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Abstract 
 

Van der Velde, Lode (2018) Missing links in the genesis of type 1 diabetes: A geographical 

approach to the case of enteroviruses in the Nordic region. 

 

Type 1 diabetes (T1D) is an autoimmune disease that destroys the bodies’ insulin producing 

beta-cells. The disease is understood to be triggered in genetically susceptible individuals by 

environmental factors. While the genetic side of the etiological model has to some degree been 

uncovered, there is no clear understanding of which environmental factors play a role in the 

disease process. Several hypotheses claim to explain the development of T1D, of which 

enteroviral infections show the most promise. According to this hypothesis high prevalence of 

enteroviral infections would also mean high incidence rates of T1D. This study focused on four 

Nordic countries (Denmark, Finland, Norway and Sweden) that as late as 2017 were found in the 

top 10 countries for incidence rate of childhood-onset T1D in the world. Incidence rates of T1D 

and prevalence of enteroviruses were mapped and geographically analyzed according to the 

principles of spatial epidemiology, after which correlation coefficients were calculated. In doing 

so the study tried to answer to which extent the prevalence of enteroviruses could explain the 

regional variations in T1D. For all countries no significant correlation was found, but increasing 

sample size, by grouping countries, showed considerably different outcomes with a small 

positive correlation in the case of Norway and Finland.  

 

Key words: type 1 diabetes, epidemiology, spatial epidemiology, enteroviruses, enteroviral 

infection, health geography, environmental risk factors. 
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Introduction 
 

Non-communicable diseases (NCD’s) are the primal cause for early deaths worldwide. 

According to the World Health Organization (2017) 70% of deaths globally can be contributed to 

mainly cardiovascular and chronic respiratory diseases, cancers and diabetes. Furthermore, 

research on preventive measures on etiological backgrounds of these diseases have shown  that 

many of these deaths can be prevented through adequate healthcare systems. These systems 

can respond to the specific needs of patients and in general focus on containing risk factors 

(WHO, 2013). By pursuing these goals, the WHO labels the prevention and control of NCD’s as a 

great opportunity to bring down mortality rates around the world. However, the case of diabetes 

is more complex. While type 2 diabetes is often referred to when talked about diabetes, type 1 

diabetes (T1D) is relatively unknown and is different from type 2 in its pathogenesis and 

epidemiological background (Inzucchi and Sherwin, 2011). Both types cope with a lack of, or a 

complete deficiency of the hormone insulin. Type 2, however, covers almost 90% of all cases of 

diabetes worldwide and is furthermore seen as a lifestyle disease for its strong relation to 

obesity, poor diet and physical inactivity (IDF, 2017). There are still uncertainties surrounding the 

causes for type 2 diabetes, but generally the genetic and environmental factors influencing the 

pathogenesis of type 2 diabetes are understood (Leahy, 2005). On the other hand, this is only 

partly the case for T1D. Type 1 diabetes is an autoimmune disease that attacks and dismantles 

the body’s pancreatic insulin-producing beta cells (β-cells) (Borchers et al., 2010). Clinically T1D 

is largely onset in the early years of childhood and peaks during puberty. After the age of fifteen, 

the occurrence of the disease levels off (Stene and Tuomilehto, 2016). In addition, the 

pathogenesis of T1D is understood to be prompted by environmental factors in individuals who 

are genetically susceptible to the disease (Inzucchi and Sherwin, 2011). The environmental 

factors in this case are yet to be defined, but hypotheses range from viral infections to dietary 

habits (You and Henneberg, 2016). Finding the missing links in the background of T1D, referred 

to as the etiology, can prompt preventive therapies before the onset of the disease. However, 

after more than 30 years of mostly medical research no conclusive set of environmental triggers 

or promoters of T1D has been established. Therefore, it may be beneficial to approach the 

etiological model of T1D from a different, geographical perspective. 

 

A major development worldwide is the rising incidence rate of T1D. Especially among children 

under fifteen years old, the incidence rate increased with 3% every year over the past decade. 

Moreover, there are considerable differences between countries. The incidence rates show large 

regional variations, with European countries having relatively high incidence rates and low rates 

are found on the African continent (IDF, 2017). Four of the Nordic countries, Denmark, Finland, 

Norway and Sweden, are found in the top ten countries with the highest incidence rates for T1D 

for people under twenty years old. Moreover, Finland, Norway and Sweden are situated in the 
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top five with Finland having almost twice the incidence rate of Norway (IDF, 2017). These 

differences suggest regional variations in the occurrence of the disease between the four 

countries. At the same time, they are relatively homogeneous in the context of, among other 

things, genetics, disease monitoring systems and healthcare systems. This suggests a large role 

for environmental factors in the etiological model of T1D and it is therefore valuable to analyze 

the regional variations of T1D in these four countries. In addition, enteroviral infections have 

shown strong links to islet autoimmunity, the condition that precedes symptomatic T1D 

(Rewers and Ludvigsson, 2016). So far there is evidence from clinical studies for this relation 

(Stene et al., 2010, Knip and Simell, 2012), but no studies that focus on geographical variations 

between the two variables have been performed. Therefore, it is valuable to investigate this 

relation from the perspective of health geography and spatial epidemiology, using the tools 

offered in general by geographical science. In order to study the possible influence of enteroviral 

infections on T1D, the following question highlights this research: 

 

What are the regional variations in type 1 diabetes incidence among children in Finland, Norway, 

Sweden and Denmark and to which extent can the prevalence of enteroviruses explain these 

differences? 

 

In answering this question, this study attempts to illustrate the benefit of mapping and the 

examination of geographic variations of diseases within the broader field of epidemiology. 
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1 Background 
 

A central subject within this research revolves around the autoimmune disease type 1 diabetes. 

Understanding the origin of this disease, also known as the etiology, and the biological 

mechanism that is part of this, supports the findings of this research. Especially the biological 

make-up of the disease, also referred to as the pathogenesis, is vital for analyzing possible 

environmental factors and making a distinction between these factors and genetic 

determinants. This chapter will look into diabetes mellitus as a whole and specifically into the 

sub form type 1.  

 

1.1 Diabetes Mellitus 

 

Diabetes mellitus is an autoimmune disease that is typified by hyperglycemia (high blood sugar 

levels) due to the destruction of insulin-producing beta cells in the pancreas (Kozhakhmetova 

and Gillespie, 2016). Insulin is often described as the key for individuals to regulate the balance 

of glucose in the bloodstream. In healthy individuals insulin is produced and released by the β-

cells of the islet of Langerhans in the pancreas once sugar levels in the blood are too high. 

Conversely, when sugar levels are low the α-cells in the body are triggered to release glucagon. 

This hormone releases stored glucose from the liver to raise sugar levels in the bloodstream 

again (Kaul et al., 2012). Diabetes comes in different forms and is classified according to different 

methods. The most common classification of the disease is based on the different mechanisms 

that lead up to the disease (Alberti and Zimmet, 1998). This distinction is vital for efforts to 

prevent and treat diabetes mellitus in general successfully, since each form requires different 

therapies. There are roughly four different types of diabetes (although Ahlqvist et al. (2018) 

recently introduced five classes with the same purpose of making treatment more efficient and 

effective). Following type 1 and type 2 diabetes, a large group of ‘other’ types and gestational 

diabetes complete the quartet. The latter is a form of the disease that first is seen or onsets 

during pregnancy. The risk factors for gestational diabetes mellitus are among others older age, 

a family history with especially type 2 diabetes and obesity before pregnancy. When left 

untreated, high blood sugar levels can cause complications for both the mother and the infant 

(Kaul et al., 2012). Secondly, the ‘other’ group includes diabetes caused by a variety of elements 

and with different long lasting effects. For instance, drug or chemical exposure, like rat poison, 

can activate hyperglycemia, which is then usually not reversible. Other occurrences of 

hyperglycemia can be incited by acute pancreatitis (inflammation of the pancreas), but 

subsequent long lasting diabetes is unusual (Maraschin, 2012). Thirdly, there is type 2 diabetes, 

which is the most common form of diabetes with almost 90% of all cases worldwide. This type 

is characterized by a resistance to insulin rather than the lack of production of the hormone. 

Generally, the disease can be found in obese individuals or individuals with unhealthy diets and 
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is particularly common at later stages in life. Therefore, the disease is often referred to as a 

lifestyle disease, which also points to the possibility to reverse the resistance for insulin by 

following healthier diets and lifestyles (Inzucchi and Sherwin, 2011). For all these types a 

relatively clear etiological model has been developed, which makes the treatment and in some 

cases reactivation of insulin producing cells an efficient process. 

 

Furthermore, the treatment for diabetes is different for each type and often also varies between 

individuals. However, there are five means to stabilize and maintain a normal glucose levels 

which are education, exercise, diet, oral medication and insulin. Usually a combination of these 

tools are used to treat the disease. For instance a combination of exercise, education and diet 

would be the first step in treating type 2 diabetes. If these measures turn out ineffective, oral 

anti-diabetic medicines can be taken to improve insulin production and intake (Kaul et al., 2012).  

 

Finally, complications of diabetes mellitus can be caused by poor regulation of glucose levels in 

the bloodstream. The most direct complications can occur with hypoglycemia (low blood 

sugars) that are related to trouble speaking, loss of consciousness and in worst cases death. 

Hyperglycemia can on the other hand result in fatigue, osmotic diuresis (fluid loss) and poor 

wound healing (IDF, 2017). More long time complications include retinopathy that can lead to 

blindness, nephropathy that can induce kidney failure and macrovascular complications that can 

cause higher risks of strokes, coronary heart disease and foot amputations (Kaul et al., 2012). 

Moreover, with the incidence rate of diabetes rising worldwide, the societal effects, like health 

care costs, are also increasing. 

 

1.2 Type 1 diabetes (T1D) 

 

T1D is the final type of diabetes and the main focus in this research. In individuals with T1D the 

pancreatic islets are destroyed and will not produce any more insulin, which makes patients with 

the disease insulin dependent (Rewers and Ludvigsson, 2016). Other than with type 2 diabetes, 

T1D is a disease that generally develops before the age of 35 and incidence rates even peak 

around the age of 14, causing for the disease to also be referred to as juvenile onset diabetes 

(Kaul et al., 2012). T1D is mainly treated with direct insulin injection, but other tools like exercise, 

diet and education can make controlling the disease easier. In addition, poor control of blood 

glucose levels can lead to nephropathy, retinopathy and coronary heart disease, and even with 

treatment the risk of these complications remains high (Kozhakhmetova and Gillespie, 2016). It 

is expected that a combination of environmental factors and a susceptible gene set can lead to 

the development of T1D. Gene susceptibility is a first step in the progression towards overt T1D. 

The process from susceptible individual (often child) to clinically ill patient can on average take 

around 2,5 to 3 years (Knip and Simell, 2012) (figure 1). Furthermore, the steps in between this 
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process are known to take place but do not have a comprehensive account of why. The 

inflammation stage that initiates the β-cell autoimmunity can also be seen as environmental 

factors that build on the genetic susceptibility to develop T1D. The etiology of this inflammation 

stage is still unknown and is subject in this research.  

 

 
Figure 1: Progression from genetic disease susceptibility to overt T1D. The etiology of the inflammation stage (highlighted) that 
precedes the initiation of autoimmunity is thus far unknown (roughly replicated from Mikael Knip’s (2012) model). 

 

1.2.1 Genetics vs. environment 

 

The influences on the pathogenesis of T1D are unknown, but it has been suspected that both 

genetic and environmental factors are in play. Even though genetic aspects make up a 

considerable part, environmental contexts are seen as major determinants for the promotion 

and development of T1D (Gopinath et al., 2008).  

 

T1D manifests itself genetically with individuals that are subjected to autoimmune elimination 

of pancreatic beta cells. The genetic factors in the etiological model of T1D are viewed as a 

complex interplay between several gene classes of which the Human Leucocyte Antigen (HLA) 

region is most related to T1D. This gene class has been associated with both the susceptibility 

as well as the protection to T1D (Kozhakhmetova and Gillespie, 2016).  However, there are over 

50 genes associated with the disease and all the identified genes together do not explain the full 

genetic-etiological model (Kaul et al., 2012). Therefore, it is assumed that the combination of a 

large group of genes is at the basis of susceptibility for T1D. Furthermore, a hereditary 

component is apparent with the disease. Even though most patients with T1D do not have any 

family history for the disease, there is a high prevalence among siblings. The chances of 

developing the condition in siblings of patients is 15 times higher than for the general population 

without any hereditary links. In addition, the offspring of diabetic parents have approximately a 

6% (mother) or 12% (father) higher risk of advancing the disease (Steck and Rewers, 2011). 

Again, this implies that genetic factors are of high influence in the etiological model.  

 

However, a few factors indicate that genetics do not complete the etiological model of T1D and 

that environmental determinants must also play a significant role. First of all, variation studies 

on the incidence rate of T1D between countries and lower administrative levels have shown 

significant differences. It is furthermore assumed that in some of these studies the population 

Genetic 
disease 

susceptibility 
Inflammation

Initiation of β-
cell 

autoimmunity 
Overt T1D
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was homogeneous, and with that relatively equal in genetic predisposition (Gopinath et al., 

2008). Therefore, the genetic variability cannot explain the differences alone and environmental 

factors are hypothesized to have major influence on the etiological model. Secondly, some 

studies have found that the incidence of T1D remained at the same levels for one generation 

after migrants moved from their country of origin to another country, after which the levels 

followed that of the new country (Borchers et al., 2010). This also implies that a change of 

environment can influence the incidence of T1D. Thirdly, the rapid increase in T1D incidence, 

especially in the Nordic countries in the past 50 years, happened to fast for genetic alterations 

to happen naturally. Changes in genetics generally do not take solely one generation (Stene, 

personal communication). Thus to account for the increasing incidence rate of T1D over the past 

decades, one must look further than the genetic susceptibility and focus too on environmental 

factors. And finally, studies that looked into T1D in monozygotic (identical) twins found no or 

limited concordance of the disease. This means that overwhelmingly only one of the identical 

twins was affected. Bougnères et al (2017) argue that this discordance implies that non-genetic 

factors must be in play in the disease process. These four assertions are the main proof for the 

influence of environmental factors in the development of T1D.  

 

1.2.2 Epidemiology of T1D 

 

Epidemiology focuses on the distribution of diseases and generally asks who is affected by the 

disease, when does the disease occur and where do diseases appear. Comparative studies on 

the spatial variations of incidence of T1D at the global level have been performed (Tuomilehto, 

2013, Karvonen et al., 2000). Most of the available data on childhood-onset T1D comes from 

European and North American countries and is often displayed as new cases per 100,000/year. 

Registration of T1D cases in Africa is still sparse, but it is assumed that incidence rates in the 

continent are relatively low. However, Green (personal communication, 2018) mentions the 

possibility of premature mortality being high with T1D patients in Africa because of a lack of 

health care provision and the possible skewed effect this has on incidence rates of T1D in the 

continent. Likewise, incidence rates are low in Asian and South American countries, with the 

lowest incidence rates reported in Venezuela and China (Borchers et al., 2010). The highest 

incidence rates recorded can be found in Finland (57.2) and Kuwait (44.5), followed by a set of 

European, Middle-Eastern and North-African countries (Stene and Tuomilehto, 2016, Shaltout 

et al., 2017). Table 1 shows the top ten countries for incidence rates and a quick analysis will point 

out four Nordic countries (Finland, Sweden, Norway and Denmark) as a cluster of high incidence 

rates. Therefore, within Europe a North-South gradient in incidence rates has been proposed. 

However one exception to this hypothesis is the island of Sardinia, which with an incidence rate 

of 45 lands just after Finland with the second highest rate worldwide (Songini et al., 2017). It is 

important to underline the differences in methodological approaches to finding incidence rates 
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in countries. The varying methods can show diverging amounts, which makes cross country 

analyses sometimes unreliable. Furthermore, comparing the incidence rate for young adults and 

people above the age of 30 is problematic because classification of the type of diabetes is 

different in many countries (Stene and Tuomilehto, 2016). In general, table 1,  and the global 

variations that can be derived from it, paints an odd image and does not at first glance show any 

identifiable risk factor. 

 
Table 1: Top 10 countries/territories for the incidence rates of T1D below the age of 20 in 2017. The Nordic countries are 
highlighted (IDF, 2017). 

 

 

 

 

 

 

 

 

 

 

 

 

 

When looked at the incidence rates by sex, there are modest differences noticeable. Overall 

there is a slight excess of T1D incidence among males relative to females in countries with 

generally high ratios. Conversely, a female excess of incidence can be observed in countries with 

low incidence rates overall. Furthermore, the peak of incidence rates for T1D appear earlier in 

females than in males between the ages of 11 and 14. This difference might point towards the 

influence of puberty (Stene and Tuomilehto, 2016). In addition, there is a clear male 

predominance in new cases of T1D that occur after the age of 25 even with the difficult 

distinction between types of diabetes in this age group (Borchers et al., 2010).  

 

When focusing on the Nordic cases, geographical differences have been studied on several lower 

administrative levels. Variations were examined in Finland and Sweden at the municipal level 

(Rytkönen et al., 2003, Samuelsson and Löfman, 2004, Lynch et al., 2010), in Norway and 

Sweden at the county level (Joner et al., 2004, Dahlquist et al., 1985) and in Stockholm at the 

neighborhood level (Gopinath et al., 2008). No studies on regional variations of T1D on lower 

administrative levels in Denmark have been found.  

 

Country Rank Incidence rate for T1D 

Finland 1 57.2 

Kuwait 2 44.5 

Sweden 3 39.5 

Saudi Arabia 4 33.5 

Norway 5 29.8 

Algeria 6 26 

Morocco 7 26 

United Kingdom 8 25.9 

Ireland 9 24.3 

Denmark 10 23 



12 
 

Tuomilehto (2013) suggest a global epidemic of T1D, following alongside type 2 diabetes, which 

has seen a larger spike in prevalence and incidence over the past decades. An epidemic is 

recognized when the occurrence of new cases in a disease exceed the expectation that was 

based on previous and past experiences. Trends in T1D incidence over time show a steady 

increase after the first half of the 20th century with a steeper increase from the 1990’s on. Studies 

in 37 populations worldwide have shown an average increase of 3% per year between 1960 and 

1996, a significant growth in incidence rate. In addition, the relative growth seems to be stronger 

among younger children than older individuals (Patterson et al., 2009). Moreover, studies in 

Finland show an increase of 2,8% per year between 1950 and 1990. Starting at an incidence rate 

of 13 per 100,000 in the 1953, the rate multiplied almost five fold in 2011 to a rate of 64.3 (Stene 

and Tuomilehto, 2016, Rytkönen et al., 2003). In Sweden, the same pattern was observed in a 

time trend study between 1983 and 2007. Additionally, the study found that the age at which 

the disease was diagnosed, decreased in male subjects from 16.1 to 13.7 in male subjects and 

from 14.1 to 10.9 years in female subjects in a 25-year period (Dahlquist et al., 2011). Conversely, 

in Norway no major increases or decreases over a 10-year period of time have been observed 

and the incidence rate for all age groups below 15 years have been stable. However, in the same 

study major regional variation were reported (Joner et al., 2004). Comparable to the increase in 

other Nordic countries, the incidence rate for T1D in Denmark has increased with an average of 

3.43% per year between 1996 and 2005. A steep rise compared to earlier reported incidence 

rates in the country and without any noticeable difference between sex or age (Svensson et al., 

2009).  

 

Last of all, there is a seasonal variation observable in the diagnoses of T1D. More cases have 

been identified during fall and winter than in summer and spring, which is also consistent for 

both the northern and southern hemisphere. Figure 2 also shows a stronger seasonal variation 

for older age groups (10-14, 5-9) than for their younger counterparts (0-4) (Stene and 

Tuomilehto, 2016). Especially noteworthy, when looking at seasonal variations, is the often long 

preclinical period for T1D. This period varies substantially between individuals, but the variations 

observed do indicate that periodic factors influence the timing of disease onset.  
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Figure 2: Seasonal variation in diagnosis of T1D among children diagnosed between 1989 and 1998 in European centers by age at 
onset (Patterson et al., 2001). 
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2 Theoretical framework 
 

It is implicit that the theoretical framework within which researchers formulate their research 

questions determines the scale, composition and societal relevance of the answers that will 

come forward as a result. This study focuses on the incidence and distribution of a disease as 

well as the determinants that relate to the disease’s development and prevention within in a 

specified population (Forrest, 2013). Therefore, this research is deeply rooted in modern 

epidemiological thinking. 

 

2.1 Epidemiology 

 

In contrast with traditional medicine, which focuses on health promotion in individuals, modern 

epidemiology focuses primarily on the determinants that cause health problems in populations. 

In general, epidemiology is concerned with both the frequency and the pattern of health 

occurrences. The data that is acquired within epidemiological studies is then often used for the 

comparison of groups to determine whether disease patterns differ and to establish a causal 

relation between risk factors and diseases. In addition, the frequency of health events in a 

population indicates the amount of cases of ill-health, but also specifies the size of the 

population in which it appears. Subsequently, this can be used by epidemiologists to make 

comparisons between population groups. From a public health perspective, the frequency of a 

disease determines the degree to which interventions take place (Krickeberg et al., 2012). This 

measurement is often presented through incidence or prevalence rates. Moreover, these 

frequencies can be displayed by time, person and place to illustrate a pattern. A classic starting 

point for epidemiological research has always been the spatial patterns and variations of 

diseases. This can be illustrated with the well-known map by Jon Snow of the cholera cases in 

London in 1854 that lead to the identification of water pumps as the main source of the disease 

(Brown et al., 2010). Prediction of incidence rates and the mapping of disease epidemiology can 

furthermore help plan future healthcare needs and determine the focus of public health policy 

(Patterson et al., 2009). Last of all, the spatial distribution of diseases is not random and it is 

assumed that the variability can be explained through contextual factors.  

 

Furthermore, promoting good health in populations falls under the umbrella of the field of public 

health. Therefore, epidemiology can be seen as an instrument to control health related events 

in populations and as a foundation upon which practical public health interventions can be based 

(Krickeberg et al., 2012). Nevertheless, McMichael (1999) argues that a flaw in epidemiological 

thinking is the constraint imposed by the focus on individual-level influences on health. When 

thinking about the levels of causal relation in epidemiological research the main interest goes to 

the individual rather than the population level. This assumption is supported by the idea that risk 



15 
 

factors and the etiology of diseases manifest itself at the individual level. While factors may play 

a role at higher levels of epidemiological analysis, they reveal themselves at and are translated 

in individual cases. However, this thinking is mostly related to traditional risk factor 

epidemiology, which is argued not to meet the demands of the global emerging disease patterns 

(Susser, 1998). In the case of diseases without full etiological models, it can be asserted that a 

population level focal point is warranted to grasp the many possible risk factors that have yet to 

be understood. McMichael’s (1999) criticizes modern epidemiology with three additional 

constraints upon its research agenda. 

 

First of all, there is a fixation on proximate risk factors. These are specific circumstances and 

variables that are measurable on the individual level. What is also referred to as ‘risk 

factorology’, has forced epidemiologists to look for specific risk factors rather than broadening 

the view of epidemiological studies (McMichael, 1999). Especially, when it comes to non-

communicable diseases, is it understood that many disease pathogeneses cannot be related to 

a single risk factor (Murray and Lopez, 1997). The focus should therefore not lie on only 

performing those studies, but rather on broadening the focal length of these studies. Secondly, 

McMichael (1999) argues that current epidemiological research observes obtaining risks in a 

static way. This perception is deceptive because the risk of diseases is often acquired over a 

larger span of time instead of a single point in time. Again, this is specifically true for 

noninfectious diseases, which evolve over time with an accumulation of risk determinants and 

processes. In the case of T1D, this becomes apparent when looking at the onset of the clinical 

stage of the disease, which in some cases can add up to 20 years (Green, personal 

communication, 2018). Lastly, modern epidemiology is constraint by its view on the past and 

present. In the coming decades the global environment will see changes due to population 

growth, expanding economic activity and climate change. Consequently, the global patterns of 

health and disease will be subject to change. This calls for epidemiology to rethink its temporal 

scope by not only focusing on incremental steps in improving well-being, but also on developing 

a more sustainable health framework for the future (McMichael, 1999). It is then often assumed 

that epidemiological studies are mostly reactive, but in this case an argument can be made for 

a proactive approach. 

 

2.1.1 Epidemiology of non-communicable diseases 

 

Starting after the second world war, the increasing demographic pressure in urban areas led to 

new and more complex health issues. Moreover, the risk factors connected to these health 

problems were more often composing a non-infectious etiological model, resulting in a higher 

frequency of, among others, respiratory and cardiovascular diseases (Sarkar et al., 2014). In 

general, etiological models of NCD’s are more complex for a number of reasons, but the 
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complexity is foremost promoted by multi-causality of these diseases. Non-infectious diseases 

are not contagious in the way infectious diseases are, but the underlying environmental factors 

can be seen as contagious through ideological or cultural frameworks. For example, cultural 

factors highly influence dietary habits that in turn, if they include high sugar intake, can lead to 

ill-health. The different approach to NCD’s with a multi-factorial framework instead of a 

monocausal one, also illustrates that NCD’s lack a universal etiological model for all non-

infectious diseases (Fuller, 2018). The obvious answer here might point at the complex nature of 

most NCD’s, however that does not take away the necessity for research into these diseases to 

be performed from a different perspective.  

 

2.2 The ‘ecosocial’ perspective 

 

The critique formulated by McMichael is broadly shared by many other epidemiologists. Nancy 

Krieger specifically responded to this shared critique with the production of the ‘ecosocial’ 

theory. The ‘eco’ in ‘ecosocial’ refers to ecology, which by itself stands for the science of habitat. 

Therefore, disease ecology can be referred to as the “relationship between disease and the 

geographical setting in which it occurs” (Brown et al., 2010). In addition, Krieger (2001) 

emphasizes the necessity of an integrated approach to modern epidemiology that would 

operate on the population level without rejecting the individual-level biological aspects. In this 

sense, epidemiology would broaden its scope to range from the individual to the societal level 

(figure 3). The ‘ecosocial’ theoretical framework would then “truly integrate social and biologic 

understandings of health, disease and well-being” (Krieger, 1994). It is important to note that 

the aim is not to explain everything and with that maybe nothing, but instead would provide a 

set of principles for the guidance of epidemiological research (Lewontin, 2001). Furthermore, 

the construct of the ‘ecosocial’ theory focuses on the patterns of health and well-being in 

populations and identifies these as ‘biological expressions of social behavior’ (Krieger, 2001). 

 

 
Figure 3: Biomedical disciplines along the scale of biological organization and the scope of epidemiology (Krieger, 1994). 
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2.3 Health geography and spatial epidemiology 

 
The increased availability of health related data and the development of technological tools to 

analyze it over the past decades has pushed for the (re)emergence of health geography as a 

field. In general, health geography “uses concepts and methodologies from the discipline of 

geography to investigate health-related topics” (Emch et al., 2017). The present computing 

power and data availability has not changed the questions that are posed by health geographers, 

but has drastically strengthened their capacity to answer them. Furthermore, the scientific field 

focuses on the interactions of people with their environment, which is also one of the pillars of 

human geography, the branch of geography under which health, or medical, geography is 

grouped. Moreover, recent trends in health geography have focused on place as a structure for 

understanding health issues. The main goal here is to illustrate that places matter in the context 

of disease occurrence. Within the understanding of place there has been an inclination to 

convert place to space and associate it with aggregated measuring units like counties or 

municipalities, often dictated by government agencies that provide health statistics. The 

problem with these units in the approach to health geography is the denial of places as complex 

social constructs with individual people rather than a measuring unit with ‘observations’ (Kearns 

and Moon, 2002). The complicated background of many diseases can therefore not always be 

illustrated. In these cases, it can be valuable to assess distributions of specific elements of 

diseases to contribute to a larger disease structure, even if this means the use of aggregated 

units of measurement. This also limits the sets of confounding variables that can influence the 

disease model and moves towards  

 

It is specifically the before mentioned relation between health and socio-biological expressions 

in behavior that is reflected in ecological studies of health and spatial epidemiology. Ecological 

studies focus on the distribution of diseases at different levels of analysis to determine the 

etiology of diseases (Wills and Soneji, 2018). In addition, spatial epidemiology builds on the 

established values of ecological studies and analyses the spatial or geographical distribution of 

the incidence of diseases. Primarily, spatial epidemiology is concerned with understanding the 

maps that provide the locations of diseases within a specified area, while at the same time 

focusing on the relation between the disease distribution and the possible explanatory factors 

(Lawson, 2006). In doing so the field can be used for multiple purposes among which the 

construction of hypotheses related to the etiological model of a disease and supporting policy 

decisions. However, disease mapping must be approached with caution. First of all, the 

interpretation of data portrayed in maps revolves around the depiction of that data. Differences 

in resolution, scale and color can prompt various perceptions (Elliott and Wartenberg, 2004). 

Secondly, homogeneity in aggregated data sets is vital for significant analysis. Often in spatial 

epidemiology individual level data is aggregated into higher level areal units, like regions, 



18 
 

counties or postal areas. The way individual level data is aggregated determines how regional 

variations, of for instance prevalence or incidence rates in a country, are shown and interpreted. 

Interpretations might therefore differ when data is shown at the county level or the municipal 

level. This is also called the modifiable area unit problem (MAUP) (Openshaw and Taylor, 1981). 

The choice of areal unit is often prescribed by the availability of data, and because data can 

sometimes be scarce, a concession has to be made between homogeneity within an area unit 

and accuracy of available data (Elliott and Wartenberg, 2004). Lastly, the MAUP is closely 

related to the ecological fallacy of multivariate analyses that are especially examined in spatial 

epidemiology. In this fallacy it is assumed that statistical associations detected at one level of 

analysis can be generalized or viewed as true on other scales (Emch et al., 2017). This makes 

translating causal relations at the aggregated level to tangible individual level outcomes hard. 

Both the MAUP and the ecological fallacy are a challenge when conducting cross-count(r)y 

analyses for disease causation and requires proper evaluation and handling of the available data.  

 

2.4 The Triangle of Human Ecology 

 

One of the pioneers in the field of health geography, Jacques May (1958) was primarily 

concerned with the development of an epidemiological model, or a set of organizing principles 

for his own research, that could explain why diseases are distributed the way they are. In time 

and space, a disease only emerges when two sets of factors intertwine; environmental factors 

and factors that relate to the susceptibility or response of the host. The latter set of factors is 

highly determined by the genetic design of the recipient of a particular disease. Furthermore, 

the author identified a group of environmental stimuli that can be broadly structured in three 

sets: Inorganic, organic and cultural stimuli. First of all, inorganic stimuli include all physical factors 

like climate, weather and rock or soil composition. Most of the factors in this category are now 

understood to have effects on the etiology of diseases. However, they also appear systemically 

with upstream influences like climate change (Brown et al., 2010) and even income inequality 

(Wilkinson and Pickett, 2006). Secondly, organic stimuli refer to the interactions between 

multiple levels of organisms. These extend from microbes to organisms in an ecosystem. In 

addition, this group of stimuli, in May’s understanding, are often related to vector borne diseases 

(Brown et al., 2010). Lastly, cultural and social influences are captured within the cultural stimuli. 

The central question posed with this set was ‘how do cultural and social influences interact with 

pathogens and physical influences to cause human disease?’ (May, 1958). Oppong and Harold 

(2009) contribute to this thinking by stating that within the disease ecology framework there are 

three identifiable sets of factors; environment, genetics and behavior. These sets largely overlap 

with May’s stimuli, but Meade and Emch (2010) have argued that these traditional models 

focused mainly on the distribution of infectious diseases. Therefore, they proposed a model 

based on the triangle of human ecology (figure 4) that could also explain the occurrence and 
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distribution of degenerative diseases, such as cancer and cardiovascular diseases. In this model 

habitat represents the environment in which people live that directly influences their health 

outcomes. Conversely, population portrays the human body as a biological organism that can 

potentially host diseases. The variables that influence this potential are mainly age, gender and 

genetic susceptibility. And finally, behavior covers cultural aspects that involve elements of 

economic status, individual psychology and social norms (Emch et al., 2017).  

 
Figure 4: The triangle of human ecology (Emch et al., 2017). 

 

Resulting from the definitions of these three different descriptions of factors in disease ecology, 

a general overlapping table can be constructed (Table 2). 

 
Table 2: Vertices of disease ecology. 

                                                           Vertices of disease ecology 

Emch, Root & Carrel (2017) Population Behavior Habitat 

Oppong & Harold (2009) Genetics Behavior Environment 

May (1958) Organic Stimuli Cultural Stimuli Inorganic Stimuli 
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2.5 Causal reasoning in health studies 

 

Identifying causal relations between diseases and the environment based on differences 

between populations and areas is generally viewed as complex. The main complication relates 

to the large set of variables that is often associated with disease causation (Elliott, 2009). Even 

more troubling is the long latency period of chronic disease and thus of T1D, which can give way 

for the mobility of populations and changing exposure to environments (Emch et al., 2017). In a 

basic approach of causal reasoning in health studies four of John Stuart Mill’s logical rules (1856) 

can be applied: difference, agreement, concomitant variation and residue. If met, these four 

conditions can underline a possible causal relation (Emch et al., 2017). 

 

1. Difference 

When all variables and environments of a population are the same but for one, that one 

circumstance is viewed as either causal or correlating with the disease that is studied.  

 

2. Agreement 

When all variables are not alike other than the variable that is being studied, that one variable is 

suggested to be of causal or correlating nature.  

 

3. Concomitant variation 

When one variable varies at the same rate as the frequency of the disease, that variable is 

implicated as causal or correlating with the dependent variable. If for instance the occurrence of 

an environmental factor grows whenever the occurrence of a disease grows, the environmental 

factor varies systematically.  

 

4. Residue 

After removing the established causal effects from a study set, explaining the remaining 

variation in that set successfully upholds the causality of the initially removed factor.  
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3 Methodology 
 

This study has made use of both qualitative and quantitative methods. In general, the study 

follows a deductive approach to test a possible hypothesis formed by, among others, a literature 

review. Moreover, this approach is chosen for its opportunity to eventually review existing 

literature on the chosen subject and possibly revise theories on the matter (Bryman, 2012). The 

search for a causal relation within this research has been imbedded in critical realism. Thus in 

the framework of epidemiology this study investigates “the generative mechanisms that are 

responsible for observed regularities in the social world” (Bryman, 2012). Also, the general 

structure of the study is compiled of a multiple-case study, consisting of the four Nordic 

countries, and contains a comparative design. Within these cases the focus lies on the incidence 

rate of T1D and the prevailing environmental factor. In this study the dependent variable can be 

viewed as the incidence rate of type 1 diabetes in these Nordic countries and the independent 

variable that is specifically looked at is the prevalence of enteroviruses. Therefore, the main 

focus lies on answering the following research question: 

 

What are the regional variations in type 1 diabetes incidence among children in Finland, Norway, 

Sweden and Denmark and to which extent can the prevalence of enteroviruses explain these 

differences? 

 

The following three sub questions will be reviewed to support answering this question: 

 

A. What is the spatial distribution of T1D across the four Nordic countries? 

B. What environmental factors can be related to the development of T1D? 

C. What is the spatial distribution of enteroviruses across the four Nordic countries? 

D. To what extent can a correlation be observed between the incidence of T1D and the 

prevalence of enteroviruses? 

 

As mentioned before, the sample of countries are the four Nordic countries Denmark, Finland, 

Norway and Sweden. Patterson et al. (2009) looked at the incidence rates of T1D in Europe over 

a longer period of time. Their division of Europe into regions for their analysis of incidence rates, 

wherein the four Nordic countries are put together according to their high incidence rates 

relative to their population size, is also used in this research. Furthermore, diabetes onset builds 

up from birth until it peaks around early puberty and levels of after this age (Stene and 

Tuomilehto, 2016). Finding an influencing environmental factor requires a time focus on the 

period close to and before the clinical onset of the disease, therefore all retrieved data revolves 

around the age group 0-14. 
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3.1 Epidemiological design 

  

Within the epidemiological model of this study three factors are analyzed. Firstly, the frequency 

of T1D is measured and quantified, secondly the distribution of the disease is determined by 

answering the question ‘where is T1D occurring?’ and finally, according to formed hypotheses, 

an environmental determinant of T1D was selected, quantified, mapped and tested.  

 

3.1.1 Incidence rate vs. prevalence  

 

Generally, the frequency with which a disease occurs can be expressed through incidence or 

prevalence. While incidence describes the amount of new cases over a particular period of time, 

prevalence looks at all the sick people at a particular point in time (Emch et al., 2017). Therefore, 

prevalence is limited to the overall amount of disease cases and does not concentrate on new 

cases, which is vital for uncovering the pathogenesis of a disease. One flaw in the use of person-

time as a unit of measurement is the assumption that the likelihood of contracting a disease 

during a longer period is constant. However, this is often not the case since the probability of 

chronic diseases increases with age (CDC, 2012). In the case of T1D the opposite seems true in 

that the disease risk is higher at younger ages and decreases with age. Nevertheless, since there 

is a positive linear relation between age and T1D before the age of fourteen (Stene and 

Tuomilehto, 2016), the use of person-time as a unit of measurement can be viewed as suitable. 

Furthermore, new cases can be more related to the origin of environmental factors because of 

limited movement of the patients around the time of disease contraction (Krickeberg et al., 

2012). In addition, prevalence can show a distorted image of where chronic diseases occur 

because patients can relocate according to healthcare provision or other contextual drivers after 

diagnoses. The selection bias that occurs generates confounding factors that are not accounted 

for. This bias is also referred to as the endogeneity problem, which prevents researchers from 

making causal claims. The main question for the endogeneity problem in health studies is how 

to separate individual health characteristics from the characteristics of the places these 

individuals live in? If this distinction is not accounted for problems might arise in showing the 

causality between health outcomes and factors of any sort (Emch et al., 2017). The use of 

incidence rate for health data mitigates some of this bias. As a result, this research focused on 

the incidence of T1D and has subsequently collected data on the matter. 

 

There are multiple approaches to the collection of such data. Data can be obtained from national 

public health databases, prescription drug registries or from earlier studies that have looked at 

the same phenomena. When calculating the incidence rate of T1D through the prescription 

registries it is important to note that all cases of T1D are treated pharmacologically, meaning 

they are treated with the help of pharmaceuticals. Therefore, this method is regarded as 
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trustworthy and relatively accurate when estimating the incidence rates within geographical 

areas (Carlsson et al., 2016). This initial step in the research was focused on answering sub 

question A and D. Empirical data has been collected on the incidence rate of T1D using one of 

the above mentioned approaches. Table  3 demonstrates the data sources per country and the 

specific characteristics of each dataset. Data on T1D is only sparsely available for the public and 

often the data is either not geographically referenced or no distinction has been made between 

type 1 and type 2 diabetes. This made the search for applicable data sets challenging. However, 

in Sweden and Denmark the appropriate data sets were readily available through the online 

public health registries and in those cases the most recent available series were selected. In the 

case of Finland, an extra request had to be submitted to obtain the correct data and the most 

recent data there came from the year 2011. Finally, the Norwegian data on T1D could not be 

obtained through any of these methods (partly because requests were denied or unanswered) 

and therefore the most recent data came from a study that looked at the incidence rate during 

the period between 2004 and 2012.  
 

Table 3: Data sources for T1D per country with data specifics. 

Country Data source for diabetes incidence Data specifics 

Sweden - Socialstyrelsen Sverige (new 

cases of T1D) 

- Statistika Centralbyrå Sverige 

(population statistics) 

 

- Age standardized 

incidence rate per 100.000, 

age 0-14, per län (county) 

in 2016 

Norway - Skrivarhaug et al. (2014) - Age- and sex standardized 

incidence rate per 100.000, 

age 0-14, per fylke (county) 

between 2004-2012 

Denmark - Sundhetsdatastyrelsen 

Danmark (new cases of T1D) 

- Danmarks Statistik (population 

statistics) 

 

- Age standardized 

incidence rate per 100.000, 

age 0-14, per region, in 

20161 

Finland - FinDM database/Martti Arffman 

(new cases of T1D) 

- Tilastokeskus (population 

statistics) 

- Incidence rate per 100.000, 

age 0-14 per maakunta 

(region) in 2011 

                                                      
1 The data from Sundhetsdatastyrelsen about T1D cases in Denmark was rough and did not correspond 
with the incidence rates from multiple other sources (IDF, 2017; Stene and Tuomilehto, 2016). 
Therefore, for analytic and mapping purposes the data was corrected with the average incidence in 
2016 taken from the IDF report 2017.  
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3.1.2 Literature review of environmental factors 

 

Possible environmental factors are vast and need to be evaluated according to their relevance. 

It matters whether they have been researched before and thus have some kind of proven effect 

on the development of T1D. In order to determine the importance of effects on T1D multiple 

expert interviews and a literature review have been performed. Following the choice for a 

deductive approach, a narrative review was adopted with elements of a systematic review. In 

the search for a comprehensive account of the literature and the need for an evidence-based 

decision on possible environmental factors, the narrative review offers a wide-ranging  look at 

the existing literature (Bryman, 2012). Furthermore, this part is specifically focused on 

answering the sub question ‘What environmental factors can be related to the development of 

T1D?’. In order to seek out relevant studies in the EBSCO Discovery Service of Stockholm 

University (SU), a combination of terms has been applied. It must be noted that an explorative 

approach was employed. The combination of terms ‘environmental factors type 1 diabetes’, 

‘environmental risk factors type 1 diabetes’ were used as search phrases. These were then 

combined with the geographical terms ‘Sweden’, ‘Denmark’, ‘Norway’,’ Scandinavia’ and ‘Nordic 

countries’. Since the scope of the research was limited to the four Nordic countries any articles 

related to cases outside of this area have been dismissed. Also, the articles were filtered with the 

criteria: English language and peer reviewed. Furthermore, articles that were not granted access 

to through SU’s database or through other internet sources were subsequently removed. In 

addition, articles that were suggested by the interviewed experts have also been reviewed if 

they had not come up within the previous mentioned search scope.  

 

3.1.3 Expert interviews 

 

A set of expert interviews supported the selection of environmental factors that might influence 

T1D. The experts were selected on their previous work with the disease both in the academic 

field and as a medical practitioner. As the scope of the study is limited to the Nordic countries 

the list includes researchers from the four respective countries. Table 4 features the interviewed 

subjects, and a full list of approached experts can be found in the appendix. Semi-structured 

interviews allow a researcher to cover specific subjects while being flexible in its line of 

questioning. Therefore, this research method is suitable for data collection that is explorative in 

nature (Bryman, 2012). In the scope of this study, the expert interviews were expected to 

illustrate a deeper understanding of the subject beyond the knowledge of the researcher 

himself, and is focused on the tacit knowledge of the experts. Since the research into the 

possible environmental factors is ongoing, these interviews also assisted in uncovering 

unpublished findings on currently performed research. Subsequently, these methods were used 
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to develop a set of environmental factors that can be used in an analysis of their influence on the 

regional variations of T1D and with that assisting in answering sub question B. 

 
Table 4: List of interviewed experts. 

Interviewee Affiliation Field 

Johnny Ludvigsson Linköping University Environmental factors T1D 

Anders Green University of Southern 

Denmark 

Clinical epidemiology of T1D, 

Denmark. 

Mikael Knip University of Helsinki Pathogenesis of T1D, 

environmental risk factors 

Finland 

Lars Christian Stene  Oslo University, Oslo 

Diabetes Research Center 

Risk factors for T1D Norway 

Hanno Pijl University of Leiden Diabetology, neuro-endocrine 

regulation of diabetes (type 2) 

Eelco de Koning University of Leiden Diabetology, T1D islet isolation 

and transplantation 

 

 

3.1.4 Enteroviral infections 

 

For the mapping and analysis of enteroviral infections data has been sought from multiple 

sources and on different topics. The primary search for this environmental factor revolved 

around prevalence data of enteroviruses in children age 0-14. For this specific factor the 

prevalence was preferred over incidence rate because of the communicable nature of these 

viruses and infections. Despite the fact that most people develop immunity and will only be 

affected once by the virus, the large set of viruses that fall under the caller enterovirus cause for 

high probability of repetition of infection. As with the data on T1D, data was sought and 

collected from public health registries and previously performed studies on the subject. 

Subsequently, data was collected on the prevalence of enteroviruses in Finland and Norway. 

Unfortunately, the data did not allow for an age classification for the age-group 0-14 and 

therefore the prevalence of enteroviral infections was measured for the whole population. 

Moreover, in the case of Norway data was collected from the registry of medical microbiological 

laboratories that reported on diagnoses of cases of enteroviral infections that were handled. 

Each laboratory is responsible for the specialist and primary health care in their area 

(Folkehelseinstituttet, 2018). In this study, these areas are then linked to the respective fylker, 
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or counties, in which they fall, thus geographically pinpointing the diagnosed cases in this 

database. On the contrary, prevalence data was harder to obtain in Sweden and Denmark. 

Therefore, the prevalence for these cases was constructed differently by looking at the number 

of gastroenteric and colitis infections with unspecified origins. Since in these databases the 

gastroenteric infections with enteroviruses were not registered, this rest group of infections 

comes closest to showing variations in prevalence of the virus. The relation between 

gastroenteric infections, enteroviruses and T1D will be explained in chapter 5. Table 5 represents 

the data sources for this environmental factor and the specifics of that data. All sets have been 

aligned with the characteristics of the respective T1D data. Therefore, not all data originates in 

the same year and in some cases that required using older datasets than were available.  

 
Table 5: Data sources for gastroenteric and enteroviral infections. 

Country Gastroenteric and entero-viral data 

source 

Data specifics 

Sweden - Socialstyrelsen Sverige 

(Gastroenteric data) 

- Statistik Centralbyrå Sverige 

(population statistics) 

 

- Prevalence of 

gastroenteritis and 

colitis with infectious 

and unspecified origins, 

age 0-14, per län 

(county), in 2016 

Norway - Norwegian Surveillance 

System of Communicable 

Diseases (MSIS) (enterovirus) 

- Statistisk sentralbyrå Norge 

(population statistics) 

- Prevalence of enteroviral 

infections, per fylker 

(region), between 2004 - 

2012 

Denmark - Sundhetsdatastyrelsen 

Danmark (gastroenteric 

data) 

- Danmark Statistik 

(population statistics) 

- Prevalence of 

gastroenteritis and 

colitis with infectious 

and unspecified origins, 

age 0-14, per region, in 

2016 

Finland - Tilastokeskus (population 

statistics) 

- Finnish National Institute for 

Health and Welfare 

(Enterovirus) 

- Prevalence of 

enteroviruses, per 

maakunta (region), in 

2011 
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Last of all, to construct a clear image of the etiological model of T1D and its concerned 

environmental factors the triangle of disease ecology, as proposed by Emch, Root and Carrel 

(2017), will be composed around the case of T1D.  

 

3.2 Analysis methods 

 

3.2.1 CAQDAS analysis 

 

Computer-assisted qualitative data analysis (CAQDAS) can be used to systematically and in a 

transparent way analyze texts. By assigning codes to specific parts of the interviews, patterns 

can be detected and analyzed in an efficient way (Bryman, 2012). Therefore, the qualitative data 

analysis software ATLAS.ti was used to study the expert interviews on environmental factors. 

Furthermore, the following codes were used:  

 

 Environmental factors 

o Infections and viruses 

o Vaccines 

o Vitamin D 

o Diet 

o (birth)weight and growth 

o Chemicals and toxins 

o B-cell stress 

o Other environmental factor 

o Hygiene hypotheses 

o Socioeconomic factors 

 Genetic factor 

 Relation to Nordic cases 

 T1D variation 

 Other 

 

Using the literature review as a guide for possible environmental factors, a set of possible factors 

were included in the codes. An example of the coding action can be found in the appendix. 

 

3.2.2 Geographic Information System (GIS) 

 

To support the initial analysis of the data on diabetes incidence, Geographic Information System 

(GIS) was used to visualize the spatial distribution of T1D and to point out regional variations. 

There are two major methods that are employed in this epidemiological analysis: disease 
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mapping and geographic correlation. The first is generally used to quickly illustrate complex 

geographic information and allows for underreported patterns to reveal themselves that are not 

directly visible in more static representations of data. Also this descriptive method is often used 

to produce hypotheses concerning the etiology of a disease (Elliott and Wartenberg, 2004). This 

method has been used for answering sub question A by demonstrating variations in the 

incidence of T1D per county and across four Nordic countries. The latter method, also referred 

to by Lawson (2006) as an ecological analysis, focuses on the relation between the distribution 

of a disease (in this case T1D) and an explanatory factor (the environmental factor). This 

approach is used to answer sub question D. In addition, during the analysis of a possible 

connection between environmental factors and the regional variation of T1D a geographically 

weighted regression (GWR) analysis could be performed within GIS. This method allows for 

certain distributions to be related to others. However, since GWR requests a large dataset for 

optimal results, a simple overlay analysis proved to be sufficient for the relatively small dataset 

this study worked with (Emch et al., 2017). In addition, the maps have been studied on spatial 

clusters of diseases, which occurs when there are more instances than are expected when all 

cases are distributed equally. Determining disease clusters can be employed to identify risk 

factors (Mariathas and Rosychuk, 2015). The results of the overlay analysis and the identification 

of disease clusters are furthermore evaluated on the basis of John Stuart Mill’s four conditions 

of causal reasoning in health research as mentioned in the theoretical framework.  

 

3.2.3 Statistical analysis 

 

In order to structure the data on T1D incidence and enteroviruses, this study uses a relatively 

simple statistical analysis in Excel. This means that in the case of the incidence rates per county 

in Denmark, Sweden and Finland an age standardization action was performed. Furthermore, 

no major differences in gender are known in the etiology of T1D, therefore no standardization 

was made based on sex. Next the prevalence of enteroviruses and gastroenteric and colitis for 

all the countries was calculated using Excel. Lastly, in order to determine whether there is a 

correlating factor between the two determinants, Pearson’s R has been calculated for each 

country using JMP statistical analysis software. In some cases, the distributions of variables were 

highly skewed, therefore Spearman’s Rho has also been calculated. Since the data of two sets 

of countries (Finland & Norway and Sweden & Denmark) are generally equal and because the 

sample size of for instance Denmark was too small to viably identify deviations, an additional 

correlation analysis was performed with these two groups. To visualize variations in the 

correlation between the incidence of T1D and enteroviruses in a linear way, supporting scatter 

graphs have been added. 
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Both the GIS and the statistical analysis focused on two groups of samples. Firstly, a general 

overlook of the disease and virus distribution, along with the possible correlation was produced 

in each separate country. Secondly, as discussed here before, two sets of countries have been 

analyzed for the same elements. This way the sample size for both correlation analyses is larger 

and thus the reliability and uncertainty decreases. 

 

Finally, figure 5 shows the overall design of this study in three movements. Following the 

background and the theoretical framework data was collected through different methods, the 

compiled data is mapped to visualize variations and finally an overlay analysis is employed to 

answer the principal research question.  

 

 
Figure 5: Study design. 
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4 Spatial distribution of T1D  
 

This chapter focuses on answering sub question A: What is the spatial distribution of T1D across 

the four Nordic countries Denmark, Finland, Norway and Sweden? Using GIS generated maps 

of the incidence rate of T1D per region or county, the answer to this question is illustrated. 

Firstly, each individual country is studied after which an overview of the current situation in the 

Nordic region is presented.  

 

4.1 Denmark 

 

The incidence rate of childhood-onset T1D in Denmark was constructed at the regional level. 

The map shown in figure 6A shows high variability between the regions, with substantially 

higher than the average of 23 levels in Nordjylland and Sjaelland, and relatively low domestic 

rates in Syddanmark and Hovedstaden as exhibited in table 6. When focusing on the peninsula 

of Denmark that is connected to Germany, a clear north-south gradient is visible. However, this 

is opposite for the remaining two regions that illustrate an inverted gradient. When assessed for 

a possible link between urbanization and distribution of T1D, no clear positive connection can 

be found. This is demonstrated by a relatively low incidence rate in Hovedstaden, where around 

24% of Denmark’s population resides in the smallest region of the country.  

 
Table 6: Incidence rates per region in Denmark in 2016. 

Region Number Region Incidence rate 

4 Region Sjælland   32.0 

3 Region Nordjylland   28.4 

2 Region Midtjylland   22.4 

1 Region Hovedstaden   19.9 

5 Region Syddanmark   12.3 

 

4.2 Finland 

 

In Finland the most recent data on new cases of T1D is from 2011. As with Denmark there is 

considerable variation in the distribution of the disease, seen when evaluating the map in figure 

6B. Finland is the country with the highest recorded incidence rate among children in the world, 

and this naturally is also shown at the regional level. However, the top 5 regions in Finland have 

substantially higher incidence rates than the average of 60, with Kainuu outnumbering other 

regions with a rate of 94.9. Furthermore, the high incidence clusters seem to form in the north-

east and south-west with Kymenlaakso as an outsider in the south-east. Low rates can be found 
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on the Åland Islands (Ahvenanmaa) and Pohjois-Karjala, with incidence rates of 21.9 and 28.7 

respectively. A surfaced look at the map will reveal that high density does not correlate per se 

with higher incidence. Uusimaa (Helsinki), the county where around 30% of the population of 

Finland lives, has a below average incidence rate of 52.5. The same goes for the second and third 

highest population counties (Pirkanmaa and Varsinais-Suomi) with rates below the national 

average (table 7).  

 
Table 7: Incidence rates per region in Finland in 2011. 

Region number Maakunta (region) Incidence rate 

18 Kainuu 94.9 

4 Satakunta 87.2 

8 Kymenlaakso 82.5 

14 Etelä-Pohjanmaa 81.2 

11 Pohjois-Savo 80.7 

5 Kanta-Häme 79.1 

9 Etelä-Karjala 63.4 

19 Lappi 63.2 

17 Pohjois-Pohjanmaa 57.7 

10 Etelä-Savo 55.7 

13 Keski-Suomi 55.0 

7 Päijät-Häme 54.6 

2 Varsinais-Suomi 54.5 

1 Uusimaa 52.5 

6 Pirkanmaa 46.3 

15 Pohjanmaa 42.2 

16 Keski-Pohjanmaa 39.0 

12 Pohjois-Karjala 28.7 

21 Ahvenanmaa 21.9 
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4.3 Norway  

 

The incidence data concerning T1D in Norway differs from the rest of the countries since it 

reflects an eight-year time period. However, while assuming that incidence rates have been 

steady in variation over this period of time, there is a major spatial difference apparent in the 

distribution of T1D in Norway. As displayed in the map in figure 7B and table 8, high rates can be 

found in Aust-Agder (45.7), Sogn og Fjordane (41.7) and Telemark (42). These counties are 

situated in the southern part of Norway, but relatively high rates can also be detected in the 

north with Troms (39.2) and Nordland (38.6). Thus a clear north-south gradient is not visible in 

the case of Norway. Areas with the top three major cities Oslo, Bergen (Hordaland) and 

Stavanger (Rogaland) report below average (32.7) incidence rates for T1D with Oslo even 

indicating the lowest rate in the country. Therefore, there does not seem to be a relation 

Figure 6: Incidence rate per county or region in two of the Nordic countries. (A: Denmark, B: Finland). 
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between urbanization and T1D incidence in Norway. Furthermore, relatively low rates can be  

found in the area bordering Sweden up to Trøndelag and in the south-western coastal area.  

 
Table 8: Incidence rates per county in Norway between 2004 and 2012. 

County number County Incidence rate  

9 Aust-Agder 45,7 

8 Telemark 42,0 

14 Sogn og Fjordane 41,7 

19 Troms 39,2 

5 Oppland 38,6 

18 Nordland 38,6 

15 Møre og Romsdal 36,7 

7 Vestfold 35,7 

1 Østfold 32,6 

12 Hordaland 31,7 

11 Rogaland 32,4 

20 Finnmark 32,4 

10 Vest-Agder 33,1 

4 Hedmark 30,4 

6 Buskerud 33,1 

50 Trøndelag 31,0 

2 Akershus 29,2 

3 Oslo 22,3 

 

4.4 Sweden 

 

As with the other three countries the case of Sweden also shows large geographical variations. 

The incidence of childhood-onset T1D was measured for the year 2016 and shows two 

distinguishing cases with Norrbotten and Blekinge. Looking at figure 7A and table 9, the two 

counties have incidence rates far above the average of 55 with 81 and 74.8 respectively, but are 

also geographically opposite to each other. Norrbotten can be found in the north covering large 

parts of Lapland and Blekinge is situated in the far southern part of Sweden. Conversely, low 

rates are observed in Öostergötland and Jämtland. Furthermore, two high incidence rate 

clusters can be identified. One in the south-west part of Sweden, excluding Skåne, and one in 

the North with Norrbotten and Västerbotten. When looking at major urban areas in Sweden 

there is a slightly different pattern discovered than in the other countries. The urban areas with 

the highest population number, Stockholm, and the second third highest, Malmö (Skåne), show 
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below average numbers when it comes to T1D incidence. However, the second biggest urban 

area Gothenburg (Västra Götaland), is situated in a county with above average incidence rates, 

though the differences are minor. These superficial observations do not necessarily prove any 

relation between the two, but do underline the variation of distribution of T1D and a possible 

descriptive way to use epidemiology.  

 
Table 9: Incidence rates per county in Sweden in 2016. 

County number County Incidence rate 

25 Norrbotten   81,0 

10 Blekinge   74,8  

17 Värmland   67,3  

13 Halland   65,6  

24 Västerbotten   65,6  

6 Jönköping   64,3  

21 Gävleborg   55,8  

7 Kronoberg   57,5  

4 Södermanland   56,3  

14 Västra Götaland   55,3  

19 Västmanland   54,2  

20 Dalarna   50,6  

1 Stockholm   49,6  

12 Skåne   50,5  

22 Västernorrland   46,8  

8 Kalmar   45,8  

3 Uppsala   45,4  

18 Örebro   45,2  

9 Gotland   45,1  

23 Jämtland   42,1  

5 Östergötland   35,7  
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4.5 The Nordic region 

 

When combining the data of all countries, an overview map can be constructed of the Nordic 

region.  Presented in figure 8, the map of the four countries shows a diverse distribution of 

incidence rates and not one that shows immediate identifiable risk factors. At first glance, high 

clusters can be observed in several parts in Finland and in the north of all countries surrounding 

the Gulf of Bothnia, with relatively lower rates in the top north of Norway. Table 10, illustrates 

the top counties or regions for incidence rates in the Nordic countries. These can 

overwhelmingly be detected in Finland, with Norrboten in Sweden as the only non-Finnish 

county. Geographically, the Swedish and Finnish cases do not border each other and do not 

seem to be part of an identifiable cluster other than the previously mentioned group.  

 

Figure 7: Incidence rate per county or region in each of the four Nordic countries. (A: Sweden and B: Norway). 
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Table 10: Top 5 counties or regions for the highest incidence rate in four Nordic countries. 

County/region number County/Region Incidence rate 

18 (Finland) Kainuu  94.9 

4 (Finland) Satakunta 87.2 

8 (Finland) Kymenlaakso 82.5 

14(Finland) Etelä-Pohjanmaa 81.2 

25 (Sweden) Norrbotten 81 

 

In addition, table 11 underscores the produced map by showing the lowest incidence rates to be 

predominantly found in Denmark. Additionally, low rates are observed in large parts of Norway 

and one single county in Finland, the Åland Islands (Ahvenanmaa). Especially, this last case is 

interesting since the islands show a rate that is closer to the average incidence rate of Sweden 

than to that of Finland. The islands are presented in the map as attached to Finland for 

administrative reasons, but in reality the island group is situated in between the two countries 

and has no direct connection to any of the two countries by land. Moreover, it is also not a rate 

that is close to the rates presented on the Swedish side of the Baltic Sea. It seems that the Åland 

Islands on their own are a case worth investigating in relation to their surrounding areas in 

relation to T1D incidence.  

 
Table 11: Top 5 counties or regions for the lowest incidence rate in four Nordic countries. 

County/region number County/Region Incidence rate 

5 (Denmark) Region Syddanmark   12.3 

1 (Denmark) Region Hovedstaden   19.9 

21 (Finland) Ahvenanmaa 21.9 

2 (Denmark) Region Midtjylland   22.4 

3 (Norway) Oslo 22,3 

 

As mentioned before, it should be noted that the data on new cases of T1D in Denmark were 

rough and therefore more statistical measures were taken than with other data sets to create a 

comparable set of incidence rates. However, the distribution presented is perceived as accurate 

relative to the rates in the other three countries. Supported by average rates conferred in 

multiple different sources (Stene and Tuomilehto, 2016, IDF, 2017, Patterson et al., 2009). 
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Figure 8:  Incidence rate in four Nordic Countries per region or county. 
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5 Environmental factors 
 

With the incidence of T1D known and mapped, the search for an identifiable risk factor 

commences. A literature review and expert interviews have assisted in shaping an 

understanding of the existing hypotheses surrounding the environmental factors in the 

etiological model of T1D. These will be set out in the following chapter and will be used to 

develop a preliminary triangle of disease ecology for T1D. Finally, the argument will be made for 

the focus on enteroviruses as analyzed environmental factor, which will be presented in chapter 

6. 

 

An important element to consider when reviewing the environmental factors is the 

characteristic of T1D to start with the destruction of beta cells months to years before all cells 

are destroyed and the disease is clinically onset. Bougnères et al. (2017) point out that the 

influence of environmental factors has a typically time characteristic where determinants can 

alter the disease course prenatal (in the mother), during ‘healthy’ years and during the initiation 

of the destruction of beta cells in the body. This is not equally important for all environmental 

factors, but all are to some extent involved in the preclinical period of T1D. Furthermore, the 

environmental factors are generated in different ways. In some cases, the selection of studied 

determinants is at random, though with some macro-hypothesis backing the initial idea (Green, 

personal communication, 2018) and sometimes the selection is based on biological hypotheses. 

 

5.1 Vaccines 

 

Hypotheses have suggested an association between vaccination and increased risk for T1D 

(Rewers and Ludvigsson, 2016). In two instances experts indicated that vaccination in early 

childhood could affect autoimmunity. However, no conclusive evidence has been found for this 

hypothesis. Graves et al. (1999) found no association between vaccines in early childhood and 

beta-cell autoimmunity. Above all it seems that this hypothesis is based on a broader societal 

misconception surrounding the effect of vaccinations and autoimmune diseases (Offit and 

Hackett, 2003).  In many cases, vaccines are referred to in the context of their preventive 

capability. For instance, a Coxsackievirus B vaccine has been found protective in mice with virus-

induced T1D (Stone et al., 2018). The protective capability of vaccines is also acknowledged by 

Knip and Simell (2012), who suggest the possible protective capacity of a vaccine against 

enteroviruses in general. However, as with the trigger function of vaccines, no conclusive 

evidence for the deterrent power of vaccines has been observed. For example, the BCG-vaccine 

has drawn some interest for its influence on autoimmunity, however two clinical trial showed 

that vaccination with the serum did not retain beta-cell destruction (Allen et al., 1999).  
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Overall, the proof for a relation between vaccines and the development of T1D is thin. 

 

5.2 Vitamin D 

 

Vitamin D has be researched for its possible protective relation to T1D. The hypothesis states 

that vitamin D plays a crucial role in the regulation of the immune system and therefore a 

deficiency of the vitamin could cause an autoimmune reaction (Rewers and Ludvigsson, 2016). 

As with vaccinations, the relation between T1D and vitamin D is highlighted during young ages 

and even in prenatal settings. A lack of vitamin D, in the form of supplements, during infancy 

pointed towards an increased disease risk in a Finnish birth cohort study, thus suggesting a 

positive relation between the two variables (Hypponen et al., 2001). The same relation has been 

found with pregnant woman and their offspring. Higher levels of vitamin D were detected during 

pregnancy in mothers whose offspring had lower risks for T1D (Sørensen et al., 2017). But other 

studies have shown no clear connection between concentrations of vitamin D in the first 

trimester of pregnancy and the risk for T1D in babies (Stene and Tuomilehto, 2016). Other 

studies have neither found conclusive associations between vitamin D and T1D (Simpson et al., 

2011) and there are arguments that go against the function of vitamin D as an environmental 

risk factor. One element that needs to be considered is that in northern-Europe, an area with 

very high incidence rates of T1D, 80% of parents feed their newborns vitamin D supplements for 

at least the first year of their life. Even without a vitamin D deficiency, T1D seems to be 

prevalent. Moreover, one of the lowest incidence regions in northern-Europe can be found in 

Russian Karelia (7.8 per 100.000), an area bordering Finland that has incidence rates 

approximately 10-fold that of the same region on the Finnish side. Studies have found no 

significant variations in vitamin D between the two areas, thus suggesting there is no observable 

influence of vitamin D on T1D development (Knip and Simell, 2012). One interviewed expert 

indicated that vitamin D most likely does not play a role because studies that show a relation are 

all retrospective studies. In these types of studies there are substantially more confounding 

factors than in prospective studies. The studies performed in the latter group do not show any 

relation between T1D and vitamin D. 

 

Also Patterson et al. (2001) studied the correlation between incidence rate and latitude in 

Europe and concluded that a significant correlation could be observed. The hypothesis in this 

case follows the rational that the closer to the equator a country is situated, and with that the 

higher the solar radiation and vitamin D intake, the lower the incidence rate. In addition, the 

seasonal pattern of T1D diagnoses could be accounted for by the seasonal pattern of Vitamin D 

intake from sun exposure (Rewers and Ludvigsson, 2016). Furthermore, the relation between 

vitamin D deficiency and many chronic diseases has been studied on multiple occasions and 

associations have often been found (Wacker and Holick, 2013). However, when focusing on 
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individual cases related to T1D a troubled image becomes apparent. Worldwide this hypothesis 

holds up when looking at high incidence rates in the Nordic countries, Canada and Great-Britain. 

But this theory becomes more improbable with high rates in Kuwait and Saudi-Arabia, countries 

that are situated significantly closer to the equator (IDF, 2017). And even within Europe there 

are variations that undermine the existence of a relation between solar radiation and T1D 

incidence. Again high incidence rates have been reported in the Nordic countries, but the second 

highest incidence rate on the continent is found on the island of Sardinia, Italy (Borchers et al., 

2010).  

 

In summary, there are many studies that have looked into a possible relation between T1D and 

vitamin D. The overall results are conflicting and while most of the interviewed experts pointed 

towards a possible positive relation, no conclusive prove of the influence of vitamin D on the 

development of T1D has been detected.  

 

5.3 Diet 

 

Dietary factors are a large group of environmental determinants and have long been associated 

with the development of T1D. Since most cases of T1D know a preclinical period that can 

sometimes already start during the first year of life, the studies of dietary factors focus on this 

period (Knip and Simell, 2012). There are three major areas of interest here: breastfeeding, cow’s 

milk and cereals and other solid foods.  

 

Firstly, the relation between breastfeeding at young ages and a reduced risk of T1D has been 

observed in several retrospective birth cohort studies. Breastfeeding in all cases also meant a 

delayed introduction of cow’s milk to a child’s diet. This in turn was conferred by studies to 

reduce the risk of T1D. However, many of these studies were subject to recall bias and 

prospective studies on the subject have found mixed results (Stene and Tuomilehto, 2016). 

Some studies found no association between breastfeeding and autoimmunity (Virtanen et al., 

2006) and others found that short breastfeeding could be a risk factor and indicator for 

autoimmunity (Holmberg et al., 2007). Furthermore, cow’s milk consumption in early and later 

childhood has been associated with both an increase and decrease in risk of beta-cell 

autoimmunity that could lead to T1D.  

 

Secondly, the introduction of solid foods and cereals in children’s diets has been associated with 

an increased risk of islet autoimmunity. Relations with increased risk have been found with early 

introduction of gluten, early introduction of vegetables (before the age of 4 months) and late 

exposure to solid foods like rice (Rewers and Ludvigsson, 2016). Nevertheless, in most 

developed countries it is recommended to not feed an infant cereal at early ages and it therefore 
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only occurs occasionally (Knip and Simell, 2012). Thus, this hypothesis does not relate to the 

incidence rates that can be found in for instance northern Europe. 

 

One expert argued that beta-cell stress is often influenced or caused by dietary choices in 

general, but more on this in the beta-cell stress topic. Furthermore, the associations presented 

within the dietary framework are mostly without a known causal connection to the pathogenesis 

of T1D. 

 

5.4 (birth)Weight and growth 

 

Increased birth weight has been connected to a slight increase in risk for childhood-onset T1D. 

In addition, rapid weight gain between the ages 12 to 18 months has predominantly been 

observed in the Nordic countries. This hypothesis, also referred to as the accelerator hypothesis, 

is built on the idea that rapid weight gain can cause insulin resistance during early childhood, 

which in turn can lead to T1D (Rewers and Ludvigsson, 2016). As with many other factors in this 

chapter, birthweight and weight in general are only markers for underlying processes that lead 

to clinical T1D (Stene and Tuomilehto, 2016). Furthermore, studies have shown that children 

with T1D are taller, heavier or gain more weight or height before the diagnosis of the disease 

(Elks et al., 2011). Lastly, rapid growth might increase insulin demand and cause beta-cell stress 

(Rewers and Ludvigsson, 2016).  

 

In summary, both increased weight and growth during infancy and at later stages in life are 

linked to the development of type 1 diabetes.  

 

5.5 β-cell stress 

 

The β-cell stress hypothesis is largely linked to the before mentioned accelerator hypothesis. 

Increased insulin demand, sometimes caused by rapid growth or overweight, can lead to β-cell 

stress. An increase in the demand for β-cells can activate an autoimmune reaction that leads up 

to the development of T1D (Rewers and Ludvigsson, 2016). One expert has researched the link 

between BMI and incidence variations of T1D, relating to the β-cell stress hypothesis. They 

found significant correlation between an increase in BMI and an increase in incidence over the 

same period of time. One of the outcomes of β-cell stress is the development of insulin 

resistance. Insulin resistance is hard to measure accurately in humans and therefore β-cell stress 

is (Stene and Tuomilehto, 2016). An element that can lead up to increased demand for beta-cells 

is psychological stress during childhood. Large stressful life events, like the death of a loved one 

or divorce, can increase the risk of islet autoimmunity through triggering β-cell stress (Nygren 

et al., 2015). 
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In conclusion, there are many indications that the β-cell stress in some way is related to the 

development of T1D, however the complexity and span of factors in play with this determinant 

make this hypothesis complicated to research.  

 

5.6 Chemicals and toxins 

 

Some mechanisms involving exposure to chemicals and toxins have been associated with the 

development of T1D. Chemicals in particular can influence beta-cells and the immune system 

directly. Autoimmunity can be triggered by chemicals working on the hormone balance or the 

composition of the microbiome (Bodin et al., 2015). Toxins can influence the development of 

T1D by causing the death of pancreatic islet cells (Rewers and Ludvigsson, 2016). One 

interviewed expert did not see any convincing evidence for a relation between chemicals and 

toxins and the development of T1D. Another expert pointed towards changes in chemical 

exposure after great historical events, like wars, that could change living condition in general 

and might be related to a higher risk of T1D. In general, the evidence for whether exposure to 

chemicals and toxins in the environment can influence or trigger the risk of T1D is thin and the 

topic is principally unexplored. One reason for the lack of evidence seems to be the complexity 

of human exposure to chemicals, which makes finding a single factor of influence complicated. 

However, some studies have tried. For example, one study suggested a relation between 

drinking water containing nitrates and T1D (Benson et al., 2010). Although, even these findings 

are contested by studies showing no relation or contradicting results (Muntoni et al., 2006, Zhao 

et al., 2001). 

 

Theoretically, exposure to chemicals and toxins might be related to the triggering of the disease 

process that leads to onset T1D, but conclusive evidence for this relationship is non-existent. 

 

5.7 Hygiene hypothesis 

 

The hygiene hypothesis presents the idea that the incidence of autoimmune diseases in general 

are more common because the recurrence of infections during childhood is decreasing due to 

better hygiene (Rewers and Ludvigsson, 2016). Less infections during childhood would 

unburden the immune system and make it less resilient towards allergic and non-communicable 

diseases (Bach and Chatenoud, 2012). A study focused on daycare attendance in early 

childhood, which is often associated with higher exposure to microbial agents, found limited 

evidence for lower risk of T1D at later stages in life (Kaila and Taback, 2001). In general, 

prospective studies do not support this hypothesis in the context of T1D. Even though this effect 

has not been proven in humans, animal studies have found a connection between increased 
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exposure to viral infections and the development of virus-induced diabetes. Furthermore, the 

form of diabetes could then be prevented by infecting the mother with the same virus before 

pregnancy (Larsson et al., 2013). 

 

In general, this hypothesis works at a macro-level. The direct link following this theory is 

between infections and the development of T1D.  

 

5.8 Socioeconomic factors 

 

According to several interviewed experts, socioeconomic factors can appear in correlation with 

T1D, but are almost always proxies for underlying determinants and therefore are often not 

directly related to the development of T1D. There have been many studies involving a diverse 

set of factors relating to T1D. Only a selection of these will be reviewed here. 

 

Overall, higher socioeconomic status has been associated with higher incidence of T1D (Liese et 

al., 2012). Several experts have suggested GDP as an indicator of socioeconomic status and have 

found it highly plausible that there is an observable correlation. These relations have been found 

to explain the worldwide variation in T1D incidence, but also on different scales like in Finland, 

the United States of America and Stockholm. In the last case, the determinants were chosen 

relatively random, but based on widely accepted indicators of socioeconomic status (Gopinath 

et al., 2008). Patterson et al. (2001) concentrated on uncommon factors like coffee and liquid 

milk consumption, but also on more traditional markers like GDP, infant mortality and life 

expectancy. They found that high consumption of milk and coffee, high GDP, low infant 

mortality and high life expectancy all correlated with increased risk for T1D. The authors also 

recognized that these were probably surrogates for unknown risk factors. Furthermore, a link 

has been observed between level of urbanization and incidence of T1D. In Finland a study on 

rural-urban differences in T1D found that urbanization explains the spatial variation partly. 

Higher rates were observed in rural areas, but other risk factors might be more common in these 

areas and explain this variation (Rytkönen et al., 2003). In addition, Lynch et al. (2010) looked at 

type of municipality as marker for urbanization and found no association between risk of T1D 

and administrative level. 

 

In summary, socioeconomic factors are interesting as a starting point for descriptive 

epidemiological studies, but they illustrate no identifiable risk factor that is directly linked to the 

development of T1D.  
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5.9 Infections and viruses 

 

Contrary to the hygiene hypothesis, viral infections have been believed to trigger T1D. Early 

exposure to viruses can have a protective function in the context of T1D, but it is understood 

that some viral infections or viruses provoke islet autoimmunity. This assumption is mainly 

supported by animal studies that show that viruses might promote autoimmune diabetes 

through their reaction with β-cells and the immune system (Bougnères et al., 2017). However, 

other animal models imply that viral infections cannot start the development of T1D, but can 

only accelerate an already initiated process (Stene et al., 2010). The hypothesis poses that 

people with a genetic susceptibility for T1D can get the disease after contracting a viral infection. 

In this process, also called molecular mimicry, the immune reaction to this virus focuses by 

default also on the β-cells. Most of the processes related to viral infections and T1D development 

occur before, during or after pregnancy and islet autoimmunity might prevail in both the mother 

and offspring (Rewers and Ludvigsson, 2016).  Several viruses have been linked to a possible 

influence on the genesis of T1D, like the Epstein-Barr virus. However, the strongest evidence is 

provided for the influence of enteroviruses.  

 

5.10 Enteroviruses 

 

Enteroviruses fall under the larger picornavirus family, which is the most common group of 

viruses causing human diseases. Often viral infections with enteroviruses at the basis are mild 

and easily treatable. However, in some cases the virus can penetrate the central nervous system 

and cause multi-organ infections that can trigger autoimmune responses (Knip and Simell, 

2012). In the case of T1D, the infection that indicates the mostly likely trigger for the disease is 

caused by Coxsackie Virus B1 (CBV1). A logical next step in this process, would be to develop a 

vaccine that could protect against the virus and islet autoimmunity. However, some researchers 

are more convinced of this causation than others, as was indicated by multiple interviewed 

experts. Furthermore, prospective studies testing whether the prevalence of enterovirus in 

susceptible people can anticipate islet autoimmunity have produced contradicting results 

(Stene et al., 2010). One major objection to this hypothesis, especially in relation to the Nordic 

cases, is that the frequency of infections has decreased in the past decades because of improved 

hygiene (see hygiene hypothesis). Conversely, the incidence rate of T1D during these decades 

has experienced an opposite trend (Stene and Tuomilehto, 2016). Several studies in Finland have 

shown connections between enteroviral infections and islet autoimmunity. Moreover, the 

seasonal pattern of the incidence of enteroviral infections fits well with that of the first signs of 

islet autoimmunity (Kimpimäki et al., 2001). Geographically, the occurrence of enteroviruses or 

enteroviral infections in the Nordic region have not been mapped before.   
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Enteroviral infections develop in the gastrointestinal tract and can cause gastroenteritis. 

Subsequently, early childhood gastrointestinal infections have been linked to islet 

autoimmunity (Rewers and Ludvigsson, 2016). The use of gastroenteritis as an indicator for the 

prevalence of enterovirus is viewed as appropriate, though not ideal.  

 

5.11 Triangle of human ecology: T1D 

 

With the known environmental factors, a better understanding of the etiological model of T1D 

can be constructed. One element of this model, can be illustrated through the triangle of disease 

ecology presented by Emch, Root and Carrel. The environmental factors along with genetic 

susceptibility influence the state of health under three separate vertices: population, 

environment and behavior. The contextual determinants can therefore be placed under one of 

each vertex of disease ecology in figure 9. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Finally, all studies indicated that there is a need for further research to find the underlying 

mechanisms of these contextual determinants, because they are, as far as is known, not directly 

Type 1 
diabetes 

Environment 
- Chemicals and toxins 
- Vitamin D 
- Infections and viruses 
 

Behavior 
- Vitamin D 
- Vaccines 
- Diet 
- Socioeconomic status 
- Hygiene 

Population 
- Genetic susceptibility 
- (birth) weight and growth 
- β-cell stress 

Figure 9: Triangle of human ecology and type 1 diabetes. 
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related to the genesis of T1D. Furthermore, one expert described finding the single or set of 

environmental factors influencing the genesis of T1D like finding a needle in a haystack. It could 

also be possible that there is a single factor in play that is related to a practice that is common. 

Because the lion’s share of a population is exposed to it, the environmental factor is hard to 

identify. That being said, in this chapter a few environmental factors have come forward that 

have shown more promise than others. Birthweight and growth, Vitamin D and infections and 

viruses, and more specifically enteroviruses, were viewed by experts as most likely to have a 

direct influence on the etiological model of T1D. Within the scope of this study, and within the 

availability of datasets, enteroviruses qualified best for further research. 
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6 Spatial distribution of enteroviruses 
  

Before an evaluation of the possible correlation between the environmental factor and T1D, the 

chosen determinant, enteroviruses, has been mapped to illustrate its geographical variability. In 

doing so, this chapter attempts to answer sub question C: What is the spatial distribution of 

enteroviruses across the four Nordic countries? As explained in the previous chapter the 

prevalence of enteroviruses can be studied through multiple methods. Due to a lack of data from 

Sweden and Denmark on the specific prevalence of enteroviruses, a derived infection that 

follows the contraction of enteroviruses is studied in these countries. The prevalence of this 

disease, gastroenteritis and colitis, has been studied in these two countries. In addition, the 

prevalence of the enterovirus in Norway and Finland has been researched and mapped, the 

results of which will come forward in this chapter. As in chapter 4, all individual countries will be 

discussed after which the variation at the Nordic level will be examined.  

 

6.1 Denmark 

 

In the case of Denmark, high prevalence can be found in the north and north-eastern parts of 

the country. As described in table 12, the highest number recorded can be found in Hovestaden 

and the lowest number in Sjaelland, two regions that are bordering each other. A difference here 

can be explained by the population size in both region, with Hovedstaden (Copenhagen) having 

substantially more inhabitants than Sjaelland. Figure 10A indicates that a cluster of low 

prevalence of gastroenteritis and colitis can be found in the southern parts of Denmark that 

border Germany. All regions, except for Hovedstaden, have rates that are significantly lower 

than the average of 0.345. 

 
Table 12: Prevalence rates per region in Denmark in 2016. 

Region number Region Prevalence 

1 Region Hovedstaden 1,295 

3 Region Nordjylland 0,221 

2 Region Midtjylland 0,107 

5 Region Syddanmark 0,081 

4 Region Sjælland 0,021 
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6.2 Sweden 

 

The map for Sweden in figure 10B illustrates a clear northern cluster of high prevalence of 

gastroenteritis and colitis. The irregular case here is Västerbotten squeezed between the 

Västernorrland, Jämtland and Norrbotten. The latter three mentioned regions can also be found 

at the top of table 13, with the highest rates in Sweden.  At first glance there seems to be a north-

south gradient detectable, with the south-western part of Sweden portraying slightly higher 

amounts than its direct surroundings. Furthermore, low prevalence can be observed in urban 

regions like Stockholm and Västra Götaland (Gothenburg), and the lowest overall rate is found 

in Uppsala. With a prevalence of 0.044, the amount is far below the average of 0.125 for Sweden. 

Overall there is a clear variation visible in the produced map on this environmental factor in 

Sweden. 

 
Table 13: Prevalence rates per county in Sweden in 2016. 

County number County Prevalence 

22 Västernorrland 0,254 

25 Norrbotten 0,238 

23 Jämtland 0,215 

9 Gotland 0,192 

4 Södermanland 0,167 

8 Kalmar 0,163 

18 Örebro 0,137 

10 Blekinge 0,135 

13 Halland 0,111 

24 Västerbotten 0,111 

19 Västmanland 0,109 

20 Dalarna 0,108 

14 Västra Götaland 0,096 

6 Jönköping 0,094 

5 Östergötland 0,093 

12 Skåne 0,090 

21 Gävleborg 0,088 

7 Kronoberg 0,072 

1 Stockholm 0,063 

17 Värmland 0,047 

3 Uppsala 0,044 
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6.3 Norway  

 

In Norway there is a noticeable variation in the distribution of enteroviruses per county. Figure 

11A addresses these variations, in which high rates can be observed along the southern coast of 

Norway and in the northern counties Finnmark and Toms. Furthermore, a low prevalence cluster 

was observed in the southwestern area of the country with Sogn of Fjordane demonstrating the 

lowest rate with 0.10. On the other side, the highest prevalence number was registered in the 

Oslo county. Areas with the top three major cities Oslo, Bergen (Hordalund) and Stavanger 

(Rogalund), report different amounts with 4.11, 0.53 and 0.29 respectively. Thus on the surface, 

with the exception of Oslo, no identifiable connection can be detected between urbanization 

and the prevalence of enteroviruses. Finally, the spatial distribution of enteroviruses in Norway 

seems to vary substantially, however no distinctive patterns can be uncovered.  

Figure 10: Prevalence of gastroenteritis and colitis with infectious or unspecified origins per county or region in two of the 
Nordic countries. (A: Denmark, B: Sweden). 
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Table 14: Prevalence of enteroviruses per county in Norway between 2004-2012. 

County Number County Prevalence 

3 Oslo 4,11 

1 Østfold 3,85 

10 Vest-Agder 3,40 

2 Akershus 3,00 

9 Aust-Agder 2,83 

19 Troms 2,35 

5 Oppland 2,17 

20 Finnmark 2,13 

7 Vesterfold 2,05 

4 Hedemark 1,64 

8 Telemark 1,51 

50 Trøndelag 1,26 

18 Nordland 1,22 

15 Møre og Romsdal 0,94 

6 Buskerud 0,82 

12 Hordalund 0,53 

11 Rogalund 0,29 

14 Sogn og Fjordane 0,10 

 

6.4 Finland 

 

The prevalence data on enteroviruses in Finland is perceived to be more accurate and produces 

large geographical variations. Observing figure 11B, relatively low prevalence can be found in 

the northern region of Lappi (1.61), in the central region of Keski-Suomi (1.10) and the southern 

region of Kymenlaakso (1.71). When assessing the urban centers in Finland against the 

prevalence in their respective regions, below average amounts can be observed in Uusimaa 

(Helsinki) and Pirkanmaa (Tampere). However, above average prevalence is detected in in 

Varsinais-Suomi (Turku) and Satakunta (13.29), a region that contains the middle sized city Pori. 

Other high rates are found in Keski-Pohjanmaa and Päijät-Häme. Lastly, a cluster with average 

prevalence numbers can be distinguished in north-east at the border with Russia.  

 

 

 

 



51 
 

Table 15: Prevalence of enteroviruses per county in Finland in 2011. 

Region number Maakunta (region)  Prevalence  

4 Satakunta   13,29  

16 Keski-Pohjanmaa   9,33  

2 Varsinais-Suomi   8,97  

7 Päijät-Häme   6,62  

15 Pohjanmaa   4,39  

12 Pohjois-Karjala   4,14  

11 Pohjois-Savo   4,12  

14 Etelä-Pohjanmaa   4,03  

18 Kainuu   3,81  

10 Etelä-Savo   3,78  

21 Ahvenanmaa   3,57  

17 Pohjois-Pohjanmaa   3,51  

6 Pirkanmaa   3,23  

9 Etelä-Karjala   3,01  

1 Uusimaa   2,88  

5 Kanta-Häme   1,72  

8 Kymenlaakso   1,71  

19 Lappi   1,61  

13 Keski-Suomi   1,10  
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6.5 Nordic Region 

 

Unlike with the incidence data on T1D, the Nordic map of the environmental factor has two 

elements. Sweden and Denmark are portrayed with the prevalence of gastroenteritis and colitis 

with infectious and unspecified origins and Finland and Norway show the prevalence of 

enteroviruses. This results in a map that is harder to use for cross country analysis. However, 

since the nature of both variables leads back to the same environmental factor, as is described 

in chapter 5, an assessment of the geographical variations in the Nordic region can be made, 

with caution.  

 

For the distribution of gastroenteritis and colitis in Sweden and Denmark a general north-south 

gradient can be detected in both countries separately, but if both cases are studied together this 

does not seem to be the case anymore, mainly because of the high prevalence in Hovedstaden 

Figure 11: Prevalence of enteroviruses per region in two of the Nordic countries. (A: Norway, B: Finland). 
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(1.295). As shown in figure 12, both high and low rates are visible in Denmark and Sweden on a 

relatively equal basis. Furthermore, the high rates in Hovedstaden do not seem to cross the 

Oresund strait into Halland or Skåne. 

 
Table 16: Lowest and highest prevalence of gastroenteritis and colitis per region in Denmark and Sweden. 

Region and county number Region/county Prevalence 

1 (Denmark)  Region Hovedstaden 1,295 

22 (Sweden) Västernorrland 0,254 

25 (Sweden) Norrbotten 0,238 

- - - 

17 (Sweden) Värmland 0,047 

3 (Sweden) Uppsala 0,044 

4 (Denmark) Region Sjælland 0,021 

 

The case for Norway and Finland is harder to clarify, but the highest amounts can mostly be 

observed in Finland. Low rates can generally be found in Norway, which has an average of 1.90 

against 4.46 in Finland. The northern cluster of Troms and Finnmark in Norway does not seem 

to cross the border into Lappi in Finland. Since the areas are similar, it could be speculated that 

a difference in healthcare provision, hygiene and/or vaccination can explain this contrast. When 

looking at the two countries combined no north-south or east-west gradients can be discovered. 

In general, there seems to be no clear pattern in the distribution of the virus group, other than 

the significant variation in the disease distribution.  

 
Table 17: Lowest and highest prevalence of enteroviruses per region in Norway and Finland. 

Region number Region Prevalence 

4 (Finland) Satakunta   13,29  

16 (Finland) Keski-Pohjanmaa   9,33  

2 (Finland) Varsinais-Suomi   8,97  

- - - 

5 (Norway) Hordalund 0,53 

8 (Norway) Rogalund 0,29 

20 (Norway) Sogn og Fjordane 0,10 
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Figure 12: Prevalence  in four Nordic Countries per region or county. 
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7 Prevalence of enteroviruses and the incidence of T1D 
 

As mentioned in previous chapters, according to the hypothesis put forward by some of the 

experts and the literature, a higher prevalence of enteroviruses can contribute to a higher 

incidence rate of T1D in a given area. Therefore, this final chapter explores whether a correlation 

can be observed in the cases of Denmark, Sweden, Finland and Norway, and in the two 

groupings. In doing so, it tries to answer sub question D: To what extent can a correlation be 

observed between the incidence of T1D and prevalence of enteroviruses? First, a descriptive 

analysis of the GIS maps of both variables will be examined along the four principles of causal 

reasoning in health studies and secondly, the correlation coefficients in all cases will be 

reviewed.  

 

7.1 Descriptive analysis of GIS maps  

 
Both T1D and enteroviruses, or related proxies, vary geographically. For a possible relation 

between the two variables, high incidence of T1D and high prevalence of enteroviruses has to 

be observed. Furthermore, a causal connection might be noticeable if one of the principles, 

difference, agreement, concomitant variation or residue is met. In the case of residue this study 

lacks the scope and sample size to appropriately judge this principle for all studied cases.  

 

7.2 Correlation coefficient 

 
Two correlation coefficients have been used to indicate the degree of correlation in all countries. 

Pearson’s ρ is the most common coefficient used and because of skewed distributions of the 

data, Spearman’s ρ has also been calculated. The results are depicted in table 18 with supportive 

scatterplot graphs in figure 13, 14 and 15. Initially, the focus lies on the individual countries and 

no cross-country analysis has been performed, therefore the axes of the graphs in figure 13 are 

not kept equal. None of the results show a significant correlation between the environmental 

factor and T1D.  

 
Table 18: Correlation coefficients between incidence or T1D and enteroviruses and gastroenteritis and colitis, per individual 
country and grouped areas. *Denmark had too little data input for Spearman’s ρ to be calculated accurately. 

Correlation 

coefficient 

Denmark Sweden Finland Norway Enteroviruses 

(FI+NO) 

Gastroenteritis 

& colitis (SE+DK) 

Spearman’s ρ -0.5000* -0.0782 -0.1632 -0.1736 0.2398 -0.0721 

Pearson’s ρ -0.3022 0.0060 0.0268 -0.3023 0.3178 -0.3358 
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7.3 Denmark 

 
In Denmark, high prevalence of gastroenteritis and colitis in some regions did not correspond 

with high incidence rates of T1D. In Sjaelland for instance the highest rate in Denmark was 

indicated, but the lowest prevalence of gastroenteritis and colitis. This inverted relation seems 

to hold up for most regions in the area and is supported by a correlation coefficient of -0.3022. 

This negative relation is visually confirmed by the graph in figure 13D. A difference between 

regions can be observed concerning the two variables, but since they do not vary at the same 

frequency there is no noticeable difference or concomitant variation. Moreover, the principle of 

agreement is also not met because the studied variable of gastroenteritis and colitis is not 

constant over for instance all high scoring regions for T1D. The geographical variations of T1D 

in Denmark do not seem be explained by the prevalence of gastroenteritis and colitis.  

 
It must be noted that the sample size for Denmark was too small to pose a significant 

assumption about this relationship.  

 

7.4 Sweden 

 
The Swedish case might reflect a stronger relation. A first visual inspection reveals high rates for 

both variables in Norrbotten and Blekinge and low prevalence and incidence in Östergötland. 

However, high incidence of T1D can also be associated with low prevalence of gastroenteritis 

and colitis in Västerbotten and Värmland. And vice versa the relation can be observed in 

Västernorrland and Jämtland. These contradicting cases are also reflected in the correlation 

coefficients. With a Pearson’s ρ of 0.0060 and Spearman’s ρ showing -0.0782, no significant 

correlation can be established. Both the incidence of T1D and the prevalence of gastroenteritis 

and colitis vary substantially across the counties, but they do not vary at the same frequency. 

Thus no difference or concomitant variation can be noted. Furthermore, with the environmental 

factor showing no significant correlation to T1D the agreement principle is not valid. All factors 

suggest that the distribution of T1D in Sweden cannot be explained by the prevalence of 

gastroenteritis and colitis and with that enteroviruses.   

 

7.5 Finland  

 
Finland is known for the highest incidence rate of childhood T1D in the world. Also, the 

interviewed expert from Finland indicated that enteroviruses were highly suspected of being 

influential in the disease process. Satakunta is the only region where enteroviruses are prevalent 

and the incidence of T1D is high. Other instances of corresponding values can be found on the 

Åland Islands and Etelä-Savo. Contradicting cases like Keski Pohjanmaa support the idea that 



57 
 

there is no agreement or concomitant variation in a possible correlating relationship. Both 

correlation coefficients for Finland show contradicting results, with Pearson’s ρ at 0.3150 and 

Spearman’s ρ at -0.2646. When assessing the scatterplot in figure 13B, a slight positive linear 

regression can be observed, but this is neglectable. As for difference, both variables or 

circumstances vary significantly and therefore cannot confirm this principle.  

 

7.6 Norway 

 
In Norway, high incidence rates of T1D and high prevalence of enteroviruses can be found in 

Aust-Agder and to lesser extent in Troms and Oppland. Similarly, low incidence rates and 

prevalence are featured in Trøndelag, Hordalund and Rogalund. Conversely, low incidence rates 

but high prevalence has been indicated in Østfold and Oslo and vice versa in Sogn og Fjordane 

and Telemark. The case of Oslo is the most extreme in this analysis with the highest prevalence 

rate and the lowest incidence rate of T1D in Norway. Another example of an outlier is the case 

of Sogn og Fjordane on the west coast with the third highest incidence rate and the lowest 

prevalence. As is the case in the before treated countries, the contradicting cases make the 

principles of agreement, difference and concomitant variation invalid. This is supported by 

Pearson’s and Spearman’s ρ, which reveal coefficients of -0.3023 and -0.1736, and the 

scatterplot in figure 13A that portrays a negative correlation. Overall there seems to be no 

correlation between the environmental factor and the T1D in Norway on the county level.  
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       A        B 
 

          C    D 

 

 
 

 

 

 

Figure 13: Scatterplots for incidence rate of T1D and prevalence of gastroenteritis and colitis and enteroviruses in each 
individual country. Note: scales are corresponding to the situation in each individual country. 
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7.7 Norway & Finland 

 

In the combined case of Norway and Finland, in which is looked at the prevalence of 

enteroviruses in relation to the incidence of T1D, a stronger positive correlation was found than 

was observed with the individual countries. Both correlation coefficients show a minor positive 

concomitant, with Pearson’s ρ and Spearman’s ρ indicating 0.3178 and 0.2398 respectively. 

These positive numbers are also portrayed in figure 14. In these cases, the geographical variation 

of T1D can only partly be explained by the prevalence of enteroviruses, but the evidence is thin. 

When the sample size is increased, a more significant correlation seems to be apparent and thus 

the arguments for further research on this relation are strong.  

 

Figure 14: Prevalence of enteroviruses vs. the incidence of T1D in Norway and Finland. 

 

7.8 Sweden & Denmark 

 

In the group with Sweden and Denmark the increased sample size led to a same starker image 

regarding the relation between the environmental factor and T1D. However, the relation 

seemed to lean more conclusively to a negative correlation. It must be noted that one high 

prevalence number in Hovedstaden, Denmark, made the data set highly skewed. Therefore, 

Spearman’s ρ recorded a less negative coefficient than Pearson’s ρ, with -0.0721 next to -0.3358 

respectively. Nonetheless, when the two cases are viewed together a stronger correlation can 

       ●   Norway 

 Finland 
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       ●   Denmark 

   Sweden 

be observed for the prevalence of gastroenteritis and colitis and the incidence of T1D. But the 

environmental factor seems not to be a trigger for T1D, and might rather have a protective 

function in the genesis of T1D.  

 
Figure 15: Prevalence of gastroenteritis and colitis versus the incidence of T1D in Sweden and Denmark. 
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Discussion 
 

A major disadvantage of this study has been the heterogeneous character of the data on both 

variables. It is hard to obtain comparable medical data, mainly because of privacy reasons and 

reasons concerning the accuracy and availability of public data. Therefore, the data on incidence 

rates of T1D differ in period and accuracy. Moreover, the data on the prevalence of enteroviruses 

was obtained through different methods. Also, using similar data sources and methods could 

have strengthened the reliability of this study.  

 

One might argue for a bias in enrollment and registration factors that could influence reported 

incidence and prevalence rates. The argument here suggests that with better surveillance and 

registration systems in place the disease gets better registered than in countries or regions 

where this is not the case. A simple example for this argument could be the difference between 

the Scandinavian countries and Finland with high incidence rates and good disease surveillance 

systems and African countries with low rates and poor registration infrastructure. However, it is 

believed that with advanced methods to generate T1D incidence data along with the availability 

of diabetes related data in these countries, strong estimations can be made. This is the case 

when the registration systems that are in place in for instance African countries prove 

insufficient (Stene, personal communication, 2018). On the other hand, registration models of 

enteroviruses did not always prove to be applicable for spatial analyses, especially when applied 

in cross country analyses or comparative designs. The methods applied to report on the 

prevalence of enteroviruses or enteroviral infections are different across the Nordic region and 

often lack a geographical characteristic.  

 

Furthermore, one factor that was under reviewed within this research was the time-trend 

element of both variables. As mentioned, T1D development is highly influenced by periodical 

events, like the onset of autoimmunity and the initiation of beta-cell destruction. Both happen 

at different moments in the disease process and can be related to different environmental 

interactions. The incorporation of such a time trend element could make it more plausible for 

the environmental factor to be accepted as a possible trigger for T1D. In addition, the prevalence 

of infectious diseases often differs from year to year and is not as stable as the trends in T1D 

incidence. Therefore, depending on which year has been studied, the outcome of the analysis 

could vary substantially between that year and the year before or after. It would strengthen this 

study and any future studies to include multiple years for each sampled country to control for 

this bias.  

 

The results of this study have to be viewed within the context of the ecological fallacy. Because 

the characteristics are researched at an aggregated population level, that of counties and 
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regions, it does not mean that observed relations are also true on the individual level. This study 

is mainly focused on individual level (biological) interactions, which are then researched at the 

population level. This makes assumptions about the causality of the variables less reliable and a 

solution would be to generate a sample size that is closer to that of the studied individual level 

interaction.  

 

In addition, it has been suggested that a single factor can be at the genesis of T1D rather than a 

set of conditioning determinants. This factor might be hard to uncover since everyone is 

exposed to it, but it is something that needs to be kept in mind in further studies. 

 

Finally, one element that became clear during this study was that there seemed to be little 

progress in finding definite causes for the increase in incidence of T1D in the past decades, 

especially in the Nordic countries. And this has not been because of a lack of research into the 

subject. It could be beneficial for a follow-up study to focus on variables and environmental 

factors that are outside of traditional medical understanding of the disease. The way the 

environmental factor in this study has been selected was purely based on existing knowledge 

about possible contextual factors. The use of spatial epidemiology, GIS and maps to review the 

relationship between disease and explanatory factor is not common and can shed new light on 

the disease genesis. However, using these methods early on to identify possible risk factors, and 

this requires some creativity, could bring new correlating determinants to light and possibly 

explain causal relations. To this effect, the systematic literature review applied in this study 

could attain a broader search scope to identify even the least researched and uncovered 

hypotheses and risk factors. Because of the scope of this research, only a specific environmental 

factor has been reviewed. This produces an obvious endogeneity problem, wherein confounding 

factors are pushed to the background, which makes it harder to show causality. It therefore 

contributes only partly to the ecosocial framework of T1D as was proposed by Krieger. Viewing 

the genesis of a disease as the accumulation of societal and biological factors might just be the 

framework that is needed to uncover the full etiological model of T1D.  
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Conclusion 
 

The etiological model of type 1 diabetes is yet to be fully completed. The disease is triggered by 

environmental factors in genetically susceptible individuals. However, the nature of these 

environmental factors is yet to be discovered. The theories for the environmental side of the 

etiological model range from a single undiscovered factor to a set of influencing circumstances, 

however all focus on childhood-onset T1D. Within this range there are several hypotheses that 

claim to explain the variations in T1D incidence, of which infections and viruses (and more 

specifically enteroviruses) show the most promise. Finding and completing the set of factors 

initiating the development of T1D can prompt preventive therapies. Worldwide the incidence 

rate shows large regional variations. Moreover, in four Nordic countries the incidence of T1D is 

relatively high compared to the rest of the world. Following the hypothesis that enteroviruses 

might influence the disease process of T1D, Denmark, Sweden, Finland and Norway have been 

studied within this context. The incidence of T1D showed significant regional variations at the 

county level within each country and within the Nordic region as a whole. The same conclusion 

was formed for the prevalence of enteroviruses or gastroenteritis and colitis with infectious or 

unspecified origins, a proxy for the virus. Across all individual countries, the geographical 

variations in the incidence of T1D cannot be explained by the prevalence of enteroviruses. 

However, when the sample size was increased and the study looked at Denmark & Sweden and 

Finland & Norway as groups, a more significant correlation was observed. In addition, the 

correlation for Finland and Norway was slightly positive and for Denmark & Sweden negative. 

Overall, no significant correlation between the environmental factor and T1D diabetes was 

found, but the outcome of the Finland & Norway group could encourage further research into 

the subject.  

 

Finally, the search for environmental factors in relation to T1D has been spanning over the last 

decades without any convincing candidates. This strongly suggests the current methods that 

are employed to finding answers in this exploration are not proving to be fruitful. Therefore, the 

use of out of the box methods to uncover possible environmental determinants is encouraged. 

Spatial epidemiology might not be that far outside of that box, but it generates a refreshing look 

at an otherwise stagnant pursuit.  
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Appendix 
 

I: Approached interviewees 
 

Interviewe

e 

Affiliation Field Email Phone 

number 

Johnny 

Ludvigsson

* 

Linköping 

University 

Environmental 

factors Type 1 

johnny.ludvigsson@liu.se  +46 13 28 68 

54  

Ulf 

Samuelsso

n 

Linköping 

University 

Type 1 riskfactors 

in children  

ulf.samuelsson@liu.se    

Malin 

Flodström 

Karolinska 

Institutet 

Role of 

enteroviruses in 

type 1 etiology 

Malin.Flodstrom-

Tullberg@ki.se  

046-

852487625  

Per-Ola 

Carlsson 

Uppsala 

Universitet 

Cell biology, 

diabetology  

Per-

Ola.Carlsson@mcb.uu.se 

 

 

018-471 4425 

 

Svante 

Norgren 

Karolinska 

Institutet 

Pediatric 

endocrinology 

Svante.Norgren@ki.se  

Valdemar 

Grill 

Trondheim 

NTNU 

Diabetology, 

Norway risk 

factors  

Valdemar.grill@ntnu.no +4772825188 

 

Gisela 

Dahlquist 

Umeå 

Universitet 

Childhood T1D, 

non genetic risk 

factors 

gisela.dahlquist@umu.se  090-785 38 76  

Kerstin 

Brismar 

Karolinska 

Institutet 

Diabetes 

research, 

epidemiology 

Kerstin.Brismar@ki.se    

Lennarth 

Nyström  

Umeå 

Universitet 

Public health, 

diabetes 

incidence in SE 

lennarth.nystrom@umu.s

e 

+46 90 786 97 

93  

Sofia 

Carlsson 

Karolinska 

Institutet 

Epidemiology, 

LADA, 

environmental 

factors 

Sofia.Carlsson@ki.se  +46 (0) 8-524 

800 11  

mailto:johnny.ludvigsson@liu.se
tel:+4613286854
tel:+4613286854
mailto:ulf.samuelsson@liu.se
mailto:Malin.Flodstrom-Tullberg@ki.se
mailto:Malin.Flodstrom-Tullberg@ki.se
tel:046852487625
tel:046852487625
mailto:Svante.Norgren@ki.se
mailto:gisela.dahlquist@umu.se
tel:090-785%2038%2076
mailto:Kerstin.Brismar@ki.se
mailto:lennarth.nystrom@umu.se
mailto:lennarth.nystrom@umu.se
tel:+46%2090%20786%2097%2093
tel:+46%2090%20786%2097%2093
mailto:Sofia.Carlsson@ki.se
tel:+46(0)852480011
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Therese 

Andersson 

Karolinska 

Institutet 

  therese.m-

l.andersson@ki.se  

+46 (0) 8-524 

824 98  

Anders 

Green* 

University of 

Southern 

Denmark 

Clinical 

epidemiology 

 agreen@health.sdu.dk 

 

40887775 

Mikael 

Knip* 

University of 

Helsinki 

Pathogenesis of 

T1D 

 Mikael.knip@helsinki.fi +35894717270

1 

Lars 

Christian 

Stene * 

Oslo 

University, 

Oslo Diabetes 

Research 

Center 

Risk factors for 

T1D 

  lars.christian.stene@fhi.

no 

+47 21078176 

Hanno Pijl University of 

Leiden 

Diabetology, 

neuro-endocrine 

regulation of 

diabetes 

H.pijl@lumc.nl +31715269532 

Eelco de 

Koning 

University of 

Leiden 

Diabetology, 

Type 1 islet 

isolation and 

transplantation 

e.j.p.de_koning@lumc.nl +31715262085 

  

II: Coding examples with ATLAS.ti 

 

mailto:therese.m-l.andersson@ki.se
mailto:therese.m-l.andersson@ki.se
tel:+46(0)852482498
tel:+46(0)852482498
mailto:agreen@health.sdu.dk
mailto:Mikael.knip@helsinki.fi
mailto:H.pijl@lumc.nl
mailto:e.j.p.de_koning@lumc.nl
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○ B-cell stress 

Created by Lode on 2018-05-02 

1 Groups: 

Environmental factors 

3 Quotations: 

1:5 B-Cell stress hypothesis, which is often caused by dietary choices, ov…… (1971:2061) - D 1: Expert 

Interviews 

B-Cell stress hypothesis, which is often caused by dietary choices, overweight, stress etc. 

1:6 the b-cell stress hypothesis and measure that at the scale you are doi…… (2105:2208) - D 1: Expert 

Interviews 

the b-cell stress hypothesis and measure that at the scale you are doing your research. You just can’t.  

1:14 There we did see that there was an increase in the mean BMI with 1.2 u…… (6723:7085) - D 1: Expert 

Interviews 

There we did see that there was an increase in the mean BMI with 1.2 units over 12 years and when we 

correlated that with the changes in incidences we could see that there was a significant correlation 

between the increase in incidence of T1D and the increase in BMI. And what we know about increased 

growth and weight gain, is that it could demand the beta cells 

○ Chemicals and toxins 

Created by Lode on 2018-05-02 

1 Groups: 

Environmental factors 

2 Quotations: 

1:44 However, I can say pretty strongly that there is not convincing eviden…… (35809:36016) - D 1: Expert 

Interviews 

However, I can say pretty strongly that there is not convincing evidence that environmental toxins can 

explain the variations that we see. But again it is possible but I haven’t seen any convincing evidence.  

1:70 And what happened out there is that they were challenged with westerni…… (15050:15308) - D 1: 

Expert Interviews 
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And what happened out there is that they were challenged with westernized food and chemicals and they 

were exposed to a different kind of set of living condition exposures in more broad terms as we have seen 

it after the second world war in the western Europe 


