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Abstract 
Type 1 diabetes is an autoimmune disease, often with onset during childhood, that 

requires lifelong insulin therapy due to the loss of pancreatic beta-cells. Several aspects 

of type 1 diabetes epidemiology remained to be explored and were the focus of this thesis. 

To begin, environmental risk factors in childhood play an important role in triggering the 

onset of disease, especially in genetically high-risk individuals but less was known of the 

early life origins related to maternal stress during pregnancy. Next, the comorbidity 

between type 1 diabetes and asthma or allergic diseases had long been debated but 

evidence stood inconclusive. Lastly, while many long-term outcomes of type 1 diabetes 

in adulthood had been demonstrated, the effect of glycaemic control on final adult height 

was not yet known.  

The aim of this thesis was therefore to address these knowledge gaps regarding 

epidemiological aspects of type 1 diabetes by investigating maternal depression or 

anxiety during pregnancy as a risk factor, furthering the understanding of the comorbidity 

with asthma or other allergic diseases, and examining the effect of glycaemic control on 

adult height. To study these associations on a population-based scale, linkages of 

healthcare and sociodemographic data from nationwide registers in Sweden were utilised 

alongside genetic information from the Swedish Twin Registry and clinical measurements 

from the National Diabetes Register. 

Paper I identified maternal depression or anxiety during pregnancy as a risk factor for 

offspring type 1 diabetes. The findings did not seem to be entirely explained by familial 

confounding from shared genes or environment. 

Paper II demonstrated the co-occurrence of asthma and type 1 diabetes in individuals, 

the importance of the sequential appearance of the diseases with previous asthma 

increasing the risk of subsequent type 1 diabetes, and the familial co-aggregation among 

full siblings and cousins pointing to the importance of shared familial factors. 

Paper III expanded on these findings by also displaying associations between type 1 

diabetes and other allergic diseases (allergic rhinitis or eczema). Familial co-aggregation 

of allergic rhinitis and type 1 diabetes suggested a shared liability, in contrast to the lack 

of such associations for eczema. No signs of a large genetic overlap between type 1 

diabetes and asthma or any other allergic disease were found.  

Paper IV uncovered differences in final adult height depending on glycaemic control in 

children and adolescents with type 1 diabetes. Having poor glycaemic control with a mean 

haemoglobin A1c >75 mmol/mol was associated with lower adult height in both males and 

females and an increased risk of short stature (adult height below -2 standard deviations) 

in males. 
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1 Introduction 

1.1 Overview of type 1 diabetes  

Type 1 diabetes, also known as type 1 diabetes mellitus, was described already in ancient 

Egypt and later in ancient Greece, with the name originating from the ancient Greek word 

diabeinein, or “to pass through”, related to the first description of the symptoms of 

excessive urine amounts, and the Latin word mellitus, meaning “sweet as honey” (1). In 

1898, Langerhans described the insulin-producing beta cells of the pancreas giving name 

to the islets of Langerhans, in 1922 Banting demonstrated that insulin derived from those 

cells could lower blood sugar levels, thereby being able to treat the first children, and in 

1923 Banting and colleague Macleod were awarded the Nobel Prize in Medicine or 

Physiology for their discovery (2). Since then, over the past 100 years, considerable 

research efforts have focused on understanding disease mechanisms, and optimising 

treatment (3).  

Several aspects regarding the early life origins, childhood comorbidities, and adult 

outcomes of type 1 diabetes remain to be explored, and were the theme of this thesis. 

1.1.1 Clinical presentation and treatment 

1.1.1.1 Symptoms 

Type 1 diabetes arises from a dysregulation of blood glucose levels owing to the 

irreversible destruction of pancreatic beta-cells and subsequent insulin deficiency. 

Symptoms present themselves when roughly 90% of the beta cells are destroyed. The 

presentation varies depending on age of the child, with younger children experiencing a 

quicker disease progression from the debut of symptoms (4). Symptoms are related to 

hyperglycaemia and typically include increased thirst and diuresis, often nocturnal, 

weight loss, and fatigue. In older children, symptoms progress more slowly, and it is not 

uncommon for a child’s first hospital admission to be due to ketoacidosis with symptoms 

including abdominal pain, nausea and vomiting, dehydration and breathing difficulties. 

Untreated, ketoacidosis leads to loss of consciousness, coma due to cerebral oedema 

and ultimately, death (4). 

1.1.1.2 Insulin treatment and glycaemic control 

Treatment of type 1 diabetes is essential; replacement therapy with exogenous insulin is 

life-saving and lifelong. The goal of treatment is to stabilise glucose levels in order to 

prevent acute complications such as hyperglycaemia or ketoacidosis, as well as late 

complications related to micro- and macroangiopathy including retinopathy, 

nephropathy and neuropathy (5,6). Adequate treatment plans comprising of blood 

glucose monitoring, insulin use, physical activity and a healthy diet can ensure good 
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glycaemic control, i.e., the dynamics of blood glucose levels over time (7). Adequate 

glycaemic control also includes lack of symptoms as well as normal development and 

growth throughout childhood and adolescence (7). 

1.1.2 Epidemiology 

Type 1 diabetes represents 90% of all forms of childhood-onset diabetes and is one of 

the commoner endocrine diseases of childhood with a prevalence in western societies of 

roughly 0.5% (8).  

Incidence of type 1 diabetes has gradually increased over the past decades and is 

continuing to increase around 3% annually (8). There are, however, large geographical 

variations in global incidence with incidence rates among children ranging from 0.1 cases 

in 100 000 individuals per year in low incidence countries to up to 60 cases in 100 000 

per year in high incidence countries like Finland (9). Incidence of type 1 diabetes in 

Sweden is among the highest in the world with 47 cases in 100 000 per year in children 

aged 5-10 years (10). Recent data indicates a larger increase in cases in younger children 

aged 0-5 years, as well as a higher rate of incidence increase in general in certain low 

prevalence European countries, compared to incidence increase levelling off in other 

higher prevalence countries like Sweden (11).  

1.1.3 Pathogenesis 

The insulin deficiency in type 1 diabetes arises from an autoimmune-mediated 

destruction of the insulin-producing pancreatic beta-cells via antibodies against islet cell 

antigens (12). The appearance of circulating antibodies precedes the clinical development 

of type 1 diabetes and it is therefore postulated that islet autoimmunity is the first stage 

of disease development (13). The antibodies against glutamate decarboxylase, 

insulinoma-associated protein 2, zinc transporter 8, and insulin, can arise early in 

childhood with peak incidence during the second year of life (14). It is sufficient to have 

one or more of these antibodies to confirm a type 1 diabetes diagnosis. This islet 

autoimmunity can have a remitting-relapsing course before actual disease onset (15). 

During the second stage, two or more islet autoantibodies develop, which may induce 

dysglycaemia but without presentation of diabetes symptoms (13). Within 10 years, 70% 

of these children develop type 1 diabetes (16). In the third stage, the functional beta cell 

mass decreases enough to cause symptoms of diabetes (13). 

Autoimmunity itself and progression from islet immunity to overt type 1 diabetes is 

thought to be triggered by an interplay between environmental (17) and genetic (18,19) 

factors. However, these factors mainly seem to have their effect in genetically 

predisposed individuals (18,20). 
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1.1.4 Genetic background 

The primary risk factors for beta cell autoimmunity are genetic, and type 1 diabetes is 

strongly associated with the presence of certain high-risk major histocompatibility 

genotypes accounting for around 45–50% of the disease’s genetic susceptibility (12). As 

an example, approximately 90% of children diagnosed with type 1 diabetes in Scandinavia 

share one or both of the human leukocyte antigen (HLA)-DR3-DQ2 or HLA-DR4-DQ8 

haplotypes (19), compared to around 45-50% in the general population. Other HLA 

haplotypes and non-HLA single nucleotide polymorphisms (SNPs) are associated with 

type 1 diabetes, both by affecting the appearance of antibodies and the progression of 

disease (19). Currently, evidence from genome-wide association studies (GWAS) have 

identified around 60 genomic regions and 50 potential causal genes (21–23).  

Within families, there is evidence for aggregation of type 1 diabetes (24). The risk of 

developing disease varies greatly depending on genetics and family history, with a 5% risk 

of disease among those with a high-risk genotype or first-degree relative with type 1 

diabetes, a 25% risk of disease among those with both and a 50% risk of disease among 

those with a high-risk genotype and multiple first-degree relatives (25). The concordance 

rate is approximately 50% among monozygotic twins and 15% among dizygotic twins 

(26,27). Given these relatively low concordance rates, it is obvious that environmental risk 

factors must play an important role in type 1 diabetes aetiology. 

1.1.5 Environmental risk factors 

The recent and ongoing increases in the incidence can only be explained by changes in 

lifestyle and environment, emphasising the importance of environmental triggers. Multiple 

factors have been the focus of research initiatives, including early life infections such as 

enterovirus, breastfeeding, gluten introduction, vitamin D exposure, early microbial 

exposure, and perinatal characteristics (17,28). The accelerator hypothesis suggests that 

rapid weight gain during infancy and childhood may lead to increased insulin resistance 

whereas the beta cell stress hypothesis identifies factors leading to an increased insulin 

demand as potential risk triggers - this could include trauma, glucose overload, puberty 

and stress (17). In contrast to other childhood diseases, not as much focus has been made 

on research studying the effect of exposures during pregnancy. However, there is an 

increasing body of literature investigating the early life origins of type 1 diabetes (29–35).  

 

1.2 Early life origins 

1.2.1 The Developmental Origins of Health and Disease 

The Developmental Origins of Health and Disease framework and field of research has 

over the past decades emphasised the importance of intrauterine environment and 
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maternal risk factors during pregnancy for subsequent perinatal, child and adult health 

(36). This was first demonstrated by Barker et al., showing a link between low birth weight 

and mortality from coronary heart disease. Since then the DOHaD line of research has 

expanded from studying foetal growth as a proxy for critical in utero insults, to studying a 

range of prenatal exposures conducive with an adverse foetal environment that via a 

range of mechanisms may be associated with  later disease including cardiovascular, 

metabolic and endocrine.   

1.2.1.1 Early life stress and mechanisms 

In particular, the role of maternal stress during pregnancy as an adverse foetal 

environment has been a key area of interest. Associations have been found between 

maternal stress during pregnancy and adverse pregnancy and perinatal outcomes 

including low birth weight (37,38), as well as a range of childhood health outcomes (39). 

These include pre-school wheezing (40) or asthma (41), coeliac disease (42), atopic or 

allergic disease (43,44), infections (45), and obesity (46), to name a few. 

Stress is commonly viewed as a concept where an event or situation is perceived 

subjectively and differently among individuals. The two components of stress are the 

stressor and its response (47). Adequate response to stress can be necessary, and is an 

innate reaction intended on maintaining homeostasis and protecting the individual from 

the stressor (48). It is the perception of stress, rather than its objective nature, that can 

influence health outcomes by modifying the stress response. Negative stress (distress) 

results from an imbalance between stressors and coping abilities (49). This leads to a 

heightened perception of stress with an increased risk of maladaptive emotional 

responses such as depression, anxiety, or other behavioural changes (50).  

The main physiological pathway of the stress response is the hypothalamic-pituitary-

adrenal (HPA) axis that, when activated, leads to the release of cortisol from the cortex of 

the adrenal gland. Normally, the axis is regulated by negative feedback, whereby cortisol 

inhibits the continued release of corticotropin-releasing hormone and 

adrenocorticotropic hormone (51), but chronic activation of this pathway can also lead to 

a dysregulation (52). This excess exposure to glucocorticoids in foetal life is what is 

thought to program pathologies later in life (53–55). This could potentially apply to type 

1 diabetes as well.  

1.2.2 Stress as a risk factor for type 1 diabetes 

According to the beta cell stress hypothesis, any factor that increases the demand of 

insulin could play a role in type 1 diabetes disease development (17). As an example of this, 

psychological stress during childhood has been shown to reduce insulin sensitivity and 

may even, via increased cortisol levels, directly affect the immune response (17). Added 
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evidence for the biological plausibility may come from findings of an increased risk of 

autoimmune disease in those with a stress-related disorder (56). 

There seems to be an increasing amount of evidence regarding the role of various forms 

of childhood stressors or adversities on diabetes development (57–62). Less is, however, 

known on the possible programming effects of early life stress, i.e., maternal stress during 

pregnancy or in the perinatal period. Certain proxies for early life stress, during either 

pregnancy or the first year of life, such as maternal bereavement and self-reported 

serious life events have been examined in relation to islet-cell autoimmunity and offspring 

type 1 diabetes (63–66). Other forms of maternal stress, such as psychological distress 

arising from psychiatric illness during pregnancy, have, on the other hand, not yet been 

investigated as risk factors.  

1.2.2.1 Maternal depression or anxiety during pregnancy 

Studying psychiatric illness during pregnancy may be a suitable proxy for stress, and of 

clinical relevance given psychological distress associated with these conditions in an 

already vulnerable part of life. For instance, conditions such as depression or anxiety are 

common in women of child-bearing age and affect around 15-20% in the perinatal period 

(67). Depression or anxiety during pregnancy as well as treatment for those conditions, 

has also been associated with preterm birth (68,69) and childhood asthma (70). Given 

the increasing rise in awareness around depression and anxiety in society today, it is 

important to further understand transgenerational impacts and risks for the child’s future 

health. 

At the time of the start of the doctoral project, no studies investigating associations 

between maternal psychiatric illness and type 1 diabetes existed. Since then, three recent 

register-based Swedish studies have been published. They have demonstrated an 

increased risk of type 1 diabetes in offspring of mothers with a history of any psychiatric 

disorder (71) or depression (72), as well as an increased risk of depression, anxiety or a 

stress-related disorder in parents of children with type 1 diabetes. None of them studied 

the pregnancy-period. 

 

In summary, while stressors during childhood seem to be associated with type 1 

diabetes, less is known on the role of early life stress. Previous studies have not 

systematically addressed the timing of the stressor in relation to pregnancy. 

Specifically, maternal depression or anxiety as a proxy during pregnancy has not been 

studied as a risk factor for offspring type 1 diabetes. Moreover, the role of familial 

confounding has not been explored in studies of stress and type 1 diabetes. 
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1.3 Childhood comorbidities 

Comorbidities of chronic childhood diseases represent an increased burden to the 

individual and the healthcare system, through increased healthcare use, decreased 

quality of life and poorer disease control (73). Exploring the existence and nature of 

comorbidities is important for the understanding of the diseases and may improve clinical 

management of the children as well as identify targets for preventative measures such as 

screening and treatment strategies.  

Clustering of autoimmune disorders is common, given their partially shared mechanisms 

of disease development (74). The co-aggregation of a range of organ-specific 

autoimmune diseases, including type 1 diabetes, thyroiditis, coeliac disease, vitiligo and 

Addison’s disease, has been demonstrated among twins, with stronger associations 

among monozygotic twins, indicating the importance of genetic factors to the disease 

overlap (75) - as well as between other familial relations (76). Susceptibility genes 

identified from GWAS seem to show pleiotropy among a range of autoimmune diseases 

including type 1 diabetes, further indicating a genetic overlap (77). In contrast, the 

evidence regarding the comorbidity between type 1 diabetes and asthma, or other allergic 

diseases, is not as conclusive. 

1.3.1 Comorbidity of type 1 diabetes with asthma and other allergic diseases 

1.3.1.1 Asthma and other allergic diseases 

Asthma is the most common chronic disease of childhood with a prevalence of around 

6–10% in school-aged children worldwide and in Sweden (78,79). It is in general 

characterised by airway inflammation, hyper-responsiveness and re-modelling with 

smooth-muscle constriction, leading to airway wall obstruction and thickening (80). 

Despite the complex nature of asthma pathophysiology, in children, asthma is generally 

described as allergic or immunoglobulin E-mediated with certain allergens eliciting an 

allergic sensitisation that leads to airway inflammation (80).  

Other allergic diseases, such as allergic rhinitis and eczema, are highly comorbid with 

asthma. This has been demonstrated both in cohort studies (81,82) and GWAS (83). Non-

allergic comorbidities also exist, including autoimmune ones, both in children and adults 

(84,85). 

Similarly to type 1 diabetes, incidence of asthma and allergic disease has been increasing 

over the past decades (86), often attributed to the “hygiene hypothesis” (87). 

Environmental risk factors for asthma and allergic diseases have been described as an 

explanation for the increase in incidence. These include early life factors such as maternal 

stress during pregnancy, early life exposure to antibiotics, infections, environmental 

pollutants and socioeconomic status . Interestingly, several of these are also risk factors 



 

 7 

for type 1 diabetes. Given these epidemiological similarities it does not seem 

unreasonable that asthma or other allergic diseases and type 1 diabetes may co-occur. 

1.3.1.2 Th1/Th2-paradigm  

Asthma and allergic diseases are T-helper cell-2 (Th2) mediated, whereas autoimmune 

conditions, such as type 1 diabetes are characterised by stronger T-helper cell-1 (Th1) 

immune responses. Th1- and Th2 immune responses have previously been described as 

mutually inhibitory, contributing to the so called Th1/Th2 paradigm, stating that Th1 

inflammation may counteract the development of atopic disease while Th2 inflammation 

may suppress the severity and onset of autoimmune disease (88). However, the picture 

is probably more complex with regulatory T-cells also at play. Furthermore, the results of 

epidemiological studies assessing the relationship between asthma or other allergic 

diseases and type 1 diabetes have been conflicting. 

1.3.1.3 Epidemiological findings 

A meta-analysis from 2003 that pooled conflicting results from 25 studies reported an 

inverse relationship between asthma and type 1 diabetes (OR 0.82, 95% CI 0.68-0.99) 

(89). In contrast, other studies, including more recent ones, have shown positive 

associations between the occurrence of asthma and type 1 diabetes (90–96). Literature 

on the relationship between type 1 diabetes and allergic rhinitis or eczema is 

heterogeneous, conflicting and inconclusive, potentially due to methodological issues in 

some of them, with small sample sizes and retrospective studies suffering from recall bias 

(97–103). 

When studying the relationship between type 1 diabetes and allergic disease, previous 

research has mainly focused on assessing the subsequent risk of one disease upon 

development of the other, posing a causal question. Given similarities in the epidemiology 

of type 1  diabetes and allergic disease, an alternative question to ask is instead if there 

are shared factors, either genetic, environmental, or both, possibly clustered within 

families, that could contribute to the possible comorbidity. For example, Stene et al. (90) 

demonstrated the co-occurrence of both asthma and type 1 diabetes at a population-

level within countries, concluding that although the Th1/Th2-balance may play a role in the 

development of disease at the individual-level, susceptibility to asthma and type 1 

diabetes seems to cluster in countries, perhaps due to shared genes or environment. The 

existence of a shared familial liability has yet to be demonstrated.  

In summary, the evidence regarding the co-occurrence between type 1 diabetes and 

allergic disease (asthma, allergic rhinitis, and eczema) is inconclusive and the 

comorbidity therefore warrants further investigation. The existence of shared familial 

factors contributing to both diseases is unknown.  
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1.4 Adult outcomes 

Achieving and maintaining optimal glycaemic is an important goal for type 1 diabetes 

management, mainly in order to avoid negative outcomes. Certain long-term outcomes 

such as macro- and microvascular complications are well described in the literature (9). 

Other less-studied outcomes include growth, specifically height in adulthood, which was 

a focus of this thesis. 

1.4.1 Normal growth – reaching final adult height 

Growth is important from a physical, psychological and social perspective and adequate 

growth throughout childhood and adolescence is generally recognised as an indicator of 

good health (104). 

Several important factors influence longitudinal bone growth, ultimately leading to the 

final adult height of an individual. These include genetic determinants of growth potential, 

as well as environmental factors such as medical conditions including chronic diseases, 

inflammation and malnutrition, alongside psychologic well-being, and socioeconomic 

factors. The mechanisms behind growth are complex, consist of an interplay between 

hormones and growth factors, can be affected by inflammatory cytokines, and vary over 

the lifespan (105). The rate of normal growth changes from in utero and during the first 

years of life, when the rate is the highest, to slowing down in childhood, before increasing 

again during puberty, and reaching final adult height (105). 

The so-called “infancy, childhood and puberty” (ICP)-model was presented by Karlberg 

et al. in 1989 and is a mathematical modelling of growth from birth to adulthood (106). The 

model consists of different phases that each reflect different hormonal elements of the 

growth process. In infancy, growth velocity is high during the first year of life, with height 

increasing by approximately 25 cm, and is significantly influenced by nutritional status. 

During childhood and adolescence, in contrast, nutrition has less influence, with hormonal 

regulators being more important. The main anabolic hormones in childhood are growth 

hormone (GH), insulin-like growth factor-1 (IGF-1) and thyroid hormone. Sex steroids 

stimulate growth throughout puberty with the closure of the growth plate marking the end 

of linear growth and that final height has been reached (105). 

Growth impairment can lead to short stature. Apart from primary diseases affecting the 

regulation of growth, such as deficiencies of important hormones like GH, chronic 

inflammation may also affect longitudinal growth. Growth impairment is for instance 

commonly seen in children with chronic inflammatory diseases such as asthma, 

inflammatory bowel disease, chronic renal failure, cystic fibrosis, juvenile idiopathic 

arthritis or diabetes (107–109). This could possibly be due to malnutrition, increased levels 

of pro-inflammatory cytokines, or intake of glucocorticoids – affecting growth at a 

systemic (hormonal) or local (growth plate) level.  
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1.4.2 Type 1 diabetes and final adult height 

The effects of type 1 diabetes on growth are debated in the literature. Before the 

introduction of physiological insulin replacement therapy and continuous glucose 

monitoring, poorly controlled type 1 diabetes was more common, which led to stunted 

growth (110). However, given better clinical management of patients with type 1 diabetes, 

the effect of type 1 diabetes on growth in general and final adult height in particular is not 

as clear (111).  

Growth impairment in children with type 1 diabetes is thought to be related to changes in 

the GH/IGF-1 axis, a major regulator of normal growth. The GH/IGF-1 axis is affected by 

type 1 diabetes, with studies showing decreased IGF-1 levels, leading to hypersecretion 

and increased levels of GH in children with type 1 diabetes (112). In turn, high serum GH 

levels are an important factor contributing to typical insulin resistance during puberty. 

Children with the lowest IGF-1 levels also seem to have poorer metabolic control and 

higher HbA1c levels (113). This is in line with several studies reporting a reduction in growth 

velocity during puberty among those with type 1 diabetes (114). Despite this demonstrated 

growth dysregulation on the hormonal level that occurs in patients with type 1 diabetes, a 

recent review of studies showed that children with type 1 diabetes may reach normal or 

only slightly lower final adult height, despite reduced growth spurt during puberty (111). 

1.4.2.1 Glycaemic control and final adult height 

Poor glycaemic control does seem to have a negative effect on growth during childhood 

and adolescence (115–117). However, less is known about how that impacts reaching final 

adult height with a scarcity of large-scale population-based cohort studies. A German-

Austrian study reported a negative correlation between adult height mean haemoglobin 

A1c (HbA1c) (118). Others have shown that more intensive insulin therapy strategies aimed 

at preventing poor glycaemic control seem to be able to normalise pubertal growth and 

final height (119).  

 

 

In summary, the association between glycaemic control and adult height among 

individuals with type 1 diabetes is unclear and has not yet been studied in a Swedish 

material. Furthermore, data is lacking in terms of understanding the impact of sex, 

age at onset, and puberty. 
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2 Research aims 
The overarching aim of this thesis was to expand the knowledge of type 1 diabetes 

epidemiology, focusing on origins, comorbidities and outcomes, while utilising a range of 

epidemiological approaches including family-based design in a Swedish register-based 

research setting spanning the entire population. 

The specific aims of the thesis were: 

§ To investigate maternal depression or anxiety as a risk factor for offspring type 1 

diabetes and the role of familial confounding (Paper I). 

 

§ To further the understanding of the comorbidity between type 1 diabetes and asthma, 

or other allergic diseases by investigating co-occurrence, shared familial factors, and 

the genetic overlap (Papers II & III). 
 

§ To examine the effect of glycaemic control during childhood and adolscence on adult 

height in individuals with type 1 diabetes as well as the impact of sex, age at disease 

onset, and puberty (Paper IV). 
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3 Methodological considerations 

3.1 Overview of Papers I–IV 

All four papers of this thesis are population-based register cohort studies. Table 1 

presents a summary of the most important elements of the materials and methods used 

for each paper. Study populations were chosen to maximise the number of included study 

participants within the restrictions of register coverage and data availability. 

Table 1   Overview of specific methodology for Papers I-IV 
 

 Paper I Paper II Paper III Paper IV 

D
es

ig
n 

Cohort study with 
sibling-comparison 
and paternal 
negative control 

Cohort study within 
individuals and 
familial co-
aggregation among 
relatives 

Part I:   
Cohort study within 
individuals and 
familial co-
aggregation among 
relatives 
 
Part II:  
Cross-sectional 
molecular genetic 
designs 

Cohort study 

Po
p

ul
at

io
n 

Children born in 
Sweden 2002–2019 
identified from the 
Medical Birth 
Register 
(N=1,807,809) 

Children born in 
Sweden 2001–2013 
identified from the 
Medical Birth 
Register 
(N=1,284,748) 

Part I:  
Individuals born in 
Sweden 1987–2017 
identified from the 
Total Population 
Register 
(N=3,272,014) 
 
Part II:  
Cohort of 
genotyped 
individuals from the 
Swedish Twin 
Registry 
(N=30,880) and 
summary statistics 
from published 
genome-wide 
association studies 
 

Individuals with 
type 1 diabetes, 
born in Sweden 
1982–2002 and 
registered before 
and after 18 (males) 
or 20 (females) 
years of age in the 
National Diabetes 
Register (N=12,095) 

Fo
llo

w
-u

p
 

From birth until 
outcome event, 
emigration, death, 
or 31st December 
2013 (children <4.5 
years of age) or 31st 
December 2015 
(children ≥4.5 years 
of age) 

From 1 year of age 
until outcome 
event, emigration, 
death, or 31st 
December 2020 

Part I:  
From birth until 31st 
December 2021 
 
Part II:  
From birth until 31st 
December 2016 

From first 
registration in the 
National Diabetes 
Register in 
childhood/ 
adolescence until 
first registration of 
adult age, data 
available through 
2020 
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Table 1   (continued) 

 

 Paper I Paper II Paper III Paper IV 
Ex

p
os

ur
e 

Maternal 
depression/ 
anxiety during 
pregnancy 

Asthma or type 1 
diabetes, separately 

Part I: 
Allergic disease 
(asthma, allergic 
rhinitis, eczema) 
 
Part II: 
Polygenic risk 
scores for allergic 
disease or type 1 
diabetes separately 

Levels of 
haemoglobin A1c 

O
ut

co
m

e 

Type 1 diabetes Type 1 diabetes or 
asthma, separately 
in individuals or 
their relatives 

Part I: 
Type 1 diabetes in 
individuals or their 
relatives 
 
Part II: 
Type 1 diabetes or 
allergic disease, 
separately.  

Final adult height.  
 
Secondary:  
Short stature and 
change in Z-score 
for height from 
diabetes onset until 
adult age 

C
ov

ar
ia

te
s 

Sex, birth year. 
 
Maternal factors: 
early pregnancy 
BMI, parity, age at 
delivery, type 1 
diabetes, and 
highest level of 
educational 
attainment 

Sex, birth year. 
Relative’s asthma or 
type 1 diabetes (in 
familial co-
aggregation 
analysis) 

Sex, birth year. 
Relative’s allergic 
disease (in familial 
co-aggregation 
analysis) 

Age and calendar 
year of diabetes 
onset, any other 
autoimmune 
disease, asthma, 
maternal adult 
height, parental 
type 1 diabetes, 
parental country of 
birth, and highest 
parental 
educational 
attainment 

St
at

is
ti

ca
l a

na
ly

si
s 

Flexible parametric 
models and Cox 
regression. 
Likelihood ratio 
tests for interaction 

Logistic and Cox 
regression 

Part I: 
Logistic regression, 
tetrachoric 
correlations 
 
Part II: 
Logistic regression, 
linkage-
disequilibrium score 
regression 

Linear and logistic 
regression. 
Likelihood ratio 
tests for interaction 
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3.2 Registers as data sources 

The data used in this thesis all originated from linkages of population-based nationwide 

Swedish healthcare and sociodemographic registers. Sweden, alongside other Nordic 

countries, is uniquely placed to conduct large-scale observational studies based on high 

quality register data thanks to a history of long-term data collection and conservation. 

Since 1947, all Swedish residents are given a unique personal identity number (120). As 

this number is used in all official interactions with the welfare state including the 

healthcare and school system, individual-level linkage is possible between various 

national registers enabling the possibility of following individuals over the life course and 

through multiple aspects of society. 

This type of register-based research can be defined as utilising data on human subjects 

from sources including governmental agencies or other organisations that has not been 

collected primarily or solely for research purposes. Register-based research falls under 

the umbrella of “real-world data” that can in some countries, include other secondary data 

sources for research such as electronic health records or insurance claims databases.  

Using registers as data sources has multiple benefits. The strengths include no individual-

level data collection, the inclusion of entire populations with minimal selection issues 

compared to an enrolled study, large enough sample sizes for the study of rare exposures 

and outcomes, often complete and long follow-up time over the life course not contingent 

on responses within a cohort study, as well as mainly prospective data entered in real-

time reducing the risk of recall bias.  

Nevertheless, the secondary use of routinely collected healthcare data comes with 

certain constraints. The data are by default entirely observational and oftentimes not 

gathered with research in mind, thereby limiting the researcher to both the available 

registers as well as the available data within them. This can result in a lack of variables that 

otherwise would have been of interest such as self-reported measures and subjective 

scores, clinical parameters, biomarkers, lifestyle factors or primary health care data. 

Furthermore, data can be unstructured, prone to random and non-random 

misclassification and measurement error, and depending on sampling, may not reflect the 

target population (121).  

The national healthcare and sociodemographic registers used throughout this thesis are 

summarised in Figure 1 (p.17) and described in more detail in the following sections.  

3.2.1 Healthcare data 

National healthcare data registers are held by the National Board of Health and Welfare, a 

state-funded governmental body that routinely collect a range of information related to 

healthcare. 
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The National Patient Register (NPR) was started in 1964, initially with varying coverage 

across the country due to the stepwise inclusion of Swedish counties reporting to the 

register. Full coverage was reached for in-patient visits in 1987 and out-patient visits were 

added in 2001 with around 80% coverage. The register contains information from all 

hospital visits including the main and secondary discharge diagnostic codes according to 

the International Classification of Health and Diseases (ICD), date and duration of 

admission, codes for interventions, and identifiers for specific clinics and hospitals (122). 

The real-time data input by healthcare providers in hospitals is routinely transferred to 

the register and requires no active reporting. Missingness is therefore limited.  

Healthcare visits in primary, or ambulatory are not registered, while private care is 

underreported which contributes to the lower coverage in out-patient care. Which 

diseases are reported to the register therefore depends on the severity of the disease 

and on which level care is given for that disease. For instance, life-threatening conditions 

requiring hospitalisation are all recorded, whereas less severe diseases may not require 

neither in- nor out-patient hospital admission. Certain diseases may in general be 

followed in primary care, and a registered diagnosis for such a disease in the NPR may 

represent a more severe or complicated phenotype.  

The Medical Birth Register (MBR) contains data on births from 1973 onwards (123,124). 

Roughly 96–99% of all live births are covered. Details are registered regarding the 

mother’s pregnancy and delivery as well as the offspring’s perinatal period from antenatal 

clinics by midwifes, upon admission to obstetric units for interventions or delivery and 

postnatal care, respectively. Antenatal care registrations include maternal self-reported 

medication use in early pregnancy according to the Anatomical Therapeutic Chemical 

(ATC) classification system (from 1996 onward) or tobacco use as well as measurements 

of weight and height (from 1982 onward). Measurements and diagnoses of the new-born 

are registered upon delivery. We used this register as the study base for identification of 

our study populations in Papers I & II as well as for inclusion of maternal and offspring 

covariates in Papers I, II, & IV.  

The Prescribed Drug Register (PDR) provides information on all dispensed medication 

prescriptions since 2005 including details regarding, among others, substance type 

according to ATC, and dates of prescription and dispensation (125). Since the register 

contains information on all dispensed prescription, irrespective of from which level of care 

it originated (i.e., also from primary care), it is possible to use this medication information 

to identify diseases, such as asthma, that otherwise would have been difficult to correctly 

identify solely based on hospital diagnoses. In contrast, medications administered in 

hospital, prescribed but not dispensed, sold over the counter, or illegally acquired are not 

identifiable from the register. 
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Figure 1   Overview of the Swedish population-based healthcare and sociodemographic registers 
used as data sources in this thesis including with what information they contributed 
 

3.2.2 Sociodemographic data 

Statistics Sweden is the governmental agency responsible for collection and maintenance 

of sociodemographic information on the Swedish population (126). 

The Total Population Register (TPR) was started in 1968 and contains a wide range of 

sociodemographic information on each individual including the following used in this 

thesis; sex, birth date, country of birth, migration (immigration, emigration or moving within 

the country), and date of death (126).  
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The Multi-generation Register (MGR) includes individuals born 1932 who were still alive 

in 1961 and is a link between individuals and their biological (or adoptive) parents (127). 

Based on this linkage it is subsequently possible to identify other types of relatives 

including siblings and cousins as was done in Papers I-III.  

The Longitudinal integrated database for health insurance and labour markets 

studies (Swedish acronym LISA, “Longitudinell integrationsdatabas för sjukförsäkrings- 

och arbetsmarknadsstudier”) covers the Swedish population aged 16 years or above since 

1990 with annual registrations regarding education, income, occupation, and sick leave 

among others (128). For this thesis, we extracted data on the highest level of parental 

education attainment, reported to be available for >98% citizens 25–64 years of age with 

high validity, especially in individuals born in Sweden. 

3.2.3 Genetic data from the Swedish Twin Registry 

The Swedish Twin Registry (STR) is one of the world’s largest databases of twins born 

after 1886 (129). Twins who have taken part in specific twin cohort studies are included in 

the registry. For Paper III, we used data from the STR to establish zygosity of twins based 

on DNA-testing or on validated questionnaires regarding physical similarities (130). We 

also utilised the registry as a source of genetic data and constructed a cohort of 

genotyped individuals on which to develop and test polygenic risk scores (see Paper III, 
Figure 1B). For that, we used data from three twin cohorts: “Study of Twin Adults: Genes 

and Environment” (STAGE), “Young Adult Twins in Sweden Study” (YATSS), and “Child and 

Adolescent Twin Study of Sweden” (CATSS).  

3.2.4 Clinical data on type 1 diabetes from a quality register 

Alongside the aforementioned national healthcare and sociodemographic registers, there 

are several quality registers in Sweden, designed to develop and support the quality of 

healthcare as well as contribute with statistics for research. These registers are routinely 

used in the healthcare setting in order to monitor, contrast and compare data nationally 

and regionally (131). In this thesis, we relied on individual-level data from aforementioned 

national healthcare and sociodemographic registers that were also linked to the quality 

register for diabetes: The National Diabetes Register (NDR).  

The NDR was established in 1996 and initially only registered adults. Children were 

originally registered in the Swedish Paediatric Diabetes Quality Register (“Swediabkids”), 

established in 2000 with currently 98% coverage of all children with type 1 diabetes 

(132,133). Since 2018, adult and paediatric information have been integrated and are both 

registered in the NDR, but separately accessible. In Sweden, children are followed 1-2 

times per 6 months in accordance with national guidelines. All hospital visits from each of 

the paediatric clinics that care for children with type 1 diabetes are registered alongside 

baseline information collected at onset of diabetes.  



 

 19 

Available data include results of laboratory testing, anthropometric measures and 

treatment regimens. Informed consent is required for inclusion into the register, and 

children or their parents have the right to opt-out of future registrations or withdraw their 

data at any time (see 3.6 Ethical considerations for further discussion regarding informed 

consent).  

 

3.3 Measures and misclassification 

In the following sections, the main measures used as exposures and outcomes in this 

thesis are presented alongside a methodological discussion on potential biases arising 

from misclassification.  

3.3.1 Relating to type 1 diabetes  

3.3.1.1 Register-based definition of type 1 diabetes 

In Papers I-III, we used an epidemiological definition of type 1 diabetes (Figure 2) based 

on either a diagnosis for type 1 diabetes in the NPR or dispensed insulin prescription in 

the PDR (see Table 2, p. 20 for a full list of ICD and ATC codes used for all disease 

definitions of exposures or outcomes in the thesis). 

 
Figure 2   Definition of childhood type 1 diabetes based on diagnosis in the National Patient 
Register or insulin prescription in the Prescribed Drug Register before 18 years of age 
 
While ICD-10, starting in 1995, has a specific code for type 1 diabetes, previous ICD-

versions 7-9 do not differentiate between type 1 and type 2 diabetes. The unique 

diagnosis of type 1 diabetes has yet to be formally validated in the NPR, although older 

research has attempted to validate the non-specific ICD-code of type 1 or type 2 

diabetes in the in-patient portion of the NPR (122). Based on a small study of 28 cases, 

the positive predictive value (PPV) was reported to be 0.79. Unsurprisingly, the sensitivity 

in an adult population was low, indicating that many cases of diabetes are diagnosed 

outside of hospitalised care (122). In contrast, when studying children as in this thesis, we 

assumed the risk of misclassification of type 1 diabetes to be low.   

At least 1 record 
<18 years of age Type 1 
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Dispensed insulin 
prescription



 

 20 

Table 2   List of ICD- and ATC-codes used for disease definitions 
 

 Diagnosis Medication* Paper 
 ICD-10  Name ATC Name  

Type 1 diabetes E10 Type 1 diabetes mellitus A10A Insulin I-III 

Depression/ 
anxiety 

M
oo

d 
(a

ff
ec

tiv
e)

 d
is

or
de

rs
 

F30 Manic episode 

N05B Anxiolytics 
I 

F31 
Bipolar affective 
disorder 

F32 Depressive episode 

F33 
Recurrent depressive 
disorder 

F34 
Persistent mood 
disorders 

F38 Other mood disorders 

F39 
Unspecified mood 
disorder 

N06A Antidepressants 

N
eu

ro
tic

 a
nd

 
so

m
at

of
or

m
 d

is
or

de
rs

 F40 Phobic anxiety disorders 
F41 Other anxiety disorders 

F42 
Obsessive-compulsive 
disorder 

F44 Dissociative disorders 
F45 Somatoform disorders 

F48 Other neurotic disorders 

Asthma 
J45 Asthma 

R03AC† 

Inhaled selective 
beta-2-
adrenoreceptor 
agonists 

II-III 
R03BA 

Inhaled 
glucocorticoids 

J46 Status asthmaticus 

R03AK 

Inhaled 
adrenergics in 
combination with 
corticosteroids 

R03DC 

Leukotriene 
receptor 
antagonists 

Allergic rhinitis‡ 

J30 
Vasomotor and allergic 
rhinitis 

R01AD 
Nasal 
corticosteroids 

III 

R06A 
Antihistamines 
for systemic use 

 
J31.0 

 
Chronic rhinitis 

S01GX 

Other 
ophthalmological 
antiallergics 

V01A 

Allergen extracts 
for 
hyposensitisation 

Eczema‡ 

L20 Atopic dermatitis D07 
Dermatological 
corticosteroids 

III L30.8C 
Other specified 
dermatitis D11AH 

Other agents for 
dermatitis 

      
Abbreviations: ATC, Anatomical Therapeutic Classification. ICD, International Classification of Diseases. 
*Medication listed applies to all rows for each disease, and not for a specific diagnosis. 
†Only R03AC02, R03AC03, R03AC12, R03AC13 were included. 
‡Diagnoses and medication used in exclusion criteria to define allergic rhinitis and eczema can be found in 
the supplement of Henriksen et al.  
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Firstly, specificity ought to be high given that >98% of children with diabetes below 18 

years of age have type 1 diabetes. Other forms of diabetes in children such as type 2 

diabetes or monogenic forms are rare. Secondly, sensitivity ought to be high given that all 

children with type 1 diabetes require hospitalisation upon onset with subsequent out-

patient follow-ups, and therefore have multiple chances of being registered with a 

diagnosis in the NPR. There are several examples of studies basing type 1 diabetes in 

children on these diagnostic records (134–136). 

In Papers I & II, the included children were born after implementation of the unique type 1 

diabetes code E10 in ICD-10, reducing the risk of misclassification. However, to further 

avoid this, especially in older populations such as among parents where information on 

diagnosis of diabetes may have been registered according to older ICD-versions, we 

required individuals to have received the diagnosis before 18 years of age. 

Insulin prescription in the PDR as a proxy for type 1 diabetes has, on the other hand, been 

demonstrated to accurately capture the disease in children, and has been used in 

previous Swedish register studies (137,138). 

In our data, we observed a great overlap between those with a diagnosis in the NPR and 

insulin in the PDR (Figure 3). For instance, in the exploration of our data before analysing 

Paper I (results not included in publication), we saw that out of the 8,182 children who 

developed type 1 diabetes during follow-up, 7,112 (86.9%) had both a type 1 diabetes 

diagnosis and record of insulin prescription, 766 (9.4%) only had record of insulin 

prescription and 304 (3.7%) only had a type 1 diabetes diagnosis.  

 
Figure 3   The overlap between diagnosis and insulin prescription among the 8182 offspring with 
type 1 diabetes in Paper I 
 
Among the 766 children with only an insulin prescription but no type 1 diabetes diagnosis, 

only 1 individual received a type 2 diabetes diagnosis (ICD-10 E11), and none received 

diagnoses for other specified (monogenic forms, ICD-10 E13) or unspecified diabetes 

(ICD-10 E14). Among the 8,182 offspring with type 1 diabetes according to our definition in 

our cohort, only 25 (0.3%) also had a concomitant diagnosis for type 2 diabetes, 24 (0.3%) 

also had other specified forms including maturity onset diabetes of the young, and 63 

n=8182

3.72%  Only diagnosis

9.36%  Only insulin

86.92%  Both diagnosis and insulin
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(0.8%) also had unspecified forms of diabetes. Furthermore, other forms of diabetes than 

type 1 were rare overall. In the whole population for Paper I (n=1,807,809), only 84 children 

had type 2 diabetes, 51 had other specified forms, 83 had unspecified forms and one 

person had gestational diabetes.  

Importantly, as reported in sensitivity analyses of both Papers I & II, basing the definition 

of type 1 diabetes solely on diagnosis or insulin, or requiring both, did not change the 

results. In summary, we believe that misclassification of type 1 diabetes throughout the 

thesis is minimal.  

3.3.1.2 Glycaemic control 

While we in Papers I-III studied type 1 diabetes as an exposure or outcome in itself, in 

Paper IV we had a study population of individuals with type 1 diabetes and aimed to 

understand how their glycaemic control might impact the risk of adult height outcomes. 

To that end, we were interested in defining glycaemic control. Haemoglobin A1c (HbA1c) 

is the glycated fraction of haemoglobin and represents average blood glucose levels 

during the last approximately 90–120 days (the lifespan of a red blood cell). It is therefore 

the gold standard for monitoring diabetes management and used extensively worldwide 

(139). The test is easily accessible, requires no specific handling in collection and is not 

altered by prandial status or time of day. 

In Paper IV, we had access to all HbA1c measurements of our study population from the 

NDR. Data are derived from blood sampling taken during healthcare visits to diabetes 

clinics. In Sweden, laboratory methods for analysing HbA1c are standardized through an 

external quality assessment provider “Equalis” (External Quality Assurance in Laboratory 

Medicine in Sweden) and the International Federation of Clinical Chemistry and 

Laboratory Medicine (IFCC) reference method is used with values reported in mmol/mol 

(140). In line with recommendations (139), we also reported HbA1c values in Paper IV 

according to the National Glycohemoglobin Standardization Program in percentage units 

(141).  

For the analyses in the study, we used all the available HbA1c values in childhood and 

adolescence for each individual to calculate a time-weighted mean HbA1c as the average 

of all yearly means (Table 3, p. 23). We did this to place less emphasis on short-term 

fluctuations in HbA1c. Mean HbA1c was primarily treated as a categorical variable based 

on target values for glycaemic control from the International Society for Paediatric & 

Adolescent Diabetes guidelines (142): optimal control <53 mmol/mol (<7.0%), suboptimal 

control 53–75 mmol/mol (7.0–9.0%) and poor control >75 mmol/mol (>9.0%).  

Additionally, we analysed mean HbA1c a) continuously (both assuming a linear dose-

response as well as exploring non-linearity using restricted cubic splines), b) in relation to 
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the number of years spent during the study period with poor glycaemic control, and c) 

looked at mean HbA1c separately before, during, or after expected puberty. 

Puberty is an important period for longitudinal growth in children and adolescents, and 

our hypothesis, based on previous literature (143), was that the impact of poor glycaemic 

control may differ depending on when in relation to puberty high HbA1c levels occur. 

Unfortunately, information on pubertal stage is not recorded in the quality register and we 

therefore defined the ages of expected puberty as 11-16 years of age for males and 10–15 

years of age for females. These pubertal ranges correspond to data from growth models 

for a Swedish population (144). Sensitivity analyses were also conducted to see if 

changing these ranges would affect the results.  

Table 3   Definitions of the measures of glycaemic control used in Paper IV with haemoglobin A1c 
(HbA1c) values from the National Diabetes Register 
 

Measures of glycaemic control Definition 
Category of mean HbA1c Mean HbA1c (time-weighted by averaging yearly means) 

over the entire follow-up categorised as: 

§ Optimal control <53 mmol/mol (<7.0%) 
§ Suboptimal control 53–75 mmol/mol (7.0–9.0%) 
§ Poor control >75 mmol/mol (>9.0%) 

Mean HbA1c Mean HbA1c (of annual means) over the entire follow-up, 
in mmol/mol (%) 
 

Time with poor glycaemic control Number of years during entire follow-up poor glycaemic 
control calculated as the sum of time between  
visits with HbA1c >75 mmol/mol (>9.0%) until a visit  
with HbA1c <75 mmol/mol (<9.0%) 
 

Category of mean HbA1c in relation 
to puberty 

Mean HbA1c (of annual means) during three age intervals: 

§ Before puberty <11 years (males), <10 years (females) 
§ During puberty 11–16 years (males), 10–15 years (females) 
§ After puberty >16 years (males), >15 years (females) 

  

3.3.2 Early life stress 

Finding suitable measures of the complex psychological and physical processes that 

stress, or rather psychological distress, entails is a challenge. In general, three main types 

of approaches have been used in older literature (145). First, the environmental approach 

assesses the stressor itself, for instance through questionnaires regarding serious life 

events. Second, the psychological approach assesses the coping ability to the stressor, 

for example using measurements of perceived stress like the Perceived Stress Scale (146). 

Third, the biological approach assesses the actual physiological activation of stress 

systems, where one of the most commonly used biomarkers is cortisol (147,148). 
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However, using these aforementioned approaches requires collection of questionnaires 

or biological samples from clinical cohorts. When conducting population-based register 

studies, as in this thesis, other approaches to ascertain proxies and indicators of stress 

have been increasingly employed. Examples include studying the experience of severe 

negative health outcomes or stressful life events such as being in between jobs, severe 

illness or death of a family member, divorce, natural disasters, pandemics, war or financial 

crises (61,149,150).  

Having a psychiatric condition such as depression, anxiety or stress-related disorder has 

also been utilised as a proxy for psychological distress, and examined in relation to a range 

of health outcomes in Swedish register-based material (56,151). Being affected by a 

psychiatric condition such as a mood- or anxiety-related disorder has impact on the daily 

functioning of the individual, can affect choices made in regard to lifestyle and health and 

can entail a great deal of psychological stress on the individual. Furthermore, the onset of 

this type of condition can often be related to triggering from a stressful life event or 

situation. For this thesis, we used maternal depression or anxiety during pregnancy as a 

proxy for early life stress, similarly to previous research from our group (68,70,152,153). 

3.3.2.1 Maternal depression or anxiety as a proxy 

In Paper I, we used a register-based definition (Figure 4) of depression or anxiety 

(maternal or paternal) based on a diagnosis of a mood- or anxiety-related disorder 

registered in the NPR or dispensed prescription of medication used to treat those 

conditions registered in the PDR or MBR (Table 2, p. 20). The main exposure period was 

during pregnancy (defined as 90 days before conception to delivery date). 

 
Figure 4   Register-based definition of depression or anxiety based on diagnosis or medication, 
and the various exposure periods before (1 year before), during, and after (1 year after) pregnancy 
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No validation study of this definition has yet been performed. It is reasonable to assume 

that cases of mood- or anxiety-related disorders registered in specialist in- or out-

patient hospital care represent the more severe proportion of all afflicted individuals. A 

study of primary care diagnoses found that 81% of those with a primary care record for 

depression only had a registration in primary care, and not from specialist in- or out-

patient hospital care (154). Reassuringly, the majority of cases of depression (79%) and 

anxiety (67%) handled in primary care had an identifiable prescription of antidepressants 

in the PDR and anxiolytics were prescribed to 54% or 64% of patients with depression or 

anxiety, respectively. Naturally, we cannot capture those who did not require treatment 

or were exclusively treated non-pharmacologically, those abstaining from dispensing a 

prescription, or for other reasons unknown not receiving medication prescriptions. Those 

missed ought, however, to be milder cases whose symptoms potentially may exert less 

of a biological stress effect in utero, and importantly, potential misclassification would be 

non-differential in relation to the outcome of offspring type 1 diabetes.  

Additionally, for maternal depression/anxiety during pregnancy, we were also able to 

identify pregnancy exposure based on maternal self-reported medication use registered 

by midwives at routine visits during pregnancy weeks 10-12 in the MBR. A Swedish 

validation study examined the validity of medication recorded in the MBR and found that 

it corresponded well with records in the PDR (155). For antidepressant medication for 

instance, 88% of women who reported medication use at the first antenatal visit were 

found to have had a dispensed prescription within the preceding 180 days.  

A limitation to this approach of defining maternal depression/anxiety is that it does not 

differentiate between any of the specific conditions included in the broad group of ICD 

codes for mood- or anxiety-related disorders. For Paper I, this was equally intentional as 

practical in reaching the aim of utilising a broad definition to capture any form of 

psychological stress resulting from psychiatric disease. Although one can surely argue 

that depression and anxiety are different psychiatric entities, our aim was not to study 

depression or anxiety per se, but rather the stress that they represent in the pregnant 

woman. We chose to limit to these affective disorders (and not include other psychiatric 

diagnoses) given their partially shared symptomatology, chronicity as well as similarities 

in treatment strategies. 

Another limitation is that by basing the exposure definition on diagnosis or medication we 

could not differentiate between the role of the disease vs the medication. Again, this was 

reasonable in order to increase power, and intentional as addressing the effect of 

medication was beyond the scope of our research question. 

Lastly, relating to register coverage with information on medication only available in the 

PDR from 1 July 2005 onwards, we are unable to identify milder exposure among the older 

individuals in our study population born 2001-2006. Exposure among these offspring 
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consequently certainly represents a more severe phenotype of maternal 

depression/anxiety, but we do not believe this fact to have entirely biased our results 

given the misclassification is purely due to data availability that is the same in regard to 

offspring type 1 diabetes, i.e., non-differential. Also, we found similar estimates when 

conducting a sensitivity analysis in a cohort with full register coverage. 

3.3.3 Asthma and other allergic diseases 

In Papers II & III we faced the task of defining the allergic diseases asthma, allergic rhinitis, 

and eczema from register data. Using only diagnoses from the NPR would not be feasible 

and certainly yield misclassification given that a large majority of patients with these 

conditions are followed in primary care. To this means, we therefore employed previously 

validated algorithms (156,157) designed to accurately define asthma and other allergic 

disease based a combination of diagnosis and medication codes (Table 2, p. 20).  

3.3.3.1 On asthma  

The definition of asthma (Figure 5, p. 27) was used in both Papers II & III and is derived 

from a 2013 validation study by Örtqvist et al. that compared records of diagnoses in the 

NPR and medication from the PDR to actual medical records and predefined diagnostic 

criteria of asthma by the Swedish Paediatric Society’s section for allergy (156). They 

showed that around 95% of those with an asthma diagnosis in the NPR had at least one 

dispensed asthma medication prescription in the PDR. Furthermore, the positive 

predictive value for asthma (according to diagnostic criteria) among those fulfilling set 

asthma medication criteria was in general high; 0.94 in school-aged children (4.5-17 years 

of age) and 0.75 in pre-schoolers (<4.5 years of age). PPV was lower in the younger age 

group given that medication also reflects viral wheeze, proved by the PPV increasing to 

0.87 when including obstructive bronchitis in the asthma definition. Similarly, in validating 

the diagnosis of asthma in the NPR compared to the predefined diagnostic asthma criteria 

upon review of medical records, PPV was 0.78 in pre-schoolers and increased to 0.89 

when restricting to those children who also fulfilled the asthma medication criteria. For 

school-aged children, PPV was 0.99.  

The definition of asthma therefore differs depending on age with the younger group <4.5 

years of age required to have both diagnosis and medication, whereas the older group’s 

asthma definition was valid based on either diagnosis or medication. 

In Paper II, data availability was limited to information on diagnoses from the NPR up until 

31st December 2013, but dispensed medication records up until 31st December 2015. To 

address this discrepancy and avoid misclassification in light of aforementioned 

differences in asthma definition by age, we constructed different follow-up time for 

children below compared to above 4.5 years of age. Only children who were older than 

4.5 years of age were followed until 31st December 2015 given that we could confidently 
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base their asthma definition solely on medication. Children younger than 4.5 years were 

only followed until 31st December 2013 as we required information on asthma diagnosis.  

 

 

Figure 5   Definition of asthma based on diagnosis from the National Patient Register and dispensed 
asthma medication from the Prescribed Drug Register, according to algorithm by Örtqvist et al. 
Abbreviations: β2, Beta-2-receptor agonist. ICS, inhaled corticosteroid. LTRA, leukotriene receptor 
antagonist. 

3.3.3.2 Defining other allergic diseases 

For Paper III where we apart from asthma also studied other allergic diseases, we based 

the definition of allergic rhinitis and eczema on a 2015 study by Henriksen et al. (157). They 

defined allergic diseases according to algorithms based on disease-specific diagnosis 

and medication alongside criteria of repeated medication use given the chronic nature of 

the diseases as well as exclusion of other conditions also indicated for the medication 

(Table 2, p. 20). Details can be found in the supplement (Appendix 1A) of the Henriksen et 

al. article. The algorithms have been validated against a doctor’s diagnosis, with high 

sensitivity and specificity (158).  

3.3.4 Adult height outcomes 

For Paper IV we studied adult height outcomes in relation to glycaemic control in 

childhood or adolescence among individuals with type 1 diabetes (Table 4, p. 28). Our 

primary outcome was final adult height measured in cm and data originated from the NDR. 

We defined adult height as height registered in adult age, i.e., after 18 years of age for 

females and 20 years of age for males. These age cut-offs were chosen based on Swedish 

growth references that indicate no significant additional growth after these ages (159). In 

line with previous population-based research on adult height (105,160), we excluded 

biologically implausible final heights less than 100 cm or greater than 240 cm (males) or 
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225 cm (females). Only 3.5% of our study population had missing final adult height in the 

NDR. While two of the largest previous studies on height among individuals with type 1 

diabetes had greater number of included individuals, they only had final adult height for 

3.5% (n=8101) (115) or near-adult height data for 7.4% (n=1685) (118) of their original study 

populations.  

Table 4   Definition of adult height outcomes used in Paper IV 
 

Adult height outcome Definition 
Final adult height The largest height in cm registered at a specialist visit in the 

NDR in adult age, i.e., >20 years (males) or >18 years (females) 
 

Short stature Z-score for final adult height below -2 standard deviations 
 

Change in Z-score for height Difference between Z-score for height at first registration 
upon onset of type 1 diabetes (maximum 1 year between 
onset and registration) and Z-score for final adult height  
 

  

While the national registers gather a plethora of data, population-based registration of 

height, especially in adult age, is lacking. For Paper IV this was an issue for availability to 

parental height of our study population, a predicting variable that could have enabled us 

to calculate target height. Distance to target height has been proposed as one of the most 

important criteria for following growth (161) given that it takes the individual’s genetic 

height potential into account and could have been an alternative, clinically relevant, 

outcome measure. 

Some population-based sources for height, apart from registers for specific patient 

groups such as the NDR, exist. For women who have given birth, self-reported height 

recorded by midwives at the first antenatal visit of pregnancy is registered in the MBR 

(124). We used this information for our maternal height covariate in Paper IV. In contrast, 

paternal height is not routinely measured. For Swedish men who underwent standardised 

testing ahead of military service, height (and other body measurements) was registered 

in the Swedish Military Conscription register (162). We did not have access to this register 

for this body of work. Finally, previous Swedish register-based research (105,160) has 

utilised information on adult height registrations from passport information held by the 

Swedish Police Authority. However, this information is not readily available for research 

purposes, and access was not granted for this study. 

For secondary outcomes in Paper IV, we standardised final adult height values using a 

Swedish reference material (163). Based on these Z-scores, we were able to define two 

alternative outcome measures not requiring target height. Firstly, we defined short stature 

as a Z-score for final adult height lower than -2 standard deviations (SD) (164). There is no 

formal consensus on the definition of short stature (also referred to as growth retardation 

or growth failure) in past literature. Some studies have defined it as being below the 5th 
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centile (approximately <-1.64 SD) while others have used distance from target height 

more than 8 or 8.5 cm (160). Secondly, for a subpopulation with height registrations 

recorded in the NDR at diabetes onset, we calculated the change in Z-score for height 

from diabetes onset until adulthood. A change in Z-score over time (also referred to as 

height deflection) reflects a deviation from the expected channels of a growth curve and 

is an important clinical auxological parameter in detecting a growth disturbance. 

 

3.4 Epidemiological approaches 

3.4.1 Causal inference in observational studies  

“Some scientists are reluctant to speak so blatantly about cause and effect, but in 

statements of hypothesis and in describing study objectives such boldness serves to 
keep the real goal firmly in focus and is therefore highly preferable to insipid statements 

about ‘association’ instead of ‘causation’.” 

-Rothman, “Modern Epidemiology” (1986, 1st edition).  

 

Randomised controlled trials are many times seen as the gold standard for understanding 

causal effects, but for practical and ethical reasons not always applicable for all research 

questions. As is the case throughout this thesis, in utero exposures, concomitant 

childhood diseases or levels of glycaemic control are not exposures that would be 

possible to randomly allocate. For that reason, we must rely on evidence from 

observational data.  

Various study designs exist, but for this thesis all papers include a cohort study where 

exposed and unexposed individuals are compared in relation to an outcome. Given that 

exposure status is not randomly allocated – leading to an imbalance in risk of the outcome 

not due to the exposure – it is imperative that we use methods to deal with such 

confounding bias that may otherwise occur.  

The question of causality is consequently central in epidemiology, no less so in all papers 

of this thesis. In Papers I & IV the causal questions are explicit, whereas the underlying 

causal relationships are more implicitly investigated in Papers II & III. Instead of attempting 

to adjust for factors hindering a causal interpretation as in I & IV, in Papers II & III we aimed 

to prove the existence of such unmeasured confounding. Estimating causal effects from 

observational studies is difficult and was not the aim of this thesis. However, even though 

association is often what we can measure, causation is many times the underlying 

objective. It is important to discuss these causal questions but not overinterpret findings. 
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3.4.1.1 Directed acyclic graphs 

Directed acyclic graphs (DAGs) are a visual and cognitive aid to better understanding 

relationships between the exposure and outcome of interest, and how other factors relate 

to them and one another (165). Common relationship structures that can be identified 

using DAGs are confounders, mediators and colliders, which helps to inform decisions on 

which or which factors not to adjust for in models aiming to estimate a causal effect 

(Figure 6). This can be difficult since not all factors are known, measured or measurable, 

and their relationships to one another can be complex. While failure to adjust for 

important confounders can lead to residual confounding, adjusting for the wrong variables 

can also give rise to bias. For instance, adjusting for a mediator could open up backdoor 

pathways if the mediator shares a common cause with the outcome, so called collider 

stratification bias (166,167). Other variables also affecting the relationship between 

exposure and outcome are not as commonly represented in a DAG but can be important 

in their own right. An example is when the strength of the association between exposure 

and outcome differs depending on a third variable, i.e., an effect modifier. 

DAGs were constructed (168) and used throughout the planning and analysis of all papers 

in this thesis, and were based on literature review and subject-matter knowledge of 

factors affecting exposure and outcome. 

 

Figure 6   Example of a schematic directed acyclic graph. A confounder is causally related to 
both exposure and outcome, but does not lie on the causal path between them, as does a 
mediator. In the presence of a common cause of mediator and outcome (denoted Z), a mediator 
can be a collider and conditioning upon it opens up a backdoor biased pathway (collider 
stratification bias). Effect modifiers may alter the association between exposure and outcome 

3.4.2        Family-based study designs – targeting confounding 

There are multiple ways of dealing with bias due to confounding with the goal of nearing 

exchangeability between exposure groups. Common approaches include adjustment, 

stratification or matching in statistical analyses. However, not all confounders have been 

measured depending on data availability, neither are they all possible to measure, or even 

known to the researcher, which can result in residual, or unmeasured, confounding. It is 

possible to deal with this through study designs (169). 
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A so called quasi-experimental approach to addressing confounding through 

epidemiological design is the use of familial relations between study individuals, with their 

inherent similarities and differences (170). These family-based designs harness the 

genetic and environmental sharing between relatives to account for confounding 

structures to the associations that are shared within families, i.e., familial confounding. 

Using information on individuals who are genetically related, i.e., through genetically 

informative designs, is a way of addressing genetic confounding when genetic markers 

are not available. Various study designs to deal with unmeasured familial confounding 

were used in Papers I-III of this thesis and are briefly outlined below. 

3.4.2.1 Paternal exposure as a negative control 

Using negative control exposures (171,172) can in general help deal with unmeasured 

confounding if they share confounders with the exposure of interest. An association 

indicates the presence of confounding given that the negative control exposure is chosen 

for its own lack of association with the outcome. An application of this type of design 

useful for pregnancy-related exposures is a paternal negative control model, described 

in further detail by Brew et al. (173). We applied this type of design in Paper I when studying 

maternal depression/anxiety during pregnancy. In the presence of unmeasured familial 

confounding, we would expect to see an association between paternal 

depression/anxiety during pregnancy and offspring risk of type 1 diabetes.  

3.4.2.2 Sibling comparisons 

While matching on measured confounders can be a way to adjust for confounding, it is 

also possible to do so by design on individuals that are naturally similar or “matched”, for 

instance within a cluster of relatives. An example is by comparing exposed individuals to 

their matched unexposed siblings in a sibling comparison design (174). Given that siblings 

share on average at least 50% of their segregating genes and can be assumed to share a 

large portion of environmental factors, especially during early life and childhood, such as 

parental, lifestyle and socioeconomic factors, a sibling comparison design inherently 

adjusts for factors (confounders and mediators, but not colliders (175)) shared between 

siblings.  

In Paper I, a sibling comparison design was used to compare offspring exposed to early 

life stress in the form of maternal depression/anxiety during pregnancy to their 

unexposed siblings in order to adjust for shared familial factors that may be associated 

with both maternal depression/anxiety and offspring type 1 diabetes. Potential 

confounders that vary between pregnancies and siblings such as maternal BMI and age 

at delivery are not inherently adjusted for and were therefore included as covariates in 

the models. 
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By inherently adjusting for familial confounding, sibling comparisons can be a useful tool 

in understanding causal relationships (174). Nevertheless, sibling comparisons have 

several limitations that are important to consider when interpreting effect estimates from 

them. First, since only discordant siblings are informative, there can be a great loss of 

statistical power when many clusters are non-informative. If families with discordant 

siblings differ in terms of risk for the exposure/outcome compared to families with 

concordant siblings, selection bias may be present. Second, measurement error is 

amplified in sibling comparisons and can lead to biased estimates (176). Third, potential 

carryover effects such as the outcome in one sibling affecting the exposure of the other, 

can bias results (177). Lastly, limiting the population to siblings raises the question of 

generalisability of sibling comparisons estimates to the target population to which we aim 

to draw conclusions on. This did not seem to be an issue in Paper I with a sensitivity 

analysis resulting in similar estimates of the main association in the whole population and 

in the population of siblings. 

3.4.2.3 Familial co-aggregation 

While a sibling comparison aims to adjust for unmeasured familial confounding, a familial 

co-aggregation design aims to prove the existence of such shared familial factors, i.e., to 

detect a familial effect on the risk of two disorders.  

The methodology for familial co-aggregation analysis has been thoroughly described by 

Hudson et al. (178), and applied in Swedish register-based data (179,180). If relatives of 

individuals with one disorder have an increased risk of the other disorder, we may assume 

that genetic or environmental factors shared by the relatives contribute to the co-

occurrence of the two disorders and that familial co-aggregation is present. Figure 7 (p. 

33) displays a DAG modified from Hudson et al. (178) to fit the research question of shared 

familial factors underlying an association between asthma and type 1 diabetes studied in 

Papers II & III.  

By comparing the magnitude of associations across different relatives, it is possible to 

infer on what types of familial factors may be underpinning an association. For instance, 

given that full siblings share more segregating genes than half-siblings, stronger 

associations in full siblings may point to the influence of genetic factors. On the other 

hand, stronger estimates in maternal half-siblings than paternal half-siblings may indicate 

the importance of environmental factors, such as pregnancy-related ones. 
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Figure 7   Directed acyclic graph of the relationship between asthma and type 1 diabetes in an index 
individual and their relative. F denotes shared familial factors for both asthma and type 1 diabetes. 
C denotes factors in the index individual (Cindex) or relative (Crelative)that are non-shared 
confounders, and causes for asthma (Casthma) or type 1 diabetes (Ctype 1 diabetes), that are shared by 
relatives. A sibling comparison design would adjust for all factors shared by the index individual 
and the relative (F, Casthma and Ctype 1 diabetes). Familial co-aggregation designs aim to prove the 
existence of F. In an association between asthmaindex and type 1 diabetesrelative, adjusting for the 
asthmarelative deals with the direct effects of one disease on the other (dashed line), which further 
strengthens evidence for the presence of F. 

3.4.3 Genetic epidemiology 

Aforementioned family-based designs are examples of genetically informative 

methodology given that we can draw inference based on genetically related individuals. 

For instance, although siblings are not genetically identical, they share a large part of their 

genes enabling us to adjust to some extent for genetic confounding. Another way of 

dealing with genetic confounding is to use data on measured genetic markers in molecular 

genetic designs. The actual genetic variation is used instead of relying on assumptions in 

genetic differences between relatives. 

3.4.3.1 Polygenic risk scores 

The number of GWAS has increased dramatically over the past years making it possible 

to understand and identify specific common genetic variants (measured as SNPs) 

associated with disorders. Summary statistics from these GWAS can be used to 

construct polygenic risk scores (PRS) (181), without requiring information on family 

relations. PRS are, simply put, the sum of effects of multiple SNPs for a trait combined to 

a score and can help to provide an estimate of an individual’s genetic liability to a disorder. 
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Genetic overlaps can then be explored by measuring associations between PRS for one 

disorder and phenotype of another disorder.  

In this thesis, PRS of allergic diseases (asthma, allergic rhinitis, eczema) and type 1 diabetes 

were developed using summary statistics for the largest GWAS of the respective diseases 

to date (182–186). They were then applied on genotypic data from 30,880 individuals in 

the Swedish Twin Registry in Paper III to understand the association between PRS for 

allergic disease and risk of type 1 diabetes, and vice versa. Limitations of a PRS approach 

include that PRS cannot capture the entire genetic risk but only those due to common 

SNPs (187), as well as limited generalisability to non-European population given the lack 

of diversity in included populations in the underlying GWAS. 

3.4.3.2 Genetic correlation 

Using summary statistics, it is also possible to estimate a genetic correlation between two 

disorders without the need for individual-level genotyped data. In Paper III, this was done 

using linkage disequilibrium (LD) score regression (188,189) between each allergic disease 

(asthma, allergic rhinitis, eczema) and type 1 diabetes based on the same GWAS summary 

statistics as for the PRS. 

 

3.5 Statistical methods 

3.5.1 Regression models 

3.5.1.1 Linear regression 

Linear regression models estimate the change in a continuous outcome associated with 

a one unit change in the exposure. Potential confounders are adjusted for by inclusion in 

the model, giving an effect estimate of the association between exposure and outcome 

within the same stratum of the confounder, e.g., comparing children born the same year 

when adjusting for birth year. Linear regression was used in Paper IV when studying final 

adult height and change in Z-score for height. Models were presented crude, adjusted 

and stratified on sex. Effect modification by sex and age at onset of diabetes were tested 

for by including interaction terms in the model and performing likelihood ratio tests.  

Linear regression assumes linearity of the association between exposure and outcomes. 

However, biological phenomena might not also follow a straight pattern. In Paper IV, we 

hypothesised that the impact of glycaemic control on adult height might differ across 

different levels of the exposure. We therefore used restricted cubic splines as a way of 

more flexibly modelling the data, allowing for non-linearity between exposure and 

outcome. 
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3.5.1.2 Logistic regression 

Logistic regression models estimate the change in log-odds of a binary outcome 

associated with a one unit change in the exposure. Exponentiating the regression 

coefficients gives the odds ratio, i.e., the odds of the outcome among the exposed 

compared to the odds of the outcome among the unexposed. Logistic regression was 

used in Papers II & III to estimate the association between each allergic disease and type 

1 diabetes within individuals and familial co-aggregation among relatives, and in Paper III 

to estimate the association between polygenic risk scores (per one SD increase) for one 

disease and phenotype of the other. It was also used in Paper IV when studying the binary 

outcome short stature. Models were presented crude and adjusted. In Paper IV, they were 

stratified on sex and included interaction terms for sex and age at onset of diabetes to 

test for effect modification. 

Logistic regression is useful when there are no issues with censoring, and an equal amount 

of follow-up time for each individual. In Paper II, we applied conditional logistic regression 

stratified on date of birth. This extension of a logistic regression allows to in part take 

differing follow-up time into account by matching on date of birth.  

3.5.1.3 Cox regression 

As different lengths of follow-up among study participants may often be the case in a  

cohort study, other types of statistical approaches can also be useful. Cox proportional 

hazards model is a type of statistical model appropriate for time-to-event data such as 

cohort studies in that is takes time-at-risk into account. Individuals are followed from the 

start of follow-up (in our papers, from birth or 1 year of age) until the date of the outcome 

or censored at end of data availability, death or emigration. Cox regression models 

estimate the hazard ratio, i.e., the hazard (rate) of an event in the exposed group 

compared to the hazard (rate) of the event in the unexposed group, automatically 

adjusting for the underlying timescale.  

Cox regression models were applied in Papers I & II and, in both, attained age was the 

underlying timescale meaning that the model only compared children of the same age. In 

Paper II, we modelled time-varying exposure. This means that since no study individuals 

were exposed at start of follow-up (birth), children remained unexposed until onset of 

disease (asthma or type 1 diabetes) and were then considered at risk.  

An important aspect of Cox regression is the assumption of proportional hazards, i.e., that 

the rate of the event is constant over time. This was assessed by visual examination of 

log-hazard curves and tested based on Schoenfeld residuals. In Paper II we found that the 

proportional hazards assumption held, i.e., that the rate of type 1 diabetes among those 

with asthma was the same across all ages. In Paper I, on the hand, we uncovered time-

varying effects. The rate of type 1 diabetes in offspring exposed to maternal 
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depression/anxiety during pregnancy differed depending on their age. We therefore split 

the model on attained age (1-8 or >8 years of age), assuming piece-wide constant effects. 

For the sibling comparison analysis in Paper I, Cox regression stratified on sibling pair 

allowed to model a family-specific baseline hazard, thus only comparing between sibling 

pairs.  

The interpretation and validity of hazard ratios has been discussed in the literature – is 

any biological phenomena really proportional over time? For example, Stensrud and 

Hernan (190) argued that hazards can never strictly be proportional throughout the entire 

follow-up period and that failure to find non-proportionality relates to sample size and 

length of follow-up.  

3.5.1.4 Flexible parametric models 

Another way of modelling time-to-event data, allowing for time-varying effects is by using 

flexible parametric modelling (191). This yielded a more flexible estimation of the time-

varying HR than in Cox models merely split on two categories of attained age, and was 

suitable for producing a graphical representation. In Paper I, we applied flexible parametric 

models with cubic splines yielding smooth hazard estimates, and results are presented 

graphically as crude and adjusted hazard ratio curves with 95% CIs. 

 

3.6 Ethical considerations 

The ethical considerations related to this doctoral thesis with its four included papers 

have been thoroughly considered throughout the planning and execution of the studies, 

in order to adhere to the principles of autonomy, justice, beneficence, and non-

maleficence to the study individuals. All studies within the thesis were approved by the 

Swedish Ethical Review Authority. In this section, a selection of ethical aspects related to 

register-based studies, clinical cohorts including biological material, and data from quality 

registers will be presented.  

In general, when conducting studies, adequate measures should be taken in order to 

ensure the protection of the study participants’ right to personal integrity and autonomy, 

for instance with informed consent, and to minimize the potential risk of injury (192). 

Potential risks should be weighed against potential benefits of the research conducted. 

As stated in the Ethical Review Act (2003:460), the Swedish law that regulates ethical 

review of human research: “Research may only be permitted if the potential risks to the 
research subjects’ health, safety and personal integrity are outweighed by the scientific 

value.” Additionally, when reviewing research for ethical approval, the same law 

emphasises the importance of not approving research which if performed in an 

alternative manner could further minimise these risks. The law also recognizes the sanctity 
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of the individual’s welfare over the needs of society or science (193). For this thesis, 

regulations relating to informed consent and the collection and handling of personal data, 

including biological samples and other sensitive data related to patient care, are of great 

importance and follow the European Union’s General Data Protection Regulation. 

For register-based research using individual-level data from the whole population, as in 

all four papers, one main concern is upholding data privacy in the handling of sensitive 

personal information, linked from multiple registers. This is addressed through the 

pseudonymization of the data, where the key file linking the personal identification 

number with the serial number used for analysis, is not held by the researchers but by the 

national government agency that has been responsible for matching the data. The key is 

only kept for a prespecified period of time before being destroyed. Although this hinders 

direct identification of the study participants, collecting data from multiple sources does 

increase the level of detail of personal information which could indirectly be tracked back 

to individuals. The potential breech of this integrity to personal information is handled via 

optimised data management and IT routines including encryption of codes, storage of 

data on secured servers, and limitations on who has access to which parts of the data as 

well as reporting aggregated statistics on a group, but never individual, level. 

Another point to consider is informed consent. For all four papers, given that they were 

register-based, the requirement of informed consent was waived as long as an ethical 

approval had been made. This exemption has been discussed elsewhere, and is related 

to the fact that the register-based research only uses data collected routinely as part of 

normal clinical care, and that it does not involve direct contact with the study individuals 

(194). However, for additional data collection conducted by researchers, such as in twin 

studies from the STR and used in Paper III, informed consent is required and was obtained 

within each respective twin study. For children younger than 15 years old, parental 

consent was required, but the child should be involved in the discussion as much as 

possible in relation to their understanding of the study.  

Another ethical consideration related to Paper III is the collection of biological material, 

which was used for genotyping. In this case, the DNA was extracted from saliva and blood 

samples that were not collected as part of routine healthcare. However, this sampling is a 

minimally invasive minor procedure, ought not to be associated with clinical risks, and did 

not affect any other aspects of future healthcare. Children or parents (for those under 15 

years) provided informed consent for the testing of these samples after having received 

written information. Furthermore, samples were securely stored in KI Biobank, which 

follows the Swedish laws on biobanking under the Biobank Act (2023:38) (195). Despite 

the voluntary basis of inclusion of the study participants’ data, individuals may eventually 

oppose the continued registering of their information, and can therefore anytime ask the 

Swedish Twin Registry to leave the twin study and not be contacted in further inclusions. 

Already collected material is allowed to still be used unless the study individual explicitly 
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revokes that consent. They also have the right to copies of any of their registered personal 

information. 

Aggregated GWAS data for in Paper III were summarized by previously published studies 

and available from online repositories. Since no individual-level data is included, our use 

of this data ought not to pose any major ethical issues threats.  

Compared to the other three papers, Paper IV had the additional linkage of the quality 

register for type 1 diabetes, which enriched our data with more detailed clinical 

information. All individuals registered in the NDR are provided with information upon 

inclusion in the quality register. However, individuals have the right to ask for reports of 

what data gave been collected, and to opt-out of continued inclusion in quality registers, 

or have already collected information permanently deleted (196). These measures 

increase the personal integrity and autonomy of study individuals.  

Apart from the aforementioned risks, several benefits of conducting this thesis do exist 

as well. For instance, using register data allowed for identification of large study 

populations including pregnant women and children, whose data may otherwise not 

routinely be included in cohort studies or clinical trials. It also minimised bias in data 

collections, and enabled us to answer research questions that would be impossible to 

study using other methods, such as assessing prenatal exposures (Paper I), linking family 

members on a nationwide level, combining with genetic data (Paper III) and allowing for 

long follow-up periods over the life course from early life, through childhood, adolescence, 

and adulthood.  

Scientific communication is also a key area in research ethics. Throughout this thesis, we 

aimed for an open and transparent scientific process. We analysed data according to a 

pre-specified analysis plan and followed departmental and institutional guidelines in 

documentation in order to achieve reproducible results. An additional step could have 

been to upload the analyses plans to an online repository ahead of time, similar to what 

is considered common practice for randomised controlled trials. Furthermore, we did not 

select results based on statistical significance and throughout all papers we tried to 

highlight and report null findings as well to discuss strengths and limitations in a nuanced 

manner.  

While the main areas of a university institution are education and research, public 

outreach, sometimes referred to as the “third task” is equally as important and can be 

argued to be a part of an ethical approach to conducting research. It is important that 

research findings are conveyed to the public in a non-stigmatising and balanced way, not 

overemphasising conclusions while at the same time reporting key findings. For instance, 

relative estimates of associations may sound alarming although absolute risks are not 

greatly increased. Opportunities for outreach include dissemination of results in scientific 

and popular press, as well as patient involvement through feedback to study participants 
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on results or by reporting back to patient representatives, advocate groups, or funding 

agencies.  

In summary, several ethical considerations have been discussed and include the right to 

personal integrity, autonomy, adding societal benefit, and reducing harm to study 

participants. Several precautions have been taken and it is deemed that the benefits of 

the scientific knowledge gained by studying the epidemiological aspects of type 1 

diabetes in this thesis outweighed the risks. 
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4 Results and discussion 

4.1 Summary 

The main findings from this thesis (Figure 8) are the increased risk of type 1 diabetes 

among offspring whose mothers experienced depression or anxiety during pregnancy 

(Paper I); the comorbidity between type 1 diabetes and allergic diseases which, at least 

for asthma and allergic rhinitis, seems to share a familial liability but not a great genetic 

overlap (Paper II & III); and the lower adult height among children with poor glycaemic 

control of their type 1 diabetes during childhood or adolescence (Paper IV). Using large-

scale, high-definition, population-based data in combination with several epidemiological 

approaches including family-based study designs enabled us to adjust for unmeasured 

confounding and address causal relationships (Paper I), triangulate evidence based on 

multiple methodology (Paper II & III), as well as utilise clinical measurements on a 

nationwide level (Paper IV).  In this section, the main findings relating to each research aim 

are highlighted as well as a brief discussion on potential mechanisms and implications. 

Results with all tables and figures alongside a detailed discussion in comparison to the 

literature can be found in the attached papers. 

 

Figure 8   Overview of the main findings of this thesis 
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4.2 Early life stress – maternal depression or anxiety during pregnancy 

4.2.1 Time-varying effects and mechanisms 

In Paper I, in our study population of 1,807,309 mother-offspring pairs, 6.3% were exposed 

to maternal depression/anxiety during pregnancy, which is similar to other Swedish 

estimates of perinatal depression (70).  Overall, among those exposed, 0.4% developed 

type 1 diabetes compared to 0.5% in the unexposed group. When examining the data, we 

observed evidence for non-proportional hazards, i.e., the rate of type 1 diabetes differed 

by age (the underlying timescale). We therefore modelled the association allowing for 

time-varying effects using flexible parametric models (Paper I, Figures 1 & Supplemental 

Figure S4). The HR increased above 1 from approximately 8 years of age and onwards 

implying an increased risk in those exposed vs unexposed.  

In Cox regression models, allowing for time-varying effects in two groups of attained age 

(1-8 or >8 years of age), this corresponded to a crude HR of 1.27 (1.09, 1.45) after 8 years 

of age, and 1.21 (1.03, 1.42) after adjustment for offspring birth year and sex as well as 

maternal early pregnancy BMI, parity, age at delivery, type 1 diabetes, and highest level of 

educational attainment (Table 5). 

Table 5   Association between maternal depression or anxiety during pregnancy and offspring type 
1 diabetes presented as hazard ratios (HR) with 95% confidence intervals (CI) 
 

 Maternal depression/anxiety during pregnancy Offspring type 1 diabetes 
Age at 

onset of 
type 1 

diabetes 

Exposed, no.  
(incidence rate per 

10,000 person-years) 

Unexposed, no. 
(incidence rate per 

10,000 person-years) 

Crude HR 
(95% CI) 

Adjusted HR 
(95% CI) 

1–8 years 228 (4.13) 4171 (4.43) 
0.95  

(0.83, 1.08) 
0.91  

(0.79, 1.04) 

>8 years 176 (8.60) 3607 (6.73) 
1.27  

(1.09, 1.48) 
1.21  

(1.03, 1.42) 

     
 
The findings of no difference before 8 years of age, but an increased risk of type 1 diabetes 

after 8 years of age potentially point to different risk factors for the onset of diabetes at 

different ages. This is in support of the notion of different endotypes of type 1 diabetes, 

i.e., different aetiologies and timing underlying the disease (197,198). Genetic susceptibility 

may be associated with an earlier onset of disease (27), whereas other environmental 

factors may only trigger disease after a certain age, for instance in predisposed individuals 

(18).  

Our findings of an association between a proxy for early life stress and type 1 diabetes are 

in line with other studies that have found an increased risk among children exposed to 

various serious life events during pregnancy including bereavement, unemployment, 
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family conflict or divorce during pregnancy (63,64). In another study, however, no 

association was found (57). The methodological differences between the studies makes 

the comparison difficult and conflicting results may be due to severity, definition and 

timing of the stressor or sample size issues. Potential pathways that might explain our 

findings are outlined in the following sections and summarised schematically in Figure 9 

(p. 44).  

An intuitive thought may be that an exposure occurring during pregnancy and exerting an 

early life effect on the unborn child in utero, should be associated with an earlier onset of 

disease in infancy/childhood. We did not find evidence to support this in our data. 

However, it is known that the autoimmune disease processes behind type 1 diabetes, 

including circulation of antibodies, rather than the overt disease itself, can begin as early 

as the first six months of life (29), and may well therefore have been programmed during 

pregnancy. Thus, one potential mechanism explaining our findings is that exposure to 

early life stress is associated with such foetal programming of autoimmunity. Mechanisms 

are not yet completely understood, but immune dysregulation and proinflammatory 

processes via the HPA axis may be involved (199).  

Given the large-scale population-based nature of this study we were not able to collect 

blood samples from study individuals. It would have been interesting to see if maternal 

depression/anxiety increased the risk of detectable autoantibodies early in life, even if we 

could not demonstrate a higher risk of type 1 diabetes before 8 years of age. We cannot 

rule out that among those who developed type 1 diabetes after 8 years in our study some 

already had signs of diseases processes earlier in life that were attributable to the 

pregnancy exposure. Evidence supporting this hypothesis come from a study of 

genetically at-risk individuals followed within The Environmental Determinants of 

Diabetes in the Young (TEDDY) study that found an association between stressful 

maternal major life events during pregnancy and the appearance of first-appearing 

autoantibodies (66). 

Another potential mechanism other than foetal programming of autoimmunity is that 

early life stress increases the risk of other factors that may trigger type 1 diabetes disease 

progression. Instead of a more direct cause as in programming of actual autoimmune 

disease processes, this mechanism would be an indirect path, mediated through 

downstream maternal or childhood factors. For instance, maternal stress during 

pregnancy is associated with childhood asthma (70), infections (200), and obesity (46), 

all known-risk factors for type 1 diabetes (96,201,202).  
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Figure 9   Schematic overview of potential pathways underlying the association between 
maternal depression or anxiety as a proxy for early life stress and offspring type 1 diabetes, based 
on the findings of this thesis alongside previous literature 
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In short, there may be several possible mechanisms underlying an association between 

maternal depression/anxiety during pregnancy and offspring risk, including direct or 

indirect pathways that may differ among genetically predisposed. Other alternative 

biased pathways, including due to familial confounding, are discussed below.  

4.2.2 Addressing causality 

In order to substantiate the potential causal arguments discussed above, we rely also on 

the results of several epidemiological approaches targeting confounding that we applied 

in Paper I. 

4.2.2.1 Timing of exposure 

First, we addressed time-stable confounding, i.e., from maternal factors constant over 

time and related to both maternal depression/anxiety and offspring diabetes, but not 

specific to the pregnancy period. This was done by comparing exposure during to 

exposure before and/or after pregnancy (for an overview of exposure periods used see 

Paper I, Figure 1). The rationale was that if associations were still observed in models 

studying exposure before pregnancy, confounding may be present since maternal factors 

in the pre-pregnancy window do not have a direct in utero effect. Findings are 

summarised in Figure 10. 

 

Figure 10   Associations between maternal depression/anxiety in different exposure periods in and 
around pregnancy and offspring type 1 diabetes after 8 years of age, presented as hazard ratios 
with 95% confidence intervals. Cox regression models are adjusted for offspring birth year and sex, 
and maternal early pregnancy BMI, parity, age at delivery, type 1 diabetes, and highest level of 
educational attainment 
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For any exposure where the pregnancy period itself might also have been involved (i.e., 

from before to after, before pregnancy, after pregnancy) we saw a similar pattern of a 

trend to an increased risk of diabetes. In the exposed before pregnancy group, 62.5% was 

exposed also during pregnancy, while in the exposed after pregnancy group, 55.6% had 

been exposed during pregnancy. On the other hand, exposure periods in which no 

recorded exposure had occurred during pregnancy, such as only before pregnancy, were 

not associated with an increased risk of type 1 diabetes and time-stable confounding 

from before pregnancy cannot entirely explain our findings. Only after pregnancy was also 

associated with an increased risk of type 1 diabetes, but this does not contradict our 

findings given that depression/anxiety after pregnancy often constitutes a different 

phenotype, such as postpartum psychiatric illness that in itself may be related to type 1 

diabetes, and cannot be involved in foetal programming. Maternal stress during the first 

year of life has been associated with offspring type 1 diabetes in previous studies (63). 

Also, we cannot rule out that women we defined has exposed only after pregnancy, in fact 

had been exposed to symptoms of depression /anxiety during pregnancy but did not 

have records of medication dispense or diagnosis, making it impossible for us to identify 

them.  

4.2.2.2 Familial confounding 

Our second approach at targeting confounding was by using a paternal negative control 

model. Similarly, to addressing timing-of-exposure in relation to pregnancy, paternal 

exposure during the mother’s pregnancy cannot logically directly influence the unborn 

child in utero. So, if an association is present between paternal exposure and offspring 

type 1 diabetes, this would also point to unmeasured familial confounding. Our findings 

showed that exposure to paternal depression/anxiety did not seem to be related to 

offspring type 1 diabetes (adjusted HR 0.96, 0.73, 1.26; Table 6, p. 47). In other words, 

familial confounding structures similar in mothers and fathers did not seem to be present.  

Another way of addressing familial confounding was our third approach using a sibling 

comparison design. In our population n=1,265,116 were siblings. Of them, we could only 

identify n=297 exposure-discordant pairs on whom to base the analysis. By comparing 

them, we inherently adjusted for all factors shared between siblings. Models remained 

positive and of comparable magnitude (adjusted HR 1.37, 0.83, 2.28, Table 6, p. 47) 

indicating that familial confounding might not entirely explain our results. We cannot 

however rule out that some residual confounding may still be present, given the low 

statistical certainty of our estimates stemming from the great loss of power associated 

with the sibling comparison design.  
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Table 6   Addressing familial confounding in the association between maternal depression/anxiety 
during pregnancy and offspring type 1 diabetes using paternal depression/anxiety as a negative 
control and comparing with unexposed full siblings in a sibling comparison model 

  Depression/anxiety during 
pregnancy 

Offspring type 1 diabetes 

  Exposed, no.  
(incidence rate 

per 10,000 
person-years) 

Unexposed, no. 
(incidence rate 

per 10,000 
person-years) 

Crude HR  
(95% CI) 

Adjusted HR 
(95% CI) 

 Age at onset 
of type 1 
diabetes 

    

Pa
te

rn
al

 
ne

ga
ti

ve
 

co
nt

ro
l 

>8 years 52 (7.17) 3731 (6.79) 
1.04  

(0.79, 1.37) 
0.96  

(0.73, 1.26) 

Si
b

lin
g 

co
m

p
ar

is
on

 

>8 years 93 (7.97) 2410 (6.74) 
1.18  

(0.74, 1.89) 
1.37  

(0.83, 2.28) 

      
 
In support of a shared familial liability are results demonstrating a familial co-aggregation 

between subsequent depression/anxiety/stress-related disorders in parents or full 

siblings of individuals with type 1 diabetes (204). Subsequent quantitative genetic 

modelling, however, provided little evidence for genetic or shared environmental 

contributions, with the correlations between diseases mainly explained by individual-

specific factors (205). Recent Swedish studies have found an increased risk of type 1 

diabetes among offspring whose mothers (but not fathers) had a history of any 

psychiatric illness ever in life prior to the child being born. In light of our results, these 

findings may well be explained by (71,72) exposure during pregnancy.  

--- 

In summary, we believe that by applying several approaches to deal with unmeasured 

confounding we have strengthened evidence to support an association between 

maternal depression/anxiety during pregnancy as a proxy for early life stress and 

offspring type 1 diabetes. The association may have causal components, although we 

cannot entirely rule out alternative explanations.  
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4.3 Comorbidity with asthma and other allergic diseases 

4.3.1 Co-occurrence of diseases 

4.3.1.1 Asthma and type 1 diabetes 

In Paper II (n=1,284,748) we first examined the comorbidity between asthma and type 1 

diabetes by quantifying their co-occurrence (Figure 11). We found that children with either 

of the diseases, more often also had the other disease, compared to unaffected 

individuals. At the end-of-follow-up, the OR (adjusted for sex and date of birth) for the 

association between asthma and type 1 diabetes was 1.15 (95% CI 1.05–1.27). This finding 

was replicated in Paper III (n=3,199,242); adjusted OR of 1.11 (1.07–1.15) with narrower 

confidence intervals representing the larger population. Allowing for a minimum amount 

of follow-up by estimating the associations among children reaching a certain age (5–8 

years of age respectively) yielded similar results with ORs ranging from 1.32–1.42 (Paper II, 
Table 2).  

Upon finding these results, we were then interested in understanding if it mattered which 

of the diseases first occurred in the individual, i.e., the sequential appearance of disease. 

Using time-to-event analysis with time-varying exposures we assessed the risk of 

subsequent type 1 diabetes after asthma onset as well as, oppositely, the risk of 

subsequent asthma after type 1 diabetes onset. We found an increased risk of type 1 

diabetes among those with pre-existing asthma (adjusted HR 1.17, 1.07–1.28), whereas no 

differences in asthma risk among those who debuted with type 1 diabetes first could be 

found in our sample (adjusted HR 0.91, 0.75–1.11).  

 

Figure 11   Association between allergic diseases and type 1 diabetes within-individuals presented 
as odds ratios with 95% confidence intervals, adjusted for sex and birth year 
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4.3.1.2 Other allergic diseases and type 1 diabetes 

In Paper III, we expanded upon the findings from Paper II by also studying the co-

occurrence of other allergic diseases – allergic rhinitis and eczema – with type 1 diabetes, 

given the known overlap between asthma and other allergic diseases (83). In individuals 

with allergic rhinitis (28.9%) or eczema (16.2%), type 1 diabetes was more frequent than in 

those without the respective allergic disease (Figure 11, p. 48) Results were estimated at 

end-of-follow-up and were symmetrical: OR of allergic rhinitis-type 1 diabetes (or vice 

versa) 1.23 (1.19–1.27) and OR of eczema-type 1 diabetes (or vice versa) 1.31 (1.26–1.35).  

4.3.2 Association, causation, or misclassification? 

The co-occurrence of allergic disease and type 1 diabetes has been a debate for several 

years in the literature. Despite the converging and large body of heterogenous research 

(see Background 1.3) making it difficult to draw conclusions, one could argue that the 

comorbidity remains biologically plausible. Th1- and Th2 immune responses do not seem 

to be as mutually exclusive as previously thought with multiple examples of overlap (206). 

For instance, signallers of both immune responses act in both allergic disease and type 1 

diabetes. The question that ensues is, however, to understand what this comorbidity is 

due to. Does the association demonstrated represent a causal relationship? Is their 

unmeasured (including familial) confounding? Or what sources of misclassification may 

have biased the results? Potential mechanisms are outlined in Figure 12 (p. 50) and 

discussed in the following sections. 

For asthma, the results of an increased risk of type 1 diabetes after previous asthma onset 

are in line with several studies, including a recent Danish nationwide register study that 

reported a HR of 1.32 (1.08, 1.61) (207). As in other studies, our findings may suffer from 

residual confounding by factors specific to the individual affecting both asthma and type 

1 diabetes such as diet, microbial exposure, infections, or pregnancy-related factors 

including early-life stress. They may also represent a causal pathway that could be due 

to severity of the asthma disease itself, mediated through treatment for asthma such as 

inhaled corticosteroids (208), or may be explained if there are factors known to be a 

consequence of asthma that in themselves are triggers of type 1 diabetes. The hypothesis 

of a causal relationship is strengthened by findings of a bidirectional Mendelian 

randomization study that found evidence for a causal effect of asthma on type 1 diabetes, 

but not vice versa (209). 

A Finnish study examining the bidirectional sequential appearance also noted an 

increased risk of subsequent type 1 diabetes (HR 1.41, 1.28–1.54) and found a decreased 

risk of subsequent asthma after type 1 diabetes (HR 0.82, 0.69–0.98), with confidence 

intervals overlapping ours (96). We concluded that type 1 diabetes is more common after 

asthma onset but not the other way around, due to a younger age at onset of asthma 

compared to type 1 diabetes. Metsälä et al. hypothesised that their findings of a 
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decreased risk of asthma may be indicative of a protective effect of type 1 diabetes, as 

supported by other older examples of research in the field (89). The fact that both 

diseases co-occur does not necessarily contradict that one disease may be protective 

of the other. Differences depending on age at onset remain to be investigated. Would 

findings be the same among those who had an early-onset diabetes? Or a later-onset 

asthma? 

 

Figure 12   Schematic overview of potential pathways underlying an association between allergic 
disease and type 1 diabetes, or vice-versa, based on the findings of this thesis and previous 
literature. 

Aside from an underlying biological mechanism, it may be possible that the finding of no 
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issues when focusing on the treatment and care for diabetes. On the other hand, due to 

the frequency and continuity of hospital visits in a child with type 1 diabetes, bias, if any, 
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This type of surveillance bias may, however, be at play in the case of the co-occurrence 

between allergic rhinitis or eczema, and type 1 diabetes. There is a risk that children with 

type 1 diabetes more often are diagnosed or receive treatment for these milder conditions 

due to the increased number of physician contacts associated with type 1 diabetes care. 

To the best of our knowledge, there is no confirmed mechanistical explanation as to why 

children with type 1 diabetes might more often have an allergic disease. Speculations 

include a pro-inflammatory state that predisposes to both diseases as well as a 

dysregulation of immune response. For allergic rhinitis or eczema, it is possible that similar 

mechanisms as for asthma are at play in type 1 diabetes comorbidity. Since children with 

allergic rhinitis and eczema more often have asthma (210), it is also possible that co-

occurring asthma itself is driving the comorbidity with type 1 diabetes. A bidirectional 

Mendelian randomization study found evidence in support of a causal relationship 

between eczema and type 1 diabetes, strengthening the possibility of an immune-

mediated cause (211). 

Taken together, the co-occurrence of allergic diseases and type 1 diabetes may have 

certain underlying causal pathways or be explained by residual confounding or 

misclassification. Aside from this, an alternative explanation is that these findings may 

also represent unmeasured familial confounding – which we attempted to deal with in the 

following analyses described below.  

4.3.3 Familial co-aggregation points to shared familial factors 

One of the main focus points of both Papers II & III was to understand if there was a familial 

liability to both allergic diseases and type 1 diabetes due to shared genetic or 

environmental factors. In order to do that we set out to examine the familial co-

aggregation of the diseases. As outlined in more detail in Methodological considerations 

3.4.2, this type of family-based design attempts to find proof of the presence of shared 

familial factors, in contrast to adjusting for it, in for instance a sibling analysis. For asthma, 

we found a familial co-aggregation between parent-offspring, full siblings and cousins. 

The pattern of the association with decreasing estimates upon increasing genetic 

distance and less shared factors indicates that either genes or environment may underlie 

the association (Figure 13, p. 52).  

Familial co-aggregation was also present for allergic rhinitis, pointing to shared familial 

factors in that relationship as well, but could not be found for eczema and type 1 diabetes. 

This indicates that, for an eczema, a possible comorbidity with type 1 diabetes is more 

likely due to non-shared factors specific to the individual or a causal relationship as 

described previously. 
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Figure 13   Results of familial co-aggregation between allergic diseases (asthma, allergic rhinitis, 
eczema) and type 1 diabetes from Papers II & III. Twins from Paper III are not displayed due to low 
sample size. Odds ratios with 95% confidence intervals represent the risk of type 1 diabetes in 
relatives of individuals with an allergic disease 

4.3.4 Molecular genetic analyses 

As performed in many studies, the next step upon finding evidence for shared familial 

factors is often to estimate how much is due to genes, environment or individual-specific 

(non-shared) factors using quantitative genetic modelling. As discussed in further detail 

in the attached paper, this was, mainly for power reason, not possible in Paper III. Instead, 

results from two molecular genetic analyses enabled us to better understand the genetic 

overlap.  
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First, in LD score regression analyses we found only weak, non-statistically significant 

genetic correlations between any of the allergic diseases and type 1 diabetes (see Paper 
III, Table 2). Second, polygenic risk scores for asthma were associated with higher odds of 

type 1 diabetes (ORs ranging 1.32–1.34), although confidence intervals included the null 

(Figure 14). In contrast, PRS for type 1 diabetes was not associated with asthma. This is 

interesting as if there truly were shared genetic factors underlying the relationship, results 

of PRS ought to have been bidirectional, i.e., PRS for either disease associated with the 

other disease phenotype. This one-sided association instead strengthens evidence for a 

potential causal relationship between asthma and type 1 diabetes. Neither allergic rhinitis 

nor eczema and type 1 diabetes were associated in PRS analyses. However, the predicting 

ability of the PRS especially for allergic rhinitis and eczema was limited (see Paper III, Figure 

S1), which might have contributed to the null findings. 

 

Figure 14   Association between polygenic risk scores for each allergic disease and type 1 diabetes 
phenotype (A), and between polygenic risk scores for type 1 diabetes and each allergic disease 
phenotype. Odds ratios with 95% confidence intervals were estimated from logistic regression 
models adjusted for adjustment for sex, birth year, and including interaction terms for the top five 
principal components and from which twin cohort in the Swedish Twin Registry the individual 
originated 
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4.3.5 Triangulating evidence 

In summary, throughout Papers II & III we applied multiple study designs and 

methodologies, each with its own inherent strengths and limitations, in an attempt to 

better understand the comorbidity between allergic diseases and type 1 diabetes. Overall, 

taking our results and the body of literature together, current evidence is consistent with 

both a potential causal relationship of asthma on type 1 diabetes (but not type 1 diabetes 

on asthma) as well as shared familial factors contributing to their co-occurrence. For 

allergic rhinitis, shared familial factors may also play a role. For eczema, individual-level 

(non-shared) factors and/or a causal relationship may explain an association. Shared 

genes do not seem to be of great importance for any of the diseases given little evidence 

for a genetic overlap found using the molecular genetic methods applied. Of note is that 

although we demonstrate a co-occurrence of diseases with a relative increase of type 1 

diabetes in individuals or relatives with an allergic disease, the absolute risk difference is 

small. For instance, in Paper III, 0.62% of those without asthma had type 1 diabetes, 

compared to 0.69% among those with asthma, i.e., a difference of 7 cases in 10,000 

children.  

 

4.4 Adult height outcomes 

4.4.1 Description of study sample and their glycaemic control 

In Paper IV, in our study sample of 12,095 individuals (55.4% males) with type 1 diabetes 

followed with HbA1c measurements in childhood or adolescence, and at least one height 

registration in adult age, 16.7% of males and 19.2% of females had a mean HbA1c of  

>75 mmol/mol, categorised as poor glycaemic control (Table 7, p. 55). Among those with 

poor glycaemic control, it was more prevalent to have had diabetes onset in earlier 

calendar years and at an earlier age in life, often before puberty (Paper IV, Table 1). 

4.4.2 Final adult height 

On average, those with poor glycaemic control reached lower height in adult age  

(Figure 15, p. 56). In males, mean adult height was 181.7 cm in those with optimal glycaemic 

control (>53 mmol/mol) compared to 178.7 cm in those poor control, corresponding to a 

mean difference in height of -2.91 cm (-3.48, -2.33). In adjusted models, covariates, 

including age at type 1 diabetes onset, explained some but not all of the association; 

adjusted mean difference -1.59 cm (-2.16, -1.01). However, the relationship between HbA1c 

and adult height was not fully linear, demonstrated by the pattern of mean height 

difference curves when modelling the data using restricted cubic splines (Paper IV,  

Figure 2). This more flexible approach showed that reductions in height were more 

pronounced per increase of HbA1c at mean HbA1c levels between 50–70 mmol/mol 

compared to differences per HbA1c increase at lower or higher values. This illustrates the 
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importance of maintaining an optimal glycaemic control and not only addressing those 

with extreme high values. Furthermore, in males, mean differences in height were similar 

irrespective of at what age in relation to puberty onset of diabetes occurred (p-value for 

interaction with age at onset 0.08; Paper IV, Table 3). 

Table 7   Measures of glycaemic control and adult height outcomes presented by sex 
 

In females, similar associations between poor glycaemic control and adult height were 

found, with certain exceptions. Mean adult height was lower in those with poor (165.8 cm) 

compared to those with optimal glycaemic control (167.7 cm), mean difference -1.83 cm 

(-2.42, -1.23) in crude and -0.94 cm (-1.54, -0,34) in adjusted models (Figure 15, p. 56). 

These reductions in height were disproportionately less to the reductions in males. Yet 

for each year of poor glycaemic control during follow-up both males and females had on 

 Males (n=6,699) Females (n=5,396) 
Measures of glycaemic control   

Category of mean HbA1c, no. (%)   

Optimal 1,309 (19.5) 847 (15.7) 

Suboptimal 4,271 (63.8) 3,512 (65.1) 

Poor 1,119 (16.7) 1,037 (19.2) 

   

Mean HbA1c, mmol/mol (SD) 64 (12.9) 65 (13.0) 

   

Time with poor glycaemic control, 
years (SD)  

1.4 (2.3) 1.2 (1.8) 

   

Mean HbA1c before puberty, no. (%)    

Optimal 3,993 (73.0) 2,966 (68.8) 

Suboptimal 1337 (24.4) 1224 (28.4) 

Poor 143 (2.6) 124 (2.9) 

   

Mean HbA1c during puberty, no. (%)   

Optimal 2,051 (34.5) 1,316 (27.4) 

Suboptimal 3,171 (53.3) 2,861 (59.5) 

Poor 727 (12.2) 632 (13.1) 

   

Mean HbA1c after puberty, no. (%)   

Optimal 1270 (19.0) 768 (14.2) 

Suboptimal 4,079 (60.9) 3,401 (63.0) 
Poor 1,350 (20.2) 1,227 (22.7) 

   

Height outcomes   

Final adult height, mean (SD) 180.5 (7.3) 167.0 (6.6) 

Short stature, no. (%) 174 (2.6) 117 (2.2) 

Change in Z-score, mean (SD) -0.1 (0.8) 0.0(0.7) 
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average -0.27 cm lower height, i.e., a disproportionate effect in females compared to 

males in relation to their adult height. Also, in females, poor glycaemic control was only 

associated with final adult height in those with diabetes onset before puberty (-3.01 cm 

[-4.09, 1.94]; p-value for interaction with age at onset <0.001; Paper IV, Table 3).  

 

 

Figure 15   Mean difference in adult height comparing poor/suboptimal to optimal glycaemic 
control. Linear regression models are adjusted for age at onset of diabetes, calendar year of onset, 
any other autoimmune disease, asthma, maternal height, parental type 1 diabetes, parental country 
of birth, and highest level of parental education 
 

In line with the finding of differences of the impact of age at onset in males and females, 

other sex-specific associations uncovered were in relation to the effect of mean HbA1c, 

separately studied, before, during, or after puberty in relation to final adult height (Figure 

16, p.57). For males, associations with adult height were only apparent between mean 

HbA1c during or after puberty. For females, associations were only found if mean HbA1c 

had indicated poor glycaemic control before puberty. 

Reasonably, these differences in males versus females stem from the natural differences 

in physiological growth between the sexes. Pre-pubertal growth is of greater importance 

in the attainment of final adult height in females, with peak growth velocity reached earlier 

than in males (159). Also, studies have shown that pubertal growth velocity in females with 

type 1 diabetes is reduced compared to their male peers (212–214), indicating that there 

is less growth potential in the pubertal and post-pubertal period compared to males. In 

addition, the findings ought not be explained by differences in levels of glycaemic control 

between the sexes given that females on average had worse glycaemic control before, 

during and after puberty compared to males (Table 7, p. 55).  
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Figure 16   Mean difference in adult height comparing poor to optimal glycaemic control 
(suboptimal not shown). Linear regression models are adjusted for age at onset of diabetes, 
calendar year of onset, any other autoimmune disease, asthma, maternal height, parental type 1 
diabetes, parental country of birth, and highest level of parental education 

4.4.3 Short stature 

To the best of our knowledge we also reported, for the first time, an association between 

poor glycaemic control and risk of short stature (Figure 17). In our sample, we defined short 

stature as a final adult height less than -2 SD from the mean, i.e., corresponding to being 

within the 2.3% shortest of the population. Males with poor glycaemic control had a 

roughly 3 times increased risk of short stature (OR 3.11 [1.87, 5.18]) which was statistically 

significantly higher than in females (OR 1.03, [0.56, 1.90], p-value of test for interaction by 

sex 0.01). The difference in risk for short stature between the sexes represents the larger 

impact of glycaemic control on height found in males compared to females.  

 

Figure 17   Association between category of glycaemic control (mean HbA1c during follow-up) and 
short stature in males and females, presented crude and adjusted for aforementioned covariates. 
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4.4.4 Change in Z-score for height 

In a subsample with height registrations available near the onset of type 1 diabetes 

(n=4,227 males, 3,443 females) we were able to study the association between glycaemic 

control and change in Z-score for height (from onset to adulthood). Comparing poor to 

optimal glycaemic control, mean difference in the change in Z-score in males was -0.19 

SD (-0.26, -0.12) and in females -0.12 SD (-0.19, -0.04). We were not able to find previous 

examples in the literature of studies evaluating differences in changes of Z-scores over 

time among patients with type 1 diabetes. Nevertheless, others have previously reported 

Z-scores for adult height of -0.30 SD among those with HbA1c >8.0% (no comparison 

group) (118) and 0.15 SD higher Z-scores for adult height in those with HbA1c <7.5% 

compared to >9.0% (115).  

--- 

In summary, our findings support the hypothesis that poor glycaemic control is 

associated with lower adult height and short stature in individuals with type 1 diabetes. 

Comparison with previous literature is difficult given large differences in methodology 

concerning measurement of both glycaemic control and final adult height, but has in 

general reported an impact of glycaemic control or type 1 diabetes itself on growth or 

adult height (143,215). Previous research suggests that duration of diabetes affects final 

adult height (114,216–218). Our results are line with this given the attenuation after 

adjustment for age at onset, but also show that duration does not entirely explain the 

association. While strategies for treatment have advanced greatly over the past decade 

it seems that poor glycaemic control remains prevalent and has an impact on final adult 

height.  

Our findings largely expand on the existing literature by more consistently reporting and 

uncovering sex-specific estimates, addressing age at onset in relation puberty, as well as 

studying associations for glycaemic control at different ages in relation to puberty. 

Nevertheless, we were bound by the clinical data available from the NDR and were 

therefore lacking information from growth charts such as peak height velocity for onset 

of puberty estimation or target height based on mid-parental height. It is possible that 

the shortest heights in our sample simply were consistent with those individuals’ genetic 

expectations. However, we have not selected on height or genetic potential and as long 

as the inherent height potential does not affect glycaemic control, which we do not 

believe it does, target height ought not be a large source of residual confounding. 

 

4.5 Overarching discussion  

Throughout this thesis I have attempted to highlight strengths and limitations of the 

presented research through an integrated discussion throughout the sections 3 
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Methodological considerations and 4.2–4.4 Results and discussion. Further specific 

remarks can be found in the attached papers. Some general comments on internal and 

external validity are outlined in this section. 

4.5.1 Internal validity 

Important areas for addressing systematic errors that could pose a threat to the internal 

validity of the papers are misclassification, confounding and selection. Misclassification 

of the specific measures used in this thesis is discussed in 3 Methodological 

considerations, and confounding is addressed in sections related to family-design 

studies. 

4.5.1.1 Misclassification 

In register-based research we rely heavily on data availability and the quality of recorded 

data in defining exposures, outcomes and covariates. It is therefore of importance that 

these measures are valid in terms of sensitivity and specificity, and that we define and 

discuss variables in regard to risk of potential misclassification or measurement error. 

While many algorithms for identifying diseases from registers have been validated, 

including some used in this thesis, other medication and diagnoses combinations such as 

those we applied for depression/anxiety and type 1 diabetes have not yet been. Validating 

these disease definitions using the national healthcare registers should be a priority for 

Swedish research going forward, especially in relation to subtypes of phenotypes and 

severity. 

The impact on the results that bias due to misclassification can have is sometimes hard 

to foresee. In the papers, misclassification of the exposure may have arisen in Paper I for 

the definition of maternal depression/anxiety or in Papers II & III for the definition of allergic 

disease, although we do not believe it to be differential in regard to the outcome of type 

1 diabetes, and if present would have underestimated our estimates. Further, by 

conducting sensitivity analyses in different birth years, and across different disease 

definitions throughout the papers, the interpretations of the respective findings remained 

the same. Methods such as quantitative bias analysis (219) could have been useful in a 

scenario with differential misclassification in order to understand the magnitude and 

direction of bias that otherwise may not be intuitive. 

4.5.1.2 Confounding 

Complete confounder adjustment is oftentimes illusive in an observational research 

setting. To counter that in this thesis, we were able to apply several powerful and unique 

family-based designs throughout Papers I-III with the aim of adjusting for factors shared 

within families, or illustrating the presence of shared familial factors contributing to the 

co-occurrence of a comorbidity. While these designs can partially adjust for unmeasured 

confounding, residual confounding may always be present.  
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Related to data availability in the registers, lifestyle factors are notoriously tricky to adjust 

for. In this thesis, we lacked information on environmental tobacco exposure, diet, physical 

activity and other behaviours to name a few, which might have resulted in residual 

confounding. Advantageously, thanks to the plethora of information available in the 

registers spanning several generations we were able to adjusted for multiple known 

confounders in each paper. 

4.5.1.3 Selection 

Bias due to selection can arise from mechanisms, such as inclusion, exclusion, loss-to 

follow-up or missingness of data, that alter the balance between exposure and outcome 

in the study sample compared to the target population to which we aim to apply our 

findings. All papers of this thesis were population-based cohort studies using 

prospectively collected data with limited loss-to-follow-up or missingness, which has 

limited the risk of selection bias. Nonetheless, certain aspects can be discussed.  

For instance, in Paper IV, we had a sample of individuals selected based on their inclusion 

in the quality register (the NDR). It is possible that a factor influencing participation in the 

NDR, such as socioeconomic status, also impacts glycaemic control and is associated 

with adult height.  

Even among those participating in the NDR, selection bias may occur. As an example, in 

Paper IV, we had information on final adult height for 98% of the study population. We 

calculated the distribution of glycaemic control among the individuals we excluded due 

to missing adult height registrations as a way of a assessing the risk of selection bias in an 

exploratory analysis. We would have also been interested in assessing their near-adult 

height to see if missingness was related both to glycaemic control and height, but did not 

have that data due to differences in frequency and timing of height registrations. There 

were more females with height registrations who had poor glycaemic control (19.2% 

compared to 8.3%) which may reflect the fact that those with worse glycaemic control 

are monitored more closely with less time between check-ups and have a greater chance 

of their height being registered. While we can further only speculate on other underlying 

reasons of missingness, selection mechanisms do not seem to strongly contribute to bias 

given the small number of individuals excluded and that we only observed a different 

distribution of glycaemic control among females with missingness, but not males. 

Furthermore, even if our sample with adult height data had potentially worse glycaemic 

control, that does not necessarily mean that the results are not generalisable. 

4.5.2 External validity  

A major strength of the papers in this thesis is the population-based nature, resulting in a 

high generalisability to the Swedish population. Our findings are consequently most likely 

generalisable to other similar countries, especially in Scandinavia, that have comparable 
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demographics and healthcare systems. However, genetic susceptibility to type 1 diabetes, 

as well as to asthma or other allergic diseases, varies between individuals, and we cannot 

refute that the demonstrated associations may differ in high-risk populations. When 

possible, future studies should take this into account by including information on family 

history, HLA-subtype or polygenic risk scores. High-risk populations may benefit from 

directed interventions, screening or specific follow-ups with the goal of preventing onset 

of diabetes or mitigating complications. 
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5 Conclusions 
The work presented in this thesis has helped expand on type 1 diabetes knowledge by 

focusing on three understudied areas of the disease’s epidemiology, namely early life 

stress, allergic disease comorbidity, and adult height outcomes.  

More specifically: 

§ Maternal depression or anxiety during pregnancy, used as a proxy for early life stress, 

is associated with offspring type 1 diabetes after 8 years of age. Paternal negative 

control and sibling comparison indicate that the findings are not fully explained by 

familial confounding.  

 

§ Allergic diseases, including asthma, allergic rhinitis, or eczema, co-occur with type 1 

diabetes which could, for asthma and allergic rhinitis, partly be due to a shared familial 

liability, but does not seem to stem from a large genetic overlap. 

 

§ Poor glycaemic control in children and adolescents with type 1 diabetes is associated 

with lower final adult height in both males and females, and an increased risk of short 

stature in males. Age at onset of disease and timing of glycaemic control, both in 

relation to puberty, have an impact on the associations. 

By harnessing the breadth of nationwide Swedish healthcare and sociodemographic 

registers, we were able to answer research questions that otherwise would have been 

impossible to study in an interventional setting, and have demonstrated the strengths of 

using a range of epidemiological approaches including family-based designs.   
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6 Points of perspective 
In this section some specific ideas for future research alongside examples of clinical 

implications of this thesis are outlined in relation to each research aim. 

6.1 Maternal stress as an early life origin 

§ Consistency across multiple definitions of early life stress could help strengthen 

evidence of the demonstrated associations. Alternative measures of stress 

should incorporate various biological phenomena as well as a range of severity 

and chronicity of symtoms. Alternative already-utilised register-based proxies 

of stress include bereavement, cancer diagnosis or stress-related disorders. 

Other diseases that may entail stress could be burnout, malaise or fatigue, post-

Covid syndrome, or chronic pain conditions.  

§ Further investigation into the mechanisms underlying an association between 

maternal depression or anxiety duing pregnancy is warranted and should aim to 

delineate disease pathways mediated by symtoms, from treatment effects. 

Testing the safety of antidepressant medication on long-term health outcomes 

in children, such as the risk of type 1 diabetes, is important for physicians 

prescribing and patients taking these drugs. 

§ Prospective cohort studies with clinical measurements and biomarkers could 

help to better understand the associations between early life stress, including 

subjective and objective measures such as perceived stress or cortisol levels, 

and markers of autoimmunity preceding disease onset. 

6.2 Childhood comorbidity with asthma and other allergic diseases 

§ The burden of disease can be high for children with type 1 diabetes, and can be 

accentuated by comorbidities. Understanding outcomes of the demonstrated 

comorbidity with asthma and other allergic diseases is of clinical relevance and 

of importance to those affected in order to identify those in need of targeted 

interventions. Aspects that may be of relevance include those related to health 

such as disease control, severity, treatment and complications, to 

socioeconomic measures such income, academic performance, or to quality of 

life. Measures of lung function and allergic sensitization could contribute with a 

more in-depth understandning of the comorbidity. 

§ A more in-depth analysis of the potential causal relationship between asthma 

and type 1 diabetes is warranted. Approaches for exploring this might include a 

sibling- or co-twin control model or a mediation analysis to separate direct from 

indirect medication effects. Using the target trial emulation framework (220) 

could help better design studies of the effect of asthma medication on 

subsequent diabetes development.  
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§ Taking the results of Paper I-III together, understanding epidemiological 

similarities in terms of common risk factors for both type 1 diabetes and allergic 

diseases is of importance. What role does foetal programming play in the 

comorbidity? Could early life or childhood infections be shared risk factors? Is 

this modified by genetic risk and could PRS play a role in screening or 

preventative measures?  

6.3 Adult height outcomes 

§ It is possible that large fluctuations in HbA1c are more detrimental for health 

outcomes than stable trajectories and measures such as glycaemic variability 

(221–223) may represent this better than means of time. How do different 

treatment strategies impact this and what are the consequences on growth and 

adult height? 

§ Qualitative research could bring valuable complementary perspectives to the 

research field and help identify what outcomes are important for individuals 

living with type 1 diabetes and their experience of the constant goal of optimal 

glycaemic control as well as an increased understanding of behaviours, societal 

and healthcare-related factors that impact these individuals.  

§ The findings from this study can be used in informing patients, parents and 

healthcare providers on the importance of glycaemic control in reaching adult 

height. For some, the findings that final adult height does not differ greatly may 

be reassuring. For others, they may be an added incentive in maintaining optimal 

glycaemic control. Regardless of the individual’s personal stance or view of the 

importance of adult height, having a stable glycaemic control is of utmost 

importance for all and should remain a priority. 

 

 



 

 67 

7 Acknowledgements 
The journey of doctoral education has been a truly enlightening and enjoyable learning 

experience, largely because of the many wonderful people I have had the privilege of 

working with or encountering along the way, and to whom I extend my deepest gratitude. 

First, and foremost, thank you to my team of brilliant supervisors whose support never 

wavered:  

Catarina Almqvist Malmros, for taking care of the seedling that entered your office as a 

medical student and giving it the nourishment, light, and shade that it needed to grow. I 

am truly grateful for the strong scientific roots your supervision has given me, for all the 

wisdom you have shared, and for always inspiring me to do better.  

Tong Gong, for being a source of constant encouragement, and a terrific friend. Thank you 

for all the really hard work and really fun times.  

Paul Lichtenstein, with whom it has been an honour to collaborate. Thank you for always 

asking the toughest questions and seeing things with such acuity.  

Lars Sävendahl, whose great expertise was an invaluable part of this thesis. Thank you for 

the important perspectives. 

 

A huge thank you to Cecilia Lundholm, biostatistician extraordinaire. The meetings with 

you have been among the most intellectually stimulating conversations of my doctoral 

education.  

To all co-authors for their shared interest in and dedication to our work.  

Bronwyn Brew, whose curiosity, critical thinking, and scientific approach has taught me 

so much. Ralf Kuja-Halkola for always tackling matters, even difficult biostatistical ones, 

with positivity and ease. Lu Yi and Arvid Harder, for crucial contributions.  

To all past and present members of the Almqvist Malmros research group for interesting 

scientific discussions. Thank you especially to Anna Hedman, who supervised my first 

steps in epidemiology. Samuel Arthur Rhedin, for leading the way, Emma Caffrey Osvald, 

for being my PhD sister-in-crime, and to both, for tirelessly working together with me on 

data collection. Amanda Wikström, for letting me practise my supervising skills on you. 

  



 

 68 

 

To all whose work has and continues to make the Department of Medical Epidemiology & 

Biostatistics such an amazing research environment, including previous and current 

Heads of Department. Thank you to the excellent administrators and cheerful colleagues 

Linn Austin, Jeanette Danielsson, Katarina Ekberg, Kristina Leif, Alessandra Nanni, 

Gunilla Nilsson Roos, and Gunilla Sonnebring, for all the help. 

Thank you to mentors who have shaped my thinking over the years.  

Claes Wiklund and wife Heléne Orbring Wiklund, for their hospitality and kindness. 

Carolyn Cesta, for thoughtful guidance, Anna Kiessling, for lessons on leadership,  

Anna Löf Granström for insightful hospital lunches, and Sara Öberg, for inspiring 

conversations. Thank you to  Riitta Möller, who set me on the epidemiological track. 

Thank you to clinical colleagues for the support that has enabled combining research and 

clinical work. At the Department of Anaesthesia and Intensive Care Medicine,  

Danderyds sjukhus: Otto Ankarcrona and Kalle Löfström, for opening the doors to the 

world of anaesthesia and intensive care, and Emma Öbrink and Bartek Jankowski, for 

great supervision. Thank you to Jenny Bång Arhammar and Karolina Galmén, for being 

outstanding clinical role-models.  

Current colleagues at the Department of Perioperative Medicine and Intensive Care, 

Karolinska University Hospital for making it such a dream workplace. A special thank you 

to Linda Rydén and Peter Rudberg, among others, for believing in me and valuing my 

research endeavours. Thank you to Martin Söderberg, for being there from the beginning,  

and to Emma Larsson, for sound advice at a critical time.  

Fellow M.D./Ph.D. students whose friendships have enriched this doctoral journey:  

Qian Yang, for an eventful pharmacoepidemiology course in Copenhagen and Thursday 

pancake lunches, Embla Steiner for sharing parallel paths since during medical school,   

and Ida Lagerström, for plenty of memories and laughter. Thank you to Lottie Phillips, for 

being there every step of the way. 

Thank you to Elias Arnér and Qing Cheng at the Department of Medical Biochemistry & 

Biophysics, for an invaluable very first introduction to research.  

Friends, in and outside of academia and medicine, for putting life in perspective and 

bringing so much joy. 

Lastly, and most importantly, thank you to my family. My parents, for unconditional 

support through all the years of education. My brother, for well-needed Parisian escapes.  

Lucy, for absolutely everything. 

  



 

 69 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The work in this thesis was financed by the Swedish Research Council project grants and through 

the Swedish Initiative for Research on Microdata in the Social and Medical Sciences (SIMSAM) 

framework grants, the Strategic Research Program in Epidemiology at Karolinska Institutet, the 

Swedish Heart-Lung Foundation, the Swedish Research Council for Health, Working Life and 

Welfare (Forte), the Swedish Asthma and Allergy Association Research Fund, Region Stockholm, 

“Stiftelsen Frimurare Barnhuset i Stockholm” and “H.K.H. Kronprinsessan Lovias förening för 

barnsjukvård". This research would not have been possible without data made available by 

Statistics Sweden, the National Board of Health and Welfare, the Swedish Twin Registry, and the 

National Diabetes Register, or without the professional service from the Karolinska Institutet 

Biobank. 

Thank you also to the Clinical Scientist Training Programme and the Medical Research Internship 

(Forskar-AT), both at Karolinska Institutet, for financially supporting my doctoral education. 

 





 

 71 

8 References 
1. King KM, Rubin G. A history of diabetes: from antiquity to discovering insulin. Br J Nurs. 

2003;12(18):1091–5.  

2. Barnett R. Type 1 diabetes. The Lancet. 2018;391(10117):195. 

3. Polonsky KS. The Past 200 Years in Diabetes. New England Journal of Medicine. 
2012;367(14):1332–40. 

4. Mayer-Davis EJ, Kahkoska AR, Jefferies C, Dabelea D, Balde N, Gong CX, et al. ISPAD Clinical 
Practice Consensus Guidelines 2018: Definition, epidemiology, and classification of diabetes 
in children and adolescents. Pediatr Diabetes. 2018;19:7–19. 

5. Bjornstad P, Donaghue KC, Maahs DM. Macrovascular disease and risk factors in youth with 
type 1 diabetes: time to be more attentive to treatment? Lancet Diabetes Endocrinol. 
2018;6(10):809–20.  

6. Barrett EJ, Liu Z, Khamaisi M, King GL, Klein R, Klein BEK, et al. Diabetic Microvascular Disease: 
An Endocrine Society Scientific Statement. J Clin Endocrinol Metab. 2017;102(12):4343–410.  

7. Chiang JL, Maahs DM, Garvey KC, Hood KK, Laffel LM, Weinzimer SA, et al. Type 1 Diabetes in 
Children and Adolescents: A Position Statement by the American Diabetes Association. 
Diabetes Care. 2018;41(9):2026–44.  

8. Patterson CC, Karuranga S, Salpea P, Saeedi P, Dahlquist G, Soltesz G, et al. Worldwide 
estimates of incidence, prevalence and mortality of type 1 diabetes in children and 
adolescents: Results from the International Diabetes Federation Diabetes Atlas, 9th edition. 
Diabetes Res Clin Pract. 2019;157:107842. 

9. Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. The Lancet. 2014;383(9911):69–
82. 

10. Rawshani A, Landin-Olsson M, Svensson AM, Nyström L, Arnqvist HJ, Bolinder J, et al. The 
incidence of diabetes among 0–34 year olds in Sweden: new data and better methods. 
Diabetologia. 2014;57(7):1375–81. 

11. Patterson CC, Harjutsalo V, Rosenbauer J, Neu A, Cinek O, Skrivarhaug T, et al. Trends and 
cyclical variation in the incidence of childhood type 1 diabetes in 26 European centres in 
the 25 year period 1989–2013: a multicentre prospective registration study. Diabetologia. 
2019;62(3):408–17. 

12. Libman I, Haynes A, Lyons S, Pradeep P, Rwagasor E, Tung JY ling, et al. ISPAD Clinical Practice 
Consensus Guidelines 2022: Definition, epidemiology, and classification of diabetes in 
children and adolescents. Pediatr Diabetes. 2022;23(8):1160–74. 

13. Insel RA, Dunne JL, Atkinson MA, Chiang JL, Dabelea D, Gottlieb PA, et al. Staging 
presymptomatic type 1 diabetes: a scientific statement of JDRF, the Endocrine Society, and 
the American Diabetes Association. Diabetes Care. 2015;38(10):1964–74. 

14. Krischer JP, Lynch KF, Schatz DA, Ilonen J, Lernmark Å, Hagopian WA, et al. The 6 year 
incidence of diabetes-associated autoantibodies in genetically at-risk children: the TEDDY 
study. Diabetologia. 2015;58(5):980–7.  

15. von Herrath M, Sanda S, Herold K. Type 1 diabetes as a relapsing–remitting disease? Nat Rev 
Immunol. 2007;7(12):988–94. 



 

 72 

16. Ziegler AG, Rewers M, Simell O, Simell T, Lempainen J, Steck A, et al. Seroconversion to 
multiple islet autoantibodies and risk of progression to diabetes in children. JAMA - Journal 
of the American Medical Association. 2013;309(23):2473–9.  

17. Rewers M, Ludvigsson J. Environmental risk factors for type 1 diabetes. The Lancet. 
2016;387(10035):2340–8.  

18. Beyerlein A, Bonifacio E, Vehik K, Hippich M, Winkler C, Frohnert BI, et al. Progression from 
islet autoimmunity to clinical type 1 diabetes is influenced by genetic factors: Results from 
the prospective TEDDY study. J Med Genet. 2019;56(9):602–5. 

19. Pociot F, Lernmark Å. Genetic risk factors for type 1 diabetes. The Lancet. 
2016;387(10035):2331–9. 

20. Krischer JP, Liu X, Lernmark Å, Hagopian WA, Rewers MJ, She JX, et al. Predictors of the 
Initiation of Islet Autoimmunity and Progression to Multiple Autoantibodies and Clinical 
Diabetes: The TEDDY Study. Diabetes Care. 2022;45(10):2271–81. 

21. Barrett JC, Clayton DG, Concannon P, Akolkar B, Cooper JD, Erlich HA, et al. Genome-wide 
association study and meta-analysis find that over 40 loci affect risk of type 1 diabetes. Nat 
Genet. 2009;41(6):703–7.  

22. Cooper NJ, Wallace C, Burren O, Cutler A, Walker N, Todd JA. Type 1 diabetes genome-wide 
association analysis with imputation identifies five new risk regions. bioRxiv. 2017;120022.  

23. Onengut-Gumuscu S, Chen WM, Burren O, Cooper NJ, Quinlan AR, Mychaleckyj JC, et al. Fine 
mapping of type 1 diabetes susceptibility loci and evidence for colocalization of causal 
variants with lymphoid gene enhancers. Nat Genet. 2015;47(4):381–6.  

24. Kuo CF, Chou IJ, Grainge MJ, Luo SF, See LC, Yu KH, et al. Familial aggregation and heritability 
of type 1 diabetes mellitus and coaggregation of chronic diseases in affected families. Clin 
Epidemiol. 2018;10:1447–55.  

25. Dayan CM, Korah M, Tatovic D, Bundy BN, Herold KC. Changing the landscape for type 1 
diabetes: the first step to prevention. Lancet. 2019;394(10205):1286–96.  

26. Kyvik KO, Green A, Beck-Nielsen H. Concordance rates of insulin dependent diabetes 
mellitus: A population based study of young Danish twins. BMJ. 1995;311(7010):913.  

27. Hyttinen V, Kaprio J, Kinnunen L, Koskenvuo M, Tuomilehto J. Genetic liability of type 1 
diabetes and the onset age among 22, 650 young Finnish twin pairs: A nationwide follow-
up study. Diabetes. 2003;52(4):1052–5. 

28. Waernbaum I, Dahlquist G, Lind T. Perinatal risk factors for type 1 diabetes revisited: a 
population-based register study. Diabetologia. 2019;62(7):1173–84. 

29. Knip M, Luopajärvi K, Härkönen T. Early life origin of type 1 diabetes. Semin Immunopathol. 
2017;39(6):653–67.  

30. Norris JM, Johnson RK, Stene LC. Type 1 diabetes-early life origins and changing 
epidemiology. Lancet Diabetes Endocrinol. 2020;8(3):226–38.  

31. Penno MAS, Couper JJ, Craig ME, Colman PG, Rawlinson WD, Cotterill AM, et al. 
Environmental determinants of islet autoimmunity (ENDIA): a pregnancy to early life cohort 
study in children at-risk of type 1 diabetes. BMC Pediatr. 2013;13(1). 

32. Beyerlein A, Wehweck F, Ziegler AG, Pflueger M. Respiratory infections in early life and the 
development of islet autoimmunity in children at increased type 1 diabetes risk: Evidence 
from the BABYDIET study. JAMA Pediatr. 2013;167(9):800–7.  



 

 73 

33. Stene LC, Gale EAM. The prenatal environment and type 1 diabetes. Diabetologia. 
2013;56(9):1888–97. 

34. Butalia S, Kaplan GG, Khokhar B, Haubrich S, Rabi DM. The Challenges of Identifying 
Environmental Determinants of Type 1 Diabetes: In Search of the Holy Grail. Diabetes Metab 
Syndr Obes. 2020;13:4885. 

35. Norris JM, Johnson RK, Stene LC. Type 1 diabetes—early life origins and changing 
epidemiology. Lancet Diabetes Endocrinol. 2020;8(3):226–38.  

36. Gluckman PD, Hanson MA, Buklijas T. A conceptual framework for the developmental origins 
of health and disease. J Dev Orig Health Dis. 2010;1(1):6–18. 

37. Class QA, Lichtenstein P, Långström N, D’Onofrio BM. Timing of prenatal maternal exposure 
to severe life events and adverse pregnancy outcomes: A population study of 2.6 million 
pregnancies. Psychosom Med. 2011;73(3):234–41.  

38. Zijlmans MAC, Riksen-Walraven JM, de Weerth C. Associations between maternal prenatal 
cortisol concentrations and child outcomes: A systematic review. Neurosci Biobehav Rev. 
2015;53:1–24.  

39. Vehmeijer FOL, Guxens M, Duijts L, El Marroun H. Maternal psychological distress during 
pregnancy and childhood health outcomes: a narrative review. J Dev Orig Health Dis. 
2019;10(3):274–85. 

40. Guxens M, Sonnenschein–van der Voort AMM, Tiemeier H, Hofman A, Sunyer J, de Jongste 
JC, et al. Parental psychological distress during pregnancy and wheezing in preschool 
children: The Generation R Study. Journal of Allergy and Clinical Immunology. 2014;133(1):59-
67.e12. 

41. van de Loo KFE, van Gelder MMHJ, Roukema J, Roeleveld N, Merkus PJFM, Verhaak CM. 
Prenatal maternal psychological stress and childhood asthma and wheezing: a meta-
analysis. Eur Respir J. 2016;47(1):133–46. 

42. Ludvigsson JF, Ludvigsson J. Stressful life events, social support and confidence in the 
pregnant woman and risk of coeliac disease in the offspring. Scand J Gastroenterol. 
2003;38(5):516–21.  

43. Sausenthaler S, Rzehak P, Chen CM, Arck P, Bockelbrink A, Schäfer T, et al. Stress-related 
maternal factors during pregnancy in relation to childhood eczema: results from the LISA 
Study. J Investig Allergol Clin Immunol. 2009;19(6):481–7.  

44. Elbert NJ, Duijts L, den Dekker HT, de Jong NW, Nijsten TEC, Jaddoe VW V., et al. Maternal 
psychiatric symptoms during pregnancy and risk of childhood atopic diseases. Clinical & 
Experimental Allergy. 2017;47(4):509–19. 

45. Beijers R, Jansen J, Riksen-Walraven M, de Weerth C. Maternal prenatal anxiety and stress 
predict infant illnesses and health complaints. Pediatrics. 2010;126(2):e401-9.  

46. Li J, Olsen J, Vestergaard M, Obel C, Baker JL, Sørensen TIA. Prenatal stress exposure related 
to maternal bereavement and risk of childhood overweight. PLoS One. 2010;5(7):e11896. 

47. Chrousos GP. Stress and disorders of the stress system. Nat Rev Endocrinol. 2009;5(7):374–
81. 

48. Koolhaas JM, Bartolomucci A, Buwalda B, de Boer SF, Flügge G, Korte SM, et al. Stress 
revisited: A critical evaluation of the stress concept. Neurosci Biobehav Rev. 2011;35(5):1291–
301. 



 

 74 

49. Lazarus RS. Coping theory and research: past, present, and future. Psychosom Med. 
1993;55(3):234–47. 

50. Beydoun H, Saftlas AF. Physical and mental health outcomes of prenatal maternal stress in 
human and animal studies: a review of recent evidence. Paediatr Perinat Epidemiol. 
2008;22(5):438–66.  

51. Gunnar M, Quevedo K. The neurobiology of stress and development. Annu Rev Psychol. 
2007;58:145–73.  

52. Meller WH, Grambsch PL, Bingham C, Tagatz GE. Hypothalamic pituitary gonadal axis 
dysregulation in depressed women. Psychoneuroendocrinology. 2001;26(3):253–9.  

53. Cottrell EC, Seckl JR. Prenatal stress, glucocorticoids and the programming of adult disease. 
Front Behav Neurosci. 2009;3:19. 

54. Seckl JR, Meaney MJ. Glucocorticoid programming. Ann N Y Acad Sci. 2004;1032:63–84. 

55. Seckl JR, Holmes MC. Mechanisms of disease: glucocorticoids, their placental metabolism 
and fetal “programming” of adult pathophysiology. Nat Clin Pract Endocrinol Metab. 
2007;3(6):479–88. 

56. Song H, Fang F, Tomasson G, Arnberg FK, Mataix-Cols D, Fernández de la Cruz L, et al. 
Association of Stress-Related Disorders With Subsequent Autoimmune Disease. JAMA. 
2018;319(23):2388. 

57. Nygren M, Carstensen J, Koch F, Ludvigsson J, Frostell A. Experience of a serious life event 
increases the risk for childhood type 1 diabetes: the ABIS population-based prospective 
cohort study. Diabetologia. 2015;58(6):1188–97. 

58. Sepa A, Ludvigsson J. Psychological stress and the risk of diabetes-related autoimmunity: a 
review article. Neuroimmunomodulation. 2006;13(5–6):301–8. 

59. Sepa A, Wahlberg J, Vaarala O, Frodi A, Ludvigsson J. Psychological stress may induce 
diabetes-related autoimmunity in infancy. Diabetes Care. 2005;28(2):290–5. 

60. Virk J, Ritz B, Li J, Obel C, Olsen J. Childhood Bereavement and Type 1 Diabetes: a Danish 
National Register Study. Paediatr Perinat Epidemiol. 2016;30(1):86–92. 

61. Bengtsson J, Byberg S, Carstensen B, De Stavola BL, Svensson J, Jørgensen ME, et al. 
Accumulation of childhood adversities and type 1 diabetes risk: a register-based cohort 
study of all children born in Denmark between 1980 and 2015. Int J Epidemiol. 
2020;49(5):1604–13. 

62. Bengtsson J, Rieckmann A, Carstensen B, Svensson J, Jørgensen ME, Rod NH. Trajectories of 
Childhood Adversity and Type 1 Diabetes: A Nationwide Study of One Million Children. 
Diabetes Care. 2021;44(3):740–7.  

63. Lundgren M, Ellström K, Elding Larsson H, DiPiS study group. Influence of early-life parental 
severe life events on the risk of type 1 diabetes in children: the DiPiS study. Acta Diabetol. 
2018;55(8):797–804. 

64. Virk J, Li J, Vestergaard M, Obel C, Lu M, Olsen J. Early Life Disease Programming during the 
Preconception and Prenatal Period: Making the Link between Stressful Life Events and 
Type-1 Diabetes. PLoS One. 2010;5(7):e11523. 

65. Nygren M, Ludvigsson J, Carstensen J, Sepa Frostell A. Family psychological stress early in 
life and development of type 1 diabetes: The ABIS prospective study. Diabetes Res Clin 
Pract. 2013;100(2):257–64. 



 

 75 

66. Johnson SB, Lynch KF, Roth R, Lundgren M, Parikh HM, Akolkar B, et al. First-appearing islet 
autoantibodies for type 1 diabetes in young children: maternal life events during pregnancy 
and the child’s genetic risk. Diabetologia. 2021;64(3):591–602. 

67. Woody CA, Ferrari AJ, Siskind DJ, Whiteford HA, Harris MG. A systematic review and meta-
regression of the prevalence and incidence of perinatal depression. J Affect Disord. 
2017;219:86–92. 

68. Rejnö G, Lundholm C, Öberg S, Lichtenstein P, Larsson H, D’Onofrio B, et al. Maternal anxiety, 
depression and asthma and adverse pregnancy outcomes – a population based study. Sci 
Rep. 2019;9(1):13101. 

69. Sujan AC, Rickert ME, Öberg AS, Quinn PD, Hernández-Díaz S, Almqvist C, et al. Associations 
of Maternal Antidepressant Use During the First Trimester of Pregnancy With Preterm Birth, 
Small for Gestational Age, Autism Spectrum Disorder, and Attention-Deficit/Hyperactivity 
Disorder in Offspring. JAMA. 2017;317(15):1553. 

70. Brew BK, Lundholm C, Viktorin A, Lichtenstein P, Larsson H, Almqvist C. Longitudinal 
depression or anxiety in mothers and offspring asthma: a Swedish population-based study. 
Int J Epidemiol. 2018;47(1):166–74. 

71. Yin W, Persson M, Sandin S. Parental history of psychiatric disorders and risk of type 1 
diabetes in the offspring. Diabetes Metab. 2023;49(1):101392.  

72. Nevriana A, Pierce M, Abel KM, Rossides M, Wicks S, Dalman C, et al. Association between 
parental mental illness and autoimmune diseases in the offspring – A nationwide register-
based cohort study in Sweden. J Psychiatr Res. 2022;151:122–30. 

73. Gershon AS, Wang C, Guan J, To T. Burden of comorbidity in individuals with asthma. Thorax. 
2010;65(7):612–8.  

74. Eaton WW, Rose NR, Kalaydjian A, Pedersen MG, Mortensen PB. Epidemiology of 
autoimmune diseases in Denmark. J Autoimmun. 2007;29(1):1–9.  

75. Skov J, Eriksson D, Kuja-Halkola R, Höijer J, Gudbjörnsdottir S, Svensson AM, et al. Co-
aggregation and heritability of organ-specific autoimmunity: a population-based twin 
study. Eur J Endocrinol. 2020;182(5):473–80.  

76. Hemminki K, Li X, Sundquist J, Sundquist K. Familial association between type 1 diabetes and 
other autoimmune and related diseases. Diabetologia. 2009;52(9):1820–8.  

77. Li YR, Li J, Zhao SD, Bradfield JP, Mentch FD, Maggadottir SM, et al. Meta-analysis of shared 
genetic architecture across ten pediatric autoimmune diseases. Nat Med. 2015;21(9):1018–
27.  

78. Isaac C, Pearce N, Aı N, Beasley R, Mallol J, Keil U, et al. Worldwide trends in the prevalence 
of asthma symptoms : Thorax. 2007;62(9):758–66.  

79. Bjerg A, Sandström T, Lundbäck B, Rönmark E. Time trends in asthma and wheeze in Swedish 
children 1996-2006: prevalence and risk factors by sex. Allergy. 2010;65(1):48–55.  

80. Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. The Lancet. 2018;391(10122):783–800. 

81. Ballardini N, Kull I, Lind T, Hallner E, Almqvist C, Östblom E, et al. Development and 
comorbidity of eczema, asthma and rhinitis to age 12 - data from the BAMSE birth cohort. 
Allergy. 2012;67(4):537–44.  



 

 76 

82. Hedman L, Almqvist L, Bjerg A, Andersson M, Backman H, Perzanowski MS, et al. Early-life risk 
factors for development of asthma from 8 to 28 years of age: a prospective cohort study. 
ERJ Open Res. 2022;8(4).  

83. Ferreira MA, Vonk JM, Baurecht H, Marenholz I, Tian C, Hoffman JD, et al. Shared genetic origin 
of asthma, hay fever and eczema elucidates allergic disease biology. Nat Genet. 
2017;49(12):1752–7. 

84. Brew BK, Osvald EC, Gong T, Hedman AM, Holmberg K, Larsson H, et al. Paediatric asthma 
and non-allergic comorbidities: A review of current risk and proposed mechanisms. Clin Exp 
Allergy. 2022;52(9):1035–47. 

85. Honkamäki J, Ilmarinen P, Hisinger-Mölkänen H, Tuomisto LE, Andersén H, Huhtala H, et al. 
Nonrespiratory Diseases in Adults Without and With Asthma by Age at Asthma Diagnosis. J 
Allergy Clin Immunol Pract. 2023;11(2):555-563.e4. 

86. Dharmage SC, Perret JL, Custovic A. Epidemiology of Asthma in Children and Adults. Front 
Pediatr. 2019;7(JUN). 

87. Anderson WJ, Watson L. Asthma and the hygiene hypothesis. N Engl J Med. 
2001;344(21):1643–4. 

88. Rabin RL, Levinson AI. The nexus between atopic disease and autoimmunity: A review of the 
epidemiological and mechanistic literature. Clinical and Experimental Immunology. 
2008;153:19–30 

89. Cardwell CR, Shields MD, Carson DJ, Patterson CC. A meta-analysis of the association 
between childhood type 1 diabetes and atopic disease. Diabetes Care. 2003;26(9):2568–
74. 

90. Stene LC, Nafstad P. Relation between occurrence of type 1 diabetes and asthma. Lancet. 
2001;357(9256):607–8.  

91. Simpson CR, Anderson WJA, Helms PJ, Taylor MW, Watson L, Prescott GJ, et al. Coincidence 
of immune-mediated diseases driven by TH1 and TH2 subsets suggests a common 
aetiology. A population-based study using computerized General Practice data. Clinical and 
Experimental Allergy. 2002 Jan;32(1):37–42.  

92. Hsiao YT, Cheng WC, Liao WC, Lin CL, Shen TC, Chen WC, et al. Type 1 diabetes and increased 
risk of subsequent asthma: A nationwide population-based cohort study. Medicine. 2015 
Sep;94(36):e1466.  

93. Kero J, Gissler M, Hemminki E, Isolauri E. Could TH1 and TH2 diseases coexist? Evaluation of 
asthma incidence in children with coeliac disease, type 1 diabetes, or rheumatoid arthritis: 
A register study. Journal of Allergy and Clinical Immunology. 2001 Nov;108(5):781–3.  

94. Yun HD, Knoebel E, Fenta Y, Gabriel SE, Leibson CL, Loftus E V., et al. Asthma and 
proinflammatory conditions: A population-based retrospective matched cohort study. 
Mayo Clin Proc. 2012 Oct;87(10):953–60.  

95. Hemminki K, Li X, Sundquist J, Sundquist K. Subsequent Autoimmune or Related Disease in 
Asthma Patients: Clustering of Diseases or Medical Care? Ann Epidemiol. 2010 
Mar;20(3):217–22.  

96. Metsälä J, Lundqvist A, Virta LJ, Kaila M, Gissler M, Virtanen SM, et al. The association 
between asthma and type 1 diabetes: a paediatric case-cohort study in Finland, years 1981-
2009. Int J Epidemiol. 2018;47(2):409–16. 



 

 77 

97. Lin CH, Wei CC, Lin CL, Lin WC, Kao CH. Childhood type 1 diabetes may increase the risk of 
atopic dermatitis. British Journal of Dermatology. 2016 Jan 1;174(1):88–94.  

98. Stene LC, Rønningen KS, Bjørnvold M, Undlien DE, Joner G. An inverse association between 
history of childhood eczema and subsequent risk of type 1 diabetes that is not likely to be 
explained by HLA-DQ, PTPN22, or CTLA4 polymorphisms. Pediatr Diabetes. 2010;11(6):386–
93. 

99. Schmitt J, Schwarz K, Baurecht H, Hotze M, Fölster-Holst R, Rodríguez E, et al. Atopic 
dermatitis is associated with an increased risk for rheumatoid arthritis and inflammatory 
bowel disease, and a decreased risk for type 1 diabetes. J Allergy Clin Immunol. 
2016;137(1):130–6. 

100. Narla S, Silverberg JI. Association between atopic dermatitis and autoimmune disorders in 
US adults and children: A cross-sectional study. J Am Acad Dermatol. 2019 Feb 1;80(2):382–
9.  

101. Duran C, Ediger D, Ersoy C, Coskun NF, Selimoglu H, Ercan I, et al. Frequency of atopy and 
allergic disorders among adults with Type 1 diabetes mellitus in the southern Marmara 
region of Turkey. J Endocrinol Invest. 2008;31(3):211–5. 

102. Karavanaki K, Tsoka E, Karayianni C, Petrou V, Pippidou E, Brisimitzi M, et al. Prevalence of 
allergic symptoms among children with diabetes mellitus type 1 of different socioeconomic 
status. Pediatr Diabetes. 2008;9(4pt2):407–16. 

103. Jasser-Nitsche H, Varga EM, Borkenstein HM, Höntzsch J, Suppan E, Weinhandl G, et al. Type 
1 diabetes in children and adolescents is not associated with a reduced prevalence of atopy 
and allergic diseases. Pediatr Diabetes. 2017;18(8):890–4. 

104. Delemarre-van de Waal HA. Environmental factors influencing growth and pubertal 
development. Environ Health Perspect. 1993 Jul;101(suppl 2):39–44.  

105. Benyi E, Sävendahl L. The Physiology of Childhood Growth: Hormonal Regulation. Horm Res 
Paediatr. 2017;88(1):6–14. 

106. KARLBERG J. A Biologically-Oriented Mathematical Model (ICP) for Human Growth. Acta 
Paediatr. 1989 Feb;78(s350):70–94.  

107. Czernichow P. Growth and Development Abnormalities in Children with Juvenile Idiopathic 
Arthritis: Treatment and Prevention. Horm Res. 2009;72(1):1–3. 

108. Mouratidou N, Malmborg P, Sachs MC, Askling J, Ekbom A, Neovius M, et al. Adult height in 
patients with childhood-onset inflammatory bowel disease: a nationwide population-based 
cohort study. Aliment Pharmacol Ther. 2020 Apr 4;51(8):789–800.  

109. Movin M, Garden FL, Protudjer JLP, Ullemar V, Svensdotter F, Andersson D, et al. Impact of 
childhood asthma on growth trajectories in early adolescence: Findings from the Childhood 
Asthma Prevention Study (CAPS). Respirology. 2017 Apr;22(3):460–5.  

110. Mauras N, Merimee T, Rogol AD. Function of the growth hormone-insulin-like growth factor 
I axis in the profoundly growth-retarded diabetic child: Evidence for defective target organ 
responsiveness in the Mauriac syndrome. Metabolism. 1991;40(10):1106–11.  

111. Santi E, Tascini G, Toni G, Berioli MG, Esposito S. Linear Growth in Children and Adolescents 
with Type 1 Diabetes Mellitus. Int J Environ Res Public Health. 2019;16(19):3677. 

112. Raisingani M, Preneet B, Kohn B, Yakar S. Skeletal growth and bone mineral acquisition in type 
1 diabetic children; abnormalities of the GH/IGF-1 axis. Growth Hormone & IGF Research. 
2017;34:13–21. 



 

 78 

113. Dills DG, Allen C, Palta M, Zaccaro DJ, Klein R, D’Alessio D. Insulin-like growth factor-I is related 
to glycemic control in children and adolescents with newly diagnosed insulin-dependent 
diabetes. Journal of Clinical Endocrinology and Metabolism. 1995;80(7):2139–43.  

114. Elamin A, Hussein O, Tuvemo T. Growth, puberty, and final height in children with Type 1 
diabetes. J Diabetes Complications. 2006;20(4):252–6. 

115. Svensson J, Schwandt A, Pacaud D, Beltrand J, Birkebæk NH, Cardona-Hernandez R, et al. 
The influence of treatment, age at onset, and metabolic control on height in children and 
adolescents with type 1 diabetes—A SWEET collaborative study. Pediatr Diabetes. 
2018;19(8):1441–50. 

116. Clements MA, Schwandt A, Donaghue KC, Miller K, Lück U, Couper JJ, et al. Five 
heterogeneous HbA1c trajectories from childhood to adulthood in youth with type 1 
diabetes from three different continents: A group-based modeling approach. Pediatr 
Diabetes. 2019;20(7):920–31. 

117. Marcovecchio ML, Heywood JJ, Dalton RN, Dunger DB. The contribution of glycemic control 
to impaired growth during puberty in young people with type 1 diabetes and 
microalbuminuria. Pediatr Diabetes. 2014;15(4):303–8. 

118. Bonfig W, Kapellen T, Dost A, Fritsch M, Rohrer T, Wolf J, et al. Growth in children and 
adolescents with type 1 diabetes. Journal of Pediatrics. 2012;160(6).  

119. Bizzarri C, Timpanaro TA, Matteoli MC, Patera IP, Cappa M, Cianfarani S. Growth Trajectory in 
Children with Type 1 Diabetes Mellitus: The Impact of Insulin Treatment and Metabolic 
Control. Horm Res Paediatr. 2018;89(3):172–7.  

120. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom A. The Swedish personal 
identity number: Possibilities and pitfalls in healthcare and medical research. Eur J 
Epidemiol. 2009;24(11):659–67. 

121. Liu F, Demosthenes P. Real-world data: a brief review of the methods, applications, 
challenges and opportunities. BMC Medical Research Methodology 2022 22:1. 2022;22(1):1–
10. 

122. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External 
review and validation of the Swedish national inpatient register. BMC Public Health. 
2011;11(1):450. 

123. Centre for Epidemiology. The Swedish Medical Birth Register - A summary of content and 
quality. Stockholm; 2003. Available from: https://www.socialstyrelsen.se/en/ 

124. Cnattingius S, Källén K, Sandström A, Rydberg H, Månsson H, Stephansson O, et al. The 
Swedish medical birth register during five decades: documentation of the content and 
quality of the register. Eur J Epidemiol. 2023;38(1):109–20. 

125. Wettermark B, Hammar N, Fored CM, Leimanis A, Olausson PO, Bergman U, et al. The new 
Swedish Prescribed Drug Register Opportunities for pharmacoepidemiological research 
and experience from the first six months. Pharmacoepidemiol Drug Saf. 2007;16(7):726–35.  

126. Ludvigsson JF, Almqvist C, Bonamy AKKE, Ljung R, Michaëlsson K, Neovius M, et al. Registers 
of the Swedish total population and their use in medical research. Eur J Epidemiol. 
2016;31(2):125–36. 

127. Ekbom A. The Swedish Multi-generation Register. Methods Mol Biol. 2011;675:215–20. 



 

 79 

128. Ludvigsson JF, Svedberg P, Olén O, Bruze G, Neovius M. The longitudinal integrated database 
for health insurance and labour market studies (LISA) and its use in medical research. Eur J 
Epidemiol. 2019;34(4):423–37. 

129. Magnusson PKE, Almqvist C, Rahman I, Ganna A, Viktorin A, Walum H, et al. The Swedish Twin 
Registry: Establishment of a Biobank and Other Recent Developments. Twin Research and 
Human Genetics. 2013;16(1):317–29. 

130. Zagai U, Lichtenstein P, Pedersen NL, Magnusson PKE. The Swedish Twin Registry: Content 
and Management as a Research Infrastructure. Twin Res Hum Genet. 2019;22(6):672–80. 

131. Swedish Association of Local Authorities and Regions. Quality registries. 2023 [cited 2023 
Aug 19]. Available from: 
https://skr.se/en/kvalitetsregister/omnationellakvalitetsregister.52218.html 

132. Swedish National Diabetes Register. Annual Report. Gothenburg, Sweden: Registercentrum 
Västra Götaland; 2022 [cited 2023 Jul 15]. Available from: 
https://www.ndr.nu/pdfs/Arsrapport_NDR_2022.pdf 

133. Hanberger L, Samuelsson U, Lindblad B, Ludvigsson J, Swedish Childhood Diabetes Registry 
SWEDIABKIDS. A1C in children and adolescents with diabetes in relation to certain clinical 
parameters: the Swedish Childhood Diabetes Registry SWEDIABKIDS. Diabetes Care. 
2008;31(5):927–9. 

134. Butwicka A, Frisén L, Almqvist C, Zethelius B, Lichtenstein P. Risks of Psychiatric Disorders 
and Suicide Attempts in Children and Adolescents With Type 1 Diabetes: A Population-
Based Cohort Study. Diabetes Care. 2015;38(3):453–9. 

135. Mollazadegan K, Kugelberg M, Montgomery SM, Sanders DS, Ludvigsson J, Ludvigsson JF. A 
population-based study of the risk of diabetic retinopathy in patients with type 1 diabetes 
and celiac disease. Diabetes Care. 2013;36(2):316–21. 

136. Tate AE, Liu S, Zhang R, Yilmaz Z, Larsen JT, Petersen L V., et al. Association and Familial 
Coaggregation of Type 1 Diabetes and Eating Disorders: A Register-Based Cohort Study in 
Denmark and Sweden. Diabetes Care. 2021;44(5):1143–50. 

137. Wernroth ML, Fall K, Svennblad B, Ludvigsson JF, Sjölander A, Almqvist C, et al. Early 
Childhood Antibiotic Treatment for Otitis Media and Other Respiratory Tract Infections Is 
Associated With Risk of Type 1 Diabetes: A Nationwide Register-Based Study With Sibling 
Analysis. Diabetes Care. 2020;43(5):991–9. 

138. Wernroth ML, Svennblad B, Fall K, Fang F, Almqvist C, Fall T. Dog Exposure During the First 
Year of Life and Type 1 Diabetes in Childhood. JAMA Pediatr. 2017;171(7):663. 

139. Hanas R, John G, Committee O behalf of the IHC. 2010 Consensus Statement on the 
Worldwide Standardization of the Hemoglobin A1C Measurement. Diabetes Care. 
2010;33(8):1903. 

140. Lindblad B, Nordin G. External quality assessment of HbA1c and its effect on comparison 
between Swedish pediatric diabetes clinics. Experiences from the Swedish pediatric 
diabetes quality register (Swediabkids) and Equalis. Clin Chem Lab Med. 2013 Oct 
1;51(10):2045–52. 

141. Hoelzel W, Weykamp C, Jeppsson JO, Miedema K, Barr JR, Goodall I, et al. IFCC Reference 
System for Measurement of Hemoglobin A1c in Human Blood and the National 
Standardization Schemes in the United States, Japan, and Sweden: A Method-Comparison 
Study. Clin Chem. 2004;50(1):166–74. 



 

 80 

142. de Bock M, Codner E, Craig ME, Huynh T, Maahs DM, Mahmud FH, et al. ISPAD Clinical Practice 
Consensus Guidelines 2022: Glycemic targets and glucose monitoring for children, 
adolescents, and young people with diabetes. Pediatr Diabetes. 2022;23(8):1270. 

143. Koren D. Growth and development in type 1 diabetes. Curr Opin Endocrinol Diabetes Obes. 
2022 Feb 1;29(1):57–64.  

144. Holmgren A, Niklasson A, Gelander L, Aronson AS, Nierop AFM, Albertsson-Wikland K. Insight 
into human pubertal growth by applying the QEPS growth model. BMC Pediatr. 2017;17(1). 

145. Kopp MS, Thege BK, Balog P, Stauder A, Salavecz G, Rózsa S, et al. Measures of stress in 
epidemiological research. J Psychosom Res. 2010;69(2):211–25. 

146. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc 
Behav. 1983 Dec;24(4):385–96.  

147. Lundholm C, Rejnö G, Brew B, Smew AI, Saltvedt S, Almqvist C. Associations Between 
Maternal Distress, Cortisol Levels, and Perinatal Outcomes. Psychosom Med. 
2022;84(3):288–96. 

148. Smew AI, Hedman AM, Chiesa F, Ullemar V, Andolf E, Pershagen G, et al. Limited association 
between markers of stress during pregnancy and fetal growth in “Born into Life”, a new 
prospective birth cohort. Acta Paediatr. 2018;107(6):1003–10.  

149. Lu D, Andrae B, Valdimarsdóttir U, Sundström K, Fall K, Sparen P, et al. Psychologic Distress 
Is Associated with Cancer-Specific Mortality among Patients with Cervical Cancer. Cancer 
Res. 2019;79(15):3965–72.  

150. Fang F, Olgart Höglund C, Arck P, Lundholm C, Långström N, Lichtenstein P, et al. Maternal 
Bereavement and Childhood Asthma—Analyses in Two Large Samples of Swedish Children. 
PLoS One. 2011;6(11):e27202. 

151. Song H, Fang F, Arnberg FK, Mataix-Cols D, Fernández de la Cruz L, Almqvist C, et al. Stress 
related disorders and risk of cardiovascular disease: population based, sibling controlled 
cohort study. BMJ. 2019;365:l1255.  

152. Brew BK, Lundholm C, Gong T, Larsson H, Almqvist C. The familial aggregation of atopic 
diseases and depression or anxiety in children. Clinical and Experimental Allergy. 
2018;48(6):703–11. 

153. Medsker BH, Brew BK, Forno E, Olsson H, Lundholm C, Han YY, et al. Maternal depressive 
symptoms, maternal asthma, and asthma in school-aged children. Annals of Allergy, Asthma 
& Immunology. 2017;118(1):55-60.e1. 

154. Sundquist J, Ohlsson H, Sundquist K, Kendler KS. Common adult psychiatric disorders in 
Swedish primary care where most mental health patients are treated. BMC Psychiatry. 
2017;17(1):1–9. 

155. Stephansson O, Granath F, Svensson T, Haglund B, Ekbom A, Kieler H. Drug use during 
pregnancy in Sweden - Assessed by the prescribed drug register and the medical birth 
register. Clin Epidemiol. 2011;3(1):43–50. 

156. Örtqvist AK, Lundholm C, Wettermark B, Ludvigsson JF, Ye W, Almqvist C. Validation of 
asthma and eczema in population-based Swedish drug and patient registers. 
Pharmacoepidemiol Drug Saf. 2013;22(8):850–60. 

157. Henriksen L, Simonsen J, Haerskjold A, Linder M, Kieler H, Thomsen SF, et al. Incidence rates 
of atopic dermatitis, asthma, and allergic rhinoconjunctivitis in Danish and Swedish children. 
Journal of Allergy and Clinical Immunology. 2015;136(2):360-366.e2.  



 

 81 

158. Stensballe LG, Klansø L, Jensen A, Haerskjold A, Thomsen SF, Simonsen J. The validity of 
register data to identify children with atopic dermatitis, asthma or allergic 
rhinoconjunctivitis. Pediatric Allergy and Immunology. 2017;28(6):535–42. 

159. Albertsson-Wikland KG, Niklasson A, Holmgren A, Gelander L, Nierop AFM. A new type of 
pubertal height reference based on growth aligned for onset of pubertal growth. Journal of 
Pediatric Endocrinology and Metabolism. 2020;33(9):1173–82. 

160. Mouratidou N, Malmborg P, Sachs MC, Askling J, Ekbom A, Neovius M, et al. Adult height in 
patients with childhood-onset inflammatory bowel disease: a nationwide population-based 
cohort study. Aliment Pharmacol Ther. 2020;51(8):789–800. 

161. Grote FK, Van Dommelen P, Oostdijk W, De Muinck Keizer-Schrama SMPF, Verkerk PH, Wit 
JM, et al. Developing evidence-based guidelines for referral for short stature. Arch Dis Child. 
2008;93(3):212–7. 

162. Ludvigsson JF, Berglind D, Sundquist K, Sundström J, Tynelius P, Neovius M. The Swedish 
military conscription register: opportunities for its use in medical research. Eur J Epidemiol. 
2022;37(7):767–77. 

163. Werner B, Bodin L. Growth from birth to age 19 for children in Sweden born in 1981: 
descriptive values. Acta Paediatr. 2006;95(5):600–13. 

164. Cheetham T, Davies JH. Investigation and management of short stature. Arch Dis Child. 
2014;99(8):767–71. 

165. Greenland S, Pearl J, Robins JM. Causal diagrams for epidemiologic research. Epidemiology. 
1999;10(1):37–48. 

166. Hernández-Díaz S, Schisterman EF, Hernán MA. The Birth Weight “Paradox” Uncovered? Am 
J Epidemiol. 2006;164(11):1115–20. 

167. Vanderweele TJ, Mumford SL, Schisterman EF. Conditioning on intermediates in perinatal 
epidemiology. Epidemiology. 2012 Jan;23(1):1–9. 

168. Textor J, van der Zander B, Gilthorpe MS, Liśkiewicz M, Ellison GT. Robust causal inference 
using directed acyclic graphs: the R package “dagitty.” Int J Epidemiol. 2016;45(6):1887–94. 

169. D’Onofrio BM, Sjölander A, Lahey BB, Lichtenstein P, Öberg AS. Accounting for Confounding 
in Observational Studies. Annu Rev Clin Psychol. 2020;16(1):25–48. 

170. D’Onofrio BM, Lahey BB, Turkheimer E, Lichtenstein P. Critical need for family-based, quasi-
experimental designs in integrating genetic and social science research. Vol. 103, American 
Journal of Public Health. 2013;103(S1):S46–55. 

171. Smith GD. Negative Control Exposures in Epidemiologic Studies. Epidemiology. 
2012;23(2):350–1. 

172. Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative Controls – A Tool for Detecting 
Confounding and Bias in Observational Studies. Epidemiology. 2010;21(3):383–8. 

173. Brew BK, Gong T, Williams DM, Larsson H, Almqvist C. Using fathers as a negative control 
exposure to test the Developmental Origins of Health and Disease Hypothesis: A case study 
on maternal distress and offspring asthma using Swedish register data. Scand J Public 
Health. 2017;45(17_suppl):36–40. 

174. D’Onofrio BM, Class QA, Rickert ME, Sujan AC, Larsson H, Kuja-Halkola R, et al. Translational 
Epidemiologic Approaches to Understanding the Consequences of Early-Life Exposures. 
Behav Genet. 2016;46(3):315–28.  



 

 82 

175. Sjölander A, Zetterqvist J. Confounders, Mediators, or Colliders. Epidemiology. 
2017;28(4):540–7. 

176. Frisell T, Öberg S, Kuja-Halkola R, Sjölander A. Sibling comparison designs: bias from non-
shared confounders and measurement error. Epidemiology. 2012;23(5):713–20.  

177. Sjölander A, Frisell T, Kuja-Halkola R, Öberg S, Zetterqvist J. Carryover Effects in Sibling 
Comparison Designs. Epidemiology. 2016;27(6):852–8. 

178. Hudson JI, Javaras KN, Laird NM, Vanderweele TJ, Pope HG, Hernán MA. A structural 
approach to the familial coaggregation of disorders. Epidemiology. 2008;19(3):431–9. 

179. Yao S, Kuja-Halkola R, Thornton LM, Runfola CD, D’Onofrio BM, Almqvist C, et al. Familial 
Liability for Eating Disorders and Suicide Attempts. JAMA Psychiatry. 2016;73(3):284. 

180. Gong T, Lundholm C, Lundström S, Kuja-Halkola R, Taylor MJ, Almqvist C. Understanding the 
relationship between asthma and autism spectrum disorder: a population-based family and 
twin study. Psychol Med. 2023;53(7):3096–104. 

181. Choi SW, Mak TSH, O’Reilly PF. Tutorial: a guide to performing polygenic risk score analyses. 
Nat Protoc. 2020;15(9):2759–72. 

182. Ferreira MAR, Mathur R, Vonk JM, Szwajda A, Brumpton B, Granell R, et al. Genetic 
Architectures of Childhood- and Adult-Onset Asthma Are Partly Distinct. The American 
Journal of Human Genetics. 2019;104(4):665–84.  

183. Zhou W, Kanai M, Wu KHH, Rasheed H, Tsuo K, Hirbo JB, et al. Global Biobank Meta-analysis 
Initiative: Powering genetic discovery across human disease. Cell Genomics. 2022 Oct 
12;2(10):100192.  

184. Waage J, Standl M, Curtin JA, Jessen LE, Thorsen J, Tian C, et al. Genome-wide association 
and HLA fine-mapping studies identify risk loci and genetic pathways underlying allergic 
rhinitis. Nature Genetics. 2018;50(8):1072–80. 

185. Sliz E, Huilaja L, Pasanen A, Laisk T, Reimann E, Mägi R, et al. Uniting biobank resources reveals 
novel genetic pathways modulating susceptibility for atopic dermatitis. Journal of Allergy 
and Clinical Immunology. 2022;149(3):1105-1112.e9.  

186. Chiou J, Geusz RJ, Okino ML, Han JY, Miller M, Melton R, et al. Interpreting type 1 diabetes risk 
with genetics and single-cell epigenomics. Nature. 2021;594(7863):398–402. 

187. Wray NR, Yang J, Hayes BJ, Price AL, Goddard ME, Visscher PM. Pitfalls of predicting complex 
traits from SNPs. Nat Rev Genet. 2013;14(7):507–15. 

188. Zheng J, Erzurumluoglu AM, Elsworth BL, Kemp JP, Howe L, Haycock PC, et al. LD Hub: A 
centralized database and web interface to perform LD score regression that maximizes the 
potential of summary level GWAS data for SNP heritability and genetic correlation analysis. 
Bioinformatics. 2017;33(2):272–9.  

189. Bulik-Sullivan B, Loh PR, Finucane HK, Ripke S, Yang J, Patterson N, et al. LD score regression 
distinguishes confounding from polygenicity in genome-wide association studies. Nat 
Genet. 2015;47(3):291–5.  

190. Stensrud MJ, Hernán MA. Why Test for Proportional Hazards? JAMA. 2020;323(14):1401–2. 

191. Lambert PC, Royston P. Further Development of Flexible Parametric Models for Survival 
Analysis. The Stata Journal: Promoting communications on statistics and Stata. 
2009;9(2):265–90. 



 

 83 

192. Helgesson G. Forskningsetik. 2nd ed. Lund: Studentlitteratur; 2017.  

193. Lag om etikprövning av forskning som avser människor [Swedish Act Concerning the Ethical 
Review of Research Involving Humans. Vol. SFS. Stockholm: Utbildningsdepartementet; 
Available from: https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-
forfattningssamling/lag-2003460-om-etikprovning-av-forskning-som_sfs-2003-460 

194. Ludvigsson JF, Håberg SE, Knudsen GP, Lafolie P, Zoega H, Sarkkola C, et al. Ethical aspects 
of registry-based research in the Nordic countries. Clinical Epidemiology. 2015;7:491–508.  

195. Biobankslag [Swedish Biobank Act]. Vol. SFS. Stockholm: Socialdepartementet; [cited 2023 
Aug 24]. Available from: https://www.riksdagen.se/sv/dokument-och-
lagar/dokument/svensk-forfattningssamling/biobankslag-202338_sfs-2023-38/ 

196. Registercentrum Västra Götaland. Nationella Diabetesregistret. 2023 [cited 2023 Aug 1]. 
Available from: https://www.ndr.nu/#/for-dig-med-diabetes 

197. Parviainen A, Härkönen T, Ilonen J, But A, Knip M. Heterogeneity of Type 1 Diabetes at 
Diagnosis Supports Existence of Age-Related Endotypes. Diabetes Care. 2022;45(4):871–9. 

198. Battaglia M, Ahmed S, Anderson MS, Atkinson MA, Becker D, Bingley PJ, et al. Introducing the 
Endotype Concept to Address the Challenge of Disease Heterogeneity in Type 1 Diabetes. 
Diabetes Care. 2020;43(1):5–12. 

199. Agorastos A, Pervanidou P, Chrousos GP, Kolaitis G. Early life stress and trauma: 
developmental neuroendocrine aspects of prolonged stress system dysregulation. 
Hormones. 2018;17(4):507–20. 

200. Nielsen NM, Hansen AV, Simonsen J, Hviid A. Prenatal Stress and Risk of Infectious Diseases 
in Offspring. Am J Epidemiol. 2011;173(9):990–7. 

201. Ferrara CT, Geyer SM, Liu YF, Evans-Molina C, Libman IM, Besser R, et al. Excess BMI in 
Childhood: A Modifiable Risk Factor for Type 1 Diabetes Development? Diabetes Care. 
2017;40(5):698–701. 

202. Lönnrot M, Lynch KF, Elding Larsson H, Lernmark Å, Rewers MJ, Törn C, et al. Respiratory 
infections are temporally associated with initiation of type 1 diabetes autoimmunity: the 
TEDDY study. Diabetologia. 2017;60(10):1931–40. 

203. De Long NE, Gutgesell MK, Petrik JJ, Holloway AC. Fetal Exposure to Sertraline Hydrochloride 
Impairs Pancreatic β-Cell Development. Endocrinology. 2015;156(6):1952–7. 

204. Liu S, Leone M, Ludvigsson JF, Lichtenstein P, D’Onofrio B, Svensson AM, et al. Association 
and Familial Coaggregation of Childhood-Onset Type 1 Diabetes With Depression, Anxiety, 
and Stress-Related Disorders: A Population-Based Cohort Study. Diabetes Care. 
2022;45(9):1987–93. 

205. Leone M, Kuja-Halkola R, Leval A, Butwicka A, Skov J, Zhang R, et al. Genetic and 
Environmental Contribution to the Co-Occurrence of Endocrine-Metabolic Disorders and 
Depression: A Nationwide Swedish Study of Siblings. American Journal of Psychiatry. 
2022;179(11):824–32. 

206. Kreiner E, Waage J, Standl M, Brix S, Pers TH, Couto Alves A, et al. Shared genetic variants 
suggest common pathways in allergy and autoimmune diseases. Journal of Allergy and 
Clinical Immunology. 2017;140(3):771–81. 

207. Liljendahl MS, Sevelsted A, Chawes BL, Stokholm J, Bønnelykke K, Andersen ZJ, et al. 
Childhood asthma is associated with development of type 1 diabetes and inflammatory 
bowel diseases: a Danish nationwide registry study. Scientific Reports. 2022;12(1):1–9. 



 

 84 

208. Metsälä J, Lundqvist A, Virta LJ, Kaila M, Gissler M, Virtanen SM, et al. Use of Antiasthmatic 
Drugs and the Risk of Type 1 Diabetes in Children: A Nationwide Case-Cohort Study. Am J 
Epidemiol. 2020;189(8):779–87.  

209. Xie J, Chen G, Liang T, Li A, Liu W, Wang Y, et al. Childhood asthma and type 1 diabetes 
mellitus: A meta-analysis and bidirectional Mendelian randomization study. Pediatric Allergy 
and Immunology. 2022;33(9):e13858. 

210. Ballardini N, Kull I, Lind T, Hallner E, Almqvist C, Östblom E, et al. Development and 
comorbidity of eczema, asthma and rhinitis to age 12 - data from the BAMSE birth cohort. 
Allergy. 2012;67(4):537–44. 

211. Zhou W, Cai J, Li Z, Lin Y. Association of atopic dermatitis with autoimmune diseases: A 
bidirectional and multivariable two-sample mendelian randomization study. Front Immunol. 
2023;14. 

212. Plamper M, Gohlke B, Woelfle J, Konrad K, Rohrer T, Hofer S, et al. Interaction of Pubertal 
Development and Metabolic Control in Adolescents with Type 1 Diabetes Mellitus. J 
Diabetes Res. 2017;2017:1–8. 

213. Du Caju MVL, Rooman RP, De Beeck LO. Longitudinal data on growth and final height in 
diabetic children. Pediatr Res. 1995;38(4):607–11.  

214. Ahmed ML, Connors MH, Drayer NM, Jones JS, Dunger DB. Pubertal growth in IDDM is 
determined by HbA1c levels, sex, and bone age. Diabetes Care. 1998;21(5):831–5.  

215. Mitchell DM. Growth in patients with type 1 diabetes. Curr Opin Endocrinol Diabetes Obes. 
2017;24(1):67–72.  

216. Parthasarathy L, Khadilkar V, Chiplonkar S, Khadilkar A. Longitudinal Growth in Children and 
Adolescents with Type 1 Diabetes. Indian Pediatr. 2016;53(11):990–2. 

217. Brown M, Ahmed ML, Clayton KL, Dunger DB. Growth during childhood and final height in 
type 1 diabetes. Diabet Med. 1994;11(2):182–7.  

218. Holl RW, Grabert M, Heinze E, Sorgo W, Debatin KM. Age at onset and long-term metabolic 
control affect height in type-1 diabetes mellitus. Eur J Pediatr. 1998;157(12):972–7. 

219. Lash TL, Fox MP, MacLehose RF, Maldonado G, McCandless LC, Greenland S. Good practices 
for quantitative bias analysis. Int J Epidemiol. 2014;43(6):1969–85. 

220. Hernán MA, Sauer BC, Hernández-Díaz S, Platt R, Shrier I. Specifying a target trial prevents 
immortal time bias and other self-inflicted injuries in observational analyses. J Clin 
Epidemiol. 2016;79:70–5. 

221. Ceriello A, Monnier L, Owens D. Glycaemic variability in diabetes: clinical and therapeutic 
implications. Lancet Diabetes Endocrinol. 2019 Mar 1;7(3):221–30.  

222. Hirsch IB. Glycemic Variability and Diabetes Complications: Does It Matter? Of Course It 
Does! Diabetes Care. 2015;38(8):1610–4.  

223. Blasetti A, Castorani V, Polidori N, Mascioli I, Chiarelli F, Giannini C. Role of glucose variability 
on linear growth in children with type 1 diabetes. Endocr Connect. 2023;12(4). 

  


