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ABSTRACT 

 

Background 

Type 1 diabetes is an immune-mediated chronic disorder characterized by a preclinical period with 

autoimmunity to pancreatic beta cells and progressively leading to acute onset of hyperglycemia and 

dependence on exogenous insulin. Finland has the highest incidence of type 1 diabetes worldwide. In 

high-incidence countries, the disease affects more males than females, which is in contrast to other 

organ-based autoimmune disorders. The risk of developing type 1 diabetes can be assessed based on 

human leucocyte antigen (HLA) genotypes alone or in combination with non-HLA genetic 

polymorphisms and by following the development of diabetes-associated autoantibodies. In addition, 

the disease risk is higher in the family members of patients with type 1 diabetes compared to the 

general population. The etiology of type 1 diabetes is believed to be multifactorial and involves both 

genetic and environmental factors. Moreover, there is heterogeneity in the disease pathogenesis and 

progression, and this might be associated with the variability in the phenotype and genotype of type 

1 diabetes at clinical disease presentation. The disease features at the time of diagnosis may also 

predict later glycemic control and risk of long-term complications. 

Aims 

This thesis aims to characterize factors potentially related to the disease severity at the clinical 

diagnosis of type 1 diabetes. In study I, Finnish girls and boys are compared with each other to identify 

sex-related differences present at the diagnosis of type 1 diabetes. The objectives of studies II and III 

are to examine the frequency of a positive family history of type 1 and type 2 diabetes in newly 

diagnosed Finnish children from the past 14 years, and to explore clinical, metabolic, humoral and 

genetic characteristics at diagnosis based on the relationship of the affected family member to the 

index child. Study IV aims to explore the variability in the seasonal timing of the manifestation of 

type 1 diabetes in Finland, and how seasonality reflects on the clinical, metabolic and genetic markers 

and type 1 diabetes-related autoantibodies. 

Subjects and methods 

The study subjects for this thesis are derived from the Finnish Pediatric Diabetes Register  (FPDR) 

and Sample Repository, established in 2002. The nationwide register covers more than 90% of 

children and adolescents diagnosed with diabetes in all pediatric units in Finland. Approximately 70% 

of the participating children and their family members are additionally providing samples for the 

Sample Repository for the analyses of diabetes-associated autoantibodies and HLA genetics. A 

structured questionnaire is used for collecting information on the metabolic decompensation at 

diagnosis, provided by health care professionals taking care of the child. The families complete the 

parts on the family history of any type of diabetes in first-degree relatives and grandparents. This 

thesis assesses the characteristics at diagnosis in 4993 children and adolescents newly diagnosed with 

type 1 diabetes between 2003 and 2016. The majority of the study subjects were boys (56.6%) and 

the median age at diagnosis was 8.03 years (range 0.52–14.99 years). No follow-up data is available 

in the FPDR for the index children or the affected family members. 
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Results 

Family history of type 1 diabetes was reported in 10.4% of all children, and fathers were more 

commonly affected than mothers or siblings (5.1% vs. 2.8% vs. 1.9%). Two percent of children 

reported type 2 diabetes in their immediate family members, the corresponding proportion for 

grandparents being 36%. Fathers and grandfathers were more commonly affected with type 2 diabetes 

than mothers and grandmothers. The presence of paternal type 1 diabetes was associated with higher 

frequency of ketoacidosis and higher weight loss at diagnosis compared to a history of maternal type 

1 diabetes. Children with familial disease, and particularly those with an affected father, more often 

carried the high-risk HLA haplotype DR4-DQ8 compared to children with sporadic disease. In the 

subgroup of children with a parent affected by type 1 diabetes, a male preponderance was observed 

among the parents diagnosed before the birth of the index child, while the male-female ratio was 

similar in the parents diagnosed after the birth of the index child. Family history of type 2 diabetes 

was associated with older age at diagnosis, higher BMI z-score and more frequent autoantibody 

negativity. Girls seemed to have poorer glycemic control and signs of a more severe metabolic 

derangement at the diagnosis of the disease, particularly after age adjustment. Boys, however, more 

often tested positive for three of four biochemical autoantibodies (IAA, IA-2A, and ZnT8A) while 

only GADA positivity was higher in girls. Significant seasonality in type 1 diabetes onset was 

observed with higher frequency of new diagnoses in fall and winter. The youngest children (aged 

0.5–4 years), however, differed from older children as the minority of them were diagnosed in winter. 

Poorer metabolic decompensation was associated with seasons with the lowest number of diagnoses. 

Conclusions 

This thesis provides updated information on the prevalence of type 1 and type 2 diabetes among the 

family members of newly diagnosed Finnish children with type 1 diabetes. The observed frequencies 

are in line with previous reports. In addition, the work describes disease severity at diagnosis of type 

1 diabetes characterized by metabolic, immunological and genetic factors associated with sex, family 

history of diabetes, and seasonal timing of the disease manifestation. 

This work suggests that paternal history of type 1 diabetes is associated with a more severe disease 

phenotype at diagnosis of type 1 diabetes, which has not been reported earlier. Our results on the sex 

difference between parents diagnosed before vs. after the birth of the index child support the idea of 

a protective effect of maternal type 1 diabetes via insulin treatment during pregnancy. Genetic factors 

may also partly explain the phenomenon, as the HLA-DR4-DQ8 was more prevalent in familial vs. 

sporadic cases and especially in children with an affected father. Children with a positive family 

history of type 2 diabetes seemed to present with a mixed phenotype of type 1 and type 2 diabetes 

associated features at diagnosis of type 1 diabetes, which emphasizes the disease heterogeneity. A 

novel finding of this thesis was the higher prevalence of total autoantibody negativity among children 

with a positive family history of type 2 diabetes. Other novel discoveries were the higher frequencies 

of IAA, IA-2A, and ZnT8A observed in boys at diagnosis of type 1 diabetes, while GADA positivity 

has been consistently more common in girls. The poorer metabolic and glycemic control observed in 

girls at diagnosis may have predictive value for the later disease course. This study demonstrated 

variation in the seasonality of type 1 diabetes manifestation according to age at diagnosis, suggesting 

that different environmental factors may play a key role at different ages. The poorer clinical 
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condition associated with seasons with a lower number of new diagnoses is more likely to be 

explained by a delay in seeking medical help or the reduced medical services during summer holidays 

than by a more aggressive autoimmunity. 

This thesis improves the identification of patients with the highest risk of an aggressive disease 

process at the diagnosis of type 1 diabetes. The early recognition of factors related to a more adverse 

disease course may help us to create future strategies for disease management and prevent later 

disease-related complications. In the future, a more accurate diagnosis and individualized treatment 

methods should be used in the care of children and adolescents affected by type 1 diabetes.  
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ABBREVIATIONS 

 

ADA   American Diabetes Association 

BMI   Body mass index 

BMI z-score Age- and sex-specific BMI 

CI   Confidence interval 

COVID-19  Coronavirus disease 2019 

CVB   Group B coxsackievirus 

DAISY  Diabetes Autoimmunity Study in the Young 

DCCT  Diabetes Control and Complications Trial 

DIPP   Type 1 Diabetes Prediction and Prevention study 

FDR   First-degree relative 

FPDR  Finnish Pediatric Diabetes Register 

GADA  Antibodies to glutamic acid decarboxylase 

GABA  Gamma‐aminobutyric acid 

GH   Growth hormone 

GWAS  Genome-wide association studies 

HbA1c  Glycated hemoglobin 

HLA    Human leucocyte antigen 

IAA   Insulin autoantibodies 

IA-2A  Antibodies to islet antigen 2 

ICA   Islet cell antibodies 

INS   Insulin gene 

JDFU  Juvenile Diabetes Foundation unit 

LD   Linkage disequilibrium 

MHC   Major histocompatibility complex  

MIDIA  The Environmental Triggers for Type 1 Diabetes 

MODY  Maturity-onset diabetes of the young 

NGS   Next-generation sequencing 
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PCR   Polymerase chain reaction 

PTPN22  Protein tyrosine phosphatase, non-receptor type 22 

RNA   Ribonucleic acid 

RU   Relative unit 

SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 

SDR   Second-degree relative 

SEARCH  SEARCH for Diabetes in the Youth 

SHBP  Sex hormone-binding protein 

SNP   Single nucleotide polymorphism 

TCF7L2  Transcription factor 7 like 2 

TDR   Third-degree relative 

TEDDY  The Environmental Determinants of Diabetes in the Young 

TRIGR  Trial to Reduce Insulin-Dependent Diabetes Mellitus in the Genetically at Risk 

UVB   Ultraviolet B 

VNTR  Variable number of tandem repeat 

ZnT8A  Zinc transporter 8 autoantibodies 

25(OH)D  25-hydroxyvitamin D 
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INTRODUCTION 

Type 1 diabetes is a chronic immune-mediated disease characterized by a systematic loss of 

functional insulin-producing beta cells in the pancreas. A highly variable duration of an asymptomatic 

preclinical phase precedes the clinical onset of the disease. During this period, one or more antibodies 

to different beta cell antigens appear in the peripheral circulation as a marker of ongoing islet 

autoimmunity. Once a certain unspecified threshold of the beta cell destruction is exceeded, it is no 

longer possible to maintain glucose homeostasis without permanent supply of exogenous insulin. 

For the time being, there is no prophylactic treatment or successful intervention to prevent type 

1 diabetes. Although there are currently plenty of means for the treatment of type 1 diabetes available, 

thanks to developing technology, the disease demands everyday glucose monitoring and insulin 

administration to maintain glucose control. In addition, type 1 diabetes puts a strain on the health care 

system and society. Patients with type 1 diabetes are at persistent risk of acute complications (1), and 

an increased risk of long-term morbidity and mortality also exists (2, 3). Some patients may be at 

particularly high risk of these complications and the identification of such individuals is crucial. The 

clinical status and the severity of islet autoimmunity at the time of diagnosis may predict metabolic 

control beyond the time of diagnosis. Recognizing risk factors for adverse metabolic outcome at an 

early stage of the disease may allow us to prevent later complications. 

Despite decades of research, the etiology and pathogenesis of type 1 diabetes is still poorly 

understood. Polymorphisms in the HLA DR-DQ loci are known to be the major genetic determinant 

of type 1 diabetes (4). More recently, HLA genotypes associated with weaker susceptibility to type 1 

diabetes seem to have become more frequent among patients with type 1 diabetes, however, 

suggesting that a more diabetogenic environment may result in disease development (5). A growing 

number of non-HLA genes have been implicated as risk genes for type 1 diabetes, as well. The 

endotype concept has been introduced to describe the heterogeneity in type 1 diabetes and to 

emphasize greater precision and individualization of the diagnosis and treatment (6). There is, for 

instance, evidence of differences in the disease process between IAA- and GADA-driven 

autoimmunity, as well as a suggestion for differential gene-environmental interactions and 

immunological maturity at different ages. Moreover, there might be shared etiopathogenic 

mechanisms among patients with type 1 and type 2 diabetes (7). Both type 1 and type 2 diabetes seem 

to cluster in families and the presence of family history of these diseases may affect the phenotype of 

newly diagnosed type 1 diabetes. 

This thesis aims at characterizing some of the factors possibly related to a more aggressive 

disease phenotype and genotype at presentation of type 1 diabetes in children and adolescents. The 

association of sex, the association of family history of type 1 and type 2 diabetes and the association 

of seasonal variation in the disease manifestation will be elucidated. 
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REVIEW OF THE LITERATURE 

 

CLASSIFICATION OF DIABETES 

Diabetes mellitus is a term to describe a heterogeneous group of chronic metabolic disorders with 

hyperglycemia as a commonality. Type 1 diabetes, which is an immune-mediated disease leading to 

subtotal destruction of the insulin-producing beta cells, is the most common form of diabetes 

manifesting in childhood or adolescence, but it can develop at any age. A relative insulin deficiency 

and peripheral insulin resistance usually characterize type 2 diabetes, the other major type of diabetes. 

The classification is not always straightforward, however. Moreover, there are growing numbers of 

diabetes subtypes, such as monogenic diabetes syndromes including neonatal diabetes and various 

forms of maturity-onset diabetes of the young (MODY) as well as gestational diabetes, and the 

heterogeneity of diabetes may cause a challenge in the diagnostic classification. Diabetes occurring 

within the first six months of life or presenting without features typical of type 1 or type 2 diabetes, 

especially with a strong family history of diabetes, should create the suspicion of monogenic diabetes. 

(8) Shared etiopathogenetic processes have been implicated in type 1 and type 2 diabetes (7, 9). In 

addition to the traditional pathways of aggressive autoimmunity and insulin resistance, a milder 

autoimmunity together with the factors predisposing to type 2 diabetes, such as obesity and type 2 

diabetes-associated genes, may result in the development of type 1 diabetes (7). 

The classic symptoms for hyperglycemia comprise polydipsia and polyuria, weight loss, and fatigue 

which may progress to a life-threatening state of diabetic ketoacidosis, if untreated (8). There is a 

persistent risk of acute metabolic complications such as hypoglycemia and hyperglycemia with 

ketoacidosis (1). Long-term disease predisposes to microvascular complications, primarily 

manifesting as retinopathy, nephropathy, and neuropathy and mainly influenced by chronic 

hyperglycemia and glycemic variability (3, 10), in addition to macrovascular complications (2) and 

increased mortality (2, 11). 

 

EPIDEMIOLOGY OF TYPE 1 DIABETES 

From the 1950s, the incidence of type 1 diabetes has been increasing in different parts of the world, 

and the annual increase of 3–4% is still continuing, alarmingly (12–14). The worldwide rate of type 

1 diabetes incidence is highest in Finland (12, 15, 16), where the incidence peak was observed in 

2006, reaching 65 per 100,000 new cases per year among children under the age of 15 (17). Since 

then, the incidence seems to have reached a plateau and even decreased in Finland (13, 18), however, 

and a similar phenomenon has also been seen in two other Scandinavian countries (19, 20). 

Globally, the increase in disease rate has been reported to be highest in the group of youngest children 

(aged 0–4 years) and similar between sexes except for a higher rate among boys in the 10- to 14-year-

old age group (13). However, in a recent register-based study describing type 1 diabetes incidence 

between 2003 and 2018 in Finland, the incidence decreased, particularly among the youngest 

children, and this was seen both in boys and girls (18). No consistent change was observed in the 

incidence rate among the oldest children. Decreased incidence in the youngest age group was also 
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observed in the SEARCH for Diabetes in Youth (SEARCH) study in the time period 2002–2012 (21). 

Follow-up studies from high-incidence countries are to assess whether this observation represents 

temporary fluctuation or a permanent true change in the incidence rate. There are signs of a cyclical 

pattern in incidence, as observed in a few central European centers and the UK with an incidence 

peak every fourth year (13). Most of the centers included in the report, however, lacked this 

phenomenon.  

In most populations, the highest incidence has been observed in the 10–14 age group (13, 15). In 

Finland, type 1 diabetes has been shown to be diagnosed at a somewhat earlier age (median age 8 

years) (18). Unlike other organ-specific autoimmune disorders, type 1 diabetes affects males more 

often than females. This, however, is seen in high-incidence countries whereas female excess is seen 

in low-incidence countries (22).  

 

PATHOGENESIS OF TYPE 1 DIABETES 

Type 1 diabetes is an immune-mediated chronic disease that results from the T-cell mediated 

destruction of insulin producing beta cells and loss of beta cell function in the pancreatic islets. This 

disease process progresses to symptomatic disease and a lifelong need for exogenous insulin. Both 

genetic susceptibility and environmental triggers with several candidate factors interplaying with 

each other may promote the initiation of the disease process. The risk of developing type 1 diabetes 

can also be assessed with a rough estimation of the progression rate. Classification of the disease into 

well-defined distinct stages together with the risk estimation provide a base for the prediction and 

prevention of type 1 diabetes. (23) 

The prediabetic period with no symptoms related to type 1 diabetes and only autoantibodies 

detectable precedes the symptomatic disease. The length of this period can be highly variable from a 

few months to decades (24). According to a model by the American Diabetes Association (ADA), 

stage I represents individuals with two or more autoantibodies and normoglycemia (23). The 

asymptomatic period goes forward through stage II with dysglycemia and an increasing loss of beta 

cell function and finally culminates in symptomatic type 1 diabetes defined as stage III. 

The appearance of the diabetes-associated autoantibodies is the first detectable sign of beta cell 

autoimmunity. In genetically at-risk individuals, this often occurs in early life with a clear peak in 

autoantibody seroconversion between the age of nine months to two years (25–27). At the moment, 

there are five autoantibodies used for disease prediction: islet cell antibodies (ICA), insulin 

autoantibodies (IAA), autoantibodies against glutamic acid decarboxylase (GADA), autoantibodies 

against tyrosine phosphatase protein, i.e., islet antigen 2 (IA-2A), and autoantibodies to zinc 

transporter 8 (ZnT8A). The latter four autoantibodies represent biochemical autoantibodies. The 

combined analysis of these autoantibodies provides an ability to identify the vast majority of children 

at risk of type 1 diabetes and those with a newly diagnosed disease. The characteristics of the 

autoantibodies are described below. 

Positivity for two or more biochemical autoantibodies markedly increases the risk of progression to 

clinical type 1 diabetes, while positivity for a single autoantibody often represents a harmless 

nonprogressive state (28, 29). Disease risk at 15-year follow-up has been observed to be about 80% 
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in multipositive children compared to 13% in children with a single islet autoantibody, and 0.4% in 

autoantibody-negative children (29). 

After the appearance of the autoantibodies, they often persist but sometimes fluctuations in antibody 

titer are seen in the prediabetic period, most commonly regarding IAA (30–35) followed by ICA (34). 

In addition, autoantibodies have been shown to turn negative before disease onset and this seems to 

be associated with the prolonged prediabetic period (31, 32, 34). Higher autoantibody titers may 

predict persistent autoantibody positivity (34, 35). It has been suggested that the first-appearing 

autoantibody might represent the nature of the forthcoming disease process. 

The development of autoantibodies within the first two years of life has been associated with rapid 

progression to multiple autoantibody positivity and type 1 diabetes (27, 36), especially in IAA-

initiated autoimmunity (37, 38). In the Type 1 Diabetes Prediction and Prevention (DIPP) study, 

another peak of seroconversion in rapid progressors was found in children aged 8–14 years, and this 

was associated with GADA positivity (38). Overall, additional factors accelerating the process are 

higher autoantibody titers at seroconversion and high-risk HLA-DQB1*02/*03:02 genotype. IA-2A 

have the highest specificity and ICA in addition to IAA the highest sensitivities for rapid disease 

progression. 

 

IAA- vs. GADA-initiated autoimmunity 

Two islet-autoimmunity endotypes have been implicated, suggesting heterogeneity in genetic and 

environmental factors associated with the disease process. IAA or GADA are usually the first 

autoantibodies to appear as a single autoantibody. Seroconversion of IAA peaks within the first two 

years of life and rapidly declines over the following few years in contrast to the later age peak and 

continuous appearance of GADA (25, 30, 37, 39, 40). The HLA-DR4 haplotype has been 

predominantly associated with IAA-initiated autoimmunity and the HLA-DR3 with the GADA-only 

endotype. Associations to certain single nucleotide polymorphism (SNPs) have been reported for both 

endotypes (25, 39, 40). Age-related differences may be associated with the maturation and 

development of the immune system and contacts with pathogens in early life. Coxsackievirus B1, for 

instance, has been related to the IAA-initiated disease process, but similar associations have not been 

observed for GADA (41). 

 

Type 1 diabetes-associated autoantibodies 

Islet cell antibodies (ICA) 

ICA were the first autoantibodies described to be associated with type 1 diabetes (42, 43). They are 

detected by using indirect immunofluorescence on cryostat sections of human pancreatic tissue from 

organ donors of blood group 0. The ICA assay measures immunoglobulin, mainly IgG, binding to 

various structures of islet cells. Other islet autoantibodies are partly liable for the ICA reaction and 

some of the reactivity may be derived from several other unidentified antigens. (44) 

High ICA titers correlate well with the predictive value for future onset type 1 diabetes. In contrast, 

low ICA levels are quite common in the general population and in relatives of patients with type 1 
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diabetes in parallel to increasing age, rather representing non-progressive autoimmunity (45, 46). ICA 

is often observed in combination with the other autoantibodies and a positive correlation is seen 

between ICA titers and the number of biochemical autoantibodies (28). The frequency of ICA has 

been observed to be higher in females, in individuals carrying the HLA DR4-DQ8 haplotype and at 

younger age (47). In Finland, 84% of children with recent-onset type 1 diabetes present with ICA 

(48). 

ICA is laborious to analyze, with standardization difficulties in addition to quite poor specificity to 

detect progressors for clinical type 1 diabetes. Moreover, ICA as the single autoantibody at 

seroconversion have been linked to nonprogressive autoimmunity regardless of the titer (34). 

Therefore, it has been proposed that the ICA assay should be excluded as a screening method for beta 

cell autoimmunity. 

 

Insulin autoantibodies (IAA) 

Palmer et al. were the first to describe IAA in patients with recent-onset type 1 diabetes (49). IAA 

have most often been the first autoantibodies to appear (26, 27, 31, 50) and are especially prevalent 

in young children (31). IAA positivity at a young age have been associated with rapid progression to 

clinical disease (37, 38). Although IAA are fairly labile (30–35), persistent positivity for IAA predicts 

high risk of type 1 diabetes (28) and high initial IAA titers have also been predictive of disease 

progression (27). As described above, IAA positivity has been associated with the high-risk haplotype 

HLA-DR4-DQ8 as well as several non-HLA SNPs such as polymorphism in the insulin (INS) gene 

and protein tyrosine phosphatase, non-receptor type 22 (PTPN22) gene (25, 39, 47, 50, 51). At 

diagnosis, 48–54% of Finnish children with type 1 diabetes test positive for IAA (48, 52). 

 

Autoantibodies against glutamic acid decarboxylase (GADA) 

In the 1980s, autoantibodies to the 64kD islet cell protein were first observed in patients with recent-

onset type 1 diabetes; this molecule was later identified as the 65kD glutamic acid decarboxylase 

enzyme. The GAD enzyme catalyzes the formation of the inhibitory neurotransmitter gamma‐

aminobutyric acid (GABA) from glutamine. (53, 54)  

GADA positivity has been associated with female sex, older age, and presence of the predisposing 

haplotype HLA-DR3-DQ2 (30, 47, 55). GADA seroconversions have been shown to increase steadily 

up to the age 10 to 15 years (34). However, as a second-appearing antibody, GADA often emerge 

soon after IAA (30). In children in early puberty, GADA positivity and high GADA titers have been 

associated with rapid progression to type 1 diabetes (38). 

GADA have been associated with other autoimmune diseases, even in the absence of type 1 diabetes. 

Additionally, GADA positivity and high levels of GADA have been associated with the development 

of thyroid autoimmunity in patients with type 1 diabetes (56). Thus, it has been suggested that GADA 

may reflect general autoimmunity rather than specific beta cell damage (57). In Finland, 65–68% of 

children with newly diagnosed type 1 diabetes have been observed to test positive for GADA (48, 

52). 
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Autoantibodies to islet antigen 2 (IA-2A) 

Protein tyrosine phosphatase-like proteins, islet antigen 2 (IA-2), and 2β (IA-2β) are major targets of 

autoantibodies in type 1 diabetes. They are both enzymatically inactive transmembrane proteins, 

localized in secretory granules of islet cells or neuroendocrine cells and assumed to be involved in 

the regulation of insulin secretion (58, 59). Autoantibodies to IA-2-spefic epitopes are more common 

than those specific for IA-2β and thus the IA-2-specific humoral response has been primarily 

associated with type 1 diabetes (60, 61). 

IA-2A as a first appearing autoantibody is rare and usually it is the last appearing autoantibody when 

in combination with other autoantibodies (27). IA-2A are strongly predictive of type 1 diabetes (33, 

62) and are associated with rapid progression to clinical diagnosis (29, 31). The predictive value of 

isolated IA-2A positivity for type 1 diabetes is higher than that of IAA or GADA (29, 52). As a single 

autoantibody, IA-2A titers have persisted at very low rates, whereas in children who developed 

multiple autoantibody positivity or type 1 diabetes later, the titers have risen rapidly (27). The highest 

frequency of IA-2A positivity has been observed in children with the genotype DQB1*0302/x 

(x ≠ DQB1*02) (48, 52) and high levels of IA-2A in those with the presence of the HLA-DR4-DQ8 

haplotype (57, 63). Approximately 75–79% of Finnish children with newly diagnosed type 1 diabetes 

have IA-2A (48, 52). 

 

Autoantibodies to zinc transporter 8 (ZnT8A) 

The cation efflux transporter zinc transporter 8 is the most recently identified autoantigen in patients 

with type 1 diabetes (64). The ZnT8A protein is encoded by the SLC30A8 gene and the expression is 

restricted primarily to pancreatic islet cells. The protein has a key role in insulin secretion and it is 

involved in transporting zinc into the insulin secretory granules of beta cells for storage of insulin as 

a hexamer with two Zn2+ molecules (65, 66). Furthermore, the SLC30A8 gene has been associated 

both with type 1 diabetes, if ZnT8A positive (67), and type 2 diabetes (68). 

At diagnosis of type 1 diabetes, positivity for ZnT8A have been inversely correlated with the 

prevalence of the risk genotype DR3-DQ2/DR4-DQ8 and the haplotype DR3-DQ2 (69, 70) but 

positively correlated with the neutral haplotype DR13‐DQB1*0604 (70). Positivity for ZnT8A has 

been related to older age at diagnosis of type 1 diabetes (69, 70). In fact, recent studies indicate that 

ZnT8A as a first autoantibody is associated with younger age at seroconversion but disease 

progression is slower (31). Seroconversion to ZnT8A may take place even before IAA (34). At 

diagnosis, ZnT8A has been associated with higher frequency of ketoacidosis and during the follow-

up, lower C-peptide concentrations and higher insulin requirement (67, 69). However, with regard to 

the rate of ketoacidosis, contrasting results have been reported. At diagnosis, about 63% of Finnish 

children have tested positive for ZnT8A (70). 
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ETIOLOGY OF TYPE 1 DIABETES 

Genetic factors 

The overall risk of type 1 diabetes is 1.0% in the general population in Finland but it is higher in 

relatives of affected subjects. Genes have been assumed mainly to explain the familial clustering of 

the disease, not forgetting the power of environmental factors. Major genetic risk factors for type 1 

diabetes are located in the HLA class II region and have been estimated to explain approximately 

50% of the genetic susceptibility to type 1 diabetes. There are, however, about 60 non-HLA loci 

affecting disease susceptibility, as well, and together with the HLA genes these are estimated to 

account for 80% of the disease’s heretability. (4, 71) 

 

Human leucocyte antigen (HLA)  

The HLA locus is located on the short arm of chromosome 6 (6p21) and encodes the major 

histocompatibility complex (MHC) molecules. These glycoproteins exist on the surface of cells. 

Proteins encoded by HLA class I genes are expressed on all human cells except for erythrocytes, 

while proteins encoded by HLA class II genes can be found on the surface of immune cells  (72). The 

HLA region spans three subregions: the telomeric class I, the centromeric class II, and class III. The 

classical class I (HLA-A, -B and -C) and class II (HLA-DR, -DQ, -DP) genes encode proteins that take 

part in the immune response binding antigen peptides and presenting them to T-cells. HLA class III 

genes encode proteins that are involved in the complement system. (7, 74) Each class I molecule is 

encoded by a single gene, while for class II a heterodimer formed by α- and β-chain is encoded by a 

gene pair. HLA class II genes are highly polymorphic (75). 

Major genetic risk factors for type 1 diabetes are located in the HLA class II region, and more 

specifically in the DR- and DQ-loci. Alleles from these loci, HLA-DRB1, HLA-DQA1, and HLA-

DQB1, exhibit intensive linkage disequilibrium (LD), and combinations of them form inherited 

haplotypes. Some ethnic differences are seen, that is for a certain population a single allele is usually 

found in only one or few combinations. The combination of two inherited haplotypes, one from each 

parent, defines an individual’s HLA-conferred risk of type 1 diabetes. (75) Class II HLA genotypes 

are mainly associated with the development of islet autoimmunity and less so with the progression 

from autoimmunity to clinical type 1 diabetes (76). 

In all cases, the sum of the risk conferred by individual haplotypes does not determine the total risk 

of type 1 diabetes. For instance, the heterozygous genotype comprising the major two risk haplotypes, 

the DR3-DQ2 [DRB1*03‐DQA1*05(:01)‐DQB1*02] and DR4-DQ8 [DRB1*04:01/02/04/05/08‐

DQA1*03(:01)-DQB1*03:02(/04)], is associated with the highest risk, while homozygosity for either 

of the single risk haplotype or the single risk haplotype in combination with the neutral/protective 

haplotype is associated with lower risk of type 1 diabetes. (77) The genotype risk classification 

ranging from strongly decreased risk to high risk can be assessed based on the characteristics of 

individual haplotypes (76) (Table 1). In Finland, the most common disease haplotype is the DR4-

DQ8 followed by the DR3-DQ2 (78). Over the last decades, the frequency of multiple different 

genotypes has changed, including a stepwise decrease of individuals with HLA DR3/4 genotype (79). 
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Table 1. Some of the common HLA class II haplotypes in Finnish children predisposing to or protecting 

from type 1 diabetes (A) and classification of genetic risk of type 1 diabetes based on the combination of 

these haplotypes (B). Modified from (76). 

A 

Haplotype Odds ratio Risk 

DRB1*04:01‐DQA1*03‐DQB1*03:02 10.1 S 

DRB1*04:05‐DQA1*03‐DQB1*03:02 3.0 S 

DRB1*04:04‐DQA1*03‐DQB1*03:02 2.8 s 

(DR3)‐DQA1*05‐DQB1*02 2.8 s 

DRB1*04:02‐DQA1*03‐DQB1*03:02 1.8 S 

(DR13)‐DQB1*06:04 1.1 N 

(DR9)‐DQA1*03‐DQB1*03:03 1.0 N 

(DR8)‐DQB1*04 1.0 N 

(DR16)‐DQB1*05:02 0.8 N 

(DR7)‐DQA1*0201‐DQB1*02 0.6 N 

(DR1/10)‐DQB1*05:01 0.6 N 

(DR4)‐DQA1*03‐DQB1*03:01 0.5 N 

DRB1*0403‐DQA1*03‐DQB1*03:02 0.4 p 

(DR13)‐DQB1*06:09 0.4 N 

(DR13)‐DQB1*06:03 0.2 p 

(DR11/12/13)‐DQA1*05‐DQB1*0:301 0.2 p 

(DR7)‐DQA1*02:01‐DQB1*03:03 0.08 P 

(DR15)‐DQB1*06:01 0.07 P 

(DR15)‐DQB1*06:02 0.03 P 

(DR14)‐DQB1*05:03 0.03 P 

 

B 

Genotype risk group Haplotype combination 

High risk (5) S/s, s/s (if DR3‐DQ2/ DR4‐DQ8) 

Moderately increased risk (4) S/s, s/s (except DR3‐DQ2/ DR4‐DQ8), S/S, S/N 

Slightly increased risk (3) s/N, S/p 

Neutral (2) N/N, S/P, s/P, s/p 

Slightly decreased risk (1) p/N 

Strongly decreased risk (0) P/N, p/p, P/p, P/P 

 

S, strong susceptibility; s, weak susceptibility; N, neutral; p, weak protection; P, strong protection. 

 

 

Besides the major genetic determinants of the HLA class II genes, HLA class I loci is also associated 

with type 1 diabetes (75). In the Finnish population, an independent effect of the HLA-B*39:06 allele 

on the (DR8)‐DQB1*04 haplotype has been observed to change the type 1 diabetes risk status of the 

whole haplotype from neutral/slightly protective to predisposing (80). 
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Non-HLA genes 

Currently, more than 50 causal candidate genes outside the HLA loci have been suggested to be 

important in the pathogenesis of type 1 diabetes (4). Generally, the identified genes are involved in 

immune regulation or beta cell function (81) but the influence of genetic variants on type 1 diabetes 

differs by the disease stage as some act on the development of autoimmunity and others on the 

progression from autoimmunity to clinical disease (4). Many of the genes are also associated with 

other autoimmune diseases, the highest genetic correlation observed for juvenile rheumatoid arthritis 

(82). 

Among the non-HLA genes, the INS gene, and more precisely a variable number of tandem repeat 

(VNTR) polymorphisms in the insulin gene promoter on chromosome 11p15, have the strongest 

effects on the risk of type 1 diabetes (83). Another well-known predisposing factor in the non-HLA 

region similarly identified by the candidate gene approach is a single nucleotide polymorphism (SNP) 

in the PTPN22 gene (84). Increased sample size and genome-wide association studies (GWAS) have 

resulted in the identification of novel type 1 diabetes risk loci in the non-HLA region (71). Later on, 

ImmunoChip analyses involving 200,000 SNPs or insertion-deletions have been developed for the 

detection of rare gene variants in association with autoimmune diseases (82, 85). However, SNPs 

showing the strongest association with the disease may not be the real causal variants because of the 

LD and combinations of multiple SNP variants. Thus, the SNPs explain clearly smaller proportions 

of type 1 diabetes hereditability than the HLA loci (81, 82). A part of the hereditability still remains 

unexplained, and it has been suggested that genetic factors related to other pathogenic mechanisms 

than direct control of the immune response and beta cell function, e.g., genes predisposing to obesity, 

may be involved (4). Other theories include still unknown genes or rare variant associations, gene-

gene and gene-environment interactions generating epigenetic mechanisms. 

 

Epigenetic factors 

Epigenetics can be described as a molecular bridge between genes and the environment. Epigenetic 

regulation allows adaptation of the organism to changing environmental conditions by transforming 

gene activity by modifying gene expression. It is necessary for the integration of endogenous and 

environmental signals into the genome. Epigenetic mechanisms enable the adaptation of gene 

expression which do not involve changes in the DNA sequence but affect inheritance. The major 

epigenetic mechanisms include DNA methylation, post-translational modifications to histone 

proteins, and ribonucleic acid (RNA) -mediated gene silencing. (86) 

Type 1 diabetes-associated DNA methylation variable positions were detected in mozygotic twins 

discordant for type 1 diabetes including hypo-/hypermethylation of multiple genes, e.g. 

hypomethylation of HLA-DQB1 and hypomethylation of GAD2 encoding GAD65 (87). It was 

demonstrated that these changes might remain stable over many years and precede clinical type 1 

diabetes. Similarly, several variations of the DNA methylation pattern in the INS gene promoter have 

been observed in patients with type 1 diabetes (88). Differences in histone modifications as well as 

RNA interference pathways of genes associated with type 1 diabetes have also been recognized when 

comparing patients with type 1 diabetes and controls (86). 
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Environmental factors 

Because of the rapid increase in incidence rate and the maximum of 50% concordance for type 1 

diabetes in monozygotic twins (89), changes in the environment and lifestyles must contribute to a 

large extent to the increase, as genes change slowly over many generations. Additionally, only a 

minority of the subjects with genetic susceptibility to type 1 diabetes progress to clinical disease (90). 

The so-called threshold hypothesis incorporates both the genetic and environmental factors as type 1 

diabetes occurs when the total sum of these factors exceeds the disease threshold. It states that a more 

frequent weaker genetic susceptibility to type 1 diabetes together with an increased pressure of a more 

diabetogenic environment in recent years leads to disease development while previously a strongly 

predisposing genotype played a more important role in the development of the disease (5). 

 

Seasonal variation of type 1 diabetes 

Seasonal patterns are seen in the incidence of type 1 diabetes, with most studies reporting an increase 

in the disease rate in fall and winter and a decrease in spring and summer (91–95). Seasonality has 

been more pronounced in high-incidence countries, although this may result from a stronger power 

to detect the phenomenon in such populations (94, 96). A more powerful seasonality has been linked 

to older age in addition to male sex (93, 94, 97); however this is not seen in all studies (91, 95, 98). 

In the DIPP study, similar seasonality has been observed in the appearance of the first autoantibodies 

in children with HLA-conferred disease risk followed from birth. A significantly higher proportions 

of autoantibodies appeared from September to February compared to the period from March to 

August (99). 

Only a few Swedish studies have examined the clinical manifestation in relation to the seasonal 

timing of the diagnosis of type 1 diabetes. One study observed shorter duration of classic symptoms, 

higher glycated hemoglobin (HbA1c), and lower C-peptide levels in seasons with the highest 

incidence of type 1 diabetes (100), while the other reported an inverse correlation between levels of 

HbA1c at diagnosis and number of new cases with type 1 diabetes (92). The third survey observed no 

differences in clinical parameters between high- and low-incidence months (101). An association 

between high-incidence seasons and higher C-peptide levels has also been reported (102, 103). 

Accordingly, the results are conflicting.  

 

The hygiene hypothesis 

According to the hygiene hypothesis first proposed by Strachan (104), reduced exposure to infections 

in childhood due to improved hygiene leads to an increase in the incidence and prevalence of allergies 

and autoimmune diseases. Infections during infancy or even in the fetal period might be crucial for 

the maturation of immune responses. Evidence supports the hypothesis by an observed inverse link 

between allergic diseases and several specific infections, such as measles, hepatitis A virus, 

Toxoplasma gondii, and Helicobacter pylori (105). The hypothesis has also been tested in type 1 

diabetes with controversial findings: in some studies early infections were actually associated with 

increased risk of islet autoimmunity (106, 107) and type 1 diabetes (108) while some showed no such 

association (109). Recently, interest has been focused on interactions between environmental 
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biodiversity, the commensal human microbiota and the human immune system that comprise the core 

of the biodiversity hypothesis. According to this hypothesis, the increasingly frequent urban living 

environments with declining biodiversity may lead to alterations of the commensals on our skin and 

mucosae and in the gut, and thereby increase the risk of chronic diseases associated with inflammation 

such as allergies and autoimmune diseases (110). Illustrative examples of the hypothesis exist: living 

in a farm-like environment seems to prevent asthma (111), and having an indoor dog as a pet during 

infancy reduces the child’s risk of type 1 diabetes-associated autoimmunity (112). 

 

Viral infections 

Several prospective studies, including The Environmental Determinants of Diabetes in the Young 

(TEDDY) study, the environmental triggers for type 1 diabetes (MIDIA) study, a primary dietary 

intervention study to reduce the risk of islet autoimmunity in children at increased risk of type 1 

diabetes (BABYDIET) and the DIABIMMUNE study focus on exploring the role of environmental 

factors in the development of autoimmune diseases, including type 1 diabetes. Many of these studies 

have observed an association between parent-reported respiratory infections and islet autoimmunity 

in early childhood both in children with (107, 108, 113) or without genetic risk of type 1 diabetes 

(106). Furthermore, early-life infections have been linked to type 1 diabetes progression (108) but 

not in all studies (113). A different seasonal pattern has been observed in children with an infection 

up to 3 months prior to the diagnosis of type 1 diabetes than in children without an infection, 

indicating that infections might provoke the appearance of clinical type 1 diabetes, at least in some 

children (101). The strongest evidence for seasonal pathogens playing a role in type 1 diabetes 

progression exists for enteroviruses, especially the group B coxsackieviruses (CVB). There is some 

data describing an increase in type 1 diabetes manifestation during the present coronavirus disease 

2019 (COVID-19) pandemic, which have raised concerns about the role of severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) in the severity of the clinical picture of new onset type 1 

diabetes as well as in the induction of the disease in particular (114). 

Gamble and Taylor first reported similarity in the seasonality between type 1 diabetes diagnosis and 

CVB prevalence (115). Since then, a number of epidemiological studies have explored the association 

between CVBs and type 1 diabetes with variable results. A meta-analysis of serology studies indicated 

no association (116), while another meta-analysis of studies detecting enteroviral RNA in the 

pancreas, blood, or stool showed a clear association (117). Whether there is a role for enteroviruses 

as the last trigger of clinical type 1 diabetes or whether they affect only the induction of beta cell 

autoimmunity, remains unclear. In prospective studies from Finland, the association between 

enterovirus infections and the initiation and acceleration of beta cell damage has been consistently 

observed (118–121) while conflicting results exist concerning the association between acute 

enterovirus infection and the appearence of clinical symptoms of type 1 diabetes (122). 

Currently, the leading hypothesis is that a Coxackie B virus attacks the pancreatic islets and cause an 

acute inflammation response (123). In case of inability to eradicate the virus, it may stay in the beta 

cells in a silent replication form chronically activating the innate immune system and leading to 

autoimmunity. This is supported by an observed temporal delay between enterovirus infection and 

autoimmunity (119–121). 
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Enteroviruses could also explain the increased incidence of type 1 diabetes due to the so-called polio 

hypothesis. While incidence of type 1 diabetes has been increasing a decreasing frequency of 

enterovirus infections has been observed in Finland (124), which seems to be conflicting. However, 

infants and young children without or with only low levels of maternal enterovirus autoantibodies are 

predisposed to early diabetogenic enterovirus infections, whereas infants with high enterovirus 

antibodies, thanks to a high circulation of enteroviruses in the general population, may be protected 

(125).     

It is hoped that the development of human vaccines against diabetogenic CVB types may answer the 

questions on the causality of enteroviruses/CVBs in type 1 diabetes and might facilitate primary 

prevention of type 1 diabetes (123). 

 

Microbiota 

Over the past decade, numerous researchers have been intrigued by the human gut microbiota, and 

the interplay between the gut microbiota and the immune system has been proposed as an important 

factor in the pathogenesis of type 1 diabetes and other immune-mediated diseases. The colonization 

of the human gut microbiota starts at birth, followed by a dynamic maturation process during the first 

years of life that is closely connected to the development of the immune system. A stable microbial 

composition similar to that seen in adults is reached at approximately three years of age. Early 

environmental factors such as type of birth (vaginal or cesarean), early nutrition, and use of antibiotics 

as well as environmental microbial exposure most likely modify the microbiota and gut permeability 

and by implication, alter mucosal immune responses. (126–128) An altered intestinal microbiota with 

a dominance of Bacteroides species and decreased abundance of Firmicutes combined with a 

proinflammatory environment in the gut has been observed in association with islet autoimmunity 

and type 1 diabetes (127). In the DIABIMMUNE study, young children who progressed to type 1 

diabetes had a significant reduction in the alpha diversity of their microbiota and this shift occurred 

prior to the manifestation of the disease but after seroconversion to autoantibody positivity (129). 

Moreover, during this interval, increased inflammation and decreased mucosal barrier function with 

pancreatic exocrine dysfunction has been observed (130). In the TEDDY study, microbiomes in the 

control children comprised more genes involved in the fermentation and biosynthesis of short-chain 

fatty acids compared to the children who progressed to type 1 diabetes (131). It remains open as to 

whether there is true causality between early-life changes in the gut microbiota and type 1 diabetes. 

 

Dietary factors 

Based on the evidence that beta cell damage emerges early in life, the most studied dietary factors 

potentially contributing to autoimmunity and type 1 diabetes progression have focused on early 

infancy (e.g., breastfeeding, early exposure to cow’s milk protein and introduction of solid 

food/cereals). Other aspects of diet later in life (e.g., milk products, vitamin D, fatty acid intake, 

probiotic use) have also been considered. 
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Infant feeding 

The short duration of breastfeeding has been associated with an increased risk of autoimmunity (132, 

133). A meta-analyses of 43 studies and close to 9900 participants showed a reduction in the risk of 

type 1 diabetes after initial exclusive breastfeeding (for ≥2 weeks) but this association was weak after 

exclusive breastfeeding for ≥3 months (134). Most of the prospective birth cohort studies have failed 

to show any protective effect of breastfeeding (135–137). Nevertheless, a study combining two large 

Scandinavian birth cohorts indicated a two-fold increased risk of type 1 diabetes in children who were 

never breastfed compared to children with any breastfeeding in the past. No association between the 

duration of breastfeeding and risk of type 1 diabetes was observed in that study either (138).  

Early exposure to cow’s milk proteins has also been under the radar, but most of the prospective 

studies have not shown any association with risk of beta cell autoimmunity (132, 135–137, 139). In 

the double-blind randomized clinical trial by the Trial to Reduce Insulin-Dependent Diabetes Mellitus 

in the Genetically at Risk (TRIGR) study group, weaning to an extensively hydrolyzed formula with 

no intact protein, did not reduce the cumulative incidence of type 1 diabetes by the age of 11.5 years 

(140) or the cumulative incidence of diabetes-associated autoantibodies in the first seven years (141) 

compared to weaning to a conventional formula. This trial was preceded by a smaller pilot study that 

suggested a protective effect of an extensively hydrolyzed formula in relation to the development of 

autoantibodies (142). Higher consumption of cow’s milk later in childhood has been implicated to be 

a risk factor for beta cell autoimmunity and type 1 diabetes (139, 143, 144). This association may be 

modified by the underlying genetic profile. 

The official recommendation in Finland suggests the introduction of solid food from the age of four 

to six months. Exposing the infant to solid food and especially to cereals containing gluten has been 

related to increased risk of islet autoimmunity (135, 136, 145) as well as type 1 diabetes (146) if 

initiated before or after the recommended time period. Also early intake of root vegetables (137) and 

oats (145) have been linked to advanced beta cell autoimmunity. There are signs that breastfeeding 

while introducing solid food may protect against type 1 diabetes (146). 

 

Vitamin D 

Vitamin D is perceived as a potential protective factor against type 1 diabetes with its active role as 

an immune modulator and in the regulation of metabolic pathways potentially relevant to the 

pathogenesis of type 1 diabetes. The seasonality in the rate of type 1 diabetes might be explained by 

the seasonal variation in vitamin D production according to the exposure to the ultraviolet B (UVB) 

radiation of the sun (147). In a Belgian cohort, the average maximal daily temperature and daily hours 

of sunshine inversely correlated with the number of new cases with type 1 diabetes (97). Mohr et al. 

found similar results in relation to UVB radiation and the incidence rate of type 1 diabetes in their 

study including 51 regions worldwide (148). 

Moreover, there are a number of studies examining the association between vitamin D intake or 

circulating 25-hydroxyvitamin D [25(OH)D] concentrations and the risk of developing beta cell 

autoimmunity and type 1 diabetes, with inconsistent results. Mäkinen et al. found a temporal 

association between the increase in 25(OH)D concentrations in Finnish children after the start of 
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vitamin D fortification of milk products in 2003 and the levelling off of the incidence rate of type 1 

diabetes seen in Finland after 2006 (149). However, the same study group found no difference in the 

circulating 25(OH)D concentrations between children who progressed islet autoimmunity or clinical 

type 1 diabetes and the matched controls in the DIPP study (150). Similarly, no association was 

observed in another large birth cohort, i.e., the DAISY study in Colorado (151). The TEDDY study 

showed, however, that childhood 25(OH)D concentrations inversely correlated with the risk of islet 

autoimmunity, especially in carriers of certain genotypes of the vitamin D receptor gene (152).  

Interestingly, the TRIGR ancillary study found that mean serum 25(OH)D concentrations dropped 18 

months prior to the initial seroconversion among children who later developed islet autoimmunity or 

type 1 diabetes compared to matched controls, hypothesizing that the possible effect of vitamin D 

may relate to an early stage of the disease (153). 

The authors of a meta-analysis examining observational studies concluded a possible relationship 

between early vitamin D intake and reduced risk of type 1 diabetes, but no association between 

maternal vitamin D intake and type 1 diabetes risk in the offspring (154). A case-control study in 

Norway showed that mothers of offspring who developed type 1 diabetes had significantly lower  

25(OH)D levels in late pregnancy compared to mothers with offspring without the disease (155). A 

Finnish study failed, however, to show any association between the 25(OH)D levels in the first 

trimester of pregnancy and the risk of type 1 diabetes in childhood (156). Based on the prospective 

studies from the DIPP and TEDDY cohorts, the maternal vitamin D intake during pregnancy is not 

associated with islet autoimmunity or the development of type 1 diabetes (157, 158), and neither are 

cord blood 25(OH)D concentrations (159). In the light of the accumulated data, no clear causal link 

can be identified between vitamin D and the development of type 1 diabetes. 

 

Other dietary factors 

Long-chain polyunsaturated fatty acids have been investigated due to their potential anti-

inflammatory properties (147). A meta-analysis did not support any association between type 1 

diabetes risk and dietary supplementation with omega-3 and omega-6 fatty acids (160). However, 

based on findings by the DAISY study group, it has been suggested that total omega-3 fatty acids in 

early life might reduce the risk of preclinical and clinical type 1 diabetes (161) and since then a 

protective effect has been linked to a specific omega-3 fatty acid, docosapentaenoic acid (162). In 

contrast, no association was observed between the maternal intake of omega-3 acids during pregnancy 

and islet autoimmunity in the offspring (158). Probiotics have been hypothesized to induce a 

favorable immunomodulation of the gut microbiota and thereby prevent type 1 diabetes. Early 

administration of probiotics during the first month of life has been associated with a reduced risk of 

islet autoimmunity in children carrying the high-risk HLA genotype (163). High dietary intake of 

nitrites and nitrates in childhood has been implicated to increase the risk of type 1 diabetes (164) but 

a recent study of maternal intake of these compounds could not confirm such an association (165). 

Furthermore, advanced glycation-end products, for example, may play a role in the pathogenesis of 

type 1 diabetes, and the circulating concentration of their receptors may affect the initiation of beta 

cell autoimmunity and the disease severity at the time of diagnosis  (166, 167) while vitamin C seems 

to have quite the opposite effect (165). 
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Beta cell stress 

The accelerator hypothesis suggests that type 1 and type 2 diabetes are the same disorder of insulin 

resistance and beta cell apoptosis in which the genetic background dictates the tempo of the disease 

process leading to critical loss of beta cells, and only the tempo determines the type of diabetes. 

Insulin resistance results largely from excess weight gain, and particularly visceral fat mass, as well 

as from physical inactivity. According to the accelerator hypothesis, islet autoimmunity is more a 

response to glucotoxicity influenced by insulin resistance. (9, 168) Later on, many other factors 

besides overweight and low physical activity are believed to cause increased insulin demand, 

imposing more stress on the beta cells contributing to the development of type 1 diabetes. These 

include rapid growth, puberty, trauma, infections, glucose overload, and psychological stress (147). 

The prevalence of obesity in children in the general population has increased in parallel to the increase 

in the incidence of type 1 diabetes. In the time period from 1975 to 2016, the prevalence of obesity 

has increased from less than 1% to 7.8% in boys and to 5.6% in girls worldwide (169). A systematic 

review and meta-analysis provided evidence for an association between childhood obesity and higher 

body mass index (BMI) and subsequent risk of type 1 diabetes (170). In addition, high birth weight 

and early weight gain have been linked to the development of type 1 diabetes (171, 172) and, in a 

recent TEDDY article, this was observed in children with GADA-first autoimmunity (173). 

 

INFLUENCE OF FAMILY HISTORY OF TYPE 1 OR TYPE 2 DIABETES ON TYPE 1 

DIABETES 

Both type 1 and type 2 diabetes have been shown to cluster in families (174–179), although not in all 

studies (180–182). The risk factors for these diseases are incompletely understood but may include 

interplay with multiple genetic and environmental factors. The two major types of diabetes have been 

perceived as two distinct entities: classically, type 1 diabetes is caused by an immune-mediated 

destruction of beta cells leading to insulin deficiency, while insulin resistance in combination with 

beta cell dysfunction is often part of a multi-organ involvement of the metabolic syndrome in type 2 

diabetes. The classification may cause difficulties sometimes, and actually, shared etiopathogenic 

mechanisms underlying these two major diabetes types have been suggested (7). 

 

Familial type 1 diabetes 

Approximately 9–12% of newly diagnosed children have a positive family history of type 1 diabetes 

(Table 2). However, there has been some geographical variation in the prevalence of familial type 1 

diabetes across different populations correlating with the incidence of type 1 diabetes in the same 

population (183). The lifetime risk of type 1 diabetes is 8–16-fold higher in FDRs of patients affected 

by type 1 diabetes compared to the general population (174, 177, 184–186). The cumulative risk of 

type 1 diabetes in siblings of patients with type 1 diabetes is about 3–4% up to the age of 20 and the 

lifetime risk of parents is 2–6% (Table 3).



 

 

Table  2. Frequency of subjects with type 1 diabetes (T1D) with a positive family history of type 1 diabetes among first-degree relatives (FDR). 

Dg=diagnosis. Yrs=years. 

  

  

Reference Country 
Number of 

subjects 
Age of subjects, years 

T1D frequency in FDR 
(%) 

T1D frequency 
in father (%) 

T1D frequency 
in mother (%) 

T1D frequency 
in sibling (%) 

T1D 
frequency in  
≥2 FDRs (%) 

At diagnosisof T1D:        

(183) International 3960 <15 at dg 2.2–17.2 0–7.9 0–3.4 0.7–10.3  

(187) Sweden 8538 <15 at dg  6.2 2.5 4.0  

(188) UK 1175 <15 at dg 8.9 3.5 1.9 4.2  

(189) Ireland 283 <15 at dg 10.2 3.6 1.3 4.4  

(190) Finland 1488 <15 at dg 12.2 6.2 3.2 3.9  

(177) Serbia 105 <17 at dg 4.7 0.9 0.9 2.9  

(181) Italy 136 <15 at dg 11.0 3.7 0.7 6.6  

(191) Finland 1518 <15 at dg 12.6 5.8 2.8 4.9  

(186) Finland 801 <15 at dg 11.2 5.7 2.6 2.6  

(192) Sweden 5824 <15 at dg 11.7 6.1 2.4 3.9  

(174) Sweden 3503 <15 at dg  6.2 2.3 4.3  

(175) USA 194 <30 at dg 15.4 3.5 2.9 10.8  

After follow-up:        

(193) Denmark 1419 <20 at dg 12.8 6.7 2.1 5.0 1.3 

(194) Israel 92 families <18 at dg, duration 30 yrs 9 4 of those with affected parents 5  

(186) Finland 801 <15 at dg, duration 2–6 yrs    3.1  

(195) Finland 121 families <30 at dg, median duration 7.7 yrs 15.1 5.9 2.6 6.1  

(196) Denmark 291 <40 at dg, median duration 40 yrs 
25.1 after 40 years 

follow-up, 
10.4 at age 21 

3.8 2.4 16.5 6.2 

(197) USA 1586 <16 at dg, median duration 3.5 yrs 8.1     

(179) USA 1128 <17 at dg, mean duration 6.8 yrs  3.7 1.4   

(198) Brazil 145 
mean age 17.3 yrs at dg, mean 

duration 13.1 yrs 
13.8     

(180) Finland 300 
mean age 6.7 yrs at dg, mean age 

11.9 yrs at study entry 
 5.0 2.0   

(199) Sweden 21168 <20 at dg  10.4    

(176) USA 493 <40 at dg 16 
6.1 of those with affected 

parents 
9.9  
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Table 3.  Risk of type 1 diabetes among first-degree relatives of patients with type 1 diabetes. Yrs=years. 

  

Reference Country Number of subjects 
 

Risk of parents 

 

Risk of siblings Risk of offspring 

(185) Germany 554 
2.9% by 80 yrs; 

fathers 4.1%, mothers 1.7% 
3.4% by 25 yrs, 6.6% by 80 yrs 4.9% by 80 yrs 

(200) UK 1299 
4.2% by 40 yrs; 

fathers 5.7%, mothers 2.8% 
4.3% by 20 yrs  

(201) USA 1774 probands, 3966 siblings  
1.6% by 10 yrs, 4.1% by 20 yrs, 

6.3% by 30 yrs 
 

(186) Finland 5255 parents, 9453 offspring   
5.3% by 20 yrs; 

fathers 7.6%, mothers 3.5% 

(202) Denmark 2726 parents, 2826 offspring   
4.7% by 30 yrs; 

fathers 5.7%, mother 3.4% 

(196) Denmark 291  6.4% by 30 yrs, 9.6% by 60 yrs 6.3% by 34 yrs 

(203) USA 187 parents, 419 offspring   
by 20 yrs; fathers 6.1%, 

mothers 1.3% 

(204) USA 453 fathers, 696 mothers   
by 20 yrs; fathers 5.4%, 

mothers 2.1% 

(197) USA 1586 
2.6% by 40 yrs; 

fathers 3.6%, mothers 1.7% 
4.4% by 20 yrs  

(179) USA 1128  3.3% by 20 yrs  

(205) Finland 5144 probands, 10168 siblings  4.1% by 20 yrs, 6.9% by 50 yrs  

(199) Sweden 21168    

(182) UK 1641 families 5.7% by 60 yrs   

(175) USA 194  9% by 20 yrs  

(176) USA 493  5.5% by 40 yrs  
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Some studies have suggested that the risk of type 1 diabetes in FDRs is increased by a younger age 

at disease onset of the proband (183, 200, 205). It has been proposed, however, that early onset in the 

proband might reflect early onset in the relatives rather than increased lifetime risk of the disease 

(200). According to the results from a meta-analysis by Cardwell et al., there is overall little evidence 

of the difference in the risk of type 1 diabetes between the first-born and the later-born children when 

adjusted for maternal age, with some evidence of risk reduction in the second or later -born child 

(109). The finding was speculated to be explained by the hygiene hypothesis, as the later-born child 

share the household with the older sibling who may be exposed to infectious pathogens in the 

school/day care. Results from a Finnish study are quite to the contrary, as in the families with at least 

two offspring, the risk of type 1 diabetes was significantly increased in the last-born child and the 

effect was slightly stronger if a mother was affected by type 1 diabetes (186). Age at diagnosis has 

been observed to be higher in the later-born child (179, 193, 194, 196). 

Furthermore, the association of parental age at the birth of the offspring with the disease risk in the 

offspring has been studied with conflicting results. In some studies, high parental age at delivery 

increased the risk of type 1 diabetes in the offspring (205, 206). An extremely strong association was 

seen if the mother was older at delivery (206). Some studies, however, showed no association (186) 

or contradictory findings (207). In another study, maternal age at delivery was not associated with 

the disease risk of the first-born child, but an association was seen in the second- or later born children 

and strengthened with increasing birth order (208). 

The risk of type 1 diabetes is two to three times higher when having an affected father compared to 

an affected mother with type 1 diabetes (183, 185, 186, 192, 203, 204, 209). Some studies have 

reported greater disease transmission from a parent to an offspring of the opposite sex (183, 186). 

Most of the studies, however, disagree with that, showing no differences (184, 190, 192, 196, 203). 

Several hypotheses have been implicated to explain the preferential disease transmission from an 

affected father compared to that from an affected mother, but so far none of them have been clearly 

confirmed. Both genetic and environmental factors have been under examination. One mechanism 

proposed is the differential transmission of paternal HLA genes predisposing to diabetes. Fathers with 

the DR4 allele have been observed to transmit that allele both to their affected and unaffected children 

more often than mothers (210). A similar difference has not been seen in the transmission of the DR3 

allele.  However, results from a more recent study showed no parent-offspring HLA compatibilities 

associated with type 1 diabetes (211). Other potential genetic mechanisms are genetic imprinting, i.e., 

inactivation of genes predisposing to type 1 diabetes and inherited from the mother but no inactivation 

of those inherited from the father (212), as well as lower frequency of recombination between linked 

loci during gametogenesis in males than in females (203). Environmental factors underlying this  

phenomenon are focused on the fetal period. For instance, fetuses carrying the high genetic risk of 

type 1 diabetes may be selectively lost by spontaneous abortion. This theory is, however, unlikely as 

simultaneously with the improved perinatal survival the risk of type 1 diabetes in the offspring has 

been almost stable (213). Finally, maternal insulin treatment during pregnancy may protect the fetus 

by inducing tolerogenic mechanisms to insulin (203). Exogenous insulin is transferred to the fetus 

through the placenta by the antigen–antibody complexes present in most insulin-treated mothers 

(214). Additionally, expansion of regulatory T-cells has been suggested to occur in utero induced by 

the maternal insulin treatment, and in a Finnish cohort of infants, this was associated with the insulin 
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genotype conferring protection against type 1 diabetes (215). The hypothesis has been supported by 

the findings of a higher risk of type 1 diabetes in children whose mothers were affected by type 1 

diabetes after the birth of the child compared to children with mothers diagnosed before pregnancy 

(202, 203). 

 

Characteristics of familial type 1 diabetes at diagnosis 

Familial type 1 diabetes is thought to be attributed mainly by HLA class II genes with suggestive 

linkage to the INS gene but not by the other non-HLA loci (216). This was attested in GWA studies, 

as although non-HLA loci associated with type 1 diabetes risk could be detected in affected sib-pair 

families, the effect sizes for these loci were smaller in familial vs. in sporadic cases (71). The HLA 

class II susceptible genes, and the haplotype DR4-DQ8 in particular, have been more strongly 

associated with familial type 1 diabetes compared to sporadic disease (190, 195, 217) although not in 

all studies (191, 218, 219). 

Most of the studies have observed no relationship between the family history of type 1 diabetes and 

the presence of diabetes-associated autoantibodies at diagnosis of type 1 diabetes (190, 195, 220), 

suggesting shared pathogenic mechanisms in familial and sporadic disease types. In the study by 

Lebenthal et al., however, the frequency of IAA was higher in familial vs. sporadic cases and a higher 

number of positive autoantibodies was associated with the presence of two or more FDRs with type 

1 diabetes (194). In healthy children with at least one FDR with type 1 diabetes, higher frequencies 

of IAA, GADA, and IA-2A were observed in offspring of affected fathers than in offspring of affected 

mothers (221). Similarly, positivity for multiple autoantibodies has been more common in children 

with an affected father or sibling compared to children with an affected mother in addition to slower 

progression rate if a mother is affected (222). The higher risk of early autoantibody seroconversion 

(223) and multiple autoantibody positivity (224) in offspring of affected fathers vs. affected mothers 

has also been observed in other studies. In the TEDDY study, having a father with type 1 diabetes 

has been associated with both IAA- and GADA-initiated autoimmunity, while having an affected 

mother has not been a risk factor for IAA- or GADA-driven autoimmunity (40). However, other 

studies have showed no consistent order in the development of the first-appearing autoantibody 

according to which relative is affected by type 1 diabetes (222, 223). The risk of progression from 

multiple autoantibodies to type 1 diabetes was not associated with a positive family history of type 1 

diabetes in a prospective study with a follow-up after eight years (50). Nevertheless, the progression 

rate was more rapid in individuals with familial disease compared to the general population. 

Similar age at diagnosis is observed in most of the studies comparing familial and sporadic type 1 

diabetes (181, 189, 190, 192, 196). Some studies, however, have shown a younger age at diagnosis 

to be associated with the presence of parental type 1 diabetes compared to those with no family history 

of type 1 diabetes (183, 188, 219). Moreover, one study compared familial subgroups and observed 

younger age at diagnosis in those with an affected parent compared to those with an affected sibling 

(192). 

Less severe metabolic derangement at diagnosis has been consistently observed in children with a 

relative affected by type 1 diabetes (190, 191, 194, 195, 218, 219). The difference in the metabolic 

status between familial vs. sporadic cases is not seen one year after diagnosis (219), which suggests 
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better parental awareness of the disease symptoms and/or the possibility to self-monitor blood glucose 

in families with a previously affected family member, leading to earlier diagnosis and maintenance 

of the disease. Again, this hardly indicates a different pathogenetic process in familial and sporadic 

type 1 diabetes. 

 

Family history of type 2 diabetes 

The frequency of type 2 diabetes in the family has been reported to be 1–70% of patients with type 1 

diabetes, the proportion depending on the age of the patients, the time passed since the diagnosis of 

type 1 diabetes and the extent of the family history included [only FDRs or second- and third-degree 

relatives (SDR/TDR) also included]. If only pediatric patients with type 1 diabetes are taken into 

account, type 2 diabetes has been reported in 0–25% of FDRs and 32–70% in extended family 

members of the patients (Table 4). In accordance with the higher prevalence of paternal compared to 

maternal type 1 diabetes in newly diagnosed children with type 1 diabetes, some studies have also 

reported type 2 diabetes to be more prevalent in fathers than in mothers of the offspring with type 1 

diabetes (175, 177, 220). No sex difference in parents has been observed, however, in studies with 

longer follow-up of children (180) or adults (225) with type 1 diabetes, and in one study the 

prevalence of maternal type 2 diabetes was even higher than that of paternal type 2 diabetes (226). 

  



 

 

Table 4. Proportion of subjects with type 1 diabetes who have relatives diagnosed with type 2 diabetes (T2D). Dg=diagnosis. FDR=first-degree 

relative. SDR=second-degree relative. TDR=third-degree relative. Yrs=years. 

Reference Country Number of subjects Age of subjects At dg? T2D frequency in FDR (%) 
T2D frequency 
in SDR/TDR (%) 

T2D frequency in all 
relatives (%) 

(198) Brazil 145 cases, 141 controls 
Adults, mean duration 

13.1 yrs 
Not at dg 25.5 40.7  

(174) Sweden 
3503 in the register; 339 

cases vs. 528 controls 
<18 yrs At dg 1.7 in parents  31.8 (FDR, SDR, TDR) 

(177) Serbia 105 cases, 210 controls <17 yrs At dg 8.6 fathers, 4.8 mothers 
34.3 in 

grandparents 
52.4 (FDR, SDR, TDR) 

(227) Germany 448 adults Not at dg   15.6 

(180) Finland 300 cases vs. 381 controls 
mean age 6.7 yrs at dg, 

mean age 11.9 yrs at 

study entry 

Not at dg 0.3 in fathers, 0.3 in mothers  70.3 (FDR, SDR, TDR) 

(181) Italy 136 cases, 136 controls <15 yrs at dg At dg 2.9 in parents 27.2 in SDRs  

(182) UK 1641 families <21 yrs at dg Not at dg 1.9 in parents   

(179) USA 1128 
<17 at dg, mean 
duration 6.8 yrs 

Not at dg 2.4 in parents, 0.3 in siblings   

(175) USA 194 <30 at dg At dg 4.3 in parents 33.5  

(176) USA 493 <40 at dg Not at dg 
8.5 in FDRs; 8.1 in parents, 1.2 in 

siblings  
  

(228) UK 1500 families <21 yrs at dg Not at dg  4.1%  

(229) USA 4642 <20 yrs at dg Not at dg   38 in FDR and grandparents 

(230) USA 1168 adults Not at dg 9.8   

(226) Finland 
620 cases vs. 1240 

controls 
<35 yrs at dg Not at dg 

20.4 in parents; 8.2 in fathers, 
10.8 in mothers 

  

(231) USA 39 <18  0 76.5  

(232) Lebanon 253 all ages, <26 yrs at dg Not at dg 5.9 56.9 62.8 

(220) Poland 989 <18 yrs Not at dg 
2.6 in fathers, 1.2 in mothers, 0 

in siblings 
  

(233) Finland 191 adults Not at dg 23.0 in parents   

(234) USA 658 adults Not at dg 17.0   

(225) France 160 adults Not at dg 
12.5 in parents; equal frequency 

in fathers and mothers 
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Mixed phenotype of familial clustering of type 1 and type 2 diabetes 

Because of the familial clustering of type 1 and type 2 diabetes, it has been suggested that some 

patients may suffer for “double diabetes,” a form of diabetes with characteristics of both major types. 

Family history of type 2 diabetes has increased the risk of type 1 diabetes (174–177, 179), although 

not in all studies (180, 181). Type 1 diabetes in patients with a positive family history of type 2 

diabetes is reported to be associated with disease characteristics usually related to type 2 diabetes, 

such as later onset of type 1 diabetes, higher frequency of metabolic syndrome, metabolic profile 

related to insulin resistance (e.g., higher BMI, larger waist circumference, and higher triglycerides 

and HbA1c, and decreased insulin sensitivity) (226, 227, 229, 233, 234) and higher risk of micro- and 

macrovascular complications (225, 229, 233, 234). Moreover, clinical remission after diagnosis, 

characterized by a transient recovery of beta cell function and near normalization of glycemic control, 

has been more likely in patients with type 1 diabetes with family history of type 2 diabetes (235). 

Most of these studies, however, represent adult populations with a long duration of type 1 diabetes. 

On the other hand, an increased risk of type 2 diabetes exists in the presence of a family history of 

type 1 diabetes (236). A positive family history of type 1 diabetes in patients with type 2 diabetes is 

associated with earlier disease manifestation, more pronounced insulin deficiency, lower BMI, higher  

frequency of GADA positivity, higher frequency of the DQB1*0302/x genotype and lower rates of 

hypertension and cardiovascular disease (237–239). A high proportion of patients affected by type 2 

diabetes with high GADA levels had a positive family history of type 1 diabetes. Again, patients with 

diabetes (mainly type 2) and who test positive for GADA have been less insulin-resistant than patients 

who test negative for GADA (236). Taken together, this suggests that instead of the extreme end of 

diabetes phenotypes, i.e., rapid progression of insulin deficiency in young children and strong insulin 

resistance in type 2 diabetes, diabetes may appear from a combination of mild autoimmunity and risk 

factors typical of type 2 diabetes.  

Some similarities in the genetic susceptibility have been observed in patients with type 1 and type 2 

diabetes. One study showed an increased transmission of the risk allele DR4 from a parent with type 

2 diabetes to an offspring with type 1 diabetes, although lower frequency of the DR3 allele was 

transmitted in that population compared to no family history of diabetes (240). Later, the frequency 

of the DR4 allele and the DR3/DR4 genotype have been observed to be increased in patients with 

type 2 diabetes (241-243), although this seems to be confined to early adulthood and the simultaneous 

prevalence of ICA and/or GADA (243). Some other studies have reported, however, no association 

between the HLA region genes, conferring increased risk of type 1 diabetes, and the family history 

of type 2 diabetes (226, 232). In patients with type 2 diabetes, sharing type 1 diabetes -associated 

HLA risk haplotype with a relative with type 1 diabetes was associated with impaired insulin secretion 

in response to oral glucose (237). However, the association disappeared if a patient with type 2 

diabetes carried the same risk haplotypes without a family history of type 1 diabetes, suggesting that 

other genes outside the HLA also need to be inherited for progression to clinical disease. The VNTR 

region in the insulin gene promoter might have a role in affecting body mass and insulin sensitivity, 

and it has been associated with both type 1 and type 2 diabetes (244). It has been suggested that some 

individuals with type 1 diabetes who do not have classical high-risk factors associated with type 1 

diabetes might carry factors related to type 2 diabetes. A link has been observed between mild 

autoimmunity (e.g., single autoantibody positivity) as well as the absence of the high-risk HLA 
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genotype DR3/DR4 and the presence of the transcription factor 7 like 2 (TCF7L2), a SNP most 

strongly associated with type 2 diabetes (245–247). As this association was observed especially in 

children aged 12 or older in the TrialNet study, it was speculated that the TCF7L2 genetic variant 

may play a larger role in older individuals. Moreover, individuals with type 1 diabetes who carried 

the TCF7L2 SNP also had milder metabolic status at diagnosis, such as lower blood glucose and 

higher fasting C-peptide (247). 

In the Diabetes Control and Complications Trial (DCCT), improved glycemic control due to intensive 

insulin therapy resulted in excessive weight gain and obesity in quite a significant subset (~25%) of 

subjects with type 1 diabetes. These individuals also developed changes in lipids and blood pressure 

(248). A considerable proportion, i.e. 40–70%, of the variation in obesity-related phenotypes is 

estimated to be heritable, although the etiology of obesity is complex with interaction between 

multiple genes, environmental factors, and behavior (249). In a later study, it was hypothesized that 

in patients affected by type 1 diabetes with a family history of type 2 diabetes, normalization of 

glycemic control would express the genetic tendency for overweight, and actually this was observed 

in those treated intensively. Moreover, in this group of patients, there was a higher requirement for 

exogenous insulin potentially reflecting insulin resistance, higher weight circumference, and poorer 

lipid profile compared to those having no relatives with type 2 diabetes (230). It is noteworthy that 

these changes in metabolic characteristics in individuals who gain excessive weight with intensive 

insulin therapy may contribute to an increased risk of macrovascular disease after a long-term follow-

up despite improved glycemic control. 

 

SEX DIFFERENCES IN TYPE 1 DIABETES 

Type 1 diabetes is the only organ-specific autoimmune disorder not showing an evident female bias. 

Globally, the incidence of type 1 diabetes in children is quite equal among males and females, but a 

significant male preponderance is seen in high-incidence countries and vice versa in low-incidence 

countries. In the SEARCH study, the incidence rate increased 1.4% annually between 2002 and 2012, 

and the increase was significant among boys but not among girls (21). The over-representation of 

males with type 1 diabetes is seen particularly in puberty and in early adulthood (13, 22, 250). 

 

Sex differences in glycemic control and long-term complications 

Compared to boys, girls have had poorer glycemic control and higher doses of exogenous insulin in 

follow-up studies of patients with type 1 diabetes, the differences seen particularly in adolescents 

(251–254). Furthermore, higher HbA1c levels have been observed in girls already at the diagnosis of 

the disease (92, 253, 255–257). HbA1c at diagnosis and during the first years after the diagnosis seems 

to predict subsequent metabolic control (92, 253, 258) even in children of preschool age (259). 

Among girls, poor glycemic control has been more commonly persistent compared to boys (260). 

Similar but clinically marginal results have been observed in the SEARCH study (261), despite a 

more frequent use of insulin pumps in girls (262). 

In addition to higher HbA1c values, girls have had lower levels of pH and lower BMI at diagnosis 

compared to boys. In contrast, higher HbA1c levels in association with higher BMI were observed in 
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the follow-up of girls while an inverse correlation between HbA1c levels and BMI was seen in the 

follow-up of boys (253). The TrialNet study group observed that sustained elevation of BMI was 

associated with the development of type 1 diabetes, and females were more sensitive to the effect of 

elevated BMI (263). This might partly explain the lower BMI observed in girls compared to boys at 

diagnosis of type 1 diabetes.  

The rate of diabetic ketoacidosis was observed to be slightly higher among girls compared to boys in 

an international survey (264), while other studies observed no differences between sexes (265–267). 

At diagnosis, girls have had higher C-peptide values than boys (102, 103, 268) and the difference has 

been pronounced in children in early puberty (103). It has been suggested that girls reaching puberty, 

which usually occurs earlier than in boys, may suffer from insulin resistance promoting higher C-

peptide production (103, 269). However, in another study, no significant sex-related differences were 

observed in C-peptide levels in the pre-pubertal or pubertal group (255). Instead, female subjects 

diagnosed at post-pubertal age had the lowest basal C-peptide concentrations at diagnosis. The beta 

cell reserve, assessed by serum C-peptide concentration, is clinically important as it is related to 

decreased fluctuation in blood glucose levels and has a predictive effect on acute and long-term 

diabetes complications (270, 271). 

Sex differences in hormonal factors during puberty have been implicated to explain the poorer blood 

glucose control in females. During puberty, female patients with type 1 diabetes are less insulin-

sensitive than male patients (272) and a similar difference is also seen in healthy adolescents (269). 

This may be due to the higher BMI/adipose tissue accumulation, peripheral growth hormone (GH) 

action, as well as high sex steroids or low sex hormone-binding protein (SHBP) levels (269, 273, 

274). However, a similar sex difference in metabolic control has also been reported in prepubertal 

children with type 1 diabetes (254). Another explanation might be poorer compliance with type 1 

diabetes in female compared to male adolescents. More females than males omit insulin, e.g., for the 

purpose of losing weight, which may lead to long-lasting hyperglycemia and increased HbA1c if 

prolonged (275). 

Poorer glycemic control in females may also predict an increased risk of future micro- and 

macrovascular complications. DCCT has demonstrated that improved metabolic control with 

intensive diabetes treatment decreases the risk of long-term complications in adolescents (276). 

Female children and adolescents with type 1 diabetes have been discovered to have higher risk of 

serious cardiovascular outcomes as well as for all-cause mortality compared with males (2, 277). 

Notably, female sex seems to protect from cardiovascular diseases in the general population (278). It 

has been speculated that women overall have a higher cumulative lifetime exposure to hyperglycemia, 

because of poorer glycemic control, which could explain the excess cardiovascular mortality observed 

in female compared to male subjects. Females may also suffer from stronger adverse effects of 

hyperglycemia on vascular risk (277).  

 

Sex differences in the markers of autoimmunity 

There are minor sex-related differences found in the markers of islet autoimmunity at diagnosis of 

type 1 diabetes. Autoantibodies to GAD have been constantly observed to be positive in females more 

often than in males with type 1 diabetes (47, 256, 279, 280). Besides type 1 diabetes, GADA are 
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related to several other autoimmune conditions (57), supporting the notion that overall autoimmunity 

affects females more commonly. No clear sex differences have been observed in ICA positivity at 

diagnosis as both females (47) and males (281) have a high ICA prevalence with no difference 

between sexes (256). A sex bias in IAA positivity at diagnosis has only been seen in the subgroup of 

young children (281) or in adolescence (282). Neither has any significant difference between sexes 

been observed in the frequency of IA-2A (47, 279) or ZnT8A (70, 283). 

Graham et al. observed autoantibody negativity to be more common in males at diagnosis of type 1 

diabetes. It was speculated that this might be related to the male preponderance of type 1 diabetes in 

early adulthood and that the disease is potentially influenced less by autoimmunity during that period 

compared to childhood-onset diabetes (47). Moreover, two or more autoantibodies have been more 

often detected in newly diagnosed girls than boys with type 1 diabetes in a Finnish register-based 

study (279). In the TEDDY study it was observed that healthy male subjects with a positive family 

history of type 1 diabetes more often developed type 1 diabetes-related autoantibodies compared to 

their female controls (284). It was, however, later reported that females compared to males had a 

1.43-fold risk to progress to clinical type 1 diabetes from multiple autoantibody positivity (50). No 

sex-related differences have been reported in the proportion of rapid vs. slow progressors when 

assessing the progression rate from autoantibody seroconversion to clinical diagnosis (38).  



 Aims of the study 

37 

 

AIMS OF THE STUDY 

 

This thesis sets out to examine (I) the association of sex, (II) the association of family history of type 

1 diabetes, (III) the association of family history of type 2 diabetes, and (IV) the association of 

seasonal variation in the disease manifestation with the phenotype and genotype of Finnish children 

with newly diagnosed type 1 diabetes.   

The detailed aims were: 

1. To compare clinical characteristics, HLA risk profiles and humoral autoantibody profiles 

between Finnish girls and boys when diagnosed with type 1 diabetes. 

 

2. To analyze how a positive family history of type 1 diabetes affects the clinical characteristics, 

genetic factors and beta cell autoantibody profile at diagnosis of type 1 diabetes in comparison 

to sporadic cases. The focus was to compare these characteristics at diagnosis in four familial 

subgroups based on which family member or members were affected by type 1 diabetes 

(father, mother, sibling, or two or more affected family members). 

 

3. To identify children with a positive family history of type 2 diabetes and assess whether 

characteristics typical of type 2 diabetes are present among such children with newly 

diagnosed type 1 diabetes. 

 

4. To examine the seasonal variation in the manifestation of clinical type 1 diabetes in children 

in Finland. How does the number of new cases vary between different seasons and how does 

seasonality reflect on clinical markers, beta cell autoimmunity and HLA-genotype? 

Furthermore, the aim was to investigate whether seasonal variation is dependent on sex or 

age.  
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STUDY SUBJECTS AND METHODS 

 

Study subjects 

The Finnish Pediatric Diabetes Register 

The study subjects in this thesis are participants in the Finnish Pediatric Diabetes Register (FPDR). 

The nationwide register was established in 2002 and invites all children and adolescents diagnosed 

with diabetes in Finland and their family members to participate. Diabetes is categorized as type 1 

diabetes, type 2 diabetes, monogenic diabetes and any other form of diabetes. Only children 

categorized as having type 1 diabetes are included in the current work. According to a three-year 

study period in 2002 to 2005 based on the number of new diagnosis in the register compared to 

hospital records, the coverage of the FPDR is 92% of all children diagnosed with diabetes (285). 

Approximately 70% of the diagnosed children and their immediate family members also provide 

samples for the Sample Repository soon after the diagnosis of the index child. The samples are 

analyzed for diabetes-associated autoantibodies and HLA class II DR-DQ haplotypes.  

The newly diagnosed children are treated in pediatric units in 23 centers, of which five are university 

hospitals. The families participating in the register and the care-giving units together provide the 

information to the register by a structured questionnaire (190). A diabetes nurse or doctor completes 

the information on the metabolic decompensation at the disease manifestation and assists the family 

with questions about the family history of all types of diabetes (type 1, type 2, gestational or other 

type) in FDRs (father, mother and full siblings) and grandparents. The family history of diabetes in 

siblings of parents is not asked about in particular, but any other relatives with type 1 or type 2 

diabetes are asked to be listed. The register does not provide any follow-up data from the families but 

in cases where a new affected relative is involved in the register, the family information is updated. 

 

Study inclusions and exclusions 

Between January 2003 and December 2016, 6913 participants in the FPDR under the age of 15 years 

were categorized as being diagnosed with type 1 diabetes. No blood samples were available from 

1747 participants for the analyses of diabetes-associated autoantibodies and/or HLA genotyping, and 

these children and adolescents were excluded. Only the first child from any family presenting with 

type 1 diabetes and fulfilling the inclusion criteria was included as an index case. Thus, 169 later-

diagnosed siblings were excluded. Three children diagnosed before the age of six months were 

excluded because they might have suffered from monogenic diabetes as well as one child later 

diagnosed with MODY. Consequently, the study population comprised 4993 children. 
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Grouping of the study subjects 

In study I, boys and girls newly diagnosed with type 1 diabetes were compared with each other. 

Moreover, in that study, the study population was compared with the excluded subjects with 

incomplete blood samples available for the HLA and/or autoantibody analyses. 

In studies II and III, we examined the frequency of family history of type 1 and type 2 diabetes in an 

index child. As the particular interest was the situation at the manifestation of type 1 diabetes in the 

index child, only relatives already diagnosed with diabetes at this time point were counted as having 

type 1 or type 2 diabetes. 

In study II, the sporadic cases were first compared with all children with familial type 1 diabetes, 

when familial was defined as having at least one FDR affected by type 1 diabetes. The study 

population was further divided into four familial subgroups based on their relationship to the index 

child or the number of the affected relatives (father, mother, sibling, or two or more affected FDRs), 

and the group of sporadic cases. There were 57 children with no information on the family history of 

type 1 diabetes in FDRs and they were assumed to have sporadic disease. Otherwise, we relied on the 

self-reported classifications of diabetes type in affected relatives marked in the questionnaire that the 

family had responded to. 

In the second analyses in study II, two groups were created based on whether the parents were 

diagnosed with type 1 diabetes either before or after the birth of the index child. In these analyses, 

children previously classified into the group of two or more affected FDRs were also included in the 

analyses if there was at least one parent affected by type 1 diabetes. If both parents had type 1 diabetes 

(six children), only the information on the maternal disease was taken into account. Consequently, 

there were 401 children with parents diagnosed with type 1 diabetes: 257 with affected fathers and 

144 with affected mothers.  

The time of type 1 diabetes diagnosis was unknown in 17 relatives (13 fathers, four mothers). These 

relatives were assumed to be diagnosed before the diagnosis of the index child and were included in 

the first analyses comparing four familial subgroups and sporadic cases. However, in the second 

analyses concerning the timing of type 1 diabetes diagnosis in an affected parent in relation to the 

date of birth of the index child, these 17 relatives were excluded. 

In study III, children with a positive family history of type 2 diabetes, i.e., children with FDRs or 

grandparents affected by type 2 diabetes, and children with no FDRs or grandparents known to have 

type 2 diabetes, were compared with each other. SDRs other than grandparents were not included 

because of the incomplete information in the register. For this study, some reclassifications were 

made: Parents or siblings reported as having type 2 diabetes in a questionnaire were reclassified as 

having type 1 diabetes, if two or more autoantibodies were positive or if presenting with 

monopositivity for GAD autoantibodies in tandem with a HLA genotype predisposing to type 1 

diabetes [HLA risk group 3-5 (76)]. Monopositivity for IAA or ICA was not a reason for 

reclassification. Thus, nine parents (six fathers, three mothers) were considered to have type 1 

diabetes instead of type 2 diabetes. For grandparents and 30 parents, no serum samples were available 

for verifying the diagnosis, and the self-reported diabetes type was accepted. The timing of the type 

2 diabetes diagnosis for 25 relatives was unknown, but those were, nevertheless, included in the 

analyses. 
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In study IV, the study cohort was divided into four groups based on the season of the disease 

manifestation. Seasons were classified according to the calendar months as usual in weather statistics: 

spring (March to May), summer (June to August), fall (September to November) and winter 

(December to February). 

 

Methods 

Markers of metabolic decompensation at diagnosis 

Type 1 diabetes was diagnosed according to the American Diabetes Association criteria (8). Blood 

pH and levels of plasma beta-hydroxybutyrate and glucose were analyzed in local laboratories at the 

time of hospital admission of the index child. HbA1c measurements were available from 2012 

onwards. Diabetic ketoacidosis was defined as blood pH <7.30 and classified as severe if pH was 

<7.10. The clinician in the pediatric unit assessed absolute weight loss, level of consciousness 

(normal, altered, unconscious), and the pubertal status by Tanner scale. Tanner G/M1P1 was 

defined as prepubertal and higher grades as pubertal. The duration of classical symptoms associated 

with type 1 diabetes before diagnosis was estimated by the families through the questionnaire. Age- 

and sex-specific BMI (BMI z-score) was calculated using height and weight measured at diagnosis. 

There were quite a number of missing values of a few particular metabolic variables, e.g., pubertal 

status, duration of classical symptoms, and levels of beta-hydroxybutyrate concentrations. 

Therefore, we asked the pediatric units to recheck their hospital records but it turned out to be 

challenging to obtain supplementary information. There was also additional written information in 

about half of the questionnaires and all this data was read and manually coded accordingly.  

 

Autoantibody assays 

The analyses of the diabetes-associated biochemical autoantibodies were performed at the PEDIA 

laboratory, University of Helsinki, Helsinki, Finland. 

Levels of ICA were quantified in the research laboratory, Department of Pediatrics, University of 

Oulu with indirect immunofluorescence on pancreatic tissue obtained from a human blood group 0 

donor (42). The detection limit for ICA positivity was 2.5 Juvenile Diabetes Foundation units (JDFU).  

IAA (286), GADA (287), IA-2A (288), and ZnT8A (70) were analyzed using specific radiobinding 

assays as described previously. The 99th percentiles in 354 Finnish, nondiabetic children and 

adolescents were defined as the cut-off limits for antibody positivity: IAA 2.80, GADA 5.36, IA-2A 

0.77, and ZnT8A 0.50 relative units (RU). According to the Diabetes Autoantibody Standardization 

Programs and the Islet Autoantibody Standardization Programs between 2003 and 2016, the disease 

sensitivities of these assays were 42–62%, 64–90%, 62–72% and 48–70% and specificities 92–99%, 

90–98%, 93–100%, 97–100%, for IAA, GADA, IA-2A, and ZnT8A, respectively. 

All the serum samples were directly analyzed for ICA, IAA, IA-2A, and GADA autoantibodies soon 

after the diagnosis of type 1 diabetes. Initially, there were 1983 of 4993 children whose serum samples 
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were not analyzed for ZnT8A antibodies in the primary analyses, but these samples were analyzed 

later from samples stored at -80 °C. 

We excluded samples taken more than 30 days after the diagnosis of type 1 diabetes from the 

autoantibody analyses, since after that the IAA assay may also detect antibodies induced by 

exogenous insulin. Only samples at or above the cut-off limit were included in the calculation of 

median autoantibody titers. 

 

Genetic screening 

HLA class II genetics 

Typing of the major protective and predisposing HLA-DR/DQ haplotypes was performed stepwise 

using polymerase chain reaction (PCR) amplification followed by sequence-specific hybridization 

with lanthanide-labeled oligonucleotide probes and time-resolved fluorometry detection (80, 289). 

HLA susceptibility was determined for each study subject based on comparison of genotype 

frequencies between 2991 newly diagnosed children with type 1 diabetes and their type 1 diabetes-

affected family-based artificial controls formed from haplotypes not transmitted to the affected child 

(76). Susceptibility was classified into six risk groups with three groups representing increased risk 

of type 1 diabetes (risk group 3–5), one group neutral (risk group 2) and two groups protective for 

type 1 diabetes (risk group 0–1). 

 

Analyses for single nucleotide polymorphism 

In study III, the autoantibody-negative children with an FDR affected by type 2 diabetes (n = 7) were 

analyzed for the coding and promoter sequences with a next-generation sequencing (NGS) panel 

including GCK, HNF1A, HNF4A, INS, ABCC8, KCNJ11 and 38 other genes potentially associated 

with monogenic diabetes (AKT2, APPL1, BLK, CEL, CISD2, DCAF17, DNAJC3, DYRK1B, 

EIF2AK3, FOXP3, GATA4, GATA6, GCK, GLIS3, HNF1B, IER3IP1, INSR, INSR, KLF11, LMNA, 

NEUROD1, NEUROG3, PAX4, PCBD1, PDX1, PIK3R1, PLIN1, POLD1, PPARG, PPP1R15B, 

PTF1A, RFX6, SLC19A2, SLC2A2, TRMT10A, WFS1, ZBTB20, ZFP57). None of the tested children 

carried any monogenic mutation in the genes analyzed. 

 

Data management and statistical analyses 

The majority of the analyses we performed using IBM SPSS Statistics for Windows, version 24 (IBM 

Corp., Armonk, N.Y., USA). In addition, R Software for Statistical Computing for Windows, versions 

3.4.0 and 3.5.0 (R foundation, Vienna, Austria, URL https://cran.r-project.org/) was used. A two-

tailed P-value of 0.05 or less was considered statistically significant. Adjusted P-values are indicated 

as Pa. 

For comparing frequencies, cross tabulation and Pearson’s χ2 test with continuity correction when 

appropriate or Fisher exact test were used. Bonferroni’s correction for multiple comparisons was not 

applied due to its overly conservative nature. Differences in levels of variables were analyzed using 
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Student’s t test or one way ANOVA for parametric variables and Mann–Whitney U test/Wilcoxon’s 

rank sum test or Kruskal–Wallis test for non-parametric variables. Linear trend was tested with linear-

by-linear test for categorical variables and Jonckheere-Terpsta test for continuous variables. 

Confidence intervals of 95% for frequencies were calculated using the SPSS Confidence Interval 

Proportion Tool. 

Age at diagnosis and sex were assumed to be confounding factors and adjustment for them was 

performed with logistic/ordinal/multinomial regression for dichotomous/ordinal/categorical 

variables, linear regression for parametric variables and quantile regression in R (package quantreg) 

for skewed variables. 

To account for the unequal lengths of months in study IV, the observed frequencies of seasons/months 

were compared to the expected frequencies of the same variables considering the number of days in 

each season/month. A mean number of 365.25 days in one year and 28.25 days in February was 

presumed in order to rule in the leap years. 

Z-scores for age- and sex-specific weight (only for children up to the age of 10 years), height, and 

BMI were calculated with WHO AnthroPlus software (290). 

Figures were created using GraphPad Prism, versions 7.03 to 8.4.2 for Windows (GraphPad Software, 

San Diego, California, USA, www.graphpad.com). 

 

Ethics 

The study protocol of FPDR and Sample Repository was approved by the Ethics Committee of the 

Hospital District of Helsinki and Uusimaa. A parent or a legal caretaker as well as an adult sibling 

gave signed informed consent prior to participation. The index children and siblings aged between 10 

and 18 years gave informed assent. The study has been conducted according to the principles of the 

Declaration of Helsinki.  
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RESULTS 

 

COMPARISON BETWEEN INCLUDED AND EXCLUDED SUBJECTS 

The included study subjects consisted of 4993 children with a male preponderance of 2824 subjects 

(56.6%) and the median age at diagnosis of 8.03 years (SD 3.89, range 0.52–14.99 years). The study 

subjects were compared to those excluded on account of the incomplete analyses of autoantibody 

and/or HLA genotyping (n=1747) in order to control for the potential selection bias (Table 5). The 

excluded subjects were significantly younger at diagnosis of type 1 diagnosis. However, the male-

female ratio, the proportion of familial type 1 diabetes and the seasonal timing of the type 1 diabetes 

manifestation were similar between the groups. After adjusting for age at diagnosis and sex, the 

excluded subjects presented more often with impaired consciousness and ketoacidosis and also had 

higher beta-hydroxybutyrate concentrations. 

 

Table 5. Demographic and clinical data compared between study subjects and children excluded from the 

study without samples for detection of autoantibodies and/or HLA genetics. 

 

 

n 

 

Study subjects 

n=4993 (74.1%) 

Excluded subjects 

n=1747 (25.9%) 
P value 

 

Pa valuea 

Demographics      

Age at diagnosis, years, mean (SD) 6740 8.03 (3.89) 7.66 (3.98) 0.001  

Male, % (95%CI) 6740 56.6 (55.2–57.9) 54.7 (52.4–57.1) 0.192  

Familial type 1 diabetes, % (95%CI) 6740 10.4 (9.5–11.2) 10.6 (9.2–12.1) 0.802 0.837 

Season of diagnosis, % 6740   0.512 0.493 

Spring  22.7 23.4   

Summer  24.4 24.3   

Fall  27.1 25.4   

Winter  25.8 26.9   

Pubertal, % (95%CI) 4955 17.1 (15.9–18.3) 10.6 (8.8–12.3) <0.001 0.134 

Metabolic decompensation at diagnosis    

Duration of symptoms, % 5918   0.007 0.004 

No symptoms  1.0 0.3   

< 1 week  22.6 25.9   

1–4 weeks  57.5 54.2   

> 4 weeks  19.0 19.6   

Impaired consciousness, % (95%CI) 6178 5.4 (4.8–6.1) 8.8 (7.3–10.2) <0.001 <0.001 

Ketoacidosis, % (95%CI) 6222 18.0 (16.9–19.0) 23.2 (21.0–25.4) <0.001 <0.001 

Severe ketoacidosis, % (95%CI) 6222 4.6 (4.0–5.2) 6.2 (4.9–7.5) 0.020 0.009 

Weight loss, %, median (range) 5958 5.2 (0–40.0) 4.7 (0–52.0) 0.006 0.112 

pH, median (range) 6221 7.38 (6.72–7.57) 7.38 (6.50–7.62) <0.001 0.001 

Beta-hydroxybutyrate, mmol/L, 

median (range) 
5698 1.7 (0–27.0) 2.2 (0–26.0) <0.001 <0.001 

Plasma glucose, mmol/L, median 

(range) 
6301 23.8 (3.2–97.6) 24.5 (3.6–89.8) 0.065 0.100 

HbA1c, mmol/mol, median (range) 1041 91.5 (36.0–189.0) 91.0 (33.0–198.0) 0.870 0.442 

HbA1c, %, median (range) 1041 10.5 (5.2–20.3) 10.5 (5.4–19.4) 0.847 0.451 

Categorical variables are presented as % (95% CI) and continuous variables as mean (SD) or median (range). 
a Adjusted for age at diagnosis and sex. Reproduced with permission from Pediatric Diabetes. 
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FAMILIAL INFLUENCE ON TYPE 1 DIABETES PHENOTYPE AND GENOTYPE AT 

DIAGNOSIS BY DIFFERENT FIRST-DEGREE RELATIVES AFFECTED BY TYPE 1 

DIABETES 

Frequency of familial type 1 diabetes 

At the time of disease manifestation, 519 (10.4%) of the 4993 children had an affected FDR with type 

1 diabetes (Figure 1). Fathers were 1.8 and 2.7 times more often affected than mothers (P<0.001) and 

siblings were (P<0.001), as the number of affected fathers was 253 (5.1%), affected mothers 141 

(2.8%), and affected siblings 95 (1.9%). Mothers had type 1 diabetes more often than siblings 

(P=0.003). However, brothers and sisters were affected equally often (P=0.080). The proportion of 

children with two or more affected FDRs was only 0.6% (n=30): there were 28 children with two 

affected FDRs, one index child with three and one even with four affected FDRs. 

 

Figure 1. Flowchart of familial clustering of type 1 diabetes in study II. The number and the proportion of 

children in each familial group according to who in the immediate family is affected by type 1 diabetes. 

Reproduced with permission of Diabetologia.  
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Characterizing familial type 1 diabetes 

Demographics 

Almost half of the children (n=2404, 48.1%) were the first-born in the family. In more than one fifth 

of the families (n=1006, 20.1%), the index child was the only child at diagnosis of type 1 diabetes, 

whereas 44% of children (n=2175) had one sibling. When comparing children with a father affected 

by type 1 diabetes, the children with a mother with type 1 diabetes and the sporadic cases, those 

children with an affected mother had a higher birth order than the sporadic cases (Table 6). No 

differences were seen in other pairwise comparisons. Neither were there differences between these 

three groups in the number of children in the family at the time of the diagnosis in the index child. 

Children with familiar and sporadic type 1 diabetes were the same age at diagnosis and the proportions 

of boys and girls were similar between the two groups (Table 7). A male excess (76.7%) was seen in 

children with two or more FDRs affected by type 1 diabetes compared to the sex distribution in the 

other familial subgroups (P=0.061, Table 8). Considering that the proportion of boys in those with an 

affected father or with an affected sibling (56–57%) were close to that in the whole study cohort 

(56.6%), the proportion of boys was notably smaller if the mother was the affected family member 

(48.2%). The presence of an affected parent (father/mother) with type 1 diabetes was associated with 

younger age at diagnosis compared to the presence of an affected sibling (median 7.59 and 6.74 years 

vs 10.73 years, respectively; P<0.001, Figure 2). Similarly, children with an affected sibling were 

more often pubertal at the time of diagnosis than children with a father or mother with type 1 diabetes 

(Table 8), as older children had more often reached puberty (Tanner stage 2 or higher). Therefore, 

adjustment for age at diagnosis and sex was performed, which removed the significance in being 

pubertal. 

Girls had an affected mother more often than boys (3.4% vs. 2.4%; P=0.04). A similar difference was 

not found between sexes if having a father with type 1 diabetes (5.1% of boys vs 5.0% of girls; 

P=0.80) or a sibling with type 1 diabetes (1.9% for both sexes; P=0.88). The proportions of boys and 

girls with two or more affected FDRs were 0.8% and 0.3% (P=0.03). 

 

Table 6. The number of children in the family at diagnosis of the index child and the birth order of the 

index child in relation to the other siblings if having an affected father, an affected mother or no FDR affected 

by type 1 diabetes. 

 
1. Affected father, 

n=253 
2. Affected 

mother, n=141 
3. Sporadic, 

n=4474 

 
P value 

 

Number of children    0.106 

1, % 20.9 27.7 20.4  
2, % 47.4 46.8 43.9  
3, % 22.1 19.9 23.2  
4, % 6.7 3.5 7.4  

5–14, % 2.8 2.1 5.1  
Birth order of the index child      0.023 

1st, % 54.2 56.7 48.5  

2nd, % 29.2 34.0 32.9  

≥ 3rd, % 16.6 9.2 18.6     
       2 vs. 3:  <0.05 
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Table 7. Demographics, clinical and metabolic values at diagnosis, autoantibodies, and HLA class II 

genetics in children with FDRs affected by type 1 diabetes (=familial) compared to children with no family 

members with type 1 diabetes (=sporadic). 

 n 

 
Familial, n=519 

(10.4%) 
 

Sporadic, n=4474 
(89.6%) 

P value Pa valuea 

Demographics      

Age at diagnosis, years, mean (SD) 4993 7.84 (3.88) 8.05 (3.89) 0.229  

Sex, male, % (95%CI) 4993 55.7 (51.4–60.0) 56.7 (55.2–58.1) 0.705  

Pubertal, % (95%CI) 3764 16.9 (13.2–20.6) 17.2 (15.9–18.4) 0.941 0.445 

Metabolic decompensation at diagnosis 

    

Duration of symptoms, % 4614     <0.001  <0.001  

No symptoms  2.1 0.8   

< 1 week  38.1 20.8   

1–4 weeks  46.6 58.7   

> 4 weeks  13.1 19.7    

Impaired consciousness, % (95%CI) 4784 1.6 (0.5–2.7) 5.9 (5.2–6.6)   <0.001 <0.001   

Ketoacidosis, % (95%CI) 4817 7.8 (5.4–10.1) 19.1 (18.0–20.3)   <0.001 <0.001   

Severe ketoacidosis, % (95%CI) 4817 2.4 (1.1–3.7) 4.9 (4.2–5.5)  0.017  0.018 

Weight loss, %, median (range) 4610 2.0 (0–25.3) 5.6 (0–40.0)   <0.001 <0.001   

pH, median (range) 4817 7.40 (6.93–7.57) 7.38 (6.72–7.54)   <0.001 <0.001   

β–Hydroxybutyrate, mmol/L, median 

(range) 

4384 0.50 (0–18.0) 1.90 (0–27.0)   <0.001 <0.001 

   

Plasma glucose, mmol/L, median 

(range) 

4869 20.8 (3.6–63.7) 24.2 (3.2–97.6)   <0.001 <0.001   

HbA1c, mmol/mol, median (range) 841 76.0 (38.0–141.5) 92.0 (36.0–189.0)   <0.001 <0.001   

HbA1c, %, median (range) 841 9.1 (5.6–15.1) 10.6 (5.4–19.4)   <0.001 <0.001   

Autoantibodies 

     

ICA, % (95%CI) 4738 90.9 (88.3–93.5) 91.8 (91.0–92.7)  0.535 0.400 

ICA, JDFU, median (range) 4347 64.0 (3.0–2620.0) 64.0 (3.0–5120.0) 0.894 0.585 

IAA, % (95%CI) 4738 49.8 (45.3–54.2) 42.2 (40.7–43.7) 0.002  0.004 

IAA, RU, median (range) 2037 10.5 (2.9–484.9) 10.2 (2.8–7809.0) 0.771 0.329 

IA2A, % (95%CI) 4738 75.4 (71.6–79.2) 75.0 (73.7–76.3) 0.890 0.806 

IA2A, RU, median (range) 3556 104.2 (0.8–223.2) 105.8 (0.8–553.3) 0.768 0.811 

GADA, % (95%CI) 4738 67.1 (63.0–71.3) 66.3 (64.8–67.7) 0.735 0.679 

GADA, RU, median (range) 3144 43.3 (5.4–3800.0) 35.7 (5.4–24849.0) 0.245 0.080 

Zn8TA, % (95%CI) 4738 66.3 (62.1–70.5) 69.8 (68.4–71.1) 0.132 0.155 

Zn8TA, RU median (range) 3289 12.0 (0.5–186.7) 12.1 (0.5–1201.9) 0.753 0.767 

Number of positive antibodies, 

median (mean) 

4738 4 (3.50) 4 (3.45) 0.252 0.183 

Number of positive biochemical 

antibodies, median (mean) 

4738 3 (2.59) 3 (2.53) 0.182 0.211 

Autoantibody negative, % (95%CI) 4738 3.5 (1.9–5.2) 2.1 (1.7–2.6) 0.079 0.041 

Positivity for multiple (≥2) 

autoantibodies, % (95%CI) 

4738 92.8 (90.5–95.1) 92.5 (91.7–93.2) 0.875 0.911 
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Table 7. Continued. 

 n 

 
Familial, n=519 

(10.4 %) 
 

Sporadic, n=4474 
(89.6 %) 

P value Pa valuea 

Genetics 4993     

DR3-DQ2/DR4-DQ8, % (95%CI)  23.7 (20.0–27.4) 21.1 (19.9–22.2) 0.182 0.186 

DR3-DQ2/xb, % (95%CI)  13.1 (10.2–16.0) 15.6 (14.5–16.6) 0.156 0.143 

DR4-DQ8/yc, % (95%CI)  52.0 (47.7–56.3) 47.5 (46.0–48.9) 0.055 0.049 

xb/yc, % (95%CI)  11.2 (8.5–13.9) 15.9 (14.8–17.0)  0.006  0.006 

DR3-DQ2, % (95%CI)  36.8 (32.7–41.0) 36.6 (35.2–38.0) 0.979 0.975 

DR4-DQ8, % (95%CI)  75.7 (72.0–79.4) 68.5 (67.1–69.9)  0.001  0.001 

Risk group, %    0.157 0.162 

0  0.4 0.8   

1  1.7 2.1   

2  13.5 16.2   

3  20.4 23.0   

4  40.3 36.8   

5  23.7 21.1   

 

Categorical variables are presented as % (95% CI) and continuous variables as mean (SD) or median (range). 
a Adjusted for age at diagnosis and sex. 
bx ≠ DR4-DQ8 
cy ≠ DR3-DQ2 

JDFU=Juvenile Diabetes Foundation units. RU=relative units. 

Reproduced with permission from Diabetologia. 

 

 

Figure 2. Median age (interquartile range) at diagnosis of type 1 diabetes in children with family members 

affected by type 1 diabetes and in children with sporadic disease. **P<0.01, ***P<0.001 after adjustment for 

age at diagnosis and sex. Reproduced with permission from Diabetologia.   



 

 

Table 8. Demographic data, clinical characteristics, and metabolic values at diagnosis of type 1 diabetes compared in four familial subgroups and in the 

sporadic group.  

 n 
1. Affected father, 

n=253 (5.1%) 

2. Affected 
mother, n=141 

(2.8%) 

3. Affected sibling, 
n=95 (1.9%) 

 
4. ≥2 affected 

family members, 

n=30 (0.6%) 
 

5. Sporadic, 
n=4474 (89.6%) 

P 
value 

Pa valuea 

Demographics         

Sex, male, % (95% CI) 4993 57.3 (51.2, 63.4) 48.2 (40.0, 56.5) 55.8 (45.8, 65.8) 76.7 (61.5, 91.8) 56.7 (55.2, 58.1) 0.061  

Pubertal, % (95% CI) 3764 15.4 (10.3, 20.4) 9.6 (4.2, 15.1) 30.4 (19.6, 41.3) 26.3 (6.5, 46.1) 17.2 (15.9, 18.4) 0.005 0.551 

Metabolic decompensation at diagnosis       

Duration of symptoms, % 4614      <0.001 <0.001 

No symptoms  1.3 1.5 4.7 3.7 0.8   

<1 week  31.0 44.6 41.9 55.6 20.8   

1–4 weeks  52.4 42.3 39.5 40.7 58.7   

>4 weeks  15.3 11.5 14.0 0 19.7   

        1 vs 3: 0.015 

        1 vs 4: 0.007 

        1 vs 5: 0.006 

        2 vs 4: 0.049 

        2 vs 5: <0.001 

        3 vs 5: <0.001 

        4 vs 5: <0.001 

Impaired consciousness, % 

(95% CI) 

4784 1.6 (0, 3.2) 0.7 (0, 2.2) 2.2 (0, 5.2) 3.6 (0, 10.4) 5.9 (5.2, 6.6) 0.003 0.010 

        1 vs 5: 0.010 

        2 vs 5: 0.036 

Weight loss, %, median 

(range) 

4610 3.2 (0–21.3) 0 (0–19.7) 1.6 (0–25.3) 3.4 (0–14.8) 5.6 (0–40.0) <0.001 <0.001 

        1 vs 2: 0.006 

        1 vs 5: <0.001 

        2 vs 4: 0.034 

        2 vs 5: <0.001 

        3 vs 4: 0.045 

        3 vs 5: <0.001 
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Table 8. Continued. 

 n 
1. Affected father, 

n=253 (5.1%) 

2. Affected 
mother, n=141 

(2.8%) 

3. Affected sibling, 

n=95 (1.9%) 

 
4. ≥2 affected 

family members, 
n=30 (0.6%) 

 

5. Sporadic, 

n=4474 (89.6%) 

P 

value 
Pa valuea 

pH, median (range) 4817 7.40 (6.97–7.57) 7.40 (7.00–7.53) 7.40 (6.93–7.46) 7.40 (7.09–7.44) 7.38 (6.72–7.54) <0.001 <0.001 

        1 vs 5: <0.001 

        2 vs 5: <0.001 

        3 vs 5: <0.001 

        4 vs 5: 0.007 

β-Hydroxybutyrate, mmol/l, 

median (range) 

4384 0.69 (0–12.1) 0.30 (0–9.5) 0.50 (0–18.0) 0.70 (0–17.4) 1.90 (0–27.0) <0.001 <0.001 

        1 vs 5: <0.001 

        2 vs 5: <0.001 

        3 vs 5: <0.001 

        4 vs 5: <0.001 

Plasma glucose, mmol/l, 

median (range) 

4869 21.5 (3.9–62.8) 19.7 (3.6–47.8) 20.0 (4.6–56.5) 20.8 (9.6–63.7) 24.2 (3.2–97.6) <0.001 <0.001 

        1 vs 5: <0.001 

        2 vs 5: <0.001 

        3 vs 5: <0.001 

HbA1c, mmol/mol, median 

(range) 

841 75.5 (38.0–141.5) 78.0 (40.0–132.8) 82.0 (39.9–121.0) 67.0 (64.0–96.0) 92.0 (36.0–189.0) <0.001 <0.001 

        1 vs 5: <0.001 

        2 vs 4: 0.025 

        2 vs 5: 0.016 

HbA1c, %, median (range) 841 9.1 (5.6–15.1) 9.3 (5.8–14.3) 9.7 (5.8–13.2) 8.3 (8.0–10.9) 10.6 (5.4–19.4) <0.001 0.002 

        1 vs 5: <0.01 

        2 vs 4: 0.022 

        2 vs 5: 0.013 

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 

After significant differences were observed in the analyses between the four familial subgroups and the sporadic group, paired comparisons by groups were 

performed. Only significant P values presented from the paired analyses. 
a Adjusted for age at diagnosis and sex. Reproduced with permission from Diabetologia. 
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Metabolic decompensation at diagnosis 

All the analyses were adjusted for age at diagnosis and sex. Familial children had better clinical and 

metabolic values than sporadic cases at diagnosis of type 1 diabetes (Table 7). The duration of classic 

symptoms for type 1 diabetes was shorter in familial children. Ketoacidosis (Figure 3) as well as 

higher weight loss (Table 8) were more common at the diagnosis in children with a father affected by 

type 1 diabetes compared to children with an affected mother. The duration of classic symptoms was 

longer if a father had type 1 diabetes compared to the other familial groups. However, the laboratory 

values representing metabolic decompensation at diagnosis were similar in different familial 

subgroups (Table 8). 

 

 

Figure 3. Frequency (95% confidence interval) of children with diabetic ketoacidosis at disease 

manifestation in the familial groups and in the sporadic group. *P<0.05, **P<0.01, ***P<0.001 after 

adjustment for age at diagnosis and sex. Reproduced with permission from Diabetologia. 
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Autoantibodies 

The proportion of children who tested negative for all autoantibodies was higher in the familial than 

in the sporadic group (Table 7). The difference was apparent, especially between children with two 

or more affected FDRs and sporadic cases, although the statistical significance did not remain after 

adjustment for age and sex (P=0.091, Table 9). Positivity for IAA was more frequent in the familial 

cases than in the sporadic ones, but this remained the only notable difference in the analyses of 

autoantibody levels or frequencies. 

 

HLA class II genetics 

After adjustment, the risk haplotype DR4-DQ8 was more common in children with familial type 1 

diabetes compared to children with sporadic disease (Table 7). Again, both homozygosity and 

heterozygosity for DR4-DQ8 were more prevalent in children with paternal type 1 diabetes than in 

sporadic cases (Table 10). The genotypes lacking both major risk haplotypes, DR3-DQ2 and DR4-

DQ8, were more frequent in children with sporadic vs. familial disease. No differences were found 

in the prevalence of different genetic risk grades between the groups. 

Because of the higher proportion of boys with a father affected by type 1 diabetes compared to boys 

with an affected mother, the prevalence of susceptible and protective HLA genes was compared in 

these two groups to assess the frequency of various risk genotypes in boys with an affected father and 

in boys with an affected mother. No differences were, however, found between the two groups of 

boys (susceptible genotypes: 83.4% vs. 79.4, neutral and protective genotypes 16.6% vs. 20.6%; 

P=0.476).



 

Table 9. Autoantibody positivity and levels of various autoantibodies in autoantibody-positive samples in the familial groups and in sporadic children at 

diagnosis of type 1 diabetes. 

Autoantibodies n 
1. Affected father, 

n=253 (5.1%) 
2. Affected mother, 

n=141 (2.8%) 
3. Affected sibling, 

n=95 (1.9%) 

 
4. ≥2 affected 

family members, 

n=30 (0.6%) 
 

5. Sporadic, 
n=4474 (89.6%) 

P 
value 

Pa value 

ICA, % (95% CI) 4738 89.5 (85.5, 93.4) 93.3 (89.1, 97.5) 92.8 (87.2, 98.3) 86.2 (73.3, 98.8) 91.8 (91.0, 92.3) 0.487 0.451 

ICA, JDFU, median (range) 4347 64.0 (3.0–2620.0) 49.0 (3.0–2048.0) 64.0 (4.0–1024.0) 47.0 (5.0–1024.0) 64.0 (3.0–5120.0) 0.530 0.866 

IAA, % (95% CI) 4738 49.8 (43.4, 56.2) 47.4 (39.0, 55.8) 51.8 (41.1, 62.6) 55.2 (37.1, 73.3) 42.2 (40.7, 43.7) 0.027 0.003 

        2 vs 3: 0.018 

        3 vs 5: <0.01 

IAA, RU, median (range) 2037 9.9 (2.9–260.0) 13.5 (3.2–338.7) 9.0 (2.9–48.8) 10.7 (3.5–484.9) 10.2 (2.8–7809.0) 0.437 0.447 

IA2A, % (95% CI) 4738 74.3 (68.7, 79.8) 80.0 (73.3, 86.7) 74.7 (65.3, 84.1) 65.5 (48.2, 82.8) 75.0 (73.7, 76.3) 0.515 0.433 

IA2A, RU, median (range) 3556 102.1 (0.9–223.2) 99.7 (1.1–202.5) 110.3 (0.8–185.0) 121.2 (18.3–186.6) 105.8 (0.8–553.3) 0.067 0.032 

        4 vs 5: 0.058 

GADA, % (95% CI) 4738 67.1 (61.1, 73.1) 67.4 (59.5, 75.3) 69.9 (60.0, 79.7) 58.6 (40.7, 76.5) 66.3 (64.8, 67.7) 0.848 0.942 

GADA, RU, median (range) 3144 49.8 (5.4–3800.0) 43.3 (6.3–277.4) 37.2 (6.4–349.4) 35.6 (7.4–185.3) 35.7 (5.4–

24,849.0) 

0.826 0.192 

ZnT8A, % (95% CI) 4738 65.0 (58.9, 71.1) 63.7 (55.6, 71.8) 75.9 (66.7, 85.1) 62.1 (44.4, 79.7) 69.8 (68.4, 71.1) 0.141 0.243 

ZnT8A, RU, median (range) 3289 11.1 (0.5–186.7) 10.9 (0.6–138.4) 16.1 (0.6–126.8) 21.9 (0.6–93.0) 12.1 (0.5–1201.9) 0.428 0.985 

Number of positive 

antibodies, median (mean) 

4738 4 (3.46) 4 (3.52) 4 (3.65) 4 (3.28) 4 (3.45) 0.835 0.436 

Number of positive 

biochemical antibodies, 

median (mean) 

4738 3 (2.56) 3 (2.59) 3 (2.72) 3 (2.41) 3 (2.53) 0.831 0.483 

Autoantibody negative, % 

(95% CI) 

4738 3.0 (0.8, 5.1) 3.0 (0.1, 5.8) 3.6 (0, 7.6) 10.3 (0, 21.4) 2.1 (1.7, 2.6) 0.049 0.091 

Positivity for multiple (≥2) 

autoantibodies, % (95% CI) 

4738 92.0 (88.5, 95.4) 94.1 (90.1, 98.1) 95.2 (90.6, 99.8) 86.2 (73.7, 98.8) 92.5 (91.7, 93.2) 0.542 0.552 

 

In case of significant differences in the analyses between different familial subgroups and the sporadic group, paired analyses were performed with only 

significant P values presented. 

JDFU=Juvenile Diabetes Foundation units. RU=relative units. 
a Adjusted for age at diagnosis and sex. Reproduced with permission from Diabetologia. 

  

R
esu

lts

5
2



 

Table  10. Prevalence of HLA class II risk genotypes and haplotypes and HLA conferred risk of type 1 diabetes in the familial groups and in children with 

sporadic disease. 

Genetics, % (95% CI) 
1. Affected father, 

n=253 (5.1%) 
2. Affected mother, 

n=141 (2.8%) 
3. Affected sibling, 

n=95 (1.9%) 

 
4. ≥2 affected family 

members, n=30 

(0.6%) 
 

5. Sporadic, n=4474 
(89.6%) 

P value Pa valuea 

DR3-DQ2/DR4-DQ8 21.3 (16.3, 26.4) 23.4 (16.4, 30.4) 29.5 (20.3, 38.6) 26.7 (10.8, 42.5) 21.1 (19.9, 22.2) 0.306 0.238 

DR3-DQ2/xb 11.1 (7.2, 14.9) 17.0 (10.8, 23.2) 12.6 (6.0, 19.3) 13.3 (1.2, 25.5) 15.6 (14.5, 16.6) 0.320 0.313 

DR4-DQ8/yc 56.1 (50.0, 62.2) 51.1 (42.8, 59.3) 42.1 (32.2, 52.0) 53.3 (35.5, 71.2) 47.5 (46.0, 48.9) 0.052 0.048 

       1 vs 3: <0.05 

       1 vs 5: <0.05 

xb/yc 11.5 (7.5, 15.4) 8.5 (3.9, 13.1) 15.8 (8.5, 23.1) 6.7 (0, 15.6) 15.9 (14.8, 17.0) 0.030 0.044 

       2 vs 5: <0.05 

DR3-DQ2 homozygosity 3.2 (1.0, 5.3) 2.8 (0.1, 5.6) 3.2 (0, 6.7) 3.3 (0, 9.8) 3.0 (2.5, 3.5) 0.971 1.000 

DR4-DQ8 homozygosity 15.0 (10.6, 19.4) 10.6 (5.5, 15.7) 8.4 (2.8, 14.0) 10.0 (0, 20.7) 7.6 (6.9, 8.4) 0.001 0.001 

       1 vs 5: 0.001 

DR3-DQ2 32.4 (26.6, 38.2) 40.4 (32.3, 48.5) 42.1 (32.2, 52.0) 40.0 (22.5, 57.5) 36.6 (35.2, 38.0) 0.381 0.336 

DR4-DQ8 77.5 (72.3, 82.6) 74.5 (67.3, 81.7) 71.6 (62.5, 80.6) 80.0 (65.7, 94.3) 68.5 (67.1, 70.0) 0.012 0.015 

       1 vs 5: <0.05 

Risk group, %      0.514 0.446 

0 0.4 0.7 0.0 0.0 0.8   

1 1.2 1.4 3.2 3.3 2.1   

2 11.9 14.2 17.9 10.0 16.2   

3 22.9 18.4 18.9 13.3 23.0   

4 42.3 41.8 30.5 46.7 36.8   

5 21.3 23.4 29.5 26.7 21.1   

 

Variables are presented as % (95% CI) 

In case of significant differences in the analyses between different familial subgroups and the sporadic group, paired analyses were performed with only 

significant P values presented. 
aAdjusted for age at diagnosis and sex 
bx ≠ DR4-DQ8 
cy ≠ DR3-DQ2 

Reproduced with permission from Diabetologia. 
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Timing of the diagnosis of type 1 diabetes in the affected parents in relation to disease 

characteristics at diagnosis of the index child 

There were 349 cases (87%) with a parent diagnosed with type 1 diabetes before the birth of the index 

child, and 52 cases (13%) whose parent was diagnosed after the birth of the index child. Frequencies 

of boys and girls were similar in the two groups (Table 11). By contrast, fathers were affected by type 

1 diabetes almost twice as often as mothers among the parents diagnosed before the birth of the index 

child, whereas the proportion of affected fathers and mothers were equal if they were diagnosed after 

the birth of the index child. Index children were younger at manifestation if an affected parent was 

diagnosed before vs. after the birth of the index child. However, in the separate analyses in children 

with a father with type 1 diabetes and in children with a mother with type 1 diabetes, the difference 

in age at diagnosis was observed in the subgroup of affected mothers (median age 5.57 vs 9.77 years, 

P<0.001) but not in the subgroup of affected fathers (median age 7.58 vs. 8.84 years, P=0.308). 

After adjustment for age at diagnosis and sex, median HbA1c values were higher and positivity for 

IA-2A autoantibodies were more common if the parent was diagnosed after the birth of the index 

child. No other differences were observed between the groups in metabolic or immunological values 

or in the genetic risk profile by HLA class II genetics.  
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Table 11. Comparison of children with affected parents diagnosed with type 1 diabetes before and after the 

birth of the index child. Demographic and clinical characteristics at diagnosis, autoantibodies and HLA 

genetics presented.  

 n 
Before, n=349 

(87.0%) 

 

After, n=52 

(13.0%) 

 

P value Pa valuea 

Demographics      

Age at diagnosis, years, median (range) 401 6.98 (0.59–14.96) 9.57 (1.60–14.94) 0.001  

Sex, male, % (95% CI) 401 54.4 (49.2, 59.7) 65.4 (52.5, 78.3) 0.183  

Affected parent, father, % (95% CI) 401 66.2 (61.2, 71.2) 50.0 (36.4, 63.6) 0.034 0.006 

Pubertal, % (95% CI) 313 12.1 (8.3, 15.9) 31.3 (15.2, 47.3) 0.007 0.964 

Metabolic decompensation at diagnosis 

    

Duration of symptoms, % 368   0.962 0.807 

No symptoms  1.3 0   

<1 week  37.3 36.7   

1–4 weeks  47.6 51.0   

>4 weeks  13.8 12.2   

Impaired consciousness, % (95% CI) 386 1.8 (0.4, 3.2) 0 1.000 0.998 

Ketoacidosis, % (95% CI) 393 7.9 (5.1, 10.8) 5.8 (0, 12.1) 0.782 0.645 

Weight loss, %, median (range) 367 1.6 (0–21.3) 3.8 (0–19.7) 0.195 0.316 

pH, median (range) 393 7.40 (6.97–7.54) 7.40 (7.20–7.45) 0.303 0.269 

β-Hydroxybutyrate, mmol/l, median 

(range) 

346 0.50 (0–12.1) 0.49 (0–17.4) 0.960 0.850 

Plasma glucose, mmol/l, median 

(range) 

396 21.7 (3.6–62.8) 20.3 (4.8–63.7) 0.417 0.452 

HbA1c, mmol/mol, median (range) 63 72.0 (38.0–141.5) 107.0 (71.0–132.8) 0.007 0.007 

HbA1c, %, median (range) 63 8.7 (5.6–15.1) 12.0 (8.7–14.3) 0.006 0.007 

Autoantibodies 

     

ICA, % (95% CI) 379 90.3 (87.1, 93.5) 92.0 (84.5, 99.5) 1.000 0.380 

ICA, JDFU, median (range) 343 49.0 (3.0–2620.0) 64.0 (4.0–2048.0) 0.463 0.963 

IAA, % (95% CI) 379 52.0 (46.6, 57.4) 32.0 (19.1, 44.9) 0.013 0.163 

IAA, RU, median (range) 187 10.6 (2.9–484.9) 14.0 (3.0–338.7) 0.197 0.463 

IA2A, % (95% CI) 379 74.5 (69.8, 79.2) 88.0 (79.0, 97.0) 0.055 0.022 

IA2A, RU, median (range) 289 104.4 (0.9–202.5) 87.1 (1.4–157.5) 0.201 0.375 

GAD antibodies, % (95% CI) 379 67.5 (62.4, 72.5) 62.0 (48.5, 75.5) 0.545 0.381 

GAD antibodies, RU, median (range) 253 45.4 (5.4–3800.0) 47.9 (6.3–277.4) 0.782 0.385 

ZnT8A, % (95% CI) 379 62.6 (57.4, 67.8) 76.0 (64.2, 87.8) 0.092 0.115 

ZnT8A, RU, median (range) 244 10.4 (0.5–186.7) 17.0 (0.6–138.4) 0.396 0.297 

Number of positive antibodies, median 

(mean) 

379 4 (3.47) 4 (3.50) 0.701 0.292 

Number of positive biochemical 

antibodies, median (mean) 

379 3 (2.57) 3 (2.58) 0.810 0.932 

Autoantibody negative, % (95% CI) 379 3.0 (1.2, 4.9) 6.0 (0, 12.6) 0.393 0.709 

Positivity for multiple (≥2) 

autoantibodies, % (95% CI) 

379 92.7 (89.9, 95.5) 94.0 (87.4, 1) 1.000 0.373 

  



Results 

56 

 

Table 11. Continued. 

 n 
Before, n=349 

(87.0%) 

 

After, n=52 

(13.0%) 

 

P value Pa valuea 

Genetics 401     

DR3-DQ2/DR4-DQ8, % (95% CI)  22.9 (18.5, 27.3) 19.2 (8.5, 29.9) 0.677 0.483 

DR3-DQ2/xb, % (95% CI)  14.0 (10.4, 17.7) 9.6 (1.6, 17.6) 0.513 0.465 

DR4-DQ8/yc, % (95% CI)  53.6 (48.3, 58.8) 51.9 (38.3, 65.5) 0.940 0.923 

xb/yc, % (95% CI)  9.5 (6.4, 12.5) 19.2 (8.5, 29.9) 0.059 0.069 

DR3-DQ2, % (95% CI)  37.0 (31.9, 42.0) 28.8 (16.5, 41.2) 0.325 0.261 

DR4-DQ8, % (95% CI)  76.5 (72.1, 81.0) 71.2 (58.8, 83.5) 0.505 0.424 

Risk group, %    0.125 0.404 

0  0.6 0   

1  1.1 3.8   

2  11.5 23.1   

3  22.3 15.4   

4  41.5 38.5   

5  22.9 19.2   

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 
a Adjusted for age at diagnosis and sex 
bx ≠ DR4-DQ8 
cy ≠ DR3-DQ2 

JDFU=Juvenile Diabetes Foundation units. RU=relative units. 

Reproduced with permission from Diabetologia. 
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CHARACTERISTICS OF TYPE 1 DIABETES IN NEWLY DIAGNOSED CHILDREN 

WITH A POSITIVE FAMILY HISTORY OF TYPE 2 DIABETES 

Frequency of familial type 2 diabetes 

Althogether, 100 of the 4993 children (2%) had an affected FDR with type 2 diabetes at the time of 

diagnosis of the index child (Figure 4). Fathers were more often affected than mothers (1.2% vs. 

0.8%, P=0.02). There were only two children with an affected sibling with type 2 diabetes and these 

children actually had an affected parent as well. Sixty-seven of the 100 children with an affected FDR 

had also a grandparent with type 2 diabetes.  

A clearly larger proportion of children had an affected grandparent with type 2 diabetes (36%). 

Grandfathers were more commonly affected than grandmothers: in 1108 (22.2%) cases, families 

reported at least one grandfather with type 2 diabetes compared to 896 (17.9%) reporting an affected 

grandmother (P<0.001). In 202 children, both a grandfather and a grandmother were affected. From 

the total of 19,972 grandparents, 2140 had type 2 diabetes. The prevalence of type 2 diabetes in 

grandfathers (1191 of 9986, 11.9%) was higher than that in grandmothers (949 of 9986, 9.5%) 

(P<0.001). Grandparents from the maternal and paternal sides of the family were affected equally 

often (20.7 vs. 19.5%, P=0.13). 

 

Characterizing type 1 diabetes in children with familial type 2 diabetes 

Children with an FDR affected by type 2 diabetes (n=100), children with a grandparent known to 

have type 2 diabetes (n=1720), and children with no known family history of type 2 diabetes in FDRs 

or grandparents (n=3173) were compared with each other. Children with familial type 2 diabetes were 

older (Table 12) with a decreasing trend seen in age at diagnosis of type 1 diabetes according to the 

relationship of the affected relative to the index child: children with type 2 diabetes in the immediate 

family were the oldest, children with type 2 diabetes in grandparents were the intermediate age and 

children with no affected relatives were the youngest (P for trend <0.001). As the older children had 

more often attained puberty, a decreasing trend for being pubertal was presented as well. For the 

analyses, adjustment for age at diagnosis and sex was performed thereafter and this removed the 

significance of being pubertal. The index children with a family history of type 2 diabetes had a higher 

BMI z-score, the children being heavier the closer the relationship with a relative affected by type 2 

diabetes was, while the children with no affected relatives were lightest (P for trend 0.007). 

After adjustment, all the clinical characteristics and metabolic values were similar between the three 

groups (Table 13). Neither were there any significant differences in the prevalence of HLA risk genes 

apart from a tendency for a higher frequency of protective genotype and a lower frequency of the 

high risk genotype in children with an FDR affected by type 2 diabetes (3.0% vs. 0.8% and 0.7% for 

the protective risk group 0, and 14.0% vs. 22.0% and 21.3% for the high risk group 5, P=0.60). 

Children with an FDR with type 2 diabetes tested negative more often for all five autoantibodies. ICA 

levels were higher if a grandparent had type 2 diabetes compared to children with no affected 

relatives. 
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Figure 4. Flowchart of family history of type 2 diabetes in study III showing the number and the proportion 

of subjects in different groups by relatives affected by type 2 diabetes from the total study group of 4993 

children with newly diagnosed type 1 diabetes. Reproduced with permission from Diabetologia. 

  



 

Table 12. Comparisons of demographic and anthropometric variables in children with first-degree relatives, grandparents or no family members affected by 

type 2 diabetes. 

 Demographics n 

1. T2D in first-

degree relatives 

(n=100) 

2. T2D in 

grandparents 

(n=1720) 

3. No T2D in family 

(n=3173) 
P value Pa valuea P for trend 

Age at diagnosis, years, median 

(range) 
4993 10.6 (1.5–14.7) 8.6 (0.5–14.99) 7.8 (0.5–14.99) <0.001   <0.001 

          1 vs. 2: <0.001     

          1 vs. 3: <0.001     

          2 vs. 3: <0.001     

Sex, male, % (95%CI) 4993 61.0 (51.4–70.6) 58.1 (55.7–60.4) 55.6 (53.9–57.3) 0.16     

Familial T1D (1.st degree), % (95%CI) 4993 7.0 (2.0–12.0) 10.1 (8.7–11.5) 10.7 (9.6–11.7) 0.45 0.51   

Pubertal, % (95%CI) 3764 34.9 (23.1–46.7) 19.5 (17.4–21.7) 15.4 (13.9–16.8) <0.001 0.98 <0.001 

Weight-for-age, z-score, median 

(range) 
3162 0.44 (-1.7–6.4) 0.24 (-3.1–5.2) 0.17 (-3.5–6.1) 0.11 0.23   

Height/length-for-age, z-score, median 

(range) 
4828 0.64 (-2.1–3.5) 0.49 (-2.7–4.5) 0.51 (-3.4–6.2) 0.78 0.25   

BMI z-score, median (range) 4820 0.28 (-3.4–5.5) -0.21 (-4.9–6.0) -0.27 (-4.6–6.0) 0.003 0.01 0.007 

            1 vs. 2: 0.01   

            1 vs. 3: 0.02   

            2 vs. 3: 0.03   

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 

In case of significant differences in the analyses between the familial subgroups and the sporadic group, paired analyses were performed with only significant 

P values presented. 
a Adjusted for age at diagnosis and sex 

T1D=type 1 diabetes. T2D=type 2 diabetes. 

Reproduced with permission from Diabetologia.  
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Table 13. Comparisons of clinical and metabolic values, beta cell autoantibodies and HLA genetics among children with first-degree relatives, grandparents 

or no one in the family affected by type 2 diabetes. 

  n 
1. T2D in first-degree 

relatives (n=100) 

2. T2D in grandparents 

(n=1720) 

3. No T2D in family 

(n=3173) 
P value Pa valuea 

Metabolic decompensation at diagnosis      

Plasma glucose, mmol/l, median (range) 4869 22.2 (5.3–71.0) 23.8 (3.5–97.6) 24.0 (3.2–94.6) 0.16 0.62 

Ketoacidosis, % (95%CI) 4817 20.6 (12.6–28.7) 18.6 (16.7–20.4) 17.5 (16.2–18.9) 0.54 0.90 

Severe ketoacidosis, % (95%CI) 4817 5.2 (0.8–9.6) 4.4 (3.4–5.4) 4.7 (4.0–5.5) 0.81 0.74 

pH, median (range) 4817 7.38 (6.82–7.53) 7.38 (6.72–7.57) 7.38 (6.79–7.54) 0.45 0.90 

Beta-hydroxybutyrate, mmol/l, median 

(range) 
4384 1.7 (0.06–16.7) 1.8 (0–23.5) 1.7 (0–27.0) 0.95 0.76 

Impaired consciousness, % (95%CI) 4784 6.1 (1.4–10.8) 5.6 (4.5–6.7) 5.3 (4.5–6.1) 0.91 0.94 

HbA1c, mmol/mol, mean (SD) 841 101.9 (33.1) 93.8 (28.1) 93.2 (27.3) 0.27 0.67 

HbA1c, %, mean (SD) 841 11.5 (3.0) 10.7 (2.6) 10.7 (2.5) 0.27 0.68 

Weight loss, %, median (range) 4610 5.2 (0–24) 5.5 (0–35) 5.1 (0–40) 0.26 0.25 

Duration of symptoms, % 4614       0.03 0.18 

No symptoms   0 1.1 0.9     

< 1 week   22.7 22.7 22.5     

1–4 weeks   47.4 55.9 58.7     

> 4 weeks   29.9 20.4 17.9     
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Table 13. Continued. 

  n 
1. T2D in first-degree 

relatives (n=100) 

2. T2D in grandparents 

(n=1720) 

3. No T2D in family 

(n=3173) 
P value Pa valuea 

Autoantibodies             

ICA, % (95%CI) 4738 85.1 (77.9–92.3) 91.9 (90.6–93.3) 91.9 (90.9–92.8) 0.06 0.16 

ICA, JDFU, median (range) 4347 56.5 (3.0–4096.0) 64.0 (3.0–4096.0) 49.0 (3.0–5120.0) 0.02 0.002 

            2 vs. 3: <0.002 

IAA, % (95%CI) 4738 26.6 (17.7–35.5) 42.7 (40.3–45.1) 43.7 (41.9–45.5) 0.004 0.16 

IAA, RU, median (range) 2037 10.5 (3.2–317.0) 10.1 (2.9–7809.0) 10.3 (2.8–484.9) 0.63 0.91 

IA-2A, % (95%CI) 4738 68.1 (58.7–77.5) 75.6 (73.5–77.6) 75.0 (73.5–76.5) 0.27 0.22 

IA-2A, RU, median (range) 3556 96.0 (1.0–225.6) 105.4 (0.8–501.0) 105.9 (0.8–553.3) 0.53 0.76 

GADA, % (95%CI) 4738 64.9 (55.2–74.5) 68.3 (66.0–70.5) 65.4 (63.7–67.1) 0.13 0.12 

GADA, RU,  median (range) 3144 34.3 (5.8–319.5) 35.7 (5.4–15839) 36.1 (5.4–24849) 0.87 0.93 

ZnT8A, % (95%CI) 4738 73.4 (64.5–82.3) 71.3 (69.1–73.5) 68.3 (66.6–69.9) 0.08 0.20 

ZnT8A, RU, median (range) 3289 10.5 (0.6–170.7) 12.8 (0.5–209.3) 11.8 (0.5–1201.9) 0.88 0.80 

Positive antibody responses, median 

(mean) 
4738 3 (3.2) 4 (3.5) 4 (3.4) 0.10 0.35 

Antibody multipositive, % (95%CI) 4738 85.1 (77.9–92.3) 93.0 (91.8–94.3) 92.4 (91.5–93.4) 0.02 0.05 

Antibody negative, % (95%CI) 4738 7.4 (2.1–12.8) 2.0 (1.3–2.7) 2.3 (1.7–2.8) 0.01 0.02 

      1 vs. 2: <0.02 

      1 vs.3: 0.02 
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Table 13. Continued. 

  n 
1. T2D in first-degree 

relatives (n=100) 

2. T2D in grandparents 

(n=1720) 

3. No T2D in family 

(n=3173) 
P value Pa valuea 

Genetics 4993      

DR3-DQ2/DR4-DQ8, % (95%CI)  13.0 (6.4–19.6) 22.0 (20.0–23.9) 21.2 (19.8–22.7) 0.10 0.14 

DR3-DQ2/xb, % (95%CI)  18.0 (10.5–25.5) 14.7 (13.0–16.3) 15.6 (14.3–16.9) 0.51 0.50 

DR4-DQ8/yc, % (95%CI)  52.0 (42.2–61.8) 48.7 (46.3–51.0) 47.4 (45.7–49.2) 0.51 0.53 

xb/yc, % (95%CI)  17.0 (9.6–24.4) 14.7 (13.0–16.4) 15.7 (14.5–17.0) 0.58 0.51 

DR3-DQ2 positive, % (95%CI)  31.0 (21.9–40.1) 36.6 (34.4–38.9) 36.8 (35.2–38.5) 0.49 0.60 

DR4-DQ8 positive, % (95%CI)  65.0 (55.7–74.3) 70.6 (68.5–72.8) 68.6 (67.0–70.3) 0.23 0.20 

DR3-DQ2 homozygote, % (95%CI)  4.0 (0.2–7.8) 3.0 (2.2–3.8) 3.0 (2.4–3.6) 0.75 0.88 

DR4-DQ8 homozygote, % (95%CI)  10.0 (4.1–15.9) 7.6 (6.3–8.8) 8.4 (7.4–9.3) 0.47 0.47 

Risk group, %        0.35 0.60 

0  3.0 0.8 0.7     

1  3.0 1.9 2.1     

2  15.0 15.6 16.1     

3  27.0 22.3 22.8     

4  38.0 37.4 36.9     

5  14.0 22.0 21.3     

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 

In case of significant differences in the analyses between the familial subgroups and the sporadic group, paired analyses were performed with only significant 

P values presented. 
a Adjusted for age at diagnosis and sex, bx ≠ DR4-DQ8, cy ≠ DR3-DQ2 

JDFU=Juvenile Diabetes Foundation units. RU=relative units. T2D=type 2 diabetes. 

Reproduced with permission from Diabetologia. 

R
esu

lts

6
2



Results 

63 

 

The differences described above recurred when children with affected FDRs and grandparents with 

type 2 diabetes were pooled together (n=1820): these children were older at diagnosis of type 1 

diabetes and after age and sex adjustment had higher BMI z-scores and had higher levels of ICA 

compared to children without a family history of type 2 diabetes (Table 14). 

 

 

Table 14. Comparisons of demographic characteristics, measures of metabolic values, type 1 diabetes-

related autoantibodies, and HLA class II genetics in children with and without family history of type 2 diabetes 

in their first-degree relatives or grandparents. 

  n 
T2D in FDRs or 

grandparents (n=1820) 

No T2D in family 

(n=3173) 

P 

value 

Pa 

valuea 

Demographics           

Age at diagnosis, yr, median 
(range) 

4993 8.7 (0.5–14.99) 7.8 (0.5–14.99) <0.001   

Sex, male, % (95%CI) 4993 58.2 (56.0–60.5) 55.6 (53.9–57.3) 0.07   

Familial T1D (1.st degree), % 
(95%CI) 

4993 9.9 (8.6–11.3) 10.7 (9.6–11.7) 0.46 0.49 

Pubertal, % (95%CI) 3764 20.3 (18.1–22.4) 15.4 (13.9–16.8) <0.001 0.99 

Weight-for-age, z-score, median 

(range) 
3162 0.25 (-3.1–6.4) 0.17 (-3.5–6.1) 0.23 0.07 

Height/length-for-age, z-score, 
median (range) 

4828 0.50 (-2.7–4.5) 0.51 (-3.4–6.2) 0.88 0.73 

BMI z-score, median (range) 4820 -0.20 (-4.9–6.0) -0.27 (-4.6–6.0) 0.01 0.01 

Metabolic decompensation at diagnosis 
      

Plasma glucose, mmol/l, 
median (range) 

4869 23.7 (3.5–97.6) 24.0 (3.2–94.6) 0.60 0.40 

Ketoacidosis, % (95%CI) 4817 18.7 (16.9–20.5) 17.5 (16.2–18.9) 0.34 0.66 

Severe ketoacidosis, % (95%CI) 4817 4.4 (3.5–5.4) 4.7 (4.0–5.5) 0.73 0.44 

pH, median (range) 4817 7.38 (6.72–7.57) 7.38 (6.79–7.54) 0.22 0.71 

Beta-hydroxybutyrate, mmol/l, 
median (range) 

4384 1.8 (0–23.5) 1.7 (0–27.0) 0.76 0.97 

Impaired consciousness, % 
(95%CI) 

4784 5.6 (4.5–6.7) 5.3 (4.5–6.1) 0.75 0.76 

HbA1c, mmol/mol, mean (SD) 841 94.4 (28.6) 93.2 (27.3) 0.52 0.82 

HbA1c, %, mean (SD) 841 10.8 (2.6) 10.7 (2.5) 0.51 0.83 

Weight loss, %, median (range) 4610 5.5 (0–35) 5.1 (0–40) 0.10 0.30 

Duration of symptoms, % 4614     0.06 0.24 

No symptoms   1.0 0.9     

< 1 week   22.7 22.5     

1–4 weeks   55.4 58.7     

> 4 weeks   20.9 17.9     
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Table 14. Continued. 

  n 
T2D in FDRs or 

grandparents (n=1820) 

No T2D in family 

(n=3173) 

P 

value 

Pa 

valuea 

Autoantibodies           

ICA, % (95%CI) 4738 91.6 (90.3–92.9) 91.9 (90.9–92.8) 0.76 0.96 

ICA, JDFU, median (range) 4347 64.0 (3.0–4096.0) 49.0 (3.0–5120.0) 0.008 0.001 

IAA, % (95%CI) 4738 41.8 (39.5–44.1) 43.7 (41.9–45.5) 0.22 0.47 

IAA, RU, median (range) 2037 10.1 (2.9–7809.0) 10.3 (2.8–484.9) 0.34 0.88 

IA-2A, % (95%CI) 4738 75.1 (73.1–77.2) 75.0 (73.5–76.5) 0.94 0.95 

IA-2A, RU, median (range) 3556 105.1 (0.8–501.0) 105.9 (0.8–553.3) 0.83 0.66 

GADA, % (95%CI) 4738 68.1 (65.9–70.3) 65.4 (63.7–67.1) 0.06 0.06 

GADA, RU,  median (range) 3144 35.7 (5.4–15839.0) 36.1 (5.4–24849.0) 0.66 0.96 

ZnT8A, % (95%CI) 4738 71.4 (69.3–73.5) 68.3 (66.6–69.9) 0.03 0.08 

ZnT8A, RU, median (range) 3289 12.6 (0.5–209.3) 11.8 (0.5–1201.9) 0.81 0.58 

Positive antibody responses, 

median (mean) 
4738 4 (3.5) 4 (3.4) 0.27 0.56 

Antibody negative, % (95%CI) 4738 2.3 (1.6–3.0) 2.3 (1.7–2.8) 0.99 0.78 

Antibody multipositive, % 
(95%CI) 

4738 92.6 (91.4–93.8) 92.4 (91.5–93.4) 0.87 0.50 

HLA class II genetics 
          

DR3-DQ2/DR4-DQ8, % 
(95%CI) 

4993 21.5 (19.6–23.4) 21.2 (19.8–22.7) 0.87 0.61 

DR3-DQ2/xb, % (95%CI) 4993 14.8 (13.2–16.5) 15.6 (14.3–16.9) 0.50 0.42 

DR4-DQ8/yc, % (95%CI) 4993 48.8 (46.5–51.1) 47.4 (45.7–49.2) 0.35 0.35 

xb/yc, % (95%CI) 4993 14.8 (13.2–16.5) 15.7 (14.5–17.0) 0.42 0.28 

DR3-DQ2 positive, % (95%CI) 4993 36.3 (34.1–38.5) 36.8 (35.2–38.5) 0.74 0.86 

DR4-DQ8 positive, % (95%CI) 4993 70.3 (68.2–72.4) 68.6 (67.0–70.3) 0.23 0.14 

DR3-DQ2 homozygote, % 
(95%CI) 

4993 3.0 (2.2–3.8) 3.0 (2.4–3.6) 1.00 0.92 

DR4-DQ8 homozygote, % 
(95%CI) 

4993 7.7 (6.5–8.9) 8.4 (7.4–9.3) 0.42 0.34 

Risk group, % 4993     0.95 0.36 

0   0.9 0.7     

1   2.0 2.1     

2   15.5 16.1     

3   22.5 22.8     

4   37.5 36.9     

5   21.5 21.3     

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 
a Adjusted for age at diagnosis and sex 
bx ≠ DR4-DQ8 
cy ≠ DR3-DQ2 

FDR=first-degree relative. JDFU=Juvenile Diabetes Foundation units. RU=relative units. T1D=type 1 

diabetes. T2D=type 2 diabetes. 

Reproduced with permission from Diabetologia.  
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CHARACTERISTICS OF TYPE 1 DIABETES IN BOYS AND GIRLS AT THE TIME OF 

DISEASE MANIFESTATION 

Demographic and clinical characteristics 

The study subjects were divided into boys and girls in order to assess sex differences at the time of 

disease manifestation. In addition to the over-representation of boys among the children with type 1 

diabetes (56.6%), boys were older than girls at diagnosis (mean age 8.28 vs 7.71, P<0.001). All the 

following analyses were then adjusted for the difference in age. Consequently, girls emerged to be 

pubertal more often than boys (17.7 % vs. 16.7 %, P<0.001). No difference was observed in the BMI 

z-scores between the sexes (Table 15). Female sex seemed to be associated with poorer metabolic 

decompensation at diagnosis as greater weight loss and higher beta-hydroxybutyrate concentrations 

were observed in girls, although there were no differences in the frequency of diabetic ketoacidosis 

or severe ketoacidosis. HbA1c values were higher at diagnosis of type 1 diabetes in girls, while slightly 

higher plasma glucose levels were present in boys. Girls seemed to experience a delay in diagnosis 

when exploring the appearance of classic symptoms before diagnosis. 

Autoantibodies 

After adjustment for age, significant differences were seen in the frequencies of four biochemical 

antibodies between sexes but not in the frequencies of ICA. Boys tested positive more often for IAA 

(43.3 vs. 42.6, P=0.008), IA-2A (76.3% vs. 73.4%, P=0.033), and ZnT8A autoantibodies (71.6% vs. 

66.6%, P=0.001, Figure 5). Girls on the other hand had a higher frequency of GADA (73.6 vs. 60.8, 

P<0.001) and higher GADA and ICA levels, as well (Table 16). The number of positive autoantibody 

responses was similar in the two sexes. 

HLA class II genetics 

When adjusted for age, boys carried the homozygosity for the DR3-DQ2 risk haplotype more often 

than girls, whereas the proportion of DR4-DQ8 homozygosity was higher in girls than in boys (Table 

17). There seemed to be similar sex differences in the frequencies of heterozygosity of these 

haplotypes, as well, but these differences did not reach statistical significance. The presence of HLA 

class II predisposing or protective genotypes did not differ between boys and girls.     
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Table 15. Demographic, anthropometric and clinical characteristics among boys and girls at diagnosis of 

type 1 diabetes. 

 
 

n 
Boys, n=2824 

(56.6%) 

Girls, n=2169 

(43.4%) 

P value Pa valuea 

Demographics      

Age at diagnosis, years, mean (SD) 4993 8.28 (3.98) 7.71 (3.76) <0.001  

Familial, % (95%CI) 4993 10.2 (9.1–11.4) 10.6 (9.3–11.9) 0.705 0.734 

Pubertal, % (95%CI) 3764 16.7 (15.1–18.3) 17.7 (15.8–19.5) 0.468 <0.001 

Weight-for-age, z-score, median 
(range) 

3162 0.21 (-3.5–6.4) 0.17 (-3.1–5.0) 0.026 0.180 

Height/length-for-age, z-score, 
median (range) 

4828 0.55 (-3.4–4.5) 0.45 (-3.1–6.2) <0.001 0.006 

BMI z-score, median (range) 4820 -0.23 (-4.9–6.0) -0.26 (-4.6–6.0) 0.250 0.499 

Metabolic decompensation at diagnosis 
    

Duration of symptoms, % 4614   <0.001 <0.001 

No symptoms  0.8 1.2   
< 1 week  24.0 20.7   

1–4 weeks  58.3 56.4   
> 4 weeks  16.9 21.7   

Impaired consciousness, % 

(95%CI) 

4784 5.4 (4.5–6.2) 5.5 (4.5–6.5) 0.931 0.819 

Ketoacidosis, % (95%CI) 4817 17.5 (16.1–18.9) 18.5 (16.9–20.2) 0.385 0.125 

Severe ketoacidosis, % (95%CI) 4817 4.4 (3.7–5.2) 4.8 (3.9–5.7) 0.580 0.290 

Weight loss, %, median (range) 4610 5.1 (0–40.0) 5.4 (0–33.2) 0.211 0.005 

pH, median (range) 4817 7.38 (6.82–7.57) 7.38 (6.72–7.53) 0.014 0.114 

Beta-Hydroxybutyrate, mmol/L, 

median (range) 
4384 1.6 (0–27.0) 1.8 (0–17.0) 0.066 0.022 

Plasma glucose, mmol/L, median 

(range) 
4869 24.3 (3.2–97.6) 23.3 (3.5–93.2) <0.001 0.005 

HbA1c, mmol/mol, mean (SD) 841 92.4 (26.2) 95.4 (29.7) 0.124 0.006 

HbA1c, %, mean (SD) 841 10.6 (2.4) 10.9 (2.7) 0.123 0.006 

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 
a Adjusted for age at diagnosis 

Reproduced with permission from Pediatric Diabetes. 
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Table 16. Levels of various autoantibodies in positive samples and number of positive autoantibodies 

compared between boys and girls at the time of clinical manifestation of type 1 diabetes.  

Autoantibodies n Boys, n=2824 

(56.6%) 

Girls, n=2169 

(43.4%) 

P value Pa valuea 

ICA, JDFU, median (range) 
4347 49.0 (3.0–2620.0) 64.0 (3.0–5120.0) 0.001 0.001 

IAA, RU, median (range) 
2037 9.7 (2.8–7809.0) 10.7 (2.8–440.5) 0.145 0.020 

IA-2A, RU, median (range) 
3556 106.0 (0.8–553.3) 105.0 (0.8–453.7) 0.293 0.734 

GADA, RU, median (range) 
3144 30.8 (5.4–4901.6) 43.9 (5.4–24849.0) <0.001 <0.001 

Zn8TA, RU median (range) 
3289 12.0 (0.5–263.2) 12.1 (0.5–1201.9) 0.681 0.502 

Number of positive antibodies, 

median (mean) 4738 4 (3.44) 4 (3.48) 0.301 0.616 

Number of positive biochemical 
antibodies, median (mean) 

4738 3 (2.52) 3 (2.56) 0.243 0.643 

Antibody multipositive, % (95 %CI) 4738 92.2 (91.1–93.2) 92.8 (91.8–94.0) 0.498 0.759 

Antibody negative, % (95%CI) 4738 2.6 (2.0–3.2) 1.8 (1.2–2.4) 0.094 0.180 
      

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 
a Adjusted for age at diagnosis. JDFU=Juvenile Diabetes Foundation units. RU=relative units. 

Reproduced with permission from Pediatric Diabetes. 

 

  

Figure 5. Positivity of different 

autoantibodies (95% confidence 

intervals, CI) among boys and girls.  

*a significant sex difference observed in 

IAA positivity only in the age-adjusted 

analyses, not in the unadjusted analyses. 

Reproduced with permission from 

Pediatric Diabetes. 
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Table 17. Comparison of HLA class II genotypes and haplotypes as well as HLA conferred type 1 diabetes 

risk among boys and girls with newly diagnosed type 1 diabetes (n = 4993). 

Genetics Boys, n=2824 

(56.6%) 

Girls, n=2169 

(43.4%) 

P value Pa valuea 

DR3-DQ2/DR4-DQ8, % (95%CI) 21.0 (19.5–22.5) 21.8 (20.0–23.5) 0.537 0.706 

DR3-DQ2/xb, % (95%CI) 16.0 (14.6–17.3) 14.5 (13.1–16.0) 0.158 0.160 

DR4-DQ8/yc, % (95%CI) 47.2 (45.3–49.0) 49.0 (46.9–51.1) 0.219 0.191 

xb/yc, % (95%CI) 15.9 (14.5–17.2) 14.8 (13.3–16.3) 0.320 0.411 

DR3-DQ2, % (95%CI) 37.0 (35.2–38.7) 36.2 (34.2–38.3) 0.616 0.462 

DR4-DQ8, % (95%CI) 68.2 (66.5–69.9) 70.7 (68.8–72.6) 0.061 0.087 

DR3-DQ2 homozygosity, % (95%CI) 3.5 (2.6–4.2) 2.3 (1.7–2.9) 0.014 0.016 

DR4-DQ8 homozygosity, % (95%CI) 7.2 (6.3–8.2) 9.3 (8.1–10.5) 0.009 0.005 

Risk group, %   0.187 0.333 

0 0.7 0.9   

1 1.9 2.2   

2 17.1 14.4   

3 22.2 23.4   

4 37.0 37.3   

5 21.0 21.9   

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 
a Adjusted for age at diagnosis and sex 
bx ≠ DR4-DQ8 
cy ≠ DR3-DQ2 

Reproduced with permission from Pediatric Diabetes.   
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SEASONAL VARIATION IN THE TIMING OF THE DIAGNOSIS OF TYPE 1 DIABETES 

Number of newly affected cases by different seasons 

In study IV, seasonality in the manifestation of type 1 diabetes was examined in 4993 children. The 

majority were diagnosed in fall or winter (n=1353, 27.1% and n=1286, 25.8%) vs. spring or summer 

(n=1135, 22.7% and n=1219, 24.4%) (P=0.001, Figure 6A). The fewest cases were diagnosed in 

spring compared to other seasons (P=0.006). The number of new cases diagnosed with the disease 

also changed by month, peaking in January and reaching a nadir in May (P<0.001) (Figure 6B). 

 

Figure 6. Histograms of the frequencies of new type 1 diabetes diagnosis according to the season (A) and 

month (B). The different lengths of seasons/months were considered by comparing the observed frequencies 

of seasons/months to the expected frequencies.  
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The potential changes in the environment over the years were taken into account by considering the 

difference in seasonality between children diagnosed before and after 2009, but no differences were 

found. Neither was there any association between season of birth and the timing of diagnosis. 

The association of age at diagnosis with seasonality was examined by dividing the 4993 children into  

two groups: 0.5–4 years (n=1331) and 5–14 years (n=3662). The sub-classification was performed 

based on a more apparent seasonality previously observed in older children (≥5 years of age) than 

among the younger ones (<5 years of age) (14, 94). A significant variation in the seasonality remained 

by both season and month when considering the group of older children (P=0.004 and P<0.001) but 

not in the group of younger children. Subsequently, the groups were compared with each other and a 

clear difference was observed: the older children were in most cases diagnosed in winter and next 

often in fall, whereas a clear drop in new diagnoses was seen from fall to winter among the youngest 

children (Figure 7). Male-female ratio was similar in different seasons (Table 18). 

 

Type 1 diabetes phenotype and genotype at diagnosis by the season of diagnosis 

The analyses were then adjusted for age at diagnosis and sex. In contrast to our working hypothesis, 

children diagnosed in spring or summer, i.e., seasons with fewer new diagnoses, had diabetic 

ketoacidosis more often at the time of hospital admission (Table 18). Weight loss before diagnosis 

was most pronounced in summer. Apart from higher ICA levels in those diagnosed in fall, no 

differences were observed in the autoantibody profiles between seasons (Table 19) or in the HLA 

class II genetics (Table 20). 

 



 

 

 

 

 

 

 

Figure 7. Significant difference seen in the seasonality of type 1 diabetes diagnosis among children aged 0.5–4 and 5–14 years (P=0.019) (A). The difference 

was more pronounced in the subgroup of boys (P=0.020) (B), but not seen in the subgroup of girls (P=0.347) (C).  
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Table 18. Seasonality in demographic characteristics, clinical and metabolic values among children diagnosed with type 1 diabetes in spring, summer, fall, and 

winter.   

 

 

 

n 
1. Spring, 

n=1135 (22.7%) 

2. Summer, 

n=1219 (24.4%) 

3. Fall, 

n=1353 (27.1%) 

4. Winter, 

n=1286 (25.8%) 
P value Pa valuea 

Demographics        

Sex, male, % (95%CI) 4993 56.0 (53.1–58.9) 58.4 (55.6–61.2) 55.7 (53.0–58.3) 56.2 (53.5–58.9) 0.506  

Familial, % (95 % CI) 4993 10.1 (8.4–11.9) 11.2 (9.4–12.9) 9.5 (8.0–11.1) 10.8 (9.1–12.5) 0.541 0.531 

Pubertal, % (95%CI) 3764 17.8 (15.3–20.3) 16.4 (14.0–18.7) 17.6 (15.3–20.0) 16.8 (14.4–19.1) 0.819 0.279 

Metabolic decompensation at diagnosis       

Duration of symptoms, % 4614     0.067 0.041 

No symptoms  1.5 0.5 1.0 0.8   

< 1 week  21.0 22.8 23.1 23.2   

1–4 weeks  60.2 55.7 55.8 58.5   

> 4 weeks  17.4 20.9 20.2 17.5   

       1 vs. 2: <0.050 

Impaired consciousness, % (95%CI) 4784 5.2 (3.9–6.6) 6.5 (5.1–7.9) 4.9 (3.7–6.1) 5.2 (4.0–6.4) 0.331 0.327 

Ketoacidosis, % (95%CI) 4817 18.8 (16.5–21.2) 19.9 (17.6–22.2) 15.8 (13.9–17.8) 17.5 (15.4–19.6) 0.051 0.036 

       1 vs. 3: < 0.050 

       2 vs. 3: <0.050 

Severe ketoacidosis, % (95%CI) 4817 3.8 (2.7–5.0) 5.6 (4.3–7.0) 4.4 (3.3–5.5) 4.6 (3.4–5.7) 0.212 0.183 

Weight loss, %, median (range) 4610 4.9 (0–33.2) 6.0 (0–32.3) 4.7 (0–40.0) 5.4 (0–28.3) <0.001 <0.001 

       1 vs. 2: 0.017 

       2 vs. 3: <0.001 

       3 vs. 4: 0.003 

pH, median (range) 4817 7.38 (6.82–7.53) 7.38 (6.82–7.54) 7.38 (6.82–7.53) 7.38 (6.72–7.57) 0.122 0.112 

β-Hydroxybutyrate, mmol/L, median 

(range) 

4384 1.6 (0–18.4) 1.9 (0–17.4) 1.7 (0–27.0) 1.7 (0–23.5) 0.234 0.330 

Plasma glucose, mmol/L, median 

(range) 

4869 24.2 (3.2–93.2) 24.5 (3.6–83.2) 23.4 (3.5–97.6) 23.5 (3.6–94.6) 0.079 0.070 

HbA1c, mmol/mol, median (range) 841 93.2 (40.0–176.0) 91.0 (38.0–164.0) 90.0 (36.0–189.0) 89.0 (37.7–171.0) 0.700 0.427 

HbA1c, %, median (range) 841 10.7 (5.8–18.3) 10.5 (5.6–17.2) 10.4 (5.4–19.4) 10.3 (5.6–17.8) 0.696 0.392 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 

In case of significant differences in the analyses between the groups of season, paired analyses were performed with only significant P values presented. 
a Adjusted for age at diagnosis and sex 
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Table 19. Comparison of beta cell autoantibody profile among children diagnosed with type 1 diabetes in spring, summer, autumn, and winter. 

 

Autoantibodies 

 

n 
1. Spring, 

n=1135 (22.7%) 

2. Summer,  

n=1219 (24.4%) 

3. Fall, 

n=1353 (27.1%) 

4. Winter, 

n=1286 (25.8%) 

P 

value 
Pa valuea 

ICA, % (95%CI) 4738 91.7 (90.0–93.3) 92.1 (90.6–93.7) 90.8 (89.2–92.4) 92.4 (90.9–93.9) 0.500 0.434 

ICA, JDFU, median (range) 4347 49.0 (3.0–4096.0) 64.0 (3.0–2049.0) 65.0 (3.0–5120.0) 49.0 (3.0–2049.0) 0.335 0.002 

       1 vs. 3: 0.007 

       2 vs. 3: 0.008 

       3 vs. 4: 0.002 

IAA, % (95%CI) 4738 42.8 (39.8–45.7) 44.4 (41.6–47.3) 41.8 (39.1–44.5) 43.1 (40.3–45.9) 0.611 0.322 

IAA, RU, median (range) 2037 10.7 (2.8–7809.0) 10.3 (2.9–829.8) 10.8 (2.9–343.5) 9.1 (2.8–484.9) 0.123 0.916 

IA2A, % (95%CI) 4738 74.8 (72.2–77.4) 75.0 (72.5–77.5) 74.4 (72.0–76.8) 76.0 (73.6–78.4) 0.817 0.847 

IA2A, RU, median (range) 3556 102.0 (0.8–453.7) 110.0 (1.0–254.1) 107.2 (0.9–240.9) 104.1 (0.8–553.3) 0.634 0.082 

GADA, % (95%CI) 4738 67.6 (64.8–70.4) 66.4 (63.7–69.2) 67.3 (64.7–69.8) 64.2 (61.6–66.9) 0.299 0.248 

GADA, RU, median (range) 3144 38.0 (5.5–2675.1) 32.8 (5.4–3051.4) 36.0 (5.4–24849.0) 37.8 (5.5–812.4) 0.570 0.275 

Zn8TA, % (95%CI) 4738 68.5 (65.8–71.3) 68.8 (66.3–71.6) 68.6 (66.0–71.1) 71.5 (69.0–74.1) 0.322 0.414 

Zn8TA, RU median (range) 3289 13.2 (0.5–209.3) 11.3 (0.5–177.7) 11.8 (0.5–1201.9) 11.9 (0.5–247.5) 0.214 0.798 

Number of positive biochemical 

antibodies, median (mean) 

4738 3 (2.54) 3 (2.55) 3 (2.52) 3 (2.55) 0.856 0.980 

Number of positive antibodies, median 

(mean) 

4738 4 (3.45) 4 (3.47) 4 (3.43) 4 (3.47) 0.759 0.954 

Autoantibody negative, % (95%CI) 4738 2.5 (96.5–98.4) 2.0 (97.2–98.8) 2.2 (97.0–98.6) 2.5 (96.7–98.4) 0.810 0.836 

Positivity for multiple (≥2) autoantibodies, 

% (95%CI) 

4738 92.5 (91.0–94.1) 92.8 (91.3–94.2) 91.7 (90.2–93.2) 93.0 (91.6–94.5) 0.599 0.518 

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 

In case of significant differences in the analyses between the groups of season, paired analyses were performed with only significant P values presented. 
a Adjusted for age at diagnosis and sex 

JDFU=Juvenile Diabetes Foundation units. RU=relative units.  
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Table 20. Presence of HLA risk genes in type 1 diabetes affected children diagnosed in spring, summer, fall, and winter (n=4993). 

 

Genetics, % (95%CI) 

 

1. Spring, 

n=1135 (22.7%) 

2. Summer,  

n=1219 (24.4%) 

3. Fall, 

n=1353 (27.1%) 

4. Winter,  

n=1286 (25.8%) 

 

P value 

 

Pa valuea 

DR3-DQ2/DR4-DQ8 20.9 (18.5–23.2) 21.2 (19.0–23.5) 21.1 (19.0–23.3) 22.0 (19.7–24.3) 0.914 0.869 

DR3-DQ2/xb 16.4 (14.2–18.5) 15.5 (13.5–17.5) 15.7 (13.7–17.6) 13.8 (12.0–15.7) 0.344 0.336 

DR4-DQ8/yc 47.9 (45.0–50.8) 48.5 (45.7–51.3) 47.7 (45.0–50.3) 47.7 (45.0–50.5) 0.977 0.971 

Xb/yc 14.8 (12.7–16.9)  14.8 (12.8–16.8) 15.5 (13.6–17.5) 16.4 (14.4–18.4) 0.636 0.676 

DR3-DQ2 37.3 (34.5–40.1) 36.8 (34.0–39.5) 36.8 (34.2–39.4) 35.8 (33.2–38.5) 0.905 0.930 

DR4-DQ8 68.8 (66.1–71.5) 69.7 (67.2–72.3) 68.8 (66.3–71.3) 69.7 (67.2–72.2) 0.926 0.905 

DR3-DQ2 homozygote 2.3 (1.4–3.2) 2.5 (1.6–3.3) 3.5 (2.6–4.5) 3.6 (2.6–4.6) 0.110 0.112 

DR4-DQ8 homozygote 8.6 (7.0–10.3) 7.3 (5.8–8.8) 8.0 (6.5–9.4) 8.6 (7.1–10.2) 0.577 0.627 

Risk group     0.080 0.065 

0 0.7 0.7 1.0 0.9   

1 1.6 2.7 1.1 2.8   

2 15.6 15.0 16.6 16.3   

3 24.9 22.1 23.7 20.3   

4 36.1 38.2 36.5 37.6   

5 21.1 21.2 21.1 22.1   

 

Categorical variables are presented as % (95% CI) and continuous variables as median (range). 
a Adjusted for age at diagnosis and sex 
bx ≠ DR4-DQ8 
cy ≠ DR3-DQ2 
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SUMMARY OF FINDINGS 

The main findings of the thesis are summarized below: 

1. Children with newly diagnosed type 1 diabetes were more likely to have an affected father 

than a mother or a sibling with type 1 diabetes. Children with an affected father, moreover, 

seemed to have signs of a poorer clinical condition as they suffered more often from 

ketoacidosis and had higher weight loss at diagnosis compared to children with an affected 

mother. Children with familial disease, especially those with a father with type 1 diabetes, 

carried the DR4-DQ8 risk haplotype more often than children with sporadic disease. 

 

2. The disease transmission from affected fathers to their sons and daughters was similar while 

affected mothers transmitted their disease more often to their daughters. In order to explain 

this different transmission to sons depending on the affected parent, the prevalence of 

predisposing and protective HLA risk genes was compared in boys with a father with type 1 

diabetes and in boys with an affected mother, but no differences were observed. 

 

3. The increased male-female ratio of affected parents was observed if the parent was diagnosed 

with type 1 diabetes before the birth of the index child compared to an even distribution of 

fathers and mothers if diagnosed after the birth of the index child. 

 

4. At the time of type 1 diabetes diagnosis of the index child, fathers and grandfathers were more 

often affected by type 2 diabetes than mothers or grandmothers. 

 

5. Children with a family history of type 2 diabetes more frequently had characteristics typical 

of type 2 diabetes, such as older age at the diagnosis of type 1 diabetes, higher BMI z-scores 

and higher frequency of autoantibody negativity than those with no type 2 diabetes in the 

family. The frequency of these features was more common the closer the relation of the 

affected relative to the index child. 

 

6. Among the newly diagnosed children, boys were older than girls. After age adjustment, girls 

had higher weight loss and higher levels of beta-hydroxybutyrate and HbA1c as a sign of a 

more severe metabolic derangement and poorer glycemic control at the manifestation of type 

1 diabetes. Boys still had higher frequency of positivity for biochemical autoantibodies except 

for GADA, which were more common among girls. 

 

7. A clear minority of the youngest children (aged 0.5-4 years) were diagnosed in winter while 

among the older children, as well as in the whole study population, type 1 diabetes was most 

often diagnosed during fall and winter. 

 

8. Poorer metabolic decompensation was associated with the seasons with lower number of new 

type 1 diabetes diagnoses, i.e., more frequent ketoacidosis in spring and summer and higher 

weight loss in summer.  
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DISCUSSION 

Frequency of family history of type 1 and type 2 diabetes 

In this large cohort of children with newly diagnosed type 1 diabetes, familial disease was present in 

10.4% of the children, which is in accordance with previous reports from Finland and other countries 

(9–12%). As expected, fathers were more commonly affected by type 1 diabetes than mothers. To be 

precise, twice as many children with affected fathers were observed at diagnosis compared to children 

with affected mothers and almost three times the number when compared to those with affected 

siblings. The observed proportion of children with affected siblings (1.9%) was lower than that 

reported in most of the other studies reviewed (~4%) (174, 187–192). This may be partly explained 

by the methodological differences counting siblings in the studies, although exact information was 

not always available. We included only siblings affected at the time of diagnosis of the index child; 

siblings diagnosed later were not included. The proportion of affected siblings was based on the 

number of index children and not the number of known siblings. And finally, considering families 

with multiple FDRs, siblings in these families were only counted in the group of two or more affected 

FDRs, not in the group of affected siblings. In the Finnish DiMe study, categorization of the study 

groups was comparable to the setting in the current study and the observed frequency of affected 

siblings was also relatively low (2.6%) (186). Some weight must also be given to the decreased birth 

rate and reduced family size in the recent decade in Finland. 

Only 2% of the index cases reported a positive family history of type 2 diabetes in the immediate 

family members, while a substantially higher proportion (36%) was observed in grandparents. These 

figures are in line with those reported previously in the literature. There is some geographical 

variation in the frequency of type 2 diabetes in FDRs, as 1.7% in Sweden (174), 2.9% in Italy (181), 

and as much as 13% in Serbia (177) was reported. Another explanation for these varying frequencies 

might be a disparate age distribution of the parents in these study populations, as age is one of the 

most important risk factor for type 2 diabetes. Parental age was not reported in these studies, however. 

The comparable numbers for grandparents with type 2 diabetes were more even: 32%, 27%, and 34%, 

respectively. Fathers and grandfathers were more commonly affected than mothers and 

grandmothers. This has been seen in the studies performed at the diagnosis of the index case (175, 

177, 220) but not in the follow-up studies (180, 225, 226). In general, type 2 diabetes is more common 

and diagnosed at a younger age in men than in women, which is in concordance with our results 

(291).  

 

Sex differences in the transmission of type 1 diabetes from a parent to an offspring 

We found that children with an affected mother with type 1 diabetes were more often the first born 

in the family compared to sporadic cases. In an earlier Finnish study, the risk of type 1 diabetes was 

higher in the last born child, especially if a mother was affected, which is completely opposite to the 

current results (186). There is conflicting data about the influence of maternal age at delivery on the 

type 1 diabetes risk in offspring: a positive correlation (206), an inverse correlation (207), and no 

correlation (186) have all been reported. It would be interesting to consider maternal age at delivery 

of offspring later affected by type 1 diabetes and compare the age of mothers with and without type 
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1 diabetes to see if there is a difference in the maternal age in children with sporadic disease and those 

with an affected mother.  

As we observed the frequency of boys with a father with type 1 diabetes to be higher than that with 

an affected mother, we searched for differences in HLA susceptible/protective genes between these 

two groups. However, we failed to show any association with the HLA genetics. This points towards 

non-HLA genes, epigenetic mechanisms or environmental factors possibly being behind the 

preferential disease transmission from an affected mother to a female offspring. There is no 

confirmation of our results in the literature. Most earlier studies report no sex-related differences in 

the disease transmission (184, 190, 192, 196, 203). The DiMe study reported that if the affected parent 

and the offspring shared the same sex, sons were at higher risk of type 1 diabetes compared to 

daughters, whereas if they were the opposite sex, higher risk was seen in daughters (181). This points 

to preferential disease transmission from an affected father to the offspring. In an international 

multicenter study, fathers transmitted the disease more commonly to their daughters than to their 

sons, whereas no similar pattern was seen in affected mothers (178). 

In study II, a notable male bias was observed among the affected parents with type 1 diabetes if 

diagnosed before the birth of the index child. In contrast, the frequencies of affected fathers and 

mothers were equal if the parents were diagnosed after the birth of the index child. Comparable 

findings have been observed in a Danish study, although with a relatively small number of affected 

parents (202). These results support the validity of the hypothesis, first proposed by Warram et al., of 

a protective in utero environment in mothers with type 1 diabetes. Exposure to maternal diabetes and 

the use of exogenous insulin may induce immunological tolerance to insulin, as insulin is transferred 

to the fetus through the placenta in the form of insulin-insulin antibody complexes (203).  

 

Characteristics of type 1 diabetes associated with family history of type 1 and type 2 diabetes  

In accordance with previous studies, no difference was found in age at diagnosis between familial 

and sporadic cases in study II (181, 189, 190, 192, 196). A few studies have reported lower age at 

diagnosis in cases where a parent is affected by type 1 diabetes compared to sporadic cases (183, 188, 

219). We observed an age difference when comparing children with a positive history of parental 

disease to children with an affected sibling similarly to Dahlquist et al . (192). This, however, is not 

seen in all studies (195). Higher age at diagnosis observed in children with an affected sibling is well 

in line with the finding that later born children are older at disease manifestation (179, 193, 194, 196). 

Age at diagnosis of type 1 diabetes is considered a significant determinant of morbidity and mortality. 

Lower age at diagnosis has been associated with increased risk of all-cause mortality and 

cardiovascular outcomes (2). Accordingly, the identification of young patients with a parent affected 

by type 1 diabetes, the use of effective interventions to improve glycemic control, as well as 

encouraging the families to adapt a healthy lifestyle would be important. 

The less severe clinical and metabolic condition at diagnosis in familial vs. sporadic cases reported 

in numerous studies (190, 191, 194, 195, 218, 219) was confirmed in the current study. We postulated 

seeing a more severe disease at diagnosis in the offspring of affected fathers compared to the offspring 

of affected mothers, and actually, greater weight loss and higher rate of ketoacidosis was observed in 

children with affected fathers. We are, to our knowledge, the first to report the association between 
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paternal type 1 diabetes and a more pronounced metabolic decompensation at diagnosis in offspring. 

The social status of the families in addition to environmental or lifestyle factors may affect the disease 

presentation of the child, but this data was not available from the FPDR. Whether the child is living 

in an intact family or with a single parent, often the mother, may influence the recognition of diabetes-

related symptoms prior to diagnosis. Mothers may still be the primary caregivers, being more aware 

of their children’s health issues and providing information to the clinicians, which might explain the 

longer duration of symptoms observed if the father was affected by type 1 diabetes compared to other 

familial subgroups. The lower HbA1c values observed in children whose parents were diagnosed 

before these children were born could be explained by the longer history and experience of the disease 

in the family to recognize symptoms at an early stage. There were no differences in the other 

metabolic values, possibly due to the limited number of patients in these analyses.  

Higher IAA positivity in familial compared to sporadic cases was the only sign of a stronger immune  

response in familial diabetes. Unexpectedly, the frequency of totally autoantibody-negative subjects 

was higher in the familial group, and particularly if multiple FDRs were affected. Lebenthal et al. 

reported similar results concerning IAA but in contrast to our results, they found signs of a stronger 

autoimmunity, i.e., three positive autoantibodies, more commonly in familial compared to sporadic 

cases. Although our results from the autoantibody analysis did not support the theory of a more 

aggressive autoimmunity in children with paternal history of type 1 diabetes, the results from the 

prospective studies following at-risk individuals, such as BABYDIAB, TRIGR, and TEDDY, are 

more supportive of that idea. Healthy children with an affected father vs. an affected mother have 

tested positive more often for diabetes-related autoantibodies (221) and for multiple autoantibodies 

(222, 224). Moreover, early autoantibody seroconversion (223) as well as IAA- and GADA-first 

autoimmunity (40) have been more common if there is an affected father as opposed to an affected 

mother. It has been suggested that the presence of type 1 diabetes in an FDR is associated with beta 

cell autoimmunity rather than progression to type 1 diabetes (50). The progression rate has, however, 

been more rapid in individuals with familial disease, without any differences observed in progression 

rates according to who in the family is affected. 

In accordance with previous studies (190, 195, 217), we observed that children with familial type 1 

diabetes carry the HLA risk haplotype DR4-DQ8 more often than children with no type 1 diabetes in 

the family, although not all previous studies agree (191, 218, 219). More precisely, this was restricted 

to children with a father with type 1 diabetes compared to sporadic cases and not seen in the 

prevalence of the other risk haplotype DR3-DQ2. In contrast, the proportion of genotypes not 

including either of these major risk haplotypes was lower among children with familial disease, as 

also observed in a previous Finnish study (195). In light of this and previous studies (210, 217), one 

might suggest that fathers with type 1 diabetes preferentially transfer certain HLA risk alleles, e.g., 

DR4, to their offspring. However, conclusions based on these results should be made cautiously as 

studies comparing HLA genotypes in different family subgroups are sparse and those carried out have 

included a low number of patients.  

In study III, we found a positive family history of type 2 diabetes to be associated with older age at 

diagnosis in children with type 1 diabetes, and this association was strongest if the affected relative 

was in the immediate family. There might be a possibility for bias in the cross-sectional setting of our 

study, as older patients generally have older relatives and older age independently increases the 
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probability of type 2 diabetes. However, the finding has been confirmed in several former studies 

including children and adults (174, 229, 232–234) with one exception of a previous Finnish survey 

reporting older age at onset only in adults with relatives with type 2 diabetes but not in those aged 14 

years or younger (216). Moreover, Holstein et al. found that older age was associated only with a 

history of maternal type 2 diabetes but not with a history of paternal type 2 diabetes (292). 

Children with a family history of type 2 diabetes were heavier based on higher BMI z-scores. This is 

logical, as obesity is one of the main risk factors for type 2 diabetes and genetic and lifestyle-based 

factors cluster in families. Some studies with both adult and pediatric populations concur with this 

finding (226, 229) but others disagree (232, 234). Overall, studies concerning the autoantibody profile 

associated with a family history of type 2 diabetes are sparse. We were the first to report negativity 

for all diabetes-associated autoantibodies to be more common in children with type 2 diabetes in the 

immediate family. GADA and IA-2A were tested in the DCCT but no differences were observed in 

relation to the presence of a positive family history of type 2 diabetes (230). An excess of 

autoantibody-negative patients fits well with the suggested mixed phenotype of diabetes associated 

with a positive family history of type 2 diabetes. In studies with longer follow-up of patients with 

type 1 diabetes, markers of metabolic syndrome and insulin resistance have been related to a positive 

family history of type 2 diabetes (226, 227, 229, 230, 233, 234). Furthermore, patients with type 1 

diabetes have experienced a clinical remission more often if they have a relative affected by type 2 

diabetes (235). Accordingly, some patients might have milder autoimmunity than that usually 

required in the development of type 1 diabetes and instead, carry factors related to insulin resistance 

and type 2 diabetes accelerating the disease process. These patients more often carry the TCF7L2 

gene variant predisposing to type 2 diabetes (246) and are overweight more often than patients with 

multiple autoantibodies as a marker of a more severe autoimmune process (293). Regardless of the 

less aggressive autoimmunity suggested in children with a family history of type 2 diabetes, we found 

indistinguishable clinical and metabolic characteristics between children with and children without 

type 2 diabetes in family. Importantly, the subset of children with milder autoimmunity may be as 

prone to potentially life-threatening metabolic decompensation at diagnosis and require as rapid initial 

treatment as the children with a classical severe autoimmune disease. Larger studies in pediatric 

population are needed to confirm these conclusions, however. In the TrialNet study, the presence of 

the TCF7L2 gene variant in patients affected by type 1 diabetes was associated with both a milder 

metabolic phenotype and milder autoimmunity but only among adolescents and adult patients (246). 

We observed differences in the HLA genetics associated with the family history of type 2 diabetes to 

be sparse, which is consistent with previous studies (226, 232). A study by Rich et al reported HLA-

DR4 to be more commonly transmitted to the offspring if a parent was affected by type 2 diabetes 

(240). In contrast, we observed a tendency for more protective HLA genotypes in children with type 

2 diabetes in an FDR. HLA genes may play a secondary role in the pathogenesis of diabetes with 

mixed characteristics of type 1 and type 2 diabetes. Very likely, these patients could carry genetic 

factors related to type 2 diabetes and some elements associated with both type 1 and type 2 diabetes. 

As observed in the DCCT, a positive family history of type 2 diabetes in patients with type 1 diabetes 

is associated with excess weight gain, if treated intensively. Moreover, despite the improved glycemic 

control, these patients had poorer lipid profile and more severe insulin resistance. With conventional 

therapy, the frequency of weight gained was similar in those with vs. without a family history of type 
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2 diabetes. Therefore, type 1 diabetes patients with a family history of type 2 diabetes undergoing 

intensive therapy may be at increased long-term risk of macrovascular complications. (230) For 

clinical practice, a precise diagnosis is important for targeting optimal treatment and screening for 

metabolic abnormalities and possible long-term outcomes. Diabetes classification might increasingly 

be a challenge as increased public and physician awareness of diabetes has resulted in earlier 

diagnosis of type 1 diabetes prior to the development of ketosis, combined with an increasing 

prevalence of overweight and obesity in children. 

It is possible that children with familial type 1 diabetes and no detectable autoantibodies actually have 

monogenic diabetes, and likewise, the autoantibody-negative children with a family history of type 2 

diabetes might have type 2 diabetes instead of type 1 diabetes. We, however, suggest the number of 

such patients to be small. The presence of monogenic diabetes is currently analyzed in the FPDR 

population, as more than 40 genes potentially associated with monogenic diabetes will be analyzed 

in all autoantibody-negative patients and in those with low ICA titers only. In study III, it was 

confirmed that the autoantibody-negative children with a family history of type 2 diabetes carried 

none of these genes. Moreover, children diagnosed at extremely young age (<6 months) were 

excluded from the current study. Type 2 diabetes in children is still rare in Finland and children 

diagnosed with diabetes in Finland go through a careful diagnostic procedure, which increases the 

accuracy of the diabetes diagnosis. In addition, we cannot exclude the possibility of inverse 

seroconversion of autoantibodies before the diagnosis of the disease, as the FPDR does not include 

samples from the prediabetic period. Some risk individuals with a positive family history of type 1 

diabetes may develop autoantibodies earlier in the disease process but turn negative due to the 

aggressive beta cell destruction before diagnosis. On the other hand, retesting patients, who were 

observed to be autoantibody-negative at the manifestation of type 1 diabetes for GADA, IA-2A, and 

ZnT8A, have reduced the number of autoantibody-negative patients by half (294). One may also 

speculate the rare possibility of having autoantibodies to a thus far uncharacterized antigen. In case 

of autoantibody negativity at diagnosis, patients should be carefully monitored and tested for 

autoantibodies, e.g., after a disease duration of one year, to minimize the risk of misclassification of 

the diabetes type. 

 

Characteristics of type 1 diabetes at diagnosis in relation to sex 

An obvious male preponderance was observed in our cohort as usual in high-incidence countries 

worldwide. In addition, boys were diagnosed at an older age. Since poorer metabolic control has been 

observed in follow-up studies among female patients with type 1 diabetes, we hypothesized seeing a 

more severe metabolic detorientation in girls at the diagnosis of type 1 diabetes in girls. Girls did 

present with greater weight loss at diagnosis, in addition to higher beta-hydroxybutyrate 

concentration. We observed, however, no differences in the rate of diabetic ketoacidosis or impaired 

consciousness between the sexes in line with previous studies (265–267). A recent international 

survey reported, however, that the overall proportion of girls with ketoacidosis at diagnosis was 

slightly higher compared to that of boys (264). 

In line with previous reports (92, 253, 255–257), we noticed higher HbA1c values in girls compared 

to boys. The poor glycemic control may be persistent (92, 253, 258). This has been twice as likely in 



 Discussion 

81 

 

girls as in boys with type 1 diabetes (260) and may explain the higher need for exogenous insulin in 

female patients. Unexpectedly, higher plasma glucose concentrations were observed in boys. The 

statistically significant difference might, however, not be clinically relevant, as the difference was 

very small. The maximum plasma glucose level at diagnosis has also been observed to be higher in 

males in a Swedish study including adolescent and adult patients (250).  

Similarly to Åkesson et al. (253), we observed a delay in the clinical diagnosis among girls based on 

the duration of classical symptoms related to type 1 diabetes. This may partly explain our finding of 

poorer metabolic values, e.g., higher weight loss and higher mean HbA1c, observed in girls at 

diagnosis. Girls may not experience weight loss as unfavorably as boys, and therefore dismiss the 

early symptoms leading to a delay in the diagnosis and a more severe metabolic decompensation. 

Longer duration of symptoms prior to diagnosis has been related to a short duration or absence of 

clinical remission (295, 296). Male patients have been more likely to enter partial clinical remission 

(297–299), and the remission duration has been longer in males, as well (295, 297). Significant 

differences in the development of partial remission have been reported both in adult (295) and 

pediatric patients with type 1 diabetes (297–299), although not all studies agree (296). This goes well 

with the theory of a more aggressive disease process in girls and might reflect a less aggressive 

autoimmunity and a better recovery of beta cells in boys. Although fasting C-peptide concentrations 

have been lower in male patients at diagnosis of type 1 diabetes (102, 103, 268, 300), the initial rate 

of the increase in C-peptide concentrations after diagnosis was observed to be more pronounced in 

males than in females (300). Decreased insulin sensitivity just before and at puberty have been 

proposed to explain the increased C-peptide production in girls (103, 269). Since the FPDR does not 

provide follow-up data, it was not possible to explore the proportion of remitters/non-remitters among 

boys and girls. Furthermore, information on C-peptide levels could have been an interesting addition 

to our results, but unfortunately this data was not collected from the participants. 

We found no difference in the BMI z-scores between sexes. Previous studies have reported similar 

findings (301), and girls have been observed to be even lighter at diagnosis of type 1 diabetes 

compared to boys (253, 302). However, contrasting results have been shown in follow-up studies 

during the later phase of the disease (253, 301, 303). In the TrialNet study, higher BMI has been 

associated with higher risk of type 1 diabetes, but an increased risk was observed at lower cumulative 

excess BMI values in females than in males (263). Consequently, it has been suggested that girls are 

more sensitive to the influence of an increased BMI (263, 303). 

After age adjustment, we observed girls to be pubertal more often than boys. Sex differences in 

hormonal factors during puberty might thus afford an explanation of poorer metabolic control 

observed in girls in our results. Overall, pubertal girls have been more insulin resistant than boys, 

irrespective of the presence of type 1 diabetes or not (269, 272). However, as the majority of the 

patients are diagnosed before puberty (83% in the current study), hormonal factors alone are hardly 

responsible for the difference observed in glycemic control. Poorer glycemic control and elevated 

insulin doses have been observed, especially in female adolescents with type 1 diabetes (251–253, 

257), but also among prepubertal girls compared to boys of similar age (254). Thus, the difference in 

insulin sensitivity between sexes may exist at any age. 

Our results from the autoantibody analyses were more inconsistent. We found a higher positivity for 

IAA, IA-2A, and ZnT8A in boys after adjustment for age at diagnosis. In contrast to the close relation 
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observed between IAA (25, 31, 39, 47) and IA-2A (57, 63, 288) and the high-risk HLA haplotype 

DR4-DQ8, it was interesting to see that a higher prevalence of DR4-DQ8 homozygosity as well as a 

similar tendency for heterozygosity existed in girls in our population. In addition, IAA is associated 

with young age (31). Sex differences in IAA prevalence at diagnosis has only been reported 

previously in certain age groups: a higher rate of positivity among young girls compared to young 

boys (281) as well as higher positivity in males than in females in early adulthood (282). Moreover, 

previous studies have failed to show any sex-related differences in the frequency of IA-2A (47, 279, 

288) or ZnT8A (70, 283). We are, accordingly, the first to report significant age-related differences 

in the frequencies IAA, IA-2A, and ZnT8A between sexes. The association of GADA with female 

sex has been observed consistently (47, 256, 279, 280), and our observations of a higher rate of 

positivity for GADA as well as higher GADA levels in girls compared to boys confirmed that.  

Although we found equal proportions of ICA positivity between the sexes, ICA titers were higher in 

girls than boys. Previous observations are inconsistent, as ICA positivity has observed to be similar 

between sexes (256), to be more pronounced in males (281) or in females (47). 

We did not observe any differences in the number of positive autoantibody responses between sexes 

in the current study. In the study by Graham et al., autoantibody negativity was more frequent in 

males than in females at diagnosis of type 1 diabetes (47). Moreover, girls tested positive more often 

for multiple autoantibodies in an earlier Finnish study by Sabbah et al. (280). Later on, that study 

group reported that individuals with three or more positive autoantibodies at diagnosis of type 1 

diabetes had more reduced beta cell function and higher requirement for exogenous insulin during 

the second year after diagnosis (279). Similarly, another study reported a nine-fold elevated risk of 

non-remission if having four positive autoantibodies detected (298). According to a recent publication 

from the TEDDY study, some evidence exists of female sex being a risk factor, not only for a poorer 

clinical condition, but also for a more aggressive disease progression from multiple autoantibody 

positivity to clinical disease (50). As there is quite a lot of variation in the frequencies and levels of 

different autoantibodies predominating in boys and girls, it is challenging to define the aggressiveness 

of beta cell autoimmunity at diagnosis. In light of previous studies, our findings may allow us to 

assume that a more severe metabolic decompensation at disease diagnosis might be associated with 

a reduced capacity of beta cell function and poorer glycemic control during follow-up. 

 

Seasonal timing of type 1 diabetes diagnosis 

In study IV, slightly higher prevalence of new type 1 diabetes diagnosis was observed in the cold 

seasons of fall and winter (52.9%), which is in line with a report from Sweden (~53%) (92). Overall, 

comparison of these frequencies with the previous reports is challenging because of a variability in 

the study design and methods used. We did not observe any sex bias in the seasonality of type 1 

diabetes diagnosis and other studies have concluded the same (91, 95, 98). A more pronounced 

seasonality observed in male patients in some studies (14, 94, 102) might more likely reflect a stronger 

statistical power, as in general, the disease incidence is higher in males compared to females. 

Significant seasonality was observed in the group of older children (aged 5–14 years) but not in the 

group of younger children (aged 0.5–4 years). A similar trend was reported by Weets et al., although 

they compared children aged <10 and ≥10 years (102). In the current study, a clear difference existed 
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in the seasonal pattern when compared the age groups with each other: While the disease presentation 

in the older children followed the pattern seen in the whole study population with a peak in new 

diagnoses from fall to winter, we observed a single peak in diagnosis in fall and a nadir in winter 

among the youngest children. This could reflect disparate environmental factors contributing to the 

disease progression at different ages. Early-life infections have been associated with type 1 diabetes 

progression (108). Moreover, the strongest link between seasonal pathogens and type 1 diabetes 

progression has been observed for certain enteroviruses, i.e., CVBs (123). Enterovirus infections are 

common in early childhood, and in Finland, more than 80% of infections occur between August and 

December (304). This may explain the single-peak pattern in fall followed by a conspicuous drop in 

winter among younger children. Samuelsson et al. found that the seasonal patterns of type 1 diabetes 

diagnosis differed in children with and without an infection up to three months prior to diagnosis 

(101). However, the pattern among children with a previous infection observed in that study with 

more cases diagnosed in winter and early spring does not coincide with the seasonal pattern observed 

in the younger children in the current study. One may also speculate on the role of vitamin D in 

explaining the difference found in the frequency of new diagnosis in winter among older and younger 

children. In Finland the amount of sunlight is decreased in winter, and serum 25(OH)D concentrations 

have been observed to be lower in Finnish children during that time compared to the summer months 

(153). Moreover, decreased 25(OH)D concentrations have been associated with positivity for 

multiple diabetes-related autoantibodies. Parents might control the vitamin D intake in younger 

children more closely, while older children may take care of the vitamin intake themselves, most 

likely leading to poor compliance. Families also contact professionals in the child health clinic more 

frequently during early childhood. The theory of two different endotypes of type 1 diabetes in younger 

and older children is encouraged by the decreased incidence rate of type 1 diabetes only among 

youngest children (18, 21). In light of these observations and our results, environmental factors 

triggering type 1 diabetes in early life may have changed over time and differ from the factors 

affecting type 1 diabetes later in life. The search for different environmental factors triggering the 

disease in children of different age should be intensified to facilitate potential prevention of type 1 

diabetes. 

Our theory was that more severe clinical characteristics would be seen in seasons with a higher 

number of new cases. In contrast to that, children diagnosed in spring or summer presented more 

often with diabetic ketoacidosis, and higher weight loss was observed if diagnosed in the summer. 

Hanberger et al. reported that HbA1c reached its highest levels in late spring and summer in parallel 

with the lower number of new cases (92). An explanation for these results could be a higher risk of 

dehydration in the seasons with higher temperature or a potential delay of diagnosis and initial 

treatment during summer holidays. Furthermore, the availability of health services is poorer in the 

summer. The consequences of the reduced medical services have also been seen during the COVID-

19 pandemic as an increased frequency of diabetic ketoacidosis has been observed in children with 

newly diagnosed type 1 diabetes (305). Possibly, underlying causes are multifactorial but may partly 

reflect parental concerns regarding contacts with the health care system during the pandemic. 

Interestingly, a few studies have reported higher C-peptide levels in seasons with higher incidence of 

type 1 diabetes (102, 103), indicating variability in the capacity of functional beta cells by season. 

Again, children with higher C-peptide concentrations have presented less often with severe diabetes-

related symptoms and weight loss (103). This may therefore offer an explanation for our results of a 
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less severe clinical condition in fall and in winter. However, higher C-peptide levels might allow us 

to expect milder autoimmunity at diagnosis and we were not able to show such results in the 

autoantibody analyses. Moreover, we were not able to analyze C-peptide concentrations in the current 

study. We observed higher titers in ICA among children diagnosed in fall. Similarly, IA-2A 

frequencies at diagnosis peaked in fall in a small Slovakian study (306), but there are no observations 

on seasonal variation in the frequency of IAA (306) or GADA (306, 307). Results concerning 

seasonality in the autoantibody profile at diagnosis are sparse and inconsistent. In a Belgian cohort, 

seasonality of type 1 diabetes diagnosis was restricted to older males who tested negative for the HLA 

DR3/DR4 genotype. It was suggested that the disease process in older males could be accelerated by 

seasonal factors more strongly than in females or in younger patients. No seasonal differences in the 

HLA genetics were observed in the current study. 

 

Strengths and limitations 

This observational study is based on a large cohort of almost 5000 children and adolescents diagnosed 

with type 1 diabetes in the country with the highest incidence of the disease globally. The high 

coverage of the FPDR makes it possible to explore characteristics at the time of diagnosis among 

more than 90% of all children diagnosed with type 1 diabetes in Finland. Unfortunately, the coverage 

of the Sample Repository is lower (~70%), and as we also wanted to compare HLA genetics and 

diabetes-related autoantibodies, we were forced to include only children who have donated samples 

to the Sample Repository. This might lead to selection bias and to control for that, we compared the 

study subjects with the excluded subjects not participating in the Sample Repository. Indeed, the 

excluded subjects were younger and seemed to present with a more severe metabolic decompensation 

at diagnosis compared to the included subjects. Therefore, poorer sample availability might be partly 

explained by younger age and poorer clinical condition at diagnosis. The rate of ketoacidosis (18%) 

in addition to the frequency of impaired consciousness (5.4%) observed in our cohort were relatively 

low, possibly partly due to this exclusion of subjects, but it was close to the reported frequency of 

19.4% in an earlier Finnish study (285). The overall mean prevalence of diabetic ketoacidosis at the 

diagnosis of type 1 diabetes was close to 30% in a large international collaboration in children aged 

six months to 14.9 years. A considerable variation in the frequency of ketoacidosis was, however, 

observed between countries, and the highest frequency observed in children under the age of five 

(264). In the Finnish study, in contrast, the oldest age group (10–14.9 years) had the highest frequency 

of diabetic ketoacidosis (285). Nevertheless, systematic bias in comparing boys and girls, familial 

and sporadic cases as well as different diagnosis seasons with each other seems unlikely, because we 

observed no differences in the sex ratio, the proportion of familial type 1 diabetes or in the seasonal 

timing of the disease onset between included and excluded subjects. 

There were gaps for some variables in the information provided from the pediatric units. For example, 

information on the pubertal status at diagnosis was missing in about a quarter of the study subjects. 

The precise pubertal stage might be more difficult to define compared to the prepubertal stage that is, 

to a certain extent, possible to assess based on the young age of the child. This may lead to an 

overestimation of the proportion of prepubertal subjects in our cohort.     
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Regarding the family history of type 1 or type 2 diabetes, some misclassification is possible as we 

relied on the self-reported information of the participating families. To ascertain the accuracy of the 

diagnoses reported in the affected family members, we should have had to use the patient records. 

However, this would have been challenging and too laborious. The questionnaire-based data 

collection is vulnerable to both over- and underreporting of the family history of diabetes. As the 

families who gave no information on their disease history were counted as having no diabetes in the 

family, an underestimation may be more likely in this study. As the information on the family history 

comprised FDRs (type 1 and 2 diabetes) and grandparents (type 2 diabetes), we assume the risk of 

bias to be smaller than if the parental siblings or TDRs had also been included. Some sort of limitation 

is the lack of control group of nondiabetic Finnish children, and due to that, we were not able to 

compare the prevalence of diabetes in the family in children with and without type 1 diabetes. 

The cross-sectional setting of the FPDR is limited to the time of type 1 diabetes diagnosis with no 

systematic follow-up of the children. Consequently, no follow-up data is available for detecting 

relatives affected by type 1 or type 2 diabetes after the diagnosis of the index child. We observed in 

this study a relatively low frequency of affected siblings with type 1 diabetes compared to previous 

studies. Studies including follow-up data might lead to a higher proportion of family members with 

diabetes, providing stronger statistical power to detect differences in the comparative analyses. 

Moreover, due to the cross-sectional setting, we did not have information on the preclinical stage of 

the disease, such as development of autoimmunity. It would be interesting to find out the relationship 

between the more severe disease characteristics at diagnosis observed in certain groups of cases in 

this study to a long-term glycemic control and later prevalence of diabetes-related acute and long-

term complications. Prospective studies are required to validate the existence of these kinds of 

associations.  
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CONCLUSIONS 

1. Given the higher susceptibility of affected fathers to transfer type 1 diabetes to their 

offspring than affected mothers in addition to higher rate of diabetic ketoacidosis and higher 

weight loss at diagnosis observed in offspring of affected fathers, paternal type 1 diabetes 

seems to be associated with a more severe disease phenotype. Both genetic and 

environmental factors may explain this phenomenon. Children with familial type 1 diabetes, 

and especially those with an affected father, carry the HLA-DR4-DQ8 haplotype more 

frequently than sporadic cases. In addition, due to the male-female bias observed only 

among the affected parents diagnosed before the birth of the index child, this finding 

provides evidence of a protective effect of maternal type 1 diabetes and insulin treatment 

during pregnancy. 

 

2. Only 2% of Finnish children with newly diagnosed type 1 diabetes have a positive family 

history of type 2 diabetes in their immediate family. The proportion increases up to 36% 

when including grandparents. Fathers and grandfathers are more commonly affected than 

mothers and grandmothers. A mixed phenotype including features of both type 1 and type 2 

diabetes is seen in type 1 diabetic children with relatives affected by type 2 diabetes: these 

children are older at disease presentation, have higher BMI z-scores and more often test 

negative for all autoantibodies. This emphasizes the heterogeneity of diabetes, and in a 

subset of children with type 1 diabetes, pathogenic factors related to type 2 diabetes might 

be involved in the disease development. 

 

3. Boys are overrepresented (56.6%) among children diagnosed with type 1 diabetes and 

registered in the FPDR between 2003 and 2016. At clinical diagnosis, boys are older 

compared to girls. Independent of the age at diagnosis, girls have signs of a more severe 

metabolic derangement at diagnosis and this might be associated with later poorer glycemic 

control accelerating beta cell destruction. The immunological aggressiveness at disease 

manifestation is, however, more variable as boys still test positive more often for three out 

of four biochemical autoantibodies analyzed while the frequency of GADA positivity and 

ICA titers are higher in girls. 

 

4. Finnish children are diagnosed with type 1 diabetes more often in the cold seasons of fall or 

winter (53%), with the highest proportion of children diagnosed in January and the lowest 

proportion in May. It seems that seasonality of the disease manifestation in the youngest 

children (<5 years of age) diverge from that among the older children as the former are more 

unlikely to be diagnosed in winter. This indicates that different environmental factors may 

contribute to the disease development at different ages. Signs of a poorer clinical condition 

seem to be associated with seasons with lower number of newly diagnosed cases. There is, 

however, a lack of a clear link between metabolic status, diabetes-associated autoimmunity, 

and seasonality. 
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In summary, our results emphasize heterogeneity in the disease etiology and pathogenesis. We 

observed some factors, such as female sex and paternal history of type 1 diabetes, to be related to a 

more adverse phenotype of type 1 diabetes in newly diagnosed Finnish children. These at-onset 

factors may predict subsequent disease course and risk of long-term complications. Future studies 

with prospective follow-up after the diagnosis are required to confirm these assumptions. A subset 

of children seems to have a mixed phenotype of factors related to both type 1 and type 2 diabetes 

already at the presentation of type 1 diabetes, and such subjects may need more individualized 

treatment and management of the disease. The observed difference in the seasonality of the disease 

presentation between younger and older children, together with the recent findings about a 

decreasing incidence rate of type 1 diabetes in young Finnish children, call for future studies to 

search for different environmental factors triggering the initiation and progression of the disease 

process, leading to overt type 1 diabetes at different ages. 
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