all necessary data recorded at least one 
age. This is a simplified table from Table 4 in paper 1 of the thesis. 

  

Paper II 
This paper investigates two measures of early childhood SES, household 
income and maternal education, and their association with overweight and 
obesity in late childhood in seven birth cohorts from six high-income coun-
tries (the EPOCH study). The paper's major finding was that a social gradi-
ent was present in all cohorts but that the slope of the gradient varied across 
the cohorts, absolute inequality being lowest in the Swedish ABIS cohort. 
The social inequality in obesity in ABIS for income was lowest in relative 
and absolute terms, and the social inequality when measured by maternal 
education was lowest in absolute but not relative terms. This did not follow 
the generally observed relationship between prevalence and absolute and 
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relative inequality suggested by Houweling, who states that low prevalence 
should be associated with low absolute inequality but high relative inequal-
ity.127 An explanatory theory should consider social and family policies af-
fecting the relationship between SES and overweight/obesity. We suggest 
four potential policies that might have influenced the results of our study: 
universal preschools, generous parental leave regulation, a ban on adver-
tisements for children, and free preschool and school meals.  
 

 

 

 
Figure 5. Forest plots of overweight and obesity by maternal education. RRs for 
each cohort and Pooled RR for middle and low maternal education.   
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Paper III
This paper found a social gradient for Type 1 Diabetes but not for the other 
investigated autoimmune diseases (Celiac Disease, IBD, JIA, and Autoim-
mune Thyroid Disease). There were no significant differences in the age of 
diagnosis related to the two measures of SES: Maternal education and 
household income. In a Path Model, we investigated the mediating effect of 
two variables associated with Type 1 Diabetes: Serious Life Events (SLE) 
and BMI. We found that the two indirect pathways mediated 17 % of the 
association. 

Paper IV
In this study, we investigated our hypothesis of the relationship between 
SES, measured by maternal education, and the development of high BMI 
and obesity at 19 years of age. We found an increased risk of obesity in chil-
dren to parents with low maternal education; the relative risk for over-
weight in low education was RR 1.51 (1.26, 1.82), and for obesity, RR 1.66 
(1.07, 2.57). To investigate the mediating pathways between maternal edu-
cation and BMI/obesity we used two variables; maternal self-control and 
child self-control. The maternal self-control variable was constructed using 
the variance in other self-control-related behaviors: smoking during 

Figure 6. Path model of pathways between Maternal Education and Type 1 Di-
abetes. Solid lines indicate direct path, while dashed lines indicate indirect 
paths. 
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pregnancy, smoking during the child’s first year of life, the number of times 
the child participated in the ABIS study with biological samples (blood and 
feces), and the duration of breastfeeding. We also included maternal BMI 
from the ABIS one-year follow-up in a second model. The result showed 
that maternal self-control and child self-control (model 1) mediated 85% of 
the effect on BMI and 87.5 % of the effect of obesity risk. Adding maternal 
BMI (model 2) to the latent variable increased the mediated indirect effect 
to 95% of the total effect on BMI and 93% of the obesity risk.  

Figure 7. Path model of pathways between maternal education and obesity. 
Solid lines indicate direct paths while dashed lines indicate indirect paths
through child self-control and maternal self-control. Model 1 = the latent vari-
able maternal self-control is constructed using smoking during pregnancy, 
smoking during the child’s 1st year of life, participation with biological samples, 
and duration of breastfeeding.
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DISCUSSION 

Child Health Inequalities in Sweden  
This thesis aimed to investigate health inequalities in childhood, adoles-
cence, and early adulthood. The thesis results show that inequalities are 
present already in early childhood and increase with age. Differences in 
overweight and obesity are one of the first detectable inequalities, and this 
inequality is then transmitted into differences in the health outcomes asso-
ciated with obesity, including cardiovascular risk factors and increased risk 
of Type 1 Diabetes. To reduce inequalities, a central question is the reasons 
for differences in health behaviors, including dietary differences (the most 
important behavior for the results of this thesis). Based on previous re-
search and our understanding of the mechanisms of the development of an 
unhealthy diet, eating habits, and the development of obesity, a hypothesis 
was formed: self-control has a central role in the pathway between SES and 
obesity. We tested this hypothesis in the fourth paper, and the findings 
aligned with our hypothesis.   

Missing Mediators in the SES – T1D Pathway  
In our study on mediating factors between maternal education and Type 1 
Diabetes, we could only explain a small part of the risk difference with the 
two indirect paths, BMI and SLE (17 % of the relationship).128 In the paper, 
we discuss the limitations, including the fact that BMI was only measured 
at one time-point, and we believe that additional BMI values in later follow-
ups could have increased the percentage mediated by BMI/obesity. Still, 
the percentage mediated is unlikely to reach the high level seen, for exam-
ple, in the fourth paper on self-control and obesity. What could be the ad-
ditional mediators not measured in our paper?  
 The close relationship between maternal education and self-control 
could be helpful in this search, i.e., behaviors related to low self-control 
should be suspected. Of these factors, insulin resistance (IR) is one likely 
mediator. In the ABIS studies in this thesis, we do not include any measure 
of IR. However, our research on cardiovascular risk factors found a social 
gradient in low levels of HDL, which is closely related to insulin re-
sistance.129 Low HDL is associated with insulin resistance even in non-
obese subjects; thus, only measuring BMI is insufficient to assess this path-
way.130 Insulin resistance is related to sedentary time/lack of physical ac-
tivity and dietary factors like the amount of fructose in the diet.131,132 A me-
diating role of insulin resistance would be in line with the accelerator the-
ory proposed as an explanation for the increased risk of Type 1 Diabetes 
with higher BMI.97,133   
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 Another potential mediator could be peak sugar intake. In Sweden, 
children are traditionally given candy only on Saturdays. Therefore, the fre-
quency of candy/sweet intake is relatively homogenous in the ABIS cohort, 
which measures only frequency (i.e., how many days a week the child eats 
candy, drinks sugar-sweetened drinks, etc.). However, ABIS has no meas-
ure of the amount of candy consumed at each intake. Auto-antigen release 
from Beta-cells increases when the pancreatic islets are flooded with a high 
glucose concentration, increasing the risk of an autoimmune reaction.134 
Thus, one potential pathway from low maternal education to Type 1 Diabe-
tes could be the higher intake of glucose, especially in the form of sugar-
sweetened drinks and candy. There is indirect evidence of a higher sugar 
intake in the ABIS cohort. Children with low maternal education have an 
increased risk of dental caries RR 2.31 (95% CI = 1.81;2.96) at age 5 (results 
from the EPOCH study on oral health).135 

SES and Autoimmune Diseases  
In paper 3, we, in addition to Type 1 Diabetes, also investigated the associ-
ation between SES and other autoimmune diseases. The results showed no 
association between these diseases and SES. Understanding the relation-
ship between SES and self-control-related variables could be helpful when 
searching for environmental factors that explain the rise in prevalence of 
these diseases. The lack of association with SES indicates that the environ-
mental factors responsible are unlikely to be those associated with obesity 
(high sugar/high-fat diet and lack of physical activity). Instead, the search 
for environmental causes should focus on environmental changes that af-
fect the entire population equally. Examples of such changes are increased 
hygiene136, antibiotics137, and Gut-microbiome changes.138 Findings from 
the ABIS study support the role of antibiotics and the gut-microbiome for 
the development of JIA.139,140 
 A recent study using IBD diagnoses in ABIS and a Norwegian cohort 
found a slight increase in the hazard ratio of low maternal education.141 It 
is not impossible that SES could influence the risk of autoimmune diseases 
other than Type 1 Diabetes, but the effect seems to be limited.  

A Municipality Effect on Cardiovascular Risk Factors 
In our study on cardiovascular risk factors, we included three variables of 
SES on the individual level and one variable on a higher municipality level 
called white/blue collar city. In the paper, we concluded that most of the 
effect of the city of residence was due to individual-level variables. How-
ever, for three out of four outcomes, the risk of children from a blue-collar 
city remained positive also after adjustment for the three individual-level 
variables: overweight OR 1.39 (0.70, 2.73), low HDL OR 1.41 (0.55, 3.60), 
and elevated blood pressure OR 1.12 (0.58, 2.14). These differences aren’t 
negligible, although the relatively small power of the study makes the exact 
effect uncertain. A small but significant effect aligns with previous research 
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on neighborhood effects on health behavior in Sweden; 6% of smoking dur-
ing pregnancy differences have been attributed to neighborhood effects.142 

SES in Sweden vs. Other High-Income Countries 
In our international collaboration, a repeated finding has been the rela-
tively low effect of low household income in Sweden vs other participating 
high-income countries. This finding was consistent with health inequality 
from other Nordic countries where income and educational level have been 
used to investigate BMI differences in Danish children or obesity in Nor-
wegian adolescents.143,144 Increases in income have been found to have al-
most no effect on health inequality in Sweden.145  
 A theory that includes a central role of self-control for health inequality 
provides a hypothesis for explaining these observations. The rationale for 
focusing on immediate income among parents in high-income countries 
with low levels of welfare, like the USA, will be a mix of both immediate 
needs and long-term goals, e.g., to earn savings for the child’s education or 
paying for a health insurance plan (or being provided one by an employer). 
In Sweden, the long-term effects of accumulating income for the health and 
safety of one’s family and children are reduced due to welfare policies like 
free higher education and free healthcare. Thus, deciding between taking 
time off to care for the child (which is supposed to benefit the child’s devel-
opment) or working to make money becomes increasingly a self-control 
conflict. Parents with higher education will be more likely to follow the 
long-term goal due to positive peer pressure and the gradient in self-con-
trol. That this is the case in Sweden is evident in the social gradient in pa-
rental leave, including paternity leave. Fathers with higher education take 
longer parental leave than those with low education.68 Because parental 
leave only compensates for part of the parent's income, income differences 
between high and low-educational groups are reduced.67 Thus, parental in-
come in early childhood becomes less correlated with education and other 
measures of SES and self-control.     
 Income is both a measure of the actual income available for the family 
and a measure of social stratification and self-control. This can be seen 
when measuring the association between self-control-related behaviors 
and income at three time points during childhood. The association between 
these variables and income increases when the child ages and the income 
better reflects other SES variables like education. 
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A General Theory of Social Inequality in Health  
In their book “A General Theory of Crime,” the authors Gottfredson and 
Hirschi stated that self-control played a central role in criminality and re-
lated outcomes such as accidents and addiction.42 Criminality provides im-
mediate gratification of desires, e.g., money without work, revenge without 
court delay, and crime is exciting, risky, and thrilling. On the other hand, 
criminality tends to produce few or meager long-term benefits. The major 
benefit of crime is often the relief from momentary irritation. Irritation 
from a crying child can be the stimulus for physical abuse, taunting by a 
stranger in a bar stimulus for aggravated assault, etc.42 Thus, the authors 
concluded that low self-control, the inability to inhibit impulses and pre-
serve focus on long-term goals, is the central reason for criminality.  
 Although an important step in understanding criminality and human 
behavior, the authors in their book had an overly polemic approach, stating 
that social factors, including SES, had little or no effect on the behaviors of 
criminality. This kind of polemic discussion is not constructive. Instead, it 
threatens to lock the different opinions, where researchers, instead of look-
ing at the evidence objectively, try to defend the paradigm of their field. 
Neither is it helpful to avoid a subject that can be informative for our un-
derstanding due to fears of the political consequences, e.g., that politicians 
will be less responsive to arguments about the importance of reducing so-
cial inequality. Such fears can be noted already in the Black Report, where 
differences in personal character were discussed but given little im-
portance.15 Similarly, Johan Mackenbach discusses the fear of a “blame the 
victim” debate as an obstacle in the research on the persistence of inequal-
ity in the welfare state.18 
 A general theory of health inequality should be an integration that in-
cludes differences in self-control as a central path. There is no need, how-
ever, to exclude either genetic or environmental causes of self-control in 
such a model.  
  

Table 3. Low household income at three-time points during childhood and associ-
ation with low maternal education at birth, smoking during pregnancy, and child 
obesity. The association increases in late childhood compared to early childhood. 
 Low Maternal  

Educationa 
Smoking During  

Pregnancy 
Child Obesity  

8 yrs. 
Low Incomeb OR CI OR CI OR CI 
The year 2000 3.83 3.19;4.61 3.47 2.93;4.09 1,13 0.56;2.25 
The year 2006 5.20 4.24;6.37 4.69 3.92;5.60 1.97 0.98;3.94 
The year 2012 5.55 4.49;6.86 5.35 4.45;6.43 2.62 1.22;5.64 
a Maternal Education measured at birth.  
bLow income is defined as 1st income quintile. The reference category is High income (5th quin-
tile) 
OR= Odds Ratio CI = 95 % Confidence Intervals 
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Genetics 
Twin studies have found that self-control has a genetic component, with an 
estimated heritability of 60% in one meta-analysis.146 Attention deficit hy-
peractivity disorder (ADHD), the current diagnosis for the individuals with 
the lowest control of impulsivity, is partly genetic.147  

Training/Neuroplasticity  
“By abstaining from pleasures, we become temperate, and it is when we 
have become so that we are most able to abstain from them; similarly too 
in the case of courage; for by being habituated to despise terrible things 
and to stand our ground against them we become brave, and it is when 
we have become so that we shall be most able to stand our ground against 
them.” Aristotle, Nicomachian Ethics book II 
 The prefrontal cortex is not fully developed until the mid-twentieth, 
and it can be improved even after that age by neuroplasticity and training 
in self-control and executive functions.148,149 The studies on the improve-
ment of self-control are generally short-term experiments of a couple of 
weeks and have shown small but significant effects.150 Their importance 
has been to show that self-control can be trained across the lifespan. How-
ever, for children and adolescents in the real world, the most important 
task to improve self-control is likely to be schoolwork, as adolescents report 
that schoolwork is the activity in their lives that requires the most self-con-
trol.60 There is evidence in ABIS for a divergence in self-control during 
childhood between children with low and high maternal education. While 
self-control improves in children with high and middle levels of maternal 
education from the age of 8 to 12 years, children with low maternal educa-
tion show no such improvement.  
 The main effect of education on self-control is unlikely to be the train-
ing effect as extension through reforms in the duration of education has 
shown only a small effect on reductions in health inequality; adding one 
year of compulsory education led to only a 2.1% reduction in mortality be-
fore the age of 40, while one extra year of education after compulsory edu-
cation reduces the risk with 40%. The interpretation of this finding must 
be that it is not the duration of education but the other mechanisms of 
SES/educational level - Self-control - outcome pathway that explain most 
of the relationship 151    
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Stress 
Wilkinson and Marmot have promoted the role of psychosocial stress in 
health inequalities in the psychosocial theory of health inequality, which 
states that low SES induces status stress in humans.29,30 This theory could 
be consistent with a central role of self-control in health inequality as self-
control is reduced by stress with activation of the HPA axis and the release 
of glucocorticoids that reduce prefrontal lobe inhibition of the limbic sys-
tem.52 Psychosocial stress and its complications, such as reduced sleep also 
decrease PFC control.152 

Peer Pressure 
Studies have shown that peer interaction can improve self-control or re-
duce it depending on the quality of the interaction. Thus, the presence of 
peer interaction and acceptance by peers improve self-control, while rejec-
tion by peers reduces self-control ability.153 Social network studies in adults 
have shown that the risk of obesity increases by 57% if a friend becomes 
obese, while the influence of a spouse becoming obese was a 37 % increased 
risk of obesity development.154 High SES individuals are encouraged to im-
prove their self-control because of the increased probability that their peers 
engage in self-control-related behaviors like physical activity and a healthy 
diet. In contrast, low SES individuals will have an increased risk of expo-
sure to peers that engage in immediate rewards with adverse long-term 

 
 
Figure 8. Diagram of mean score in SDQ impulsivity subscale. The mean score 
is unchanged between the age of 8 and 12 in the children with low maternal 
education but improves in those with middle and high maternal education lead-
ing to increased differences between the groups.  
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effects, e.g., delinquency, smoking, alcohol, and a high sugar/high-fat 
diet.15 Studies have shown that the peer-pressure impact can be reduced by 
reducing segregation; moving from a low SES neighborhood to a higher 
SES area reduced the risk of obesity and Diabetes.155 

Self-efficacy  
Low SES is associated with lower self-efficacy in schoolwork.156 Negative 
experiences of inability to change a behavior or succeed in a challenging 
task will influence future self-efficacy in similar situations (one’s perceived 
ability to achieve a goal successfully).157 Self-efficacy is important for the 
strength of the higher-order goal in a self-control situation.50 Thus, re-
peated inability to change behavior and outcomes (e.g., weight reduction in 
obesity) may lead to low self-efficacy. Related to low self-efficacy is the state 
of learned hopelessness (the expectation that even if I try, I will not succeed 
and the result will be negative) or helplessness (what I do doesn’t affect the 
outcome), LH.158 In LH, persons perceive their ability to change the current 
situation as low and become passive. Thus, LH reduces self-control by re-
ducing commitment to the higher-order goal.50,159  

Vicious Cycles and Limbic Traps 
“Now, in everything, the pleasant or pleasure is most to be guarded 
against (-) for if we dismiss pleasure, we are less likely to go astray. It is 
by doing this, then, that we shall best hit the mean.”  
- Aristoteles, Nicomachian Ethics book II. 
 Throughout life, we are constantly exposed to positive and negative re-
inforcers that can trigger impulses, loss of self-control, and lead to behav-
iors. Many of these behaviors may put us in a worse position for self-control 
in the future, leading to a vicious cycle. Some authors have called these be-
haviors (teenage) “snares”160. I would like to term these behaviors “Limbic 
Traps” because of their connection with the limbic system and their ability 
to reduce future attempts to reverse or disengage from the behavior.  

The Limbic Trap of a High Sugar – High-Fat Diet  
That high sugar/high-fat diet is a limbic trap is becoming increasingly evi-
dent.161 Recent research has found that the HS/HF diet increases signaling 
in the limbic reward pathway and decreases the preference for low-fat 
foods. This brain rewiring/plasticity was found after only eight weeks on 
the HS/HF diet, and it happened before any changes in BMI or hormone 
levels could be detected (insulin resistance or leptin levels).162 Also, high 
fructose intake has been found to increase leptin resistance in ani-
mals.163,164 The adipose tissue expresses Leptin, the hormone that regulates 
body-fat composition. Increased levels of adipose tissue increase Leptin ex-
pression, which increases satiety. Thus, Leptin functions as a homeostatic 
feedback that controls body fat composition at a certain level.165 In obesity, 
Leptin levels are chronically increased and even higher than expected from 
the amount of adipose tissue. However, the Leptin signaling in the Hypo-
thalamus is decreased, mirroring the effect of chronically increased insulin 
in developing insulin resistance.165 Once an HS/HF diet has led to obesity, 
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reversing this outcome becomes increasingly difficult as attempts to reduce 
weight are counteracted by leptin resistance and decreases in basal meta-
bolic rate.166 The high sugar/high-fat diet constitutes a limbic trap that re-
duces the ability to control eating behavior by at least three mechanisms: 
increased reward signaling, decreased satiety, and reduced metabolism 
during weight reduction once a person has become obese.  

The Limbic Traps of Addictive Substances 
“O God, that men should put an enemy in their mouths to steal away their 
brains!" - Cassio (Act II, Scene iii) Othello by William Shakespeare. 
 Addictive substances have varying acute effects on self-control, ranging 
from alcohol, which reduces self-control, to nicotine, which increases self-
control temporarily. Alcohol addiction has been shown to impair executive 
function and the ability to self-control.167 Addictive substances have in 
common the effects of an acute increase in dopamine that will always be 
followed by a decrease. This decrease then leads to craving for the drug and 
the vicious cycle that leads to addiction. After chronic use of the drug, do-
pamine response toward other non-drug stimuli is reduced, reducing the 
motivation for different types of healthier rewarding behaviors (social in-
teraction, etc.).168 Addiction could thus be seen as a limbic trap because of 
multiple effects on self-control, including acute impacts of the drug, re-
duced reward of other behaviors, and, with substances like alcohol; damage 
to the frontal lobes that decreases the ability to self-control. 

The Limbic Trap of Social Media and Mobile Phone Use  
Increasing evidence points to the adverse health effects of social media. So-
cial media use has been shown to increase depression and anxiety symp-
toms in youths.169 A reduction of social media use to 30 min a day decreased 
symptoms of depression in adolescents.170 Habitual checking behaviors on 
social media have been associated with differential development in brain 
areas related to self-control; with constant reinforcement, dopaminergic 
neurons within the limbic reward pathway and the amygdala become in-
creasingly responsive to social feedback. This, in turn, leads to increased 
activation of PFC to control emotional reactions to social feedback.171 This 
mechanism becomes a positive feedback loop like in other addictive behav-
iors. Thus, social media use constitutes a limbic trap by increasing reward 
sensitivity from social media, increasing anxiety, i.e., glucocorticoids, in-
creasing the need to activate the PFC to control negative emotions induced 
by social feedback, thus decreasing self-control for other self-control-re-
lated behaviors.  
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Figure 9. A General Theory of Social Inequality in Child Health, 

1) Parental self-control affects parental educational level that leads to social stratification 
of the parents and child.  

2) Peer-pressure and status stress due to social stratification (positive or negative) affect 
the parents and child’s self-control. Social stratification also affects the parents and
child’s exposure to limbic traps.  

3) Parental self-control affects the risk of parental limbic traps which reduces self-control 
in a feedback loop by increasing psychosocial stress and other mechanisms (intoxica-
tion, neural and metabolic effects).  

4) Parental self-control affects child self-control by several mechanisms (genetics, ability 
to control child behavior).  

5) Child self-control affects the child’s educational attainment which feedback to child 
self-control. The feedback consists of self-control training during schoolwork and de-
pending on the level of success in school, an increase or decrease of self-efficacy.  

6) Child self-control also leads to child’s risk of limbic traps that feed-back via stress and 
other mechanism to decrease self-control.  

7) Child self-control also affect health behaviors unrelated to limbic traps such as physi-
cal activity.  

8) Together limbic traps including high-sugar/high-fat diet, smoking and health behaviors 
like physical activity leads to the child risk of disease (incl metabolic and cardiovas-
cular disease).  

9) Because of the social gradient in self-control and the mechanisms described in this 
thesis, the result is social inequality in health. Parental income and material resources 
may play a role in countries without universal funding of educational systems and 
health care. Culture may bypass parental and child self-control by socialization of be-
haviors. 
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Self-control and Health Inequality Theories  
In this thesis's introduction, numerous health inequality theories were de-
scribed. These theories could be integrated with the findings of this thesis 
that self-control plays a central role in health inequalities.  

Life-course Perspective 
The environmental exposure that could increase or decrease self-control 
and the Limbic traps described are consistent with the theory that adversi-
ties across the lifespan add up to the high level of inequality we find in 
adulthood.   

The Behavioral and Personal Characteristics Theory 
The self-control theory differs from the behavioral and personal character-
istics theory only by focusing on a different trait, self-control than most 
previous studies have focused on. As such, the self-control theory is con-
sistent with the behavioral and personal characteristics theory hypothesis 
that individual-level factors are important for health inequality.  

Natural Selection  
The self-control theory is also consistent with this theory, i.e., that some 
difference between social groups is due to the social mobility of high and 
low self-control individuals.  

The Neo-Materialistic and Fundamental Cause Theory 
The materialistic theories, including the fundamental cause theory and the 
neo-materialistic theory, which both state that differences in material re-
sources, including public investments in policies related to health, explain 
health inequalities, are the theories least consistent with the self-control 
theory. However, it is clear that in a country with limited or decentralized 
education and health funding, such as the USA, materialistic pathways 
could be significant and increase health inequalities. In the USA, states 
with a high proportion of low-income families invest less (!) in public goods 
than those with lower poverty levels.27  
 Important policies for child and adolescent health are investments in 
preschool policies, as levels of investment in preschool have been associ-
ated with decreased levels of obesity in children.172 Another important pol-
icy is investment in universal preschool and school meals that have been 
shown to reduce obesity when introduced in the UK.173 A materialistic path-
way from SES to disease must be included in a General Theory of Health 
Inequality. However, the impact of this pathway is reduced in welfare coun-
tries with universal funding for health and education.   

The Importance of Income Inequality 
There is robust evidence for the correlation between country and state lev-
els of income inequality and the prevalence of some diseases, including car-
diovascular disease.12 The Psychosocial Theory has attributed this to 
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increased levels of status stress.174 The neo-materialistic theory emphasizes 
the distribution of access to health-related resources.28 Another important 
and related finding is a correlation between income inequality and ambiv-
alence in stereotype content; this finding shows that people in countries 
with high-income inequality justify their inequality by increased differ-
ences in the two components of stereotypes: competence and warmth. Low 
SES individuals are deemed increasingly incompetent but with a compen-
sating high level of warmth.175 Increasing levels of attributing stereotypes 
dependent on social class could increase the importance of socioeconomic 
status for the human tendency to divide people into Us and Them.43 Sapol-
sky has described the importance of Us and Them, including the fact that 
empathy for groups of people we consider as part of our own (Us) is auto-
matic, while empathy for those outside of our group (Them) demands cog-
nitive work. Studies also show that encounters with people outside our 
group activate the amygdala, which is then suppressed by the prefrontal 
cortex.43 Thus, the development in high-income countries described by 
Piketty, where the increase in return on capital is always higher than the 
increase of income from work, leading to ever-increasing levels of income 
inequality, could have implications for health inequality.13  

The Cultural Capital Theory 
As stated in the Black report, there is little evidence for a culture of poverty, 
i.e., that socialization in low SES individuals would lead to beliefs that be-
haviors with adverse health effects aren’t dangerous (like smoking). One 
example is the number of individuals who reported that they wanted to quit 
smoking during the last year in the USA. 70 % report that they want to stop 
independent of the SES category.176 It could be argued, however, that the 
kind of peer pressure described as important for self-control is a form of 
cultural capital. Even if low SES individuals are aware of the negative con-
sequences of a behavior, they still suffer from the increased exposure to 
opportunities to engage in that behavior and the need for self-control. In 
contrast, high SES individuals will benefit from the positive peer pressure 
described.  

SES and Self-control in Dopamine Nations 
The Limbic traps described are only a sample of the potential Limbic traps 
and behaviors that occur. Other behaviors related to the reward system in-
clude different types of screen time, including computer gaming, excessive 
shopping, gambling, and criminality. Limbic traps due to activation of the 
amygdala/insula include aggressive behavior that can lead to crime and 
abuse, social isolation due to social anxiety, school refusal, etc. Child 
trauma is, in a way, a transmission of parental low self-control from the 
parent to the child, as adverse childhood experiences (ACEs) increase the 
risk of other self-control-related behaviors later in life.177 The teenage years 
are a vulnerable time, and the Dunedin Multidisciplinary Health and De-
velopment Study found that “teenage snares” explained a significant part 
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of the relationship between low self-control and health.178 In her book, 
Anna Lembke describes the current situation in the US as a “Dopamine Na-
tion”.179 Never before have we had access to such a variety of stimuli to trig-
ger our reward system. Given the mechanisms of self-control, being a de-
pletable resource, and how stimuli of the limbic system can produce Limbic 
traps that impair our self-control, this new environment will likely increase 
health inequalities unless we improve it. Children and adolescents are the 
groups most vulnerable to this environment due to their lower self-control 
ability and, in the case of adolescents, increased level of activation in the 
reward pathway and the amygdala by stimuli.49 Without interventions, 
harmful behaviors like high sugar/high-fat diet and social media use are 
likely to follow in the path of cigarette smoking. Because self-control on 
average is higher in high SES individuals, high SES individuals will, on av-
erage, be more successful in behavioral change, e.g., to quit smoking. Peer 
pressure from fellow high SES friends and family will increase to promote 
quitting. In low SES, the rationalizations seen in individuals who fail to quit 
smoking will reduce successful quitting.180 This rationalization for not quit-
ting will be spread among low SES individuals who are unsuccessful in quit-
ting through peer contagion, decreasing motivation for behavioral change 
even further in low SES individuals.181 A similar development can be ex-
pected in the new social media environment, i.e., as evidence for the harm-
ful effect of the behavior increases, high SES individuals will be more suc-
cessful than low SES to disengage from the behavior. High SES parents will 
benefit from positive peer pressure to help them reduce their children and 
adolescents’ social media use. At the same time, low SES families will be 
affected by negative peer pressure that diminishes their ability to restrict 
social media and screen time. 
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How to Reduce Health Inequality
Implications for Political and Public Health Policy
A clear understanding of the role of self-control in social inequalities in 
health clarifies how these inequalities can be reduced (and gives a rationale
for some of the public health policies already in place). Policies that are 
likely to reduce health inequalities related to differences in self-control, in-
cluding child obesity risk differences, should:  

1) Bypass parental self-control: for example, by providing free univer-
sal preschool, school, and after-school activities. Provide healthy, 
universal, free preschool/school meals. 

2) Stimuli control: restrict mobile phone use for children and adoles-
cents (regulations in schools, personal logins on social media that 
restrict usage during schooldays and nights on weekdays), limit ac-
cess to candy and unhealthy snacks in schools, age limit on energy 

Figure 10. Effect of Capitalism. Capitalism increases income inequality, leading to 
increased importance of social stratification (segregation between socioeconomic 
groups, status stress and Us-Them categorization). The free-market economy also 
produces increasing levels of stimuli of the reward system/Limbic traps including 
social media, sugar/caffeine-containing beverage, fast-food, computer games, online 
casinos, quick loans, alcohol, cigarettes and e-cigarettes etc. 
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drinks, alcohol, tobacco, vaping, etc. A ban on advertisements for 
children. 

3) Avoid reducing self-control. Evidence is growing that screen 
time/social media use reduces self-control.182,183 Limitations on 
screen time/social media use could reduce the negative impact of 
these behaviors on self-control.  

4) Train self-control: Give every child attention in preschool/school by 
teachers in classes with a high teacher-to-student ratio. The Carolina 
Abecedarian Project found that intervening in early childhood to im-
prove the education of low SES children could improve downstream 
outcomes related to self-control in adult life, both the educational 
attainment of the children and their adulthood health outcomes, in-
cluding obesity, blood pressure, and other metabolic variabels.184 

5) Reduce segregation: equalize positive peer pressure and reduce neg-
ative peer pressure. The moving-to-opportunity study showed that 
moving from a neighborhood with low SES to a higher SES neigh-
borhood decreased anxiety symptoms in both parents and chil-
dren.185 Later follow-ups have also shown a reduced risk of obesity 
and Diabetes in adulthood.155 These studies indicate the important 
role of reducing segregation to improve self-control.  

 Studies like the Carolina Abecedarian Project have found that interven-
ing in early childhood to improve the education of low SES children can 
improve downstream outcomes in adult life.184 Given the central im-
portance of self-control for social inequalities in health, these early educa-
tional interventions likely affect self-control. One potential pathway is that 
better school readiness amplifies self-control development throughout the 
school system by improving participants' results in school, leading to more 
positive feedback and higher self-efficacy. High self-efficacy improves con-
centration and self-control across the years in school. Greater success in 
school also leads to higher adult SES with positive effects of higher SES 
such as increased positive self-control peer pressure. Evidence for a con-
tinuous divergence in self-control ability is evident in the ABIS study. High 
maternal education in the ABIS study is associated with better self-control 
at eight years of age and the differences between SES groups keep increas-
ing during the subsequent year, becoming even greater at age 12 (see Figure 
6). 
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Implications for Physicians
Physicians can reduce health inequality through medical interventions. 
This form of secondary prevention does not affect the root cause of the 
health problem (i.e., the obesogenic/anxiogenic and self-control-reducing 
environment). Still, it reduces the effects of that environment on disease
development. Currently, the number of drugs used for this purpose is in-
creasing, ranging from ADHD medication, anti-depressants, and anti-psy-
chotics to new anti-obesity medicines, but also including traditional medi-
cations directed against cardiovascular risk factors such as anti-hyperten-
sion, lipid-lowering, and antithrombotic drugs. It may sometimes seem 
tragic that doctors should prescribe medicines for conditions that could be 
addressed by improving the environment with political and public health 
policy. However, these medications are justified by the Limbic traps that 
might be avoided through their use. Especially in adolescents, the group 
most vulnerable to positive and negative reinforcers and with their 

Figure 11. Examples of policies and interventions to reduce the effect of Limbic 
traps on child health and reduce health inequality due to the gradient in self-control. 
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relatively low self-control ability, medications can reduce the risk of Limbic 
traps like poor school performance and drop out of school (psychopharma-
ceutic including ADHD medications)186, engaging in criminality187, illicit-
drug use188, or developing obesity (the GLP-1 analogs)189. 
 Understanding the central role of self-control in health inequalities 
should influence the clinician’s decision-making and treatment strategy. 
Therapies that involve reduced levels of need for self-control are likely fa-
vorable in patients with low SES and should be considered when compli-
ance problems are identified. Examples of such therapies include treat-
ments with longer duration (semaglutide instead of liraglutide, which is 
taken once a week instead of every day, PCSK9-inhibitor that are taken 
once every second week in favor of tablet treatment of dyslipidemia. Au-
tomatization of treatment with advanced hybrid closed loop (aHCL) pumps 
for the treatment of Type 1 Diabetes is likely to be especially beneficial in 
patients with low SES.  

Implication for Epidemiologists/Scientists 
One of the main findings of this thesis is the interrelationship between SES 
and other variables that involve self-control. Epidemiologists interested in 
drawing causal inferences about associations between variables should be 
aware of the potential common pathway through self-control that might 
confound their findings.  
 According to the theories of mediation analysis, association can be in-
terpreted as causation if the temporal order of events is correct, i.e., that 
exposure happened before the outcome and confounding has been ex-
cluded.190 Mediation analyses are an important field of research that can 
bring light to and answer important questions unsuitable to the gold stand-
ard method, RCTs. 
 However, any observational study must consider the central role of 
self-control in human behavior. Thus, the association between self-control-
related behaviors such as criminality and obesity191, traffic accidents and 
obesity,192 breastfeeding, and educational attainment193, must always con-
sider that self-control could be the confounding variable that explains the 
observation.  
 Suppose the purpose of a study is to draw causal inference about a par-
ticular exposure, which happens to be related to self-control. In that case, 
scientists should adjust for SES, other variables related to social stratifica-
tion that may vary between countries but could include, e.g., sex, ethnicity, 
religion, etc., preferably some measure of individual self-control (the brief-
Self-control scale or similar) and additional variables related to self-con-
trol, but which are not on the causal pathway to the outcome, e.g., breast-
feeding, smoking, obesity, criminality, accidents, drug addiction, etc. If the 
observed relationship is present after these adjustments, one could poten-
tially say that a causal pathway is probable. This observation/pathway 
should preferably be investigated with an RCT to confirm the relationship.  
 In some circumstances where it is challenging to do RCTs or animal 
studies, e.g., social media exposure, but the observational data indicate a 
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high possibility for adverse effects, the reasonable action is to be cautious 
and reverse the burden of proof. Instead of trying to prove something is 
harmful, assume it is dangerous until proven safe. As the Surgent General 
writes, “At this time, we do not yet have enough evidence to determine if 
social media is sufficiently safe for children and adolescents. We must 
acknowledge the growing body of research about potential harms, increase 
our collective understanding of the risks associated with social media use, 
and urgently take action to create safe and healthy digital environments 
that minimize harm and safeguard children’s and adolescents’ mental 
health and well-being during critical stages of development.”194 We should 
not fall into the same trap that stalled progress in the smoking-lung cancer 
debate: to try to prove something obvious but that is difficult and time-
consuming to prove by the methods available to us. In the case of smoking, 
that trap cost thousands of lives.  

Strengths and Limitations 
The ABIS study is a large prospective birth cohort study. One strength of 
the study is the richness of the data, which includes multiple variables, in-
cluding questionnaire data on psychosocial factors and life events, in com-
bination with biological samples and clinical data from registers based on 
medical records.  
 One strength of the ABIS study is that a prospective design reduces so-
called Recall bias compared to cross-sectional studies. Recall bias is when 
measures of exposure variables are reported incorrectly and differently be-
tween individuals with and without the outcome of interest, which affects 
the association between exposure and outcome measurements.195  
 Another strength of the ABIS study is that important variables in this 
thesis, including maternal educational level, are representative when com-
pared with national data.108  This increases the external validity of our re-
sults to the general Swedish population. The prevalence of one of the out-
comes, overweight and obesity, has also been shown to be similar to previ-
ous studies in Sweden.196  
 ABIS cross-linking with Swedish register data improves the quality of 
disease diagnoses and reduces loss to follow-up. The register data also in-
clude information about the number of health-care visits in in- and out-
patient clinics and pharmaceutical information about prescriptive drugs 
used to confirm the diagnosis of Type 1 Diabetes. 
 Finally, a strength of this thesis is the EPOCH collaboration, which has 
allowed us to compare the ABIS data with leading birth cohorts in high-
income countries, including the Millennium cohort in the UK.   
 A limitation of the ABIS study is the drop-out rate. A higher drop-out 
rate in later follow-ups is a common problem in longitudinal studies. In the 
ABIS study, the participation rate has fluctuated over the years; in later fol-
low-ups at age 19, the participation rate increased compared to the follow-
ups at 8 and 12 years. For some variables collected by cross-linking with 
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the National Patient Register, like the data of diagnoses, there is almost no 
loss to follow-up.  
 The loss to follow-up has been higher in children with low parental ed-
ucational levels. Our analyses addressed this by inverse probability 
weighting when we calculated the prevalence of overweight and obesity in 
paper 2. However, the higher loss to follow-up of low SES individuals might 
also affect the social gradients measured in this thesis. Individuals who 
drop out might be expected to have worse health than those who continue 
to participate. A study investigating this issue found that in their longitudi-
nal study, drop-out reduced prevalence but not the association between ex-
posures like SES and an outcome (disruptive behavior in school chil-
dren).197  
 Data on height and weight in the ABIS study is based on self-report 
except for the measures in Paper 1 on cardiovascular risk factors, where a 
trained nurse measured height and weight. Self-reported height and weight 
could introduce reporting bias, e.g., social desirability bias, meaning that 
parents with obese children report a lower weight than the actual weight. 
However, the weighted prevalence of overweight and obesity in Paper 2 is 
similar to a nationally representative study with measures of height and 
weight by school nurses.198 Studies on the effect of reporting bias in paren-
tal-reported height and weight versus results when a trained nurse 
measures height and weight have shown that the influence of SES on this 
bias is limited.199 
 Our indicators and the variables used to measure maternal self-control 
in Paper 4 are, at this stage, not yet validated measurements but tentative 
variables based on relevant factors available in our data collection. Alt-
hough we believe this construct shows good face validity, we acknowledge 
that it relies on assumptions about the relationship between variables that 
we cannot confirm within the context of the data of our observational study. 
Future research is needed to strengthen the evidence for this behavioral 
construct as a validated measure of self-control.  

Future Research 
More research is needed to confirm the role of self-control in health ine-
quality. This should include longitudinal studies with multiple measures of 
self-control and tests of executive functions. The measurement of self-con-
trol with a latent variable based on behaviors could be validated in such a 
study. It would also be interesting to investigate and compare levels of par-
ent and child self-control across countries with different cultures and social 
and economic policies to see how these differences affect self-control de-
velopment.   
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CONCLUSIONS 
All humans struggle with self-control, in a tug-of-war between the frontal 
lobe and our limbic system. The capitalist market economy has clearly un-
derstood that producing stimuli of the limbic system is a great way to make 
money, and many of the leading companies in the world produce products 
that have the potential to become Limbic traps. The incentive for the com-
panies to restrict the use of their products is low; the effects, including in-
creased anxiety, only lead to higher usage levels and thus improve the com-
panies' profits.  
 Thus, it falls on the legal government and legal institutions to improve 
our shared environment through policies and legislation. Children and ad-
olescents are an especially vulnerable group because of their reduced abil-
ity to self-control and increased level of reward from the limbic system. 
Policies must be directed at this fact and implemented to free children and 
adolescents from the constant need for self-control due to exposure to Lim-
bic traps. Policies should focus on creating a suitable environment for child 
and adolescent development free from screens, using universal preschools, 
schools, and after-school activities. To improve children and adolescents’ 
mental and physical health, it may be necessary to prolong schooldays with 
lessons that reduce anxiety and improve physical health. Art200, music201, 
and physical activity202 have been shown to reduce anxiety. Increased levels 
of physical activity could have additional benefits, e.g., daily physical edu-
cation has been shown to improve school performance in boys.203 Policies 
should also increase pressure to refrain from limbic behavior by raising 
taxes on harmful behaviors such as cigarettes, alcohol, and sugar and by 
introducing age limits on energy drinks and e-cigarettes. Regulations on 
commercial advertising for Limbic traps, e.g., fast food, soft drinks, online 
gambling, social media, and instant loans, would also be beneficial. 
 A recognition of the mechanisms of self-control in inequality also pre-
dicts the upcoming battles that threaten to increase health inequalities. 
With the mounting evidence of the harmful effect of screen time on child 
development and obesity and its rewarding properties for parents (pacify-
ing the children), this is the next battlefield for public health. Screen time, 
social media use, and gaming should be of special concern as there is evi-
dence that they reduce self-control, potentially widening self-control-re-
lated inequality in the coming generations. Given the differences in self-
control described in this thesis, radical measures might be necessary, such 
as prohibiting children’s use of digital media using child-specific personal 
logins on online gaming and social media platforms with age limitations, 
like the age restriction implemented for other harmful behaviors like ciga-
rette and alcohol consumption.    
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