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Abstract 
Overweight and obesity now affect individuals of all ages in all parts of the world. 
Obesity leads to individual suffering as well as increased risk of future disease and 
premature death from several causes, among which coronary heart disease (CHD) is 
the most common. The disease pathway to increased risk of CHD likely begins 
already before conception and may be further influenced by later weight development 
during childhood and adolescence. There is a need for increased understanding of 
how parental factors such as smoking and maternal weight status, and family 
socioeconomic position influence developmental weight, as well as how weight 
development from birth up to young adult age influence the risk of CHD. This thesis 
applies a life course perspective on these associations through four cohort studies. 

Low family socioeconomic position is a well-established risk factor for childhood 
obesity. However, the separate influences of parental education and family income 
are not known. Using a cohort of 3,030 children born 1998-2002, we found that low 
parental education was a risk factor for developing obesity at eight years of age, 
independent of family income and maternal body mass index (BMI). (Paper I) 

Smoking and obesity at the start of pregnancy are associated with birth weight and 
future adverse metabolic risk profile of the child. However, their role in late 
adolescence, several years before start of pregnancy, for later pregnancy outcomes, 
have not yet been explored. In a cohort of 1,256 mother-and-child-pairs, we found 
that smoking and BMI at 19 years of age were not associated with the birth weight of 
the first child. (Paper II) 



vi 

Low birth weight is a well-studied risk factor for adult CHD, but studies are scarce 
regarding how this risk is affected by BMI development during childhood and 
adolescence. Using a cohort of 35,659 men born 1945-1961, we found that a birth 
weight below 3.6 kg was associated with increased risk of CHD and this risk was 
further augmented for men who had overweight in young adult age. (Paper III) 

Childhood overweight and obesity have been linked to increased risk of adult CHD. 
We studied a cohort of 103,232 men and women born 1945-1968 and found that this 
risk was normalized for children who had remission of overweight before young adult 
age. (Paper IV) 

The findings in this thesis identify several modifiable risk factors important for future 
risk of CHD. The results clearly highlight the importance of prevention, early 
identification, and treatment of childhood overweight and obesity. 

Keywords: Pediatric obesity, birth weight, socioeconomic factors, coronary heart 
disease 
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Sammanfattning på svenska 
Övervikt och obesitas (förut kallat fetma) påverkar nu individer i alla åldrar i alla delar 
av världen. Obesitas innebär ett lidande för den drabbade men också ökad risk för 
framtida sjukdom och förtida död av flera olika orsaker. Kranskärlssjukdom inklusive 
hjärtinfarkt är fortsatt den vanligaste dödsorsaken i Sverige och globalt. Risken för att 
insjukna i kranskärlssjukdom är ökad för individer med obesitas. Vägen mot ökad risk 
för kranskärlssjukdom kan ta sin början redan innan befruktningen, men kan sedan 
sannolikt påverkas av senare faktorer som viktutveckling under barndom och tonår. 
Vi behöver en bättre förståelse för hur föräldrafaktorer som rökning, viktstatus och 
socioekonomiska faktorer inverkar på viktutveckling under uppväxten, liksom för hur 
viktutvecklingen under uppväxten i sin tur påverkar risken för insjuknande och död i 
kranskärlssjukdom. I den här avhandlingen undersöks dessa samband under livets 
gång i fyra olika kohortstudier.  

Låg socioekonomisk status i uppväxtfamiljen är en välkänd riskfaktor för att utveckla 
obesitas i barndomen. Det är dock inte känt hur föräldrars inkomst och 
utbildningsnivå separat inverkar på denna risk. I avhandlingens första delarbete där 
en kohort på 3,030 barn födda 1998–2002 ingick, fann vi att låg utbildningsnivå hos 
föräldrarna var en riskfaktor för att utveckla obesitas vid åtta års ålder, oberoende av 
familjens inkomstnivå och moderns BMI. (Paper I) 

Rökning och obesitas vid graviditetens start är associerade med födelsevikt och senare 
försämrad metabol riskprofil för barnet. Men vilken inverkan rökning och BMI i 
slutet av tonåren, flera år innan graviditetens start, har för framtida graviditetsutfall är 
ännu inte känt. I avhandlingens andra delarbete studerade vi en kohort på 1,256 
mödra-barn-par och fann ingen association mellan rökning och BMI vid 19 års ålder 
och första barnets födelsevikt. (Paper II) 

Låg födelsevikt är en välstuderad riskfaktor för kranskärlssjukdom i vuxen ålder, men 
få studier har undersökt hur denna risk påverkas av senare BMI-utveckling under 
barndom och tonår. I det tredje delarbetet undersökte vi en kohort bestående av 
35,659 män födda 1945–1961 och fann att en födelsevikt under 3,6 kg var associerad 
med ökad risk för kranskärlssjukdom i vuxen ålder. Denna risk ökade ytterligare för 
de män som hade övervikt vid 20 års ålder. (Paper III) 

Övervikt och obesitas i barndomen har rapporterats öka risken för kranskärlssjukdom 
i vuxen ålder. I avhandlingens fjärde delarbete undersökte vi en kohort bestående av 
103,232 män och kvinnor födda 1945–1968 och fann att denna risk normaliserades 
för barn med övervikt som nådde normalvikt innan ung vuxen ålder. (Paper IV) 

Den här avhandlingen identifierar flera modifierbara riskfaktorer som är viktiga för 
framtida risk för kranskärlssjukdom. Resultaten indikerar tydligt att såväl 
förebyggande arbete som tidig upptäckt och behandling av övervikt och obesitas i 
barndomen är mycket viktigt. 
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Introduction 
“Whoever wishes to investigate medicine properly should proceed thus: in the first place to consider 
the seasons of the year, and what effects each of them produces. Then the winds, the hot and the 
cold, especially such as are common to all countries, and then such as are peculiar to each locality. 
In the same manner, when one comes into a city to which he is a stranger, he should consider its 
situation, how it lies as to the winds and the rising of the sun; for its influence is not the same 
whether it lies to the north or to the south, or to the rising and the setting of the sun. One should 
consider most attentively the waters which the inhabitants use, whether they be marshy and soft, or 
hard and running from elevated and rocky situations, and then if saltish and unfit for cooking; and 
on the ground, whether it be naked and deficient in water, or wooded and well-watered, and whether 
it lies in a hollow, confined situation, or it is elevated and cold; and the mode in which the 
inhabitants live, and what are their pursuits, whether they are fond of drinking and eating to 
excess, and given to indolence, or are fond of exercise and labour.” 

Hippocrates, On Airs, Waters and Places, 400 B.C.  

Epidemiology is the study of health and disease in populations, as opposed to the 
field of clinical medicine, where the individual’s health and disease is in focus. 
However, as already Hippocrates, the founding father of medicine, noticed, the health 
of an individual is to a substantial extent dependent on factors that are structurally 
determined, rather than factors resulting from individual constitution or free choice. 
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The determinants of health span from individual constitutional factors, such as sex 
and genetics, through household factors such as parental income, food practices, 
psychological coping and social relationships, to societal factors on national and even 
global level (Figure 1).1 

After the notion of Hippocrates in ancient Greece, it would take many centuries 
before epidemiology could move from anecdotic observations to quantitative 
description and analysis. Galileo Galilei introduced the scientific method of 
systematic observations in the 17th century. Mathematical tools dealing with chance 
and probability developed around the same time. Initially developed from cards and 
dice games, they would soon prove to be applicable also for events such as disease 
and deaths.  In the middle of the 19th century, John Snow laid the ground for modern 
epidemiology with his groundbreaking investigation among cholera cases in London. 
By systematically measuring prevalence of disease, deaths, treatments and living 
conditions, he could draw the conclusion that the source of the epidemic came from 
polluted drinking water, decades before the bacterium Vibrio Cholerae was 
identified.2 Today, epidemiology is a broad field of research, including descriptive 
studies of prevalence and distribution of diseases, analyses of determinants of disease, 
and the translation of research findings into policy to address public health issues. 
Epidemiology became widely known among the public during the Covid-19 pandemic 
in 2020-2023 as the scientific method for surveillance of contagious diseases. 
However, we also use the epidemiological approach for the study of non-
communicable diseases, for example normal life processes, such as pregnancy and 
childhood growth, in relation to later outcomes, such as cardiovascular disease. This 
field is known as life course epidemiology.3 

Life course epidemiology  
Life course epidemiology includes the study of a wide range of determinants 
throughout an individual’s life course as well as between generations, to discover 
possible biological, behavioral, and psychosocial pathways of disease development. 
The study of life course epidemiology is by its nature time consuming, and controlled 
trials are not easily performed for either ethical or practical reasons. Invaluable 
knowledge can also be gained from studying unfortunate natural experiments 
occurring in history. One of these is the Dutch famine toward the end of World War 
II. 

THE DEVELOPMENTAL ORIGINS OF HEALTH AND DISEASE 
The Dutch hunger winter was a famine caused by the German food embargo against 
the Western part of the Netherlands in 1944-1945. Nutrition in the Netherlands had 
been adequate until October 1944 when food shipments were cut off. Official food 
rations decreased to 1000 calories per day in November 1944. By April 1945 they 
were down to 500 calories per day and people ended up eating tulip bulbs to forestall 
starvation. During this well-defined period, the health care systems and registers were 
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kept intact, and therefore individuals exposed to the famine could be traced. When 
the relationship between prenatal exposure to famine and later Body Mass Index 
(BMI) from conscription records for 400 000 18-year-old men was evaluated, 
surprisingly, the rate of obesity was found to be doubled in subjects that had been 
exposed to famine prenatally.4 Mental performance was also affected, causing the 
investigators to state: “the constitution of each cohort at conception follows from the 
pattern of fertility at the time, and interacts with the succeeding pattern of prenatal 
and postnatal experience. The surviving adult population carries the imprint of these 
favorable and unfavorable experiences during development; morbidity has marked 
them, and mortality has thinned their ranks, in a way specific to each cohort.”5 These 
observations were initially based on correlations without adjustments for potential 
confounders, but recently, the epidemiological observations have been confirmed by 
epigenetic studies, showing that individuals exposed to periconceptional famine had 
lower DNA methylation of the imprinted Insulin-like growth factor II (IGF2) gene, 
six decades later, compared to their unexposed, same-sex siblings.6 This epigenetic 
mark is associated with increased levels of adiposity, demonstrating that exposures in 
utero may have life-long consequences for metabolic health.7  

Developing this knowledge further, the British physician David J. Barker examined 
the association between birth weight and causes of death in several studies in the UK. 
Based on the results, he presented the fetal origins hypothesis stating that individuals 
exposed to starvation in utero were programmed metabolically to characteristics that 
increase the risk of conditions such as type 2 diabetes and cardiovascular disease in 
adulthood.8  

The fetal origins hypothesis has since broadened and now includes early life 
experiences, both pre- and postnatal, and their impact on future health. This concept 
is known as the DOHaD hypothesis (Developmental Origins of Health and 
Disease).9 However, good quality longitudinal data including weight and height during 
childhood, adolescence and information regarding adult disease are still scarce. One 
of the major challenges in life course epidemiology is the long duration between 
exposure and disease. In this respect, high-quality registers, for example the Swedish 
health data registers, are of great value, since they enable studies with extremely long 
follow-up time. 
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CHAIN OF RISK, ACCUMULATION OF RISK, AND CRITICAL 
PERIODS 
Life course epidemiology can be discussed in terms of three main trails: the chain of 
risk, the accumulation of risk, and the critical periods (Figure 2).10 According to the 
chain of risk model, an adverse event during one period of life increases the possibility 
of a worse health situation in a later part of life, which in turn is the sole cause of an 

adverse health event in adult life. In the accumulation of risk model, each adverse 
health event during the life course add to the risk of adult adverse health events. The 
critical periods model advocates that early life adverse events can constitute an 
increased risk of poor health outcomes many years after the event, independent of 
later health. It is plausible that each of the models contain contributory pathways 
different for different health exposures and outcomes. 

BIRTH WEIGHT 
Birth weight is now a well-recognized indicator of intra-uterine conditions, as well as 
a predictor of later health and adult mortality.11 But only 70 years ago, the placenta 
was thought to be a perfect impermeable shield, protecting the fetus from all harmful 
substances while supplying nutrients to achieve growth according to the individuals´ 
genetic potential. The thalidomide disaster in the 1960s and the characterization of 
the fetal alcohol syndrome in 197312 proved the opposite: that the intrauterine 
environment is influenced by the health and exposures of the mother and has a 
profound impact on fetal development and growth. Smoking during pregnancy was 
the next maternal health habit that was established to have causal negative effect on 
fetal growth.13,14 In Sweden, the smoking rate among pregnant women has decreased 

Figure 2. Three models in life course epidemiology. From Pool LR. et al. Journal of Pediatrics 2021 



 

10 

during the last 30 years,15 and subsequently, birth weight has increased during this 
time period.16 

A normal birth weight for a baby at term (gestational age ≥ 37 weeks) is considered 
to be between 2.5 and 4.5 kg (between -2 and 2 standard deviations (SD)).17,18 Taking 
gestational age into account, small for gestational age (SGA) refers to a birth weight 
below 2 SD or below the 10th percentile for gestational age, while large for gestational 
age (LGA) refers to a birth weight above 2 SD or above the 90th percentile for 
gestational age. However, categorizations without accounting for gestational age are 
widely used in research, for example low birth weight (LBW), below 2.5 kg, and high 
birth weight (HBW) with a threshold between 4.0 and 4.5 kg, depending on national 
cut-offs. The risks associated with LBW have been more extensively studied than 
HBW. LBW has been consistently found to associate with increased risk of 
cardiovascular disease and all-cause mortality.11,19 With the progression of the obesity 
epidemic, attention has also been drawn to the long-term risks related to HBW. HBW 
has been shown to associate with increased risk of obesity in childhood and with 
childhood leukemia.20,21 Interestingly, in a recent meta-analysis, the association 
between birth weight and the risk of cardiovascular disease in adulthood was found 
to be u-shaped, with elevated risk seen for both LBW and HBW.22 The same has been 
suggested for the association between birth weight and type 2 diabetes.23 Whether the 
increased risk of cardiovascular disease seen for children with high (or low) birth 
weight is independent of adult BMI, possibly caused by metabolic programming at 
birth, or whether this association is mediated by childhood and adult obesity, is not 
known. In a recent study, Bygdell et al. found that in men, a birth weight below 3.4 
kg (i.e. individuals in the lowest tertile) followed by overweight or obesity in young 
adulthood, was associated with a five-fold risk of heart failure, compared with 
individuals with a birth weight in the middle tertile and normal weight in young adult 
age. Interestingly, the excess risk of heart failure seen for the combination of low birth 
weight and overweight or obesity at young adult age was beyond that of low birth 
weight or young adult overweight/obesity separately.24  

Thus, there is evidence that suggests an inverse association between birth weight and 
future health, but the role of birth weight as predictor of cardiovascular disease 
independent of BMI during childhood and adolescence, is insufficiently known. 

Obesity in a life course 
perspective 
For most of man´s time on earth, scarcity of food has been the normal state, and a 
long-term positive energy balance resulting in accumulation of fat tissue an anomaly. 
But already in ancient Greece, Hippocrates (again) described that an excess amount 
of body weight could lead to early death and various illnesses. The term obesity, from 
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the Latin word “obesus” (“ob” – over, excessive and “edere” – to eat), was first used 
by the English physician Tomas Venner in the 17th century.  

DEFINING OVERWEIGHT AND OBESITY  
The concept of unhealthy weight started to become more of a public health concern 
during the industrial revolution in the 19th century. A Belgian astronomer and 
statistician with interest in social physics, Adolphe Quetelet, was working on a 
concept he called “the average man” and discovered that an individual’s ideal weight 
was related to his height. He created the Quetelet index, a simple formula dividing 
weight in kilograms by height in meters squared, kg/m2, with no intention of medical 
usage. The need to define at what point excess weight becomes a health hazard 
increased during the later part of the 20th century, and in 1972, the American physician 
Ancel Keys established the Quetelet index as BMI, and recommended it for 
population studies of obesity.25 BMI has since become the far most used tool for 
defining weight status. The major adult BMI classifications are underweight (under 
18.5 kg/m2), normal weight (18.5-24.9), overweight (25-29.9), and obesity (30 or 
more). While overweight is a condition of excess fat deposits, obesity is a chronic 
disease where excess fat deposits impair health.26  

BMI is a relatively imprecise measure of excess fat at the individual level, as it does 
not differentiate between fat mass and lean mass. However, on a population level, it 
has been shown to be a reliable predictor of excess fat. In fact, the risk is slightly 
higher to classify an individual with high fat mass as normal weight by BMI than the 
opposite.27 Considering feasibility and costs for many other methods of measuring 
body fat, such as skin-fold thickness, hydrodensitometry, dual x-ray absorptiometry, 
bioimpedance analysis, computed tomography and magnetic resonance imaging, BMI 
stands as a surprisingly robust and accurate measure of fatness to a very low cost. 

Children continuously grow, and their BMI varies with age. A normal BMI 
development in a child is characterized by a rapid increase during the first year of life, 
resulting in an “infancy peak”, thereafter a decline during several years, reaching its 
lowest level at 6-8 years of age after which BMI slowly starts to increase again, the 
“adiposity rebound”, throughout adolescence until reaching adult levels (Figure 3). 
Normal BMI development also differs slightly between girls and boys, mostly because 
of different timing of puberty.28 The BMI cut-offs for overweight and obesity must 
reflect this development and are hence age- and sex-dependent. There are currently 
at least three different sets of references defining childhood overweight and obesity. 
In Sweden, the most used references are the cut-offs established by the International 
Obesity Task Force (IOTF) in 2000.29 Using data from large reference populations 
from six different countries representing different economic settings (Brazil, Great 
Britain, Hong Kong, the Netherlands, Singapore, and the US), smoothed sex-specific 
BMI curves were developed to correlate with the adult cut-offs of BMI 25 and 30 
respectively. In 2006, WHO presented their new international growth curves, based 
on a cohort of healthy children raised under optimal conditions (breastfed, non-
smoking mothers, adhering to a good diet, access to health care and basic 
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immunizations) from different parts of the world (Brazil, Ghana, India, Norway, 
Oman and the US). These growth curves were thought to represent the “gold 
standard” of growth achievements, i.e. how children “should” grow. The BMI cut-
offs were set to >1 SD for overweight and >2 SD for obesity.30 The US Centre of 
Disease Control (CDC) developed their cut-offs in 2007, based on growth curves 
from five national surveys between 1963 and 1994, and recommended the cut-off for 
overweight to be in the 85th to 95th percentile and obesity above the 95th percentile 
for this population.31 The three different standards differ in their cut-offs and give 
rise to different estimations of the prevalence of overweight and obesity at different 
ages. A Canadian comparison concluded that the prevalence of obesity among 6–11-
year-olds increased by 50% using the CDC cut-off compared to the IOTF, and almost 
doubled using the WHO definition.32 Awaiting international consensus, awareness of 
which set of definitions used is important. For the projects in this thesis, the IOTF 
cut-offs are used. 

 

Figure 3. BMI growth chart for girls in Sweden. Dotted lines represent IOTF cut-offs for overweight 
and obesity, extrapolated from adult definitions. 

THE OBESITY PANDEMIC 
To describe the magnitude and distribution of a disease, we distinguish between an 
epidemic; a disease that occurs in a population more frequently than what is expected 
for that time and place, an endemic; a disease or condition present among a population 
at all times, and a pandemic; a disease that spreads across regions or the whole world. 
For most of history of mankind, scarcity of food has been the normal state, and 
famine has been the most immediate threat to nutrition. Excess weight occurred as a 
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sign of wealth only in a small minority. However, around 50 years ago, something 
started to shift. Increasing rates of overweight and obesity began to be reported, 
starting in high-income countries, but soon spreading globally. In 2022, around 2.5 
billion adults in all countries of the world were overweight, and 890 million were 
living with obesity. The rates in children have increased even faster, and the 
prevalence of overweight more than doubled and the prevalence of obesity 
quadrupled between 1990 and 2022. In 2022, 160 million children and adolescents 
suffered from obesity worldwide. Almost half of the children living with obesity today 
live in Asia, and in Africa, overweight in children under the age of 5 has risen by 23% 
since 2000.26 Especially worrying is the double burden faced by middle- and low-
income countries where undernutrition in children now coexist with obesity.33 The 
obesity pandemic is a fact.  

DRIVERS OF OBESITY DEVELOPMENT 
Obesity is a complex disease of multifactorial origin. The rapid increase in prevalence, 
in less than two generations, suggests that the drivers of the obesity pandemic are to 
be found in an altered environment. Excess fat accumulation resulting in overweight 
and obesity is the result of energy intake exceeding energy expenditure over time. 
Dietary patterns have changed over the last 40 years, with larger portion sizes and 
increased consumption of highly processed, hyperpalatable food and beverage 
products. These products are energy dense but nutrient scarce, can be stored for a 
long time, are relatively cheap and available in stores around the clock. This so-called 
obesogenic environment is a challenge, not only in high-income countries. In societies 
characterized by severe food insecurity, where hunger is present due to insufficient 
food resources, the prevalence of obesity is lower. However, mild to moderate food 
insecurity, where people compromise with quality and variety of food due to limited 
resources, or worry about accessibility of food in the future, is associated with a higher 
prevalence of obesity.34 Additionally, physical activity in daily life has decreased during 
the 20th century, and studies show that cardiorespiratory fitness in populations has 
decreased simultaneously.35 

Not everyone living in an obesogenic environment develops obesity, the individual 
susceptibility varies vastly. It has been reported from twin studies and genome wide 
association studies that genetic differences largely influence individual risk.36,37 
Interestingly, the candidate genes associated with BMI are mainly expressed in brain 
tissue, suggesting that hunger and satiety signaling influencing eating behavior are 
potential mediators.38 Development of overweight is the result of genetic 
predisposition and adverse environmental influences in a complex interplay. 
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CONSEQUENCES OF OVERWEIGHT AND OBESITY 
DURING PREGNANCY 
In line with the obesity pandemic, overweight and obesity in women of childbearing 
age have also increased worldwide.39 In 2023, almost half of Swedish women entering 
pregnancy had overweight (28.4%) or obesity (17.9%).40 Obesity at the start of 
pregnancy is associated with increased risk of several major adverse maternal and 
perinatal outcomes including pre-eclampsia, gestational diabetes, stillbirth, 
macrosomia, as well as preterm birth and/or low birth weight, and even maternal 
death.39 Furthermore, the risk related to pre-conception obesity extends into the next 
generation. Fetuses of mothers with obesity have been observed to develop insulin 
resistance in utero.41 A recent meta-analysis concluded that the risk of obesity in 
children of mothers with pre-conception obesity was more than tripled compared to 
children of mothers who had normal weight before entering pregnancy.42 Studies 
from the Swedish Medical Birth Register indicate an intergenerational “vicious circle” 
of high birth weight in the mother, which increases the risk of maternal obesity, which 
in turn further increases the risk of high birth weight in the next generation.43  Pre-
conception health is a key determinant of pregnancy success and health for the 
coming child.44  

Maternal consequences
Gestational diabetes

Hypertensive disorders, pre-eclampsia
Risk of cesarian section

Birth complications
Shoulder dystocia
Stillbirth
Preterm birth
Neural tube defects
Congenital heart defects

Long-term child risks
Childhood obesity
Type 2 diabetes
Cardiovascular disease
Neurocognitive impairment

Figure 4. Potential consequences of maternal obesity during pregnancy. 
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CONSEQUENCES OF OVERWEIGHT AND OBESITY IN 
CHILDHOOD 
Childhood obesity is a disease that has adverse effects on almost all organ systems 
(Figure 5). Especially worrying is the dramatically decreased self-perceived quality of 
life, which in studies are comparable with children undergoing cancer treatment.45 
However, consequences and causes are sometimes hard to disentangle. Children with 
obesity experience stigma, and over half of adolescents with obesity experience 
frequent bullying.46,47 Weight-teasing initiates a vicious circle of shame and eating 
disorders, and is associated with long-term adverse BMI development.48 Depression 
and anxiety are more common than in the reference population, but the causal link 
seems bidirectional. Of note, weight reduction following bariatric surgery did not 
improve these symptoms, in adolescents with obesity at five-year follow-up.49,50 
Neurodevelopmental disorders are over-represented and seem to precede obesity 
development.51 Children with obesity are less likely to complete 12 years of schooling, 
independent of parental educational attainment.52 Additionally, childhood obesity is 
associated with increased long-term risk of a range of diseases. Having obesity as a 
child is associated with increased risk of type 2 diabetes, cardiovascular disease, and 
several forms of cancer 53,54 as well as of premature death. 55,56 The World Health 
Organization (WHO) considers childhood obesity one of the most serious public 
health challenges of the 21st century.57  

Low self-esteem
Social isolation
School absence – lower educational attainment
Anxiety, depression
Eating disorder

Reduced cardio-respiratory fitness
Obstructive sleep apnea
Asthma
Hypertension
Left ventricular hypertrophy
Endothelial dysfunction

Insulin resistance
Type 2 diabetes
Dyslipidemia
Gynecomastia (boys)

Metabolic Dysfunction Associated
 Liver Disease (MASLD)

Gallstones
Gastroeosophagal reflux (GERD)

Slipped capital femoral epiphysis
Fractures Early puberty

Polycystic ovary syndrome (girls)
Hypogonadism (boys)

Flat feet

Caries
Thyroid dysfunction

Acanthosis nigricans
Intertrigo

Figure 5. Conditions caused or aggravated by childhood obesity. 
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Childhood obesity tends to track from a very young age into adulthood.58 Around 
55% of children with obesity will have obesity in adolescence, and over 70% of 
adolescents with obesity will maintain their obesity into adulthood.59 We know from 
large population-based studies that overweight in young adulthood has a robust 
association with all-cause mortality.60 Furthermore, the association between elevated 
young adult BMI and risk of CHD in midlife was shown to be independent of midlife 
BMI.61 Furthermore, the association between BMI and all-cause mortality in midlife 
has been shown stronger when young adult BMI was used as an instrumental variable 
for midlife BMI.62  

It is not clear, however, whether childhood obesity affects adult morbidity and 
mortality directly, possibly via pathways related to a metabolic burden of childhood 
obesity per se, or indirectly via tracking into adult overweight. To be able to 
distinguish direct influences from indirect influences, we need studies with 
information on BMI in both childhood and young adulthood. 

CONSEQUENCES OF OBESITY FOR SOCIETY 
In addition to the suffering and risk of premature morbidity and mortality facing 
individuals with obesity, the economic impact of the disease for societies is 
substantial. The costs can be divided into direct medical costs and indirect costs 
related to premature mortality and productivity losses due to higher absence from 
work and lower productivity while at work. The total economic burden of overweight 
and obesity has been estimated to 2.19% of the global gross domestic product (GDP) 
yearly, with higher proportions of GDP in high-income countries. If current trends 
in prevalence, demography and GDP continues, the economic impact of overweight 
and obesity are estimated to rise to an average of 3.29% of GDP globally, with the 
highest increase in lower resource countries.63 

TREATMENT OF OBESITY 
Treatment of obesity has proven difficult. Body energy homeostasis is strictly 
regulated,  and numerous studies have shown that weight loss achieved by energy 
restriction is counteracted by metabolic adaptation, both decreased energy 
expenditure and increased drive to energy intake.64,65 Food intake is the result of a 
complex network of signaling between advanced cognitive functions like decision-
making, mainly located in the prefrontal cortex, and more basal brain functions in the 
hypothalamus and brainstem, where signals from the gut regulating hunger and 
satiety, such as leptin, ghrelin, insulin, and glucagon-like-peptide 1 (GLP-1) are 
received.66 Traditional behavioral treatment relies on increasing prefrontal control in 
reducing energy intake, but long-term results in adults are discouraging.67  

Bariatric surgery, including gastric bypass and gastric sleeve, has been available as 
treatment for obesity for the last 30 years. The procedures were initially thought to 
work purely through mechanical restriction of  the ventricle, but studies have 
demonstrated that the hormonal changes induced by surgery are more important. The 
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levels of the hunger hormone ghrelin decrease drastically and satiety hormones like 
GLP-1 increase following surgery.68 Bariatric surgery is a procedure with a low rate 
of short-term complications, providing long-term weight loss, around 20% or more 
for over 70% of the patients.69,70 Even more importantly, bariatric surgery often 
induce remission of obesity-related co-morbidities such as type 2 diabetes, thereby 
reducing the risk of several downstream obesity-related diseases such as 
cardiovascular disease and cancer.71-74 However, the altered anatomy of the 
gastrointestinal tract following bariatric surgery, where most of the stomach, the 
duodenum and the proximal part of jejunum are bypassed, entails significant loss of 
vitamin and mineral absorption sites. Patients who have undergone bariatric surgery 
are required to take life-long supplements of iron, vitamin D, folic acid, calcium, and 
zinc. Adherence to supplementation was around 90% two years after surgery in an 
adult population, but as low as 30% is reported for adolescents.75,76 A substantial 
number of patients, in studies between 18 and 53%, develop iron deficiency anemia 
post bariatric surgery, underscoring the necessity of long-term, regular follow-up.77 
Given that approximately 1% of the Swedish population has undergone bariatric 
surgery, this represents a significant and growing patient group for Swedish primary 
care.69  

In recent years, there has been a rapid and substantial advancement in 
pharmacological treatments for obesity. The GLP-1-analogues decrease hunger 
signaling and have proven safe and able to reduce weight by 5-20%.78 Even more 
effective combined receptor agonists for GLP-1, glucose-dependent insulinotropic 
polypeptide (GIP), and glucagon,  as well as amylin analogs are in the pipeline or 
about to enter the market.79-81 Pharmacological interventions for obesity may, in the 
near future, achieve efficacy comparable to that of bariatric surgery. However, their 
implementation presents significant challenges for the Swedish healthcare system. 
Long-term administration is necessary, as discontinuation commonly leads to weight 
regain. As of 2025, these medications remain very expensive, and unlike many other 
treatments, they are not subsidized, imposing a substantial financial burden on 
patients.  

Coronary heart disease 
Coronary heart disease (CHD) is when atherosclerotic plaques reduce the blood flow 
in the coronary arteries, causing ischemia, potentially myocardial infarction and in 
worst case death. CHD has been the leading cause of death in high-income countries 
for over three decades and the rates in low- and middle-income countries are rapidly 
increasing. In 2022, coronary heart disease had the highest global loss of age-
standardized disability-adjusted life years (DALYs) of all diseases, 2,275.9 per 
100,000.82 In many high-income countries, such as Sweden, the overall mortality in 
CHD has decreased during the past decades. This is a result of both improved 
treatment of acute events and prevention by efforts to reduce smoking and treatment 
of risk factors, such as diabetes type II,  hypertension and hyperlipidemia.83,84  
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Despite this, a rise in age-standardized CHD death rates has been observed in recent 
years in parts of the United States and Great Britain.85 This is a worrying trend, and 
underscores the need for intensified prevention. CHD is a highly preventable disease, 
where risk factors include several modifiable lifestyle factors. The large retrospective 
case-control INTERHEART Study investigating causes of CHD in 52 countries, 
found 9 modifiable risk factors to be responsible for 90% of cases. The researchers 
concluded that refraining from smoking, being physically active, consuming fruits and 
vegetables daily, and remain normal weight are key factors in preventing CHD.86 The 
relationship between adult obesity and CHD is well established and the obesity 
pandemic is believed to be the underlying cause of the observed plateauing and even 
reversal in the earlier observed decreasing trend of CHD mortality.87 

CHD is the result of a long and complex process of atherosclerosis, a progressive 
inflammatory artery disease leading to the formation of plaque in the coronary artery 
wall (Figure 6).88 It has been shown that atherogenesis can start already in childhood. 
In a pathology study, atherosclerosis in the aorta and coronary arteries was assessed 
in children and adolescents who died from other causes, mainly trauma. The first 
stages of atherosclerosis, fatty streaks and fibrous plaques, were observed, to a higher 
degree with higher BMI.89 Furthermore, children with persistently high adiposity 
between 9 and 17 years of age, displayed greater arterial stiffness at 17 years of age 
compared to their normal weight peers. Arterial stiffness is one of the earliest non-
invasive markers of atherosclerotic disease. Remission to normal weight during this 
interval on the other hand, resulted in normalized arterial stiffness, indicating that the 
atherogenesis is a modifiable process.90 

Figure 6. Schematic overview of atherogenesis over the life course. Reprinted from Schipper HS, de 
Ferranti S, Pediatrics 2022;150(5). Printed with permission. 
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Socioeconomic position, obesity, 
and cardiovascular disease 
Socioeconomic position (SEP) includes the social and economic factors that influence 
what positions individuals and groups hold within the structure of a society. It is a 
complex measure, with educational achievement, income, and occupation as main 
components. To a large extent , these factors interact but may also exert separate 
impact on health outcomes. In practice, socioeconomic measures used in studies tend 
to be selected based on availability and what has been previously collected. When 
individual level data is not available, area-based indicators are commonly used, either 
mean area-level income or markers of area deprivation, such as proportion of 
unemployment, households owning a car, or rented and owned residences.91  

Regardless of chosen variable, low SEP is one of the strongest predictors of morbidity 
and premature mortality worldwide.92,93 During the course of the obesity epidemic, 
obesity in high-income countries has gone from being a sign of wealth to being far 
more prevalent in the more disadvantaged parts of the population.94 This inverse 
socioeconomic gradient is even more pronounced for childhood obesity.95,96 In the 
UK, children from the most deprived areas are twice as likely to develop obesity than 
children from the least deprived areas.97 In Sweden, there are indications of a 
flattening trend in the prevalence of childhood obesity,98,99 but the socioeconomic 
gap is widening.100 A similar development is seen in a range of high-income 
countries.101 SEP during childhood is also of importance for the risk of adult obesity. 
Importantly, growing up in a low SEP household is an even stronger predictor for 
adult obesity than having low SEP as an adult. 102,103 The mechanisms behind the 
socioeconomic influence on childhood obesity are difficult to study. Many factors 
known to influence the risk of childhood obesity, such as parental obesity and 
sedentary behaviors, coexist in families of lower SEP and are difficult to adjust for. 
104 Parental income may affect the risk of childhood obesity through the quality of 
food served, since unhealthy food is cheaper than healthier options.105 Parental 
income is also of importance for whether children can participate in leisure physical 
activities. Parental education may influence health literacy; to what extent families 
understand and process health information from society and health care.106 Health 
literacy could be affected negatively in immigrant families with poor language skills. 
The separate impact of the parental SEP components, education and income, for the 
risk of their children developing overweight and obesity are not well understood. 

Prevention 
Childhood obesity tracking into adult obesity has potentially devastating 
consequences for the individual and entails vast costs for society. Hence, prevention 
of childhood obesity is a key question for public health, defined by the WHO as a 
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global health priority.57 There are three levels of prevention, nonhierarchically 
connected, entailing different approaches. All three levels contain intervention of 
general character affecting all society, and more targeted prevention toward 
individuals at risk. 

PRIMORDIAL PREVENTION 
Primordial prevention refers to the strategies aimed at preventing onset of risk factors 
for a disease. In the case of obesity, this means preventing overweight by keeping a 
normal BMI through development into adult age. This level focuses on creating and 
maintaining conditions that facilitate healthy behaviors. The goal is to target upstream 
causes of unhealthy behaviors. The focus can be on early life, such as prenatal health 
of expecting mothers, or even pre-conception, and the first years of life in forming 
healthy habits. In Sweden, the Child Health Care Centers have a large role in 
promoting healthy habits from an early age. The preschools and schools also 
represent important arenas for healthy habit building, with free nutritional meals and 
organized physical activity.107 An indication of their importance came in a recent study 
showing an increase in overweight and obesity among preschool children in Sweden 
during the Covid-19 pandemic.108 Building bike lanes and increasing availability of 
parks suitable for physical activity as well as introduce taxes on unhealthy foods are 
other examples of primordial prevention efforts.  

PRIMARY PREVENTION  
Primary prevention is a crucial public health strategy aimed at mitigating disease 
before its onset, particularly among individuals with identifiable risk factors. In the 
context of childhood obesity, primary prevention strategies focus on children who 
exhibit overweight status, a key predictor of future obesity and associated 
comorbidities. Children with overweight status represent a high-risk population 
eligible for targeted intervention aiming to modify behavioral, environmental, and 
socio-economic determinants to halt the progression from overweight to 
obesity.34,109,110  

SECONDARY PREVENTION  
In an individual with manifest obesity, secondary prevention aims to prevent further 
disease. This involves both treatment of risk factors for cardiovascular diseases such 
as hypertension and hyperlipidemia as well as efforts to promote psychological well-
being to prevent eating disorders and poor educational attainment. 

PREVENTION BY WHOM? 
Although there is broad consensus that prevention of childhood obesity is important, 
there is not as strong evidence on how and by whom it should be done. Evaluating 
preventive efforts can be difficult, results may take years to manifest, and in the case 
of primordial prevention, specific effects can be difficult to evaluate. Some 
encouraging studies are published regarding the positive effects of individual targeted 
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health dialogues in healthy individuals, a team-based approach in regular primary 
health care.111,112 However, considering the relatively weak effects of brief advice 
regarding diet and physical activity in adults, in combination with the vast numbers 
of potential patients, the time needed to improve the outcome becomes 
disproportionately high for individual counseling by a medical doctor in primary 
care.113 A recent simulation study concluded that doctors in general practice would 
have to work 26.7 hours per day to deliver the guideline-recommended primary care, 
of which 14.1 hours were required for preventive care.114 A recent review concluded 
that the evidence regarding prevention of childhood obesity was strongest and most 
consistently positive for school-based programs combining diet and physical activity. 
Effectiveness of home- and community-based interventions remained weak because 
of the small number of studies.115 Successful preventive strategies are likely to require 
systemic changes and long-term commitment by several society stakeholders. 
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Knowledge gaps 
The obesity pandemic affects individuals of all ages and all parts of the world. 
Identification of modifiable risk factors is crucial for improving future cardiovascular 
health. 

Low socioeconomic position is well established as a risk factor for childhood obesity. 
However, the individual influences of two important components, parental education 
and family income, have not been elucidated. 

Obesity at the start of pregnancy is associated with birth weight and future metabolic 
health of the child. However, the role of weight status and health in late adolescence, 
several years before start of pregnancy, for later pregnancy outcomes has not yet been 
explored. 

Low birth weight is well studied as a risk factor for adult coronary heart disease, but 
studies are scarce in how this risk is affected by later BMI development, such as 
overweight in childhood and young adulthood. 

Childhood overweight and obesity has been linked to increased risk of adult coronary 
heart disease, but whether this risk is mitigated if elevated BMI is normalized before 
young adult age is not known. 

 



 

23 

Aim 
The overall aim of this PhD thesis is to explore parental influences on birth weight 
and childhood growth, and the consequences of childhood overweight for future risk 
of coronary heart disease (CHD). 

The specific aims are: 

• To examine the separate impact of parental education and family disposable 
income on the development of BMI from birth to eight years of age and on 
the risk of obesity in childhood. (Paper I) 

• To evaluate the association between modifiable maternal factors, BMI and 
smoking, in adolescence and again in young adulthood with birth weight of 
the first-born child. (Paper II) 

• To evaluate the risk of adult CHD in men in relation to birth weight and 
overweight in childhood and young adult age. (Paper III) 

• To determine the impact of overweight in childhood and young adulthood 
on the risk of CHD in men and women. (Paper IV) 
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Methods 
To be able to draw valid conclusions regarding the significance of your research, you 
need a systematic methodology of observing and analyzing. You need to set up an 
appropriate study design and choose the most suited statistical analyses to interpret 
your results.  

Study designs 
The selection of an appropriate study design to address a research question is 
primarily influenced by two key factors: first, the nature and specificity of the research 
question itself, and second, the availability and accessibility of relevant data. Study 
designs can broadly be classified as experimental, where researchers perform some 
kind of intervention on the study subjects, or observational. The observational studies 
can be descriptive or analytical (Figure 7).116 

Assigned exposure?

Observational studyExperimental study

Random allocation? Comparison group?

Descriptive studyAnalytic study

Temporal direction?

Cohort study Case-control study Cross-sectional study

Randomized 
controlled trial 

Non-Randomized 
controlled trial

noyes

nonoyes yes

expoure à outcome exposure ß outcome exposure = outcome

Figure 7. A schematic overview of study designs. 
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Hierarchy of evidence 
The term “hierarchy of evidence” is used to describe how prone a study design is to 
bias, i.e. systematic errors resulting in incorrect estimates. The hierarchy serves as a 
guide in evaluating evidence in a world of contradicting research messages.117  

Structured case reports or case series describing signs and follow-up of an individual 
are studies with the highest risk of non-representativity. However, they are highly 
valuable in providing the earliest source of evidence and generate hypotheses in an 
emerging research field, such as for the fetal alcohol syndrome in the 1970s.12 Cross-
sectional studies collect information on exposure and outcome at the same time. They 
can be useful for descriptive purposes, health service planning and describing time 
trends, but since the timing of exposure and outcome is not known, their contribution 
to explaining possible causes is very limited. In case control studies, a group of 
individuals experiencing an outcome, the cases, are compared with a group that did 
not experience that outcome, the controls, with respect to exposure to one or more 
factors. If the cases have a larger exposure to a certain factor, it suggests an association 
between exposure and outcome. The cohort study in contrast, recruit and follow 
individuals without knowing whether they will turn out to be cases or not. At the end 
of the follow-up period, the association between exposures and outcomes is 
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Figure 8. The hierarchy of evidence pyramid. 
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evaluated, (See more about cohort studies in the next section). The randomized 
controlled trial (RCT) is often called the gold standard. A study population is selected 
and individuals randomly assigned to the intervention or control group. The 
randomization is the key part. If correctly performed, the randomization creates 
groups that differ only by the intervention, diminishing the risk of confounding 
factors causing the differences between the groups. Ideally, the RCT is blinded or 
double-blinded, i.e. participants and/or researchers are unaware of group allocation. 
In the top of the pyramid, we find the systematic review, where all available pertinent 
literature on a particular practice has been gathered, critically appraised and 
condensed into a single paper. A systematic review often contains a meta-analysis, 
where statistical methods are applied on the different effect measures reported in the 
literature and a combined effect size across the studies is calculated. However, the 
systematic review is highly dependent on the quality and quantity of the included 
studies. A high-quality RCT can potentially outweigh a systematic review based on 
observational studies. 

Study designs and cohorts in this 
thesis 
COHORT STUDIES 
All the studies performed in this PhD thesis are cohort studies. Cohort studies are 
observational studies where a group, a cohort, is observed over time, they are by 
nature longitudinal. The cohort study design enables the evaluation of the impact of 
an exposure that cannot be allocated to individuals by randomization, for example 
childhood obesity, on a future outcome.  

Cohorts can be established in different ways. The included cohorts in this thesis 
illustrate this fact (See also Table 1): 

Paper I: Invitation to all households with children in three communities to 
voluntarily participate in clinical visits and fill in questionnaires. 

Paper II: Questionnaires sent to a random selection of all 19-years old women 
living in Gothenburg in 1981, 1991, 2001, and 2011. 

Papers III and IV: Archived school health records of children finishing schools 
in Gothenburg municipality. 

A popular design in the Nordic countries, not used in the present thesis, is the purely 
register-based study. The nationwide high-quality Swedish registers provide ample 
statistical power and a near complete follow-up. The register-based approach can 
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reduce the problem of both selection and recall bias, provided that the coverage is 
adequate, and the dropout frequency is lower than in other study designs that include 
direct study activities. Another strength with register-based cohort studies is a strong 
external validity, sometimes even exceeding that of an RCT. In all the studies 
presented in this thesis, the cohorts have first been established and subsequently, 
register data have been retrieved for the included individuals. 

The main limitation of traditional observation cohort studies is that causality between 
exposure and outcome cannot be established. The probability of causality increases if 
the study is well powered and there is a strong association between exposure and 
outcome. By controlling statistically for known and available confounding factors it 
is possible to reduce the risk of bias. However, the risk of residual confounding 
cannot be entirely ruled out even after adjustment for all available confounders. There 
is a range of possible reasons of bias that needs to be evaluated and as far as possible 
avoided in designing a cohort study, for example the risk of selection bias, i.e. that the 
included individuals differ from the  population of interest. The study designers also 
need to make sure that the follow-up time is appropriate with respect to the outcome, 
and that follow-up is not affected by the outcome, which can be the case in repeated 
questionnaire studies, where participants suffering from the disease in question are 
more likely to respond. Cohort studies are extremely time-consuming if data 
collection is done prospectively and may therefore be methodologically difficult to 
perform.  

Table 1. Overview of the different cohorts and data sources in the present thesis 

 Paper I Paper II Paper III Paper IV 

Cohort IDEFICS 
Sweden and 
controls 

The 19-year-
old women of 
Gothenburg 

The BMI 
Epidemiology Study 
(BEST) Step 1 

BEST cohort step 
2 

N analytic sample 3,030 1,256 35,659 103,232 

Gender Girls and 
boys 

Women Men Women and men 

Birth year 1998-2002 1962-1992 1945-1961 1945-1968 

Year of follow-up 2011 2016 2019 2021 

Study design Cohort study, 
retrospective 
data sampling 

Cohort study, 
prospective 
data sampling  

Cohort study, 
retrospective data 
sampling 

Cohort study, 
retrospective data 
sampling 
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Data sources Child health 
care records 

Questionnaires School Health care 
records 

School Health 
care records 

Register linkage LISA 
database, 
MBR 

LISA 
database, MBR 

Conscription register,  
Patient Register, 
Cause of death 
register,  
LISA database 

Conscription 
register,  
Patient Register, 
Cause of death 
register,  
LISA database 

 

THE IDEFICS SWEDEN AND CONTROLS COHORT 
The European IDEFICS (Identification and prevention of Dietary- and lifestyle 
induced health EFfects In Children and infantS) study was a multi-center population-
based study including 16 200 children aged two to nine years of age from eight 
European countries. In Sweden, 1,825 children from the municipalities Partille, 
Alingsås, and Mölndal, invited through schools and kindergartens, participated in the 
study. Data were collected from clinical visits for all children (n=1,825) at baseline. 
Half of the children participated in a municipality-based intervention and had an 
additional visit at a two-year follow-up. The children were weighed and measured, 
and blood samples were collected. The families’ behavioral and sociodemographic 
characteristics were collected in questionnaires.118 

To investigate potential socioeconomic bias in the Swedish IDEFICS cohort, a 
population-based register-based control cohort was created by Statistics Sweden, 
matched by age, gender, and municipality. Growth data were collected from child 
health centers and school healthcare for the combined cohort.119  

Figure 9. Schematic overview of data sources of the Swedish IDEFICS and controls cohort 
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THE 19-YEAR-OLD WOMEN OF GOTHENBURG COHORT  
The prospective longitudinal study of 19-year-old women in Gothenburg was 
initiated in 1981. The participants were randomly identified from the population 
register and were invited at age 19 in 1981, 1991, 2001 and 2011, creating a cohort of 
women born 1962-1992. Validated questionnaires regarding weight, height, smoking, 
and reproductive health were sent out by mail at study start and subsequently every 
fifth year.120 For the purpose of project 2, all women from the study who had given 
birth to at least one child after the age of 19 at the end of 2016 were included in a 
pooled cohort of 1,256 mother-child pairs. The cohort was linked to the Medical Birth 
Register (MBR) at the National board of health and welfare (NBHW) to retrieve birth 
weights of the women and children, except for women born 1962 and 1972, for 
whom birth weights were retrieved from the BEST Gothenburg cohort. 

Figure 10. A schematic overview of data sources of the 19-year-old women of Gothenburg cohort. 
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THE BMI EPIDEMIOLOGY STUDY (BEST) GOTHENBURG 
COHORT  
The BEST Gothenburg cohort includes height and weight measurements from 
archived school health records for men and women who finished school in 
Gothenburg municipality. Importantly, given the mandatory school attendance and 
the 99% compliance with school healthcare, the cohort can be considered population-
based.121  The first step of the data collection gave rise to a cohort of 35,659 men 
born 1945-1961.122 In step 2, women and men born 1945–1968 (n=103,232) were 
included. 

Child and school healthcare in 
Sweden 
In the beginning of the 20th century, Sweden had a high infant mortality rate, and the 
provincial doctors of the time reported terrible living conditions for many infants and 
their parents due to bad housing, demanding work hours and alcohol abuse. The 
association “Mjölkdroppen” (the milk drop) started their first office in Stockholm in 
1901, with the purpose of distributing sterilized milk to infants of poor mothers. 
Counseling regarding breast feeding and childcare was performed by women without 
formal education. In 1937, the Swedish government decided that prenatal and child 
health care would be provided to all citizens free of charge, and child health care 
centers were established around the country.123 Today, child health care is voluntary 
and offered to all families free of charge. A trained nurse is responsible and follows a 
national program including monitoring growth and psychomotor development, give 
vaccinations and providing information on food, child safety and parental coping. A 

Figure 11. A schematic overview of data sources in the BEST cohort. 
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pediatrician or general practitioner performs examinations at 4 weeks, 6 months, 1 
year, and 3 years of age. Attendance to child health care is almost 100%.123 

Inspired by Germany, some higher Swedish educational institutions (läroverk) 
initiated school healthcare already in the middle of the 19th century. Gothenburg was 
the first city to introduce school health care also in the public schools in 1890. From 
1943, public school health care was funded by the government if the school could 
ensure that it was available for all pupils and that it included both school nurses and 
physicians. The following years, compliance therefore increased dramatically, and in 
1952, school nurses were present in all Swedish schools and 98.5% of the pupils were 
regularly examined and had their weight and height measured in a standardized 
manner.124 This data source can therefore be considered population-based.121 School 
health records were stored in the local schools, but in Gothenburg, they were archived 
in the Central Archive of the city of Gothenburg after a decision by Jan Frisk, former 
head of the archives, who realized the potential for future research.125 

Register linkage 
As mentioned in the introduction, the Scandinavian countries are especially blessed 
regarding epidemiological studies. We have both a range of high-quality, nationwide 
registers, and the possibility to link our cohorts to these registers using the unique 
personal identity number (PIN) assigned to every citizen. This thesis uses register 
linkage with several nationwide registers. 

THE LONGITUDINAL DATABASE AT STATISTICS SWEDEN  
For papers I, II, III and IV in this thesis, the LISA (Longitudinal integrated database 
for health insurance and labor market studies) database at Statistics Sweden was used 
to retrieve information on participant’s country of birth, education level and 
household disposable income. The LISA database was established in 1990 and 
integrates information from several different registers. It is updated annually and 
contains information regarding all Swedish residents the current year, aged 15 years 
and older (16 years until the year 2009). The primary unit is the individual, but 
grouping can be made based upon family or workplace.126 

THE MEDICAL BIRTH REGISTER 
The nationwide Swedish medical birth register (MBR), held by the National Board of 
Health and Welfare (NBHW, Socialstyrelsen) was initiated in 1973. Data collection is 
made prospectively by antenatal and obstetric health care providers, who are by law 
required to report to the register. The MBR is intended to cover every birth in 
Sweden, from gestational week 22 and forward, including still births. The coverage is 
high, 97-99% in the years 2000-2015, and >99% since 2015.127 The MBR includes 
information on both the pregnant woman and her child, linked by their respective 
PINs. The first data collection happens at the first visit to the maternal health care 
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(MHC), usually around 8 gestational weeks. For about an hour, the midwife performs 
a standardized interview and physical examination. Mother’s date of birth is recorded, 
which enables calculation of her age at childbirth. Information on previous obstetric 
history, presence/absence of certain pre-defined diseases, height, present and 
previous alcohol and tobacco habits, occupation, cohabitation status and date of last 
menstrual period is self-reported. The woman is weighed by the midwife wearing light 
clothing for calculation of BMI. During pregnancy, several antenatal visits, expected 
date of delivery according to ultrasound examination and self-reported information 
on medications and smoking around week 30 are registered. Onset of delivery, 
delivery mode, use of pain-relief, delivery clinic and lacerations as well as date and 
time of birth, gestational age according to ultrasound and last menstrual period, 
singleton or multiple birth, stillbirth, Apgar scores at 1, 5 and 10 minutes, birth weight 
and length, head circumference and sex of child are all recorded at the delivery clinic. 
Due to the semi-automated process of data extraction and regularly comparison of 
PINs with the Total Population Register at Statistics Sweden, the quality of the data 
is very high. The weaknesses include the high proportion of self-reported information 
regarding partly sensitive information. However, in a recent assessment of 
completeness and quality of the register, the data had an overall quality of very good 
to excellent.127 

THE PATIENT REGISTER 
The Patient Register, held by the NBHW, was initiated in 1964, and has full coverage 
of all diagnoses requiring hospital inpatient care in the Gothenburg region from 1972. 
From 2001, there is also an outpatient part of the register, covering hospital-based 
outpatient physician visits. Visits in primary health care, however, are still not 
reported. The register has a coverage of almost 100%, and in an external validation, 
the positive predictive value, i.e. how likely a diagnosis in the register is to match with 
the medical records, was over 90% for cardiovascular diseases like myocardial 
infarction.128 

THE CAUSE OF DEATH REGISTER 
The Swedish cause of death register, held by the NBHW, is a nationwide register of 
high quality with virtually complete data covering all deaths in Sweden since 1952.129 
The register is the result of a long register tradition in Sweden. Some form of 
monitoring of causes of death have been conducted since 1751, but during the 18th 
and 19th century only selected deaths regarded as being of extra importance were 
reported. From 1911, all causes of death were included in the register, and from 1952, 
the register is available electronically for register-based research or linkage with 
existing cohorts. 

In Sweden, certification of death is done in two steps. The initial notification of death 
(dödsbevis) is issued by the physician confirming the death, or in cases of anticipated 
deaths in hospitals or nursery homes, by a delegated registered nurse. This notification 
is legally required to be submitted within three days to the Swedish Tax Agency and 
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must be completed before the burial can be authorized. The second stage is the 
medical death certificate (dödsorsaksintyg), issued by the patient’s family physician or 
the responsible physician during the last days of life, and is based on knowledge about 
the medical history and in cases where an autopsy has been done, information from 
the forensic report. The medical death certificate has information on the direct cause 
leading to death as well as the underlying cause of death. Causes of death are classified 
according to the International Classification of Disease (ICD) issued by WHO.130 The 
underlying cause of death is defined in ICD-10 as the disease or injury which initiated 
the train of morbid events leading directly to death. Causes contributing to the death 
but not directly causing it are stated separately. Coding into ICD standardized codes 
is made by either automated computer software (around 50%) and by professional 
coders. The quality of the register is highly dependent on the physicians recording. 
To define one underlying cause of death is easier in younger and healthier 
populations, while in elderly with multiple chronic diseases of long duration, 
establishing only one underlying cause of death might be to oversimplify reality.129 

THE CONSCRIPTION REGISTER  
In Sweden, military conscription has been mandatory for all men around the age of 
19, from the start of the 20th century until 2010, but with less attendance from the 
1990s.131 A medical examination including weight and height measurements was a 
part of assessment for military service. For men born 1951 and onwards, examination 
data are preserved in digital registers held at The Military Records of Sweden and at 
the Swedish Defense Recruitment Agency. For men born before 1951, height and 
weight data are available in archived paper records and have been manually obtained 
and transcribed. 
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Determination of exposure and 
outcome variables 
Table 2. Overview of exposure and outcome variables in the papers of the present thesis. 

 Paper I Paper II Paper III Paper IV 

Exposures Parental 
education, family 
income 

Maternal birth 
weight, BMI 
and smoking at 
19 years of age, 
BMI and 
smoking at start 
of first 
pregnancy 

Birth weight, 
childhood weight 
status, young adult 
weight status 

Childhood weight 
status, young 
adult weight 
status 

Main 
outcomes 

Birth weight, BMI 
in childhood, risk 
of overweight 

Birth weight of 
first child 

Coronary Heart 
Disease 

Coronary Heart 
Disease 

Parental education and family income (Paper I) 
Parental education was retrieved from the LISA database and classified according to 
International Standard Classification of Education (ISCED). ISCED 1-3 represents 
up to 12 years of schooling and was classified as low education level. ISCED 4-6, 
representing more than 12 years of education, was classified as high level of education. 
The highest level of education in either parent was defined as the parental education 
level. 

In the LISA database, disposable income is defined as the family’s income adjusted 
for family size and dependency burden, minus taxes. The median income of the 
cohort defined high or low income. 

Birth weights (All papers) 
Birth weights, registered in grams, were retrieved from three different sources: The 
MBR (1973-2019), and school health records and child health records when lacking 
in MBR (Years 1945-1972). 

Weight, height and smoking at 19 years of age (Paper II) 
At 19 years of age, weight, height and smoking was self-reported in questionnaires. 
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Childhood and young adult BMI 
In paper I, childhood weights and heights at 6 months, 1, 1.5, 2.5, 4, 5.5, and 8 years 
were collected from child health care records. Time limits for inclusion of 
measurements were + 2 months for the five early ages, + 6 months for 5.5 years and 
+ 1 year for 8 years of age. The analyses were adjusted for exact age of the child. 

In papers III and IV, BMI at age 7 for girls and age 8 for boys were estimated using 
all paired weight and height measurements between 6 and 8 years for girls and 6.5 and 
9.5 years for boys. The measurements within these intervals were used to construct a 
linear regression model, and the data for individual study subjects were assumed to 
follow the age-adjusted slope of this model to obtain a BMI at exact 7 and 8 years 
respectively. The same procedure was repeated for young adult BMI at age 18 for 
women, using measurements between 15.5 and 20 years of age, and age 20 for men, 
using measurements between 17.5 and 22 years of age. 

Coronary heart disease (CHD) 
CHD was classified according to the ICD-system as I20-I25 in ICD-10, 410-414 in 
ICD-9, and 410-413 in ICD-8. CHD was classified as the first CHD event as primary 
diagnosis in the Patient Register or Cause of Death Register. Fatal CHD was defined 
as CHD stated as the underlying cause of death in the Cause of Death Register. 

Statistical methods 
Statistical methods are fundamental in epidemiological studies. They allow us to draw 
valid conclusions from observations on exposure and outcome in populations. For 
all included studies, a p-value < 0.05 was interpreted as statistically significant.  

STANDARDIZING VARIABLES 
In the present studies, we often compared variables with different units and scales: 
birth weights in grams, BMI in kg/m2, height in centimeters, weight in kilograms etc. 
To be able to compare the associations, all continuous variables were standardized, 
transformed to a scale where 0 is the mean and 1 is the standard deviation. For BMI, 
a variable that often has a skewed distribution, log-transformation was performed 
before standardization, to enable parametric testing.  

Standardizing enhances the ability to interpret the size of associations across different 
variables, but in clinical settings, raw estimates may be easier to understand. 

COMPARING GROUPS 
For comparison between groups for normally distributed variables, independent 
samples t-test was used. Linear regression, both univariable and multivariable, was 
used to explain the variance in outcome, birth weight, by variation in explanatory 
variables in Paper II. Logistic regression was used to compare binary outcomes, 
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overweight and obesity, by parental education and income in Paper I. In paper II, 
Wilcoxon sign rank rest was used to continuous variables and Sign test for categorical 
variables to test changes in BMI status between 19 years of age and start of pregnancy.  

ESTIMATING RISK 
Risk in statistical terms is the probability that an event or outcome, adverse or 
beneficial, will occur. The period to which the risk applies is crucial to define. The 
risk of death is the obvious example, where everyone’s risk of death is 100% over a 
200-year-period, while the risk of death during next week is very small. There are 
several terms to express risk and changes in risk, of which the following are used in 
the present thesis: 

Odds Ratio, OR (Paper I): (Odds of the event in the exposed group)/(Odds 
of the event in the unexposed group). Estimated in logistic regression. 

Hazard Ratio, HR (Papers III and IV): (Risk of outcome in exposed 
group)/(Risk of outcome in nonexposed group) occurring at a given interval 
of time. Estimated in Cox regression. 

Absolute Risk, AR (Paper IV): (Number of events in a group)/(Number of 
individuals in that group). 

Mixed models linear regression 
In Paper I, we had multiple measurements of weight and height from the same 
individuals during childhood as well as different number of measurements between 
subjects, due to the age distribution of the cohort. We used a mixed linear regression 
model for these multiple measurements, to account for both random (individual) and 
fixed (mean for the group) effects. These analyses were made in SAS version 9.4.  

The Cox regression 
The Cox proportional hazards regression, or Cox regression, is a statistical analysis 
modeling time to event in relation to an exposure. It is widely used in epidemiology 
because it handles censoring, i.e. loss to follow-up for other reasons than the event, 
and when follow-up time varies between subjects because of age, where inclusion 
happens during a long period, but follow-up ends on a fixed date. It is also a semi-
parametric test; it does not require that you assume a distribution of survival times. 
The result is a log-transformed hazard ratio (HR), the result of the hazard rate in the 
exposed group over the hazard rate in the unexposed group, with a 95% Confidence 
Interval, making the results easy to interpret.  

A prerequisite for the Cox model is that the proportional hazards assumption is 
fulfilled, i.e. that the risk of the examined event is constant with respect to the 
exposure over time. In paper III and IV we made the assessment by proportional 
hazards test and visual inspection of Schoenfeld residual plots. In paper III, 
stratification of the follow-up time was made according to age at CHD because of 
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signs of violation of the proportional hazards assumption. Another risk using the Cox 
regression model is competing risks, that an event (such as death from non-CHD-
related causes) precludes the event of interest (death by CHD), resulting in bias in 
one of the groups. In Papers III and IV, cumulative incidence plots were made to 
assess potential competing risks. 

In Papers III and IV, Cox regressions were performed in SPSS (versions 28 and 29), 
and the proportional hazards tests and cumulative incidence plots in R (version 4.3.0 
with survival package v3-5.5). 

Kaplan-Meier curves 
A Kaplan-Meier curve is a non-parametric statistic method, that graphically 
represents a survival function with time on the x-axis and probability of disease-free 
survival on the y-axis. Statistical testing of differences between groups is done using 
a logrank test. Assumptions of the Kaplan-Meier curve is that there is random or non-
informative censoring, that censoring is independent between individuals, that 
survival probability do not change over time, and that there are no competing risks. 
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Results 
Paper I: Parental socioeconomic 
influences on birth weight, 
childhood growth and overweight  
AIM AND HYPOTHESIS 
The aim of Paper I was to to examine the separate impact of parental education and 
family disposable income on the development of BMI from birth to eight years of 
age and on the risk of obesity in childhood. We hypothesized that income and 
education have differential associations with birthweight and the risk of childhood 
overweight and obesity.  

EXPOSURES AND OUTCOMES 
The study cohort was the Swedish IDEFICS and the register-based control cohort 
including 3,030 children. We used parental education and income as exposure. To 
study the separate influences of the two factors, we cross-categorized the cohort into 
four groups based on the dichotomization of parental education and income. Parental 
education was categorized into more or less than nine years of school, and income 
was categorized by the median of the cohort. The group with high parental education 
level and income was used as reference. The outcomes were birthweight, BMI 
development and height development as well as risk of overweight and obesity at 2.5, 
4, 5.5, and 8 years of age. 

 Foreign background Maternal smoking Maternal obesity 
Parental education 
/Disposable income n (%) n (%) n (%) 

High/high  
n=1,203 (40%) 41 (3.4) 59 (5.4) 32 (3.3) 

High/low   
n=786 (26%) 116 (14.8) 93 (13.3) 36 (5.7) 

Low/high 
n=313 (10%) 13 (4.2) 68 (23.4) 26 (9.9) 

Low/low 
n=728 (24%) 111 (15.3) 226 (16.2) 70 (12.2) 

 

Table 3. Characteristics of the cross-categorized groups of parental education and income 
in the Swedish IDEFICS and controls cohort. 
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MAIN FINDINGS 
We found lower parental income to be associated with lower birth weight, 
independent of parental education. From 4 years up to eight years of age, low level of 
parental education was associated with higher BMI independent of income, while no 
independent associations were found depending on income.  

The risk of obesity at eight years of age was higher in both groups of low parental 
education compared to the reference group, while the group with high parental 
education level and low income did not differ in risk from the reference group. The 
two groups with low parental education did however differ in height: Children of 
parents with low education and high income were significantly taller than the 
reference group at eight years of age, while children of parents with both low 
education and income tended to be shorter (Figure 10).  

The major finding in this paper was that high parental education, but not high parental 
income, was independently associated with lower risk of childhood obesity.  

Figure 12. Differences in BMI (A) and height (B) in cross-categorized groups of parental education and 
family disposable income. Adjusted for weight and height at birth, child exact age and sex, maternal 
smoking, BMI and height, and parental foreign background. 
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Paper II: Associations of weight 
and smoking at 19 years of age 
and at the start of pregnancy with 
birth weight of the first child 
AIM AND HYPOTHESIS 
The aim of Paper II was to evaluate the association between modifiable maternal 
factors, BMI and smoking, in adolescence and again in young adulthood with birth 
weight of the first-born child. Our hypothesis was that adverse health habits in young 
adulthood may not influence birthweight if reversed before start of first pregnancy. 

EXPOSURES AND OUTCOMES 
The examined cohort was the 19-year-old women of Gothenburg cohort of 1,256 
mother-infant pairs. The exposures were smoking and BMI in young adulthood (19 
years of age) and at the start of the first pregnancy (mean age 27 years). To assess 
associations with changes in weight status, the cohort was categorized into seven 
groups based on underweight, normal weight or overweight (including obesity) at 19 
years of age and at start of pregnancy, respectively. The outcome was birth weight of 
the first child. 

Figure 13. Associations between maternal factors and birth weight of the first child, 
presented as standardized beta values. 
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MAIN FINDINGS 
In unadjusted models, we found that both maternal BMI in young adulthood and at 
the start of pregnancy were positively associated with birth weight of the first child. 
The mother’s own birth weight had a strong positive association with the birth weight 
of her child.  

As expected, smoking at start of pregnancy was associated with a decreased birth 
weight. Smoking only at 19 years of age on the other hand, was not associated with  
lower birth weight. Income below the median before entering pregnancy was 
associated with lower birthweight of the first-born child. 

We next examined how changes in BMI status affected birth weight of the first child. 
Women who had normal weight in young adulthood and overweight at the start of 
pregnancy had children with higher birth weight than women with normal weight at 
both young adulthood and at the start of pregnancy. The birth weight of the first child 
did not differ between women with overweight present at both young adult age and 
at the start of pregnancy and women with consistent normal weight. 

The most important finding in this paper was that a recent weight gain preceding start 
of pregnancy was associated with higher birth weight of the first child compared to a 
stable normal weight. 

 

Figure 14. Impact of changes in BMI status between young adulthood and start of first 
pregnancy. 
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Paper III: Impact of birth weight, 
childhood overweight and young 
adult overweight on risk of 
coronary heart disease in men 
AIM AND HYPOTHESIS 
The aim of Paper III was to evaluate the risk of adult CHD in men in relation to birth 
weight and overweight in childhood and young adult age. Our hypothesis was that a 
low birthweight followed by overweight in young adult age might represent an adverse 
trajectory for the risk of CHD, and that the associations between childhood 
overweight and risk of adult CHD might be dependent on later weight development.  

EXPOSURES AND OUTCOMES 
In paper III we used the BEST Gothenburg Step 1 cohort with men born 1945-1961, 
followed from 20 years of age until December 2019. The exposures were birthweight, 
childhood and young adult (20 years of age) BMI and childhood and young adult 
overweight including obesity (n= 35,659). The outcome was a CHD diagnosis 
registered in the patient register or the cause of death register (ICD-10: I20-25, ICD-
9: 410-414, ICD-8: 410-413). 

MAIN FINDINGS 
The mean follow-up from 20 years of age was 41.8 years (SD 10.3), resulting in 
1,490,500 person years of follow-up. During this period, 3,380 CHD events were 
registered. The median age of CHD diagnosis was 58.4 years. Since we found 
indications of violation of the assumption of proportional hazards for the association 
between young adult overweight and the risk of CHD, we stratified the follow-up 
time based on the median age of CHD diagnosis into early and late CHD.  

We found that birth weight was inversely associated with the risk of both early and 
late CHD, also after adjusting the model for BMI in childhood (at 8 years of age) and 
young adulthood (20 years of age). 

We performed analyses on birth weight dichotomized on the median (3.6 kg), 
together with childhood and young adult overweight. When birth weight, childhood 
and young adult overweight were included in the model, only birth weight below 3.6 
kg and young adult overweight were associated with the risk of early and late CHD, 
while no association was observed for childhood overweight. We concluded that low 
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birthweight and young adult overweight were the most important developmental 
weight determinants for CHD. In subsequent models, we therefore included only 
these two.  

We cross-categorized the groups based on median birth weight and overweight or 
normal weight at young adult age and used the group with a birth weight >3.6 kg and 
young adult normal weight as the reference group. We found that both the group 
with birthweight >3.6 kg and young adult overweight, and the group with a birth 
weight <3.6 kg and normal weight in young adulthood were associated with increased 
risk of adult CHD. Of note, we found that having a birth weight <3.6 kg followed by 
overweight in young adulthood was associated with the most pronounced risk of 
CHD, especially early CHD, compared to the reference group (HR 2.29 (95% CI 1.86; 
2.81 for early CHD). This group was affected by CHD approximately ten years earlier 
than men with higher birth weight and normal weight in young adulthood (Figure 13). 

The major finding was that low birth weight and overweight in young adulthood are 
the most important developmental weight determinants for CHD. 

 

Figure 15. Kaplan Meier curve of CHD-free survival in groups of birth weight above or below 
3.6 kg followed by normal weight or overweight in young adulthood. 
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Paper IV: Childhood overweight, 
young adult overweight and risk of 
adult CHD 
AIM AND HYPOTHESIS 
The aim of Paper IV was to determine the impact of overweight in childhood and 
young adulthood on the risk of CHD in men and women. Our hypothesis was that 
the risk of CHD observed for childhood overweight might be mitigated if childhood 
overweight was normalized before young adult age.  

EXPOSURES AND OUTCOMES 
The BEST Gothenburg Step 2 cohort with 103,232 individuals (45,965 women and 
57,267 men) born 1945-1968 was followed for a mean of 37.6 years (SD 10.7) after 
the age of 22 years. The exposures were weight status in childhood according to IOTF 
cut-offs at 8 years of age for boys and 7 years for girls, and in young adult age, at 20 
years of age. The outcome was CHD and fatal CHD, defined as a CHD diagnosis 
registered in the patient register, or CHD as underlying cause of death in the cause of 
death register, respectively. 

MAIN FINDINGS 
We found that both childhood overweight and young adult overweight were 
associated with increased risk of adult CHD. However, when they were included in 
the same model, there was no significant association between childhood overweight 
and increased risk of CHD (HR 0.91, 95% CI 0.81; 1.03), while young adult 
overweight still had a strong association with risk of adult CHD (HR 1.78, 95% CI 
1.63; 1.96) We did not detect any sex differences in these associations. 

We cross-categorized the cohort into four groups based on childhood and young 
adult normal weight or overweight respectively, with the group with normal weight 
in both childhood and young adulthood as the reference group. We found that the 
group who had overweight in childhood and normal weight in young adulthood 
(n=3,926) did not differ in risk of CHD compared to the group with persistent normal 
weight. Furthermore, the group who had normal weight in childhood but developed 
overweight before reaching young adult age had a higher risk of CHD, than the group 
who had overweight in both childhood and young adulthood (HR for comparison 
between these groups 1.23, 95% CI 1.03; 1.49). 



 

45 

The most important finding from this study was that the risk of CHD observed for 
childhood overweight is normalized if remission occurs before young adult age, and 
that a higher risk of CHD was seen for individuals who developed overweight during 
the pubertal years, compared to persistent overweight in both childhood and young 
adult age. 
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Discussion 
In the included studies, we found that:  

I. Parental education was found to be a protective factor against childhood 
obesity, while low family income was a risk factor for lower birth weight and 
less height development.  

II. Smoking at 19 years of age was not associated with lower birth weight if 
terminated before start of pregnancy. Gaining weight between 19 years of 
age and start of first pregnancy was associated with higher birth weight of 
the first-born child compared with staying normal weight.  

III. In men, a birth weight below 3.6 kg followed by overweight in young 
adulthood was associated with a doubled risk of adult CHD compared to 
men with a birth weight above 3.6 kg and young adult normal weight.  

IV. The risk of adult CHD associated with childhood overweight in men and 
women was normalized if remission of childhood overweight happened 
before young adult age. 

Methodological considerations 
Choosing an appropriate study design and performing it well is crucial for what 
conclusions can be drawn regarding the applicability for the general population, the 
validity of the study. In the present papers we wanted to study exposures that are 
neither feasible nor ethical to randomly allocate to study subjects; education and 
income in paper I, smoking and BMI in paper II, and birth weight and high childhood 
and young adult BMI in papers III and IV. Hence, experimental designs were not 
possible to perform.  

Cohort studies provide the possibility to study normal life processes with long latency 
periods between exposure and onset of the studied disease. The observational design 
cannot establish a causal relationship between exposure and outcome. However, by 
reviewing the study quality in terms of internal and external validity, it is possible to 
assess the reliability of the conclusions. 

INTERNAL VALIDITY 
The internal validity of a study refers to whether the study has enough evidence to 
support its claim and is determined by how well the study is conducted. The main 
threats to an epidemiological study’s internal validity are different forms of systematic 
errors, bias. 
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Confounding  
A factor related to the exposure, influencing the outcome independent of the 
exposure and not on the causal pathway between exposure and outcome is called a 
confounder. We can adjust statistically for available confounders to evaluate the effect 
of our exposure on the outcome independent of the confounder. However, there is 
always the possibility that there are more, unaccounted for, so called residual 
confounding.  

Information bias 
Error in measurement of variables can result in a biased association between exposure 
and outcome. For all the papers in this thesis, most variables are retrieved from 
measurements by trained professionals or from high-quality registers. Another 
example of systematic information bias is selective under-reporting of an undesired 
factor, for example high weight or smoking. This could be the case in the 
questionnaire information in paper II, as well as for the self-reported parts of the 
MBR variables used in paper I and II. In papers III and IV, the historical register 
design makes missing data unavoidable, constituting a possible source of information 
bias. 

Selection bias 
Selection bias can affect both the internal and the external validity of a study, i.e. the 
possibility to generalize the findings in the study population to the general population. 
Selection bias affecting internal validity occurs if the exposed and unexposed groups 
are drawn from different populations, or if participation rate is higher in one of the 
studied groups, since the individuals who drop out of a study often differ from 
individuals who fulfill the study.  

In the Swedish IDEFICS cohort, participation was an active choice from parents and 
required time to get the children to the clinical visits. This gave rise to a hypothesis 
that there would be a selection bias towards more affluent families being recruited, 
and thus creating a sample of children that was not representative in terms of 
socioeconomic factors, a hypothesis that turned out to be true.119 The IDEFICS 
cohort was enriched with a population-based sample from registers to create the more 
representative Swedish IDEFICS and controls cohort used in paper I. 

Categorizing and cut-offs 
In papers I, II, III and IV, we categorize variables that are by their nature continuous, 
such as BMI, income, and birth weight. The simplicity it entails in analysis and 
presentation of results may come at a cost. The relationship between a continuous 
exposure and an outcome are likely to be more multi-facetted than the categorized or 
dichotomized variable can capture, and further analysis might reveal more accurate 
dose-response relationships. However, in the end, cut-offs are required to guide 
clinical decisions; for example, to define high-risk patients eligible for preventive 
treatment. 



 

48 

EXTERNAL VALIDITY 

Historical data 
To be able to study diseases with a long latency period between possible exposures 
and onset of disease, measurements from childhood will by their nature be several 
decades old. This could entail a threat to the external validity of the study. The 
population we are interested in describing risks for, the children of today, might differ 
to such a substantial extent in living conditions from children growing up 70 years 
ago, in papers III and IV, that conclusions might not be generalizable.  

Findings and implications 
PAPER I.  

Parental education and childhood obesity 
In Paper I, we examined parental education and income in relation to birth weight 
and subsequent BMI development and risk of childhood overweight and obesity. By 
linking child health care data on weight and height development during the first eight 
years with the LISA register at Statistics Sweden, we could examine education and 
income separately and adjust for their relative contribution. We found that low 
parental education was associated with higher BMI in the children from 4 years of 
age, and that children from families with low level of parental education had an 
increased risk of obesity at 8 years of age compared to children from families with a 
higher parental education level. These are important findings since they indicate that 
the barriers to a healthy weight development may not lie entirely in lack of financial 
resources within the family. A higher level of education acted as a protective factor 
against childhood obesity in this study. 

Family socioeconomics has been reported to associate with childhood overweight and 
obesity in several studies.132,133 Parental education is the most common variable used 
as a proxy for family SEP.133 However, it has not been elucidated whether parental 
education and family income associate differently with BMI development of their 
children. In paper I, low education was the component of the SEP that was associated 
with higher BMI and risk of obesity. It is interesting to speculate: How do families 
with high education level and low income differ from families with low education 
level and low income? Health literacy is a possible modifiable skill differing these 
groups.134 We know that simply informing people about healthy lifestyles is 
insufficient for achieving better health outcomes on a group level, but a high level of 
education might increase the parents’ ability to incorporate the information into 
healthy choices in their daily family life. Low income in a family with highly educated 
parents could also be the result of an active choice to work part time. These families 
are likely to value nutritional food and active time together with their children. We 
cannot assume that this applies for all families, but education could mitigate some of 
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the negative consequences of low SEP described as status stress, in that education 
often leads to a work life of more perceived purpose and high status at work. Another 
possible explanation is that low disposable income in the high-educated families is a 
result of high accommodation costs from purchasing a house in a more affluent area. 
Neighborhood SEP has a strong correlation with obesity development in addition to 
family level SEP.135 Living in a more affluent neighborhood could have positive 
influences on childhood weight development. 

We had the opportunity to evaluate socioeconomic associations with early childhood 
growth in relation to important factors related to BMI development such as maternal 
smoking and BMI, and parental immigrant background. However, we did not have 
access to information on other lifestyle aspects like diet, screen time, sleep, and 
physical activity. These could be mediators of the association between low education 
level and risk of obesity.136 We also must acknowledge that SEP is a complex 
exposure. The root causes of adverse health behaviors associated with low SEP may 
not be as obvious as lack of knowledge. A recent review proposes that the drivers 
behind the SEP-related adverse health behaviors are to be found in a cascade of 
parental low SEP, leading to increased risk of parental stress and psychological strain, 
leading to gestational stress, unmet social and emotional needs, insecurity, and 
negative emotions in the household. This chronic stress for the growing child results 
in a disrupted energy homeostasis, which in an energy abundant environment leads 
to comfort eating behaviors, increased appetite, blunted satiety, in the end resulting 
in weight gain.137  

Family income, birth weight and longitudinal growth 
Low family income was in paper I associated with lower birth weight also when 
adjusted for maternal smoking, a known causal contributor to lower birth weight. 
This is important since low birth weight is associated with higher risk of adverse 
metabolic profile in adult life. Previous studies have reported reduced birth weights 
following paternal job loss during pregnancy, and in communities with mass layoffs, 
the risk of low birth weight was observed to rise with 16%.138,139 The possible 
mechanisms include increased levels of intrauterine cortisol as a result of a damaged 
feto-placental barrier to maternal glucocorticoids.140 These changes in the intrauterine 
environment are in animal models associated with epigenetic alterations affecting for 
example risk of hypertension.141 Pregnancy is a sensitive period for future 
cardiometabolic health, and stress induced by low family income may add to the 
lifetime risk of cardiometabolic disease. 

Longitudinal growth was in paper I studied in combined groups of education and 
income, due to an interaction between these factors and childhood height. We 
observed that children of parents with low level of education and low income were 
shorter than the reference group. This group also had increased BMI and increased 
risk of obesity compared to the reference group. The group of children with parents 
who had low level of education and high income, on the other hand, also had higher 
BMI and higher risk of obesity but were taller than the reference group of children 
with parents of high education and income. A high BMI drives longitudinal growth 
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and could induce an earlier puberty start resulting in a height spurt. Hence, higher 
BMI and taller height are logical companions. It is therefore of note that higher BMI 
and shorter stature co-existed in the most deprived group of children. SEP-related 
differences in height, lower SEP associated with shorter stature, are well known from 
previous epidemiological studies in children. A recent study comparing four British 
birth cohorts concluded that they have diminished but not disappeared with time.142 
Interestingly, stunting, impaired linear growth due to poor nutrition, has  been 
observed to co-exist with childhood overweight in low- and middle-income countries, 
suggesting that these communities have gone from overnutrition to undernutrition 
without achieving optimal nutritional status.110 The difference in height, despite 
equally elevated risk of obesity between the two groups of parental low education in 
paper I, raises the question whether these groups differ in body composition. Waist-
to-height-ratio has been suggested to relate even closer to fat mass than BMI.143 
Future studies investigating SEP-related differences in growth might consider adding 
waist circumference to the study variables.  

PAPER II.  

Smoking cessation and birth weight of first-born child 
It is well established that smoking during pregnancy leads to a reduced birth weight. 
In paper II, we examined how smoking and weight in young adulthood, at 19 years 
of age, associated with birth weight of the first child. We especially investigated 
changes in smoking and weight status from young adulthood to the start of 
pregnancy, on average 8 years later. We found that smoking in young adulthood that 
ceased before start of pregnancy was not associated with lower birth weight. This is 
an encouraging message when counseling young people in smoking cessation. 
Smoking among 16-29 years olds in Sweden has decreased steadily during the last 20 
years, and only 2.5% of women in this age category are current smokers.144 The rate 
of smoking is also decreasing among women entering pregnancy, however, the rate is 
even lower after 30 weeks of pregnancy.40 The lowering rates of smoking is likely to 
be the result of a multifaceted effort in public health information programs, age limits 
for purchasing tobacco, higher tobacco taxes, and restriction of smoking in public 
places and restaurants, resulting in a cultural shift in attitudes towards smoking. 
Smoking is however still unevenly distributed in the population, with a higher 
proportion of smokers among women with low education level. Further efforts are 
needed to reach young women with low education level, and young women before 
they start to plan a pregnancy, since quitting during pregnancy does not normalize the 
hazard of growth restriction.145  

A trend not covered in paper II is that the use of snus (oral moist snuff) among young 
Swedish women is increasing, and is now more common than smoking when entering 
pregnancy.40 Swedish public health education campaigns have not had the same focus 
on reducing snus usage, but using snus during pregnancy has been reported to 
increase risk of preterm birth and sudden infant death as well as reduce birth 
weight.146-148 Future studies in this area should include all nicotine products. 
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Being exposed to tobacco smoke during pregnancy can be described as a critical 
period, and the early adult years as a window of opportunity for promoting smoking 
cessation before the negative consequences affect the next generation. 

Changes in weight status between 19 years of age and start of pregnancy 
and birth weight of first child 
In paper II, we observed that women who gained weight and went from normal 
weight to overweight or obesity between 19 years of age and the start of their first 
pregnancy, had children with higher birth weights than the reference group. In 
contrast, women with overweight or obesity in both young adulthood and at the start 
of their first pregnancy had children who did not differ from the reference. The 
outcome of this study was the birth weight of the first-born child. This poses some 
difficulty since an ideal birth weight is still debated. The future cardiovascular risks 
associated with a birth weight below 2.5 kg are well described, and intra-uterine 
growth retardation has been linked to adult development of obesity.149 However, 
during the course of the obesity pandemic, the risk of obesity and co-morbidities has 
been linked also to birth weights over 4.5 kg.43 The association between birth weight 
and adult cardiovascular risk is proposed to be u-shaped.22 However, a study in 
250,000 individuals using the Mendelian randomization approach could not confirm 
any increased risk for CHD associated with self-reported high birth weight when 
middle-age BMI was considered in the analyses.150 The difference in birth weight 
between children of mothers with a recent weight gain and children of mothers with 
stable normal weight led us to speculate that a recent weight gain could be associated 
with a more active state of anabolic metabolism. This could include higher levels of  
hormones such as insulin and IGF-1, with the potential to affect fetal growth. A 
positive correlation between umbilical cord blood leptin and birth weight of children 
to mothers with obesity has been reported, suggesting a pathomechanistic pathway.151 
A high birth weight in children born to mothers with obesity has been observed to 
be associated with an altered  body composition, with higher amount of fat mass than 
lean mass.152 Such a body composition is proposed to increase the risk of future 
overweight development and metabolic syndrome.  

PAPER III.  

Low birth weight and young adult overweight, an adverse trajectory for 
future coronary health 
In Paper III, the BEST Gothenburg cohort containing longitudinal information on 
birth weight, childhood BMI and BMI in young adulthood, provided a unique 
possibility to study the importance of birth weight in relation to later BMI 
development for the risk of adult CHD. We found that low birth weight and young 
adult overweight were associated with increased risk of adult CHD. In contrast, we 
found no association between childhood overweight and adult CHD when young 
adult overweight was included in the model. However, this could be a result of 
multicollinearity between childhood overweight and adult overweight and might need 
further in depth-analysis. 
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In contrast to previous research, focusing on the clinical cut-off for low birth weight, 
2.5 kg, we found an increased risk of adult CHD for birth weights under 3.6 kg, the 
median birth weight of the cohort. In addition, we found the highest risk of CHD in 
men who had a birth weight below 3.6 kg followed by overweight or obesity in young 
adulthood, compared to men with a birth weight above 3.6 kg and young adult normal 
weight. These findings are in line with other studies from the BEST cohort regarding 
stroke, heart failure and type 2 diabetes.24,153,154 A low birth weight has robust 
longitudinal studies linking it to clinical adult CVD.10 The epigenetic alterations found 
in individuals exposed to intrauterine famine highlights that nutritional intrauterine 
conditions represent a critical period for life-long health.6 There is accumulating 
evidence that early adult weight status represents another sensitive period for adult 
risk of CHD.61,155,156 The combination of low birth weight and subsequent young 
adult overweight might be even more frequent in low- and middle-income countries, 
where rates of CHD are rapidly increasing. The findings in paper III support an 
accumulation-of-risk model for birth weight and young adult overweight. 

PAPER IV.  

Remission of childhood overweight before young adult age results in 
normalized risk of adult CHD 
Paper IV was based on the BEST Gothenburg Step 2 cohort, an extended population-
based cohort of over 100,000 men and women. This enabled us to examine the 
associations of both childhood and young adult overweight with the risk of adult 
CHD in men and women.  

We found that in individuals with childhood overweight, but with remission to 
normal weight before reaching young adult age, the risk of adult CHD did not differ 
from individuals who were normal weight in both childhood and young adult age. 
These findings are important, since the associations previously shown for childhood 
overweight and risk of adult CHD could be reversed with remission of childhood 
overweight before young adult age. This motivates increased attention in identifying 
childhood overweight at an early age and starting treatment efforts before obesity is 
established. Treatment studies indicate that behavioral treatment is more likely to be 
successful if initiated at an early age, and that with successful treatment, cardiovascular 
risk factors and mortality are normalized at young adult age.157,158 

Weight gain in adolescence and risk of CHD 
In paper IV, we could confirm that the correlation between childhood BMI and the 
pubertal BMI change was low in women, as previously reported in men,122 indicating 
that the BMI development in childhood and puberty may contribute non-overlapping 
information as risk markers in both women and men. 

We observed that individuals who develop their overweight during the pubertal years 
had higher risk of CHD than individuals with overweight persisting from childhood. 
These findings are in line with previous findings from the BEST Gothenburg cohort, 
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where the pubertal change has been shown to associate with increased risk of 
coronary atherosclerosis and cardiovascular mortality independent of childhood 
BMI.122,159 Individuals who gain weight during puberty have also been shown to have 
a less favorable body composition with more visceral adipose tissue in young 
adulthood than individuals who gained their weight during childhood.160 Taken 
together, these findings highlight adolescence to be a sensitive period for future 
cardiovascular health. 

Ethical considerations 
 “A physician shall act in the patient’s best interest when providing medical care”.  

The International Code of Medical Ethics 

Research is the ethical obligation of the medical profession to better understand how 
to diagnose, treat, and prevent disease. In 1964, the World Medical Association 
developed the Declaration of Helsinki as guiding principles for ethical considerations 
in research, with the purpose of protecting human subjects participating in research 
from harm. 161 The guidelines state that all medical research is subject to ethical 
standards that promote and ensure respect for all human subjects and protect their 
health and rights. The rights include the right to life, health, dignity, integrity, self-
determination, privacy, and confidentiality of personal information. The benefit of 
generating new knowledge can never take precedence over these individual rights. 

The studies in this PhD thesis are all observational studies and do not include any 
interventions. The information is retrieved from clinical examinations (Paper I), 
questionnaires (Paper II), data collection from archived source material (Papers III 
and IV) and registers (all studies). The risk for the included individuals associated with 
participation is low in these studies. However, the collection of personal and sensitive 
data requires ethical considerations. The parents of the participants in the IDEFICS 
part of the study cohort in Paper I, and all the participating women in Paper II have 
provided written informed consent. Regarding Papers III and IV, the information has 
been retrieved from archives and registers and the Ethics Committee waived the need 
for informed consent. Data from the different registers and the cohort data were 
linked using  PINs and pseudonymized (the PINs are replaced by a serial number). 
The key file was kept by the authorities and not accessible for the project team. 
Individuals included in these research projects have very low direct and indirect risks 
and the benefits have been assessed to outweigh the risks. 
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Implications for clinical practice 
The findings in this thesis have several clinical implications throughout the life course. 

The finding in paper I, that socioeconomic differences in health emerge already 
during the first years of life, clearly highlights the importance of a health literacy 
approach in child health care. The findings from paper IV, that the risk of CHD is 
normalized for children with overweight in childhood who are normal weight in 
young adulthood, further emphasizes the importance of early detection and treatment 
of unhealthy weight development. During the first childhood years, Swedish child 
health care provide the ideal environment to reach families of all socioeconomic 
positions with information on healthy lifestyle choices. A recent review of broad 
information campaigns on physical activity concluded that these campaigns have 
equally good or sometimes more favorable effects in lower SEP families.162 But 
information alone is not likely to reverse the trend of rising BMI. Perceived availability 
of sugar sweetened beverages was found to be one of the most consistent mediating 
factors between low SEP and adverse dietary behaviors.163 To involve a policy level 
commitment would be more likely to be effective in reducing socioeconomic 
inequalities in health. A study evaluating the effects of a sugar tax in Mexico, report 
that purchases of sweetened beverages have decreased the most in areas of lower 
SEP.164  

For the children where primordial prevention strategies fall short of effect, ambitious 
treatment should be initiated as soon as unhealthy weight development is detected. 
Behavioral treatment has also been shown to be more effective if it is initiated in early 
childhood than during adolescence.157  

Furthermore, the findings in papers II and IV clearly indicate that weight 
development in adolescence is of importance for future health, both individual and 
for the next generation. In Sweden, adolescent routine health controls are performed 
by a school nurse, but weighing is performed less often than in childhood. Time to 
engage parents and the adolescent in behavioral weight reducing efforts is also sparse. 
During this period of life, it is also crucial to address the root causes of unhealthy 
weight development to avoid a vicious circle of mental illbeing and accelerated eating 
behavior.165  

In the context of prevention, there is a great need in clinical practice to identify which 
individuals who would benefit from preventive treatment. Considering the findings 
in paper III, low birth weight could be a part of risk assessment in adults in primary 
prevention of CHD, this might be of particular importance for men with overweight. 
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Conclusions 
The papers in the present thesis suggest a life course perspective for the prevention 
of CHD. The findings highlight possible windows of opportunity where interventions 
to achieve a healthier weight development might be of extra importance. 

Firstly, the metabolic health of an individual is partly shaped before conception. The 
findings in paper II suggests that there is a window of opportunity several years before 
the first pregnancy, in late adolescence, regarding tobacco counseling.  

The findings in paper III add to the robust evidence that a low birth weight is a risk 
factor for future cardiometabolic disease. “Though low birth weight per se may not be 
the cause of disease, it does seem to suggest fetal programming processes are at 
work”140 Men with a birth weight below median who developed overweight in young 
adulthood had a doubled risk of developing early CHD. 

The findings from paper I show that socioeconomic differences in BMI emerge early 
in a child’s life, and that the risk of obesity is mostly driven by low parental education, 
supporting a health literacy approach in primary prevention of childhood obesity. 

The risk of CHD associated with childhood overweight did not differ from 
individuals who never had overweight for individuals who experienced remission of 
overweight before young adult age (Paper IV). These findings suggest a more active 
targeted primary prevention effort in children and adolescents starting to display 
unhealthy weight development as well as ambitious treatment of childhood 
overweight and obesity.  

Moreover, the findings in paper IV indicate that developing overweight during 
adolescence is especially hazardous for future risk of CHD. This finding suggests an 
active weight surveillance during the teenage years.  
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Future perspectives 
In the papers in the present thesis, we have increased the understanding of parental 
risk and protective factors for childhood obesity, as well as the future risk of CHD 
associated with developmental weight development. In the nearest future I hope to 
continue examining future consequences of developmental overweight using the 
BEST cohort. With data available on women, we can study consequences of 
childhood and young adult overweight on diseases preceding CHD, and even more 
closely linked to developmental overweight such as heart failure. We also want to 
study the pubertal weight gain in more detail, with the aim to determine at which level 
a pubertal weight gain is hazardous for future health. These studies will enhance our 
understandings of the future risks associated with weight gain during development. 

Prevention and early detection of unhealthy weight development is crucial to 
minimize the suffering and negative consequences of obesity. However, studies are 
not conclusive regarding optimal timing and settings for these initiatives. In my future 
work I would like to use the knowledge from this thesis regarding parental factors 
and sensitive periods for later cardiovascular health to develop and evaluate 
preventive strategies in the primary care setting. The child health care centers, where 
contact is established with practically all families, provide an excellent setting for 
research. The Child Health Services Registry, BHVQ, a national register surveilling the 
child health care was launched in 2017 and has a coverage of 73% of all children born 
in 2023. This register has the possibility to provide fine-grained, large-scale growth 
data, as well as information on breast feeding and psychomotoric development. The 
child health care center also provides a perfect setting for an interventional study 
regarding early primordial prevention, for example a voluntary enforced health 
promotion programme in 3-5-year-olds.  
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