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Populärvetenskaplig sammanfattning 

Sverige har en hög insjuknandefrekvens av typ 1 diabetes. Även i 

övriga delen av världen ser man en ökning av sjukdomen. Sedan 

1977 har man i Sverige registrerat barn under 15 år som 

nyinsjuknat i typ 1 diabetes och man har sett en dubblering av 

antalet nya fall sedan registrets början. Det är känt sedan länge att 

en av de viktigaste riskfaktorerna för att utveckla sena 

komplikationer till diabetes, såsom njursvikt, är hur länge man har 

varit sjuk. Om insjuknandet sker tidigt i livet kan detta leda till att 

vi får unga patienter med allvarliga komplikationer. Det är därför 

viktigt att följa dessa patienter över tid för att se om risken 

förändras.  

I den första studien ville vi studera tidstendenser i hur många 

personer i Sverige som utvecklat dialyskrävande njursvikt (ESRD) 

oavsett njursjukdom samt jämföra de två diabetessjukdomarna och 

övriga orsaker till njursvikt. Vi ville också jämföra vid vilken ålder 

de utvecklade ESRD. I denna studie visste vi inte hur länge de varit 

sjuka i sin diabetes eller när de insjuknade i diabetes. I studie 2 

däremot ville vi titta närmare på de som utvecklat sin typ 1 diabetes 

när de var yngre. Hur såg deras risk för att utveckla njursvikt ut och 

hade risken ändrats över tid. Var det samma risk för båda könen? I 

denna studie var ålder när de insjuknande i typ 1 diabetes och hur 

länge de haft sjukdomen kända. I studie 3 studerade vi 

socioekonomiska faktorer på individ och föräldranivå och hur de 

påverkar risken att utveckla njursvikt. Vissa kända riskfaktorer för 

att utveckla ESRD kan inte påverkas, t.ex. kön och gener. En viktig 

riskfaktor som däremot kan påverkas är blodsockerkontrollen. Att 

sköta sin diabetes kräver en stor insats från patienten och det är 

dagligen flera övervägda beslut som ska fattas. Detta kräver en stor 

förförståelse kring sjukdomen från patienten men framförallt från 

föräldrarna till diabetesbarnen. Att vara socialt utsatt med dåligt 

skyddsnät och/eller ha en lägre utbildning ger en hög stress 

generellt men också kring att sköta sjukdomen. Sedan tidigare är 

det också känt att dessa sociala faktorer påverkar hälsa och 

dödlighet negativt på ett befolkningsplan. Målet med den fjärde 

studien var att titta på överlevnad hos patienter med ESRD på 
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grund av typ 1 diabetes och vad de dör av. Vi ville även analysera 

överlevnad i olika behandlingsalternativ och om val av behandling 

hade ändrats över tid.  

För att kunna göra dessa studier använde vi oss av ett antal 

nationella register. I första studien användes enbart Svenskt 

Njurregister. I de övriga studierna var det Svenska 

barndiabetesregistret basen. Detta, samt för studie 2 även 

Nationella diabetesregistret och DISS, kopplades till njurregistret 

för att hitta de individer som utvecklat ESRD. I studie 3 kopplades 

data till SCBs databas LISA för att få fram socioekonomiska 

uppgifter på patienter och föräldrar.  

Under den studerade tidsperioden har insjuknandet i ESRD legat på 

en stabil nivå i befolkningen samtidigt som den har sjunkit för 

ESRD orsakad av typ 1 diabetes. Detta trots att vi ser en ökning av 

typ 1 diabetes i befolkningen. Medelåldern vid debut av ESRD har 

dessutom ökat med mer än 3 år sedan mitten av 90-talet. Dessa 

förändringar ses inte för övriga patienter som fått ESRD och för typ 

2 diabetes ser man en ökning i antalet nya fall. I alla grupperna var 

det fler män som fått ESRD. 

Vi fann en fortsatt låg frekvens av nyinsjuknade i ESRD orsakad av 

typ 1 diabetes. Bland de som fått diabetes som barn eller unga 

vuxna (0-34 år) låg den på drygt 5 %, efter en maximal 

uppföljningstid på 38 år (median 23 år). Vi såg också en minskning 

i antal nyinsjuknande i ESRD i denna grupp över tid. Det fanns i 

vår studiepopulation ingen könsskillnad i risken att utveckla ESRD.  

Den enskilt starkaste socioekonomiska riskfaktorn för att utveckla 

ESRD var barnets/patientens egen utbildningsnivå. Om man inte 

gått ut gymnasiet var risken att få njursvikt mer än 5 gånger större 

än om man gått färdigt gymnasiet. När vi undersökte riskerna på 

föräldranivå såg vi att båda föräldrarnas, men särskilt mammans, 

högst uppnådda utbildning också var en stark faktor. Vad gällde om 

någon i familjen fått socialbidrag vid något tillfälle kunde vi se att 

även det hade en negativ påverkan på barnets risk att utveckla 

ESRD.  
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Färre patienter utvecklar ESRD på grund av typ 1 diabetes kunde vi 

se i de övriga studierna men hur går det sedan? Det verkar som om 

patienter som utvecklat ESRD under senare tid överlever längre i 

behandling än de som insjuknade på 90- och början av 2000-talet. 

Bäst överlevnad sågs hos de som blivit njurtransplanterade vilket 

drygt hälften av patienterna i studien blev.  

Slutsatsen är att i det stora hela är bilden positiv där färre patienter 

med typ 1 diabetes utvecklar terminal njursvikt. De utvecklar 

dessutom den senare i livet numera och lever längre med den. 

Större vikt behöver läggas på socioekonomiska faktorer vid 

omhändertagandet av dessa unga patienter och deras familjer. Trots 

ett väl utvecklat skyddsnät från samhället ser vi tydliga skillnader i 

risk beroende på hur förutsättningarna ser ut ekonomiskt och efter 

utbildningsnivå.   
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Abstract 

Background and aims: Sweden has a high incidence of type 1 

diabetes (T1D) and the incidence is increasing worldwide. The 

incidence is now twice as high as when the registration of 

childhood onset T1D in Sweden started in 1977. One of the major 

risk factors for developing late complications such as renal failure 

(ESRD) is duration of T1D. With a disease onset early in life this 

could lead to young patients with serious complications. It is 

therefore of interest to follow these patients to see how the risk for 

complications develops over time. In the first study, time trends in 

onset of ESRD due to diabetes (T1D and T2D) and other causes of 

kidney failure were studied as well as the age at onset of ESRD. To 

follow up on this, the aim of the second study was to analyse the 

cumulative incidence of ESRD and analyse possible time trends 

and gender differences in a younger diabetes population with 

known T1D duration. An earlier study had shown a low incidence 

of ESRD and now 8 more years of follow up could be added. 

Besides genetics, metabolic control is a factor with strong impact 

on the future risk of complications. The social environment of the 

child and adolescent with diabetes influence the understanding and 

management of the disease and hence the blood glucose control. 

Social vulnerability and/or low education imposes even more stress 

on the individual which could negatively influence disease 

management. The aim of the third study was therefore to study the 

impact of socio-economic status (SES) on the risk of developing 

ESRD in the young diabetes population. The aim of the fourth 

study was to analyse time trends in the treatment choices once the 

patients develop ESRD, the survival and cause of death in 

treatment and how it has developed over time. 

Study population: In all studies, data from the Swedish Renal 

Register (SRR) were used. The data on the T1D patients with onset 

before the age of 15, used in studies II-IV, came from the Swedish 

Childhood Diabetes Register (SCDR).  In study II we also retrieved 

data from the Swedish National Diabetes Register (NDR) and the 

Diabetes Incidence Study in Sweden (DISS). All registers have 

national coverage. The diabetes registers were linked to the SRR to 
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find the patients who had developed ESRD. In study III we used 

the linkage between the SCDR, the SRR and Longitudinal 

integration database for health insurance and labour market studies 

(LISA). 

Results: Even though the incidence of ESRD in Sweden remained 

stable, the incidence of ESRD due to T1D decreased over the 

studied years, 1995-2010. We did not see a concurrent change for 

T2D. The age when the T1D patients developed ESRD had 

increased by 3 years and this was not seen in patients with other 

causes of ESRD. For patients in the SCDR the increase in age at 

onset of ESRD was almost 6 years. The cumulative incidence of 

ERSD in Sweden due to T1D is still low, 5.6% at a maximum 

follow up of 38 years (median 23). The incidence of ESRD is 

decreasing when comparing onset of T1D in the 1970´s and 80´s to 

onset in the 90´s, even when adjusting for T1D duration. Once the 

patients had developed ESRD, the survival in renal replacement 

therapy (RRT) had also improved over the years. The longest 

survival was seen after receiving a kidney transplant which more 

than 50% of the patients do.  

When analysing social risk factors for development of ESRD we 

found that the educational level of both parents, but especially the 

mother´s, affected the child’s risk of developing ESRD. The 

strongest association of education however was seen in the T1D 

patients own education. There was also an increased risk of 

developing ESRD if any or both of the parents had received income 

support.  

Conclusion: The incidence of ESRD due to T1D is decreasing in 

Sweden and the age at onset of ESRD has increased by at least 3 

years. There was a significant decrease in development of ESRD 

over time. The patients have a longer survival once in RRT today 

and many of them are transplanted, further improving their 

survival. Growing up in families with a lower SES increases the 

risk of later developing ESRD, a finding worthy of recognition in 

the clinical setting.  
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Introduction 

History of diabetes 

Diabetes Mellitus is a disease mentioned as early as ancient times. 

The earliest known record is from 1552 BC, where an Egyptian 

physician named Hesy-Ra mentioned polyuria as a common 

symptom. A sweet taste of the urine in polyuric patients was also 

described from India in the medical script of Sushruta (600BC-

500AD). The curiosity to taste the urine came from the fact that it 

attracted ants and flies.  

The Greek physician Aretaeus of Cappadocia (120-180 AD) 

described the now well-known symptoms of polyuria, increased 

thirst and weight-loss very colourfully: 

“Diabetes is a dreadful affliction, nor very frequent among men, being a melting 

down of the flesh and limbs into urine. The patients never stop making water and 

the flow is incessant, like the opening of aqueducts. Life is short, excessive, and 

disproportionate to the large quantity of urine, for yet more urine is passed. One 

cannot stop them either from drinking or making water. If for a while they 

abstain from drinking, their mouths become parched and their bodies dry; their 

viscera seems scorched up, the patients are affected by nausea, restlessness and 

burning thirst, and within short time they expire”  

He was also the one who gave the first part of the disease name, 

Diabetes, from the Greek word for “passing through”. In the 17´th 

century the British physician Willis added the Latin word Mellitus 

meaning honey, referring to the sweet taste of the patients’ urine.  

The science of medicine developed fast in the 19th century. First, 

the Island of Langerhans was described in 1869 by Langerhan, a 

German medical student at the time, although their function was 

unclear. Lancereaux proposed the idea that the cause of diabetes 

could be found in the pancreas, an idea later confirmed when, in 

1889 von Mering and Minkowski found that performing a 

pancreatectomi in dogs caused the development of diabetes. 

Lancereaux also described two variants of the disease, diebéte 

maigre (lean subjects) and diabéte gras (obese). When performing 

an autopsy on a diabetic patient, Barron found that the islets of 
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Langerhans were damaged. In 1910 Sharpey-Shafer suggested that 

patients with diabetes were missing a substance produced in the 

pancreas, and proposed the name insulin from the Latin word 

Insula. In 1921 Paulesco in Rumania first isolated insulin. In 

Toronto, Banting, a surgeon and Best, a medical student, supported 

by professor McLeod and the biochemist Collip were the first to 

isolate insulin and show that injecting the preparation gave the 

expected effect of lowering blood glucose levels in a diabetic dog. 

The first human injection of insulin was given on January 11th 

1922, to a young boy, L. Thompson, 14 years of age. Banting and 

McLeod was given the Nobel Prize for their discovery in 1923. 

Since 1923 insulin has been commercially produced. The technical 

advances in insulin production, insulin delivery systems and at 

home devices for control of blood glucose have improved 

substantially over the years. 

Diagnosis and definition of type 1 Diabetes 

WHO classifies diabetes as a chronic, metabolic disease 

characterized by elevated levels of blood glucose (or blood sugar), 

which over time leads to serious damage to the heart, blood vessels, 

eyes, kidneys, and nerves. Type 1 diabetes (T1D) is defined by the 

presence of markers of autoimmune destruction of the -cell.  

The diagnosis is easily suspected when the patient presents with the 

symptoms of rapid weight loss, polyuria and increased thirst. 

Normally the period of suspicion is short, only a few weeks of 

increasing distress. The first presentation can however be more 

dramatic in the form of ketoacidosis, a dangerous condition which, 

if not correctly suspected and treated, could lead to death. The 

rapid onset is more common in children and adolescence. The latest 

revision from ADA and WHO on the diagnostic criteria of diabetes 

states that a person with symptoms and a random venous plasma 

glucose level ≥11.1 mmol/l or a fasting plasma glucose of ≥7.0 

mmol/l is considered as having diabetes. If these criteria are not 

met, an OGTT with a 2 hour glucose of ≥11.1 is also considered 

diagnostic (1, 2).  
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Type 1 diabetes aetiology 

The aetiology of T1D is multifactorial with both environmental and 

genetic factors contributing to the development of the disease. The 

cause of the elevated glucose level in T1D is a reduced and 

eventually ceased production of insulin due to a T-cell driven 

destruction of insulin producing -cells in the pancreatic islets (3). 

Up to 90 % of patients with type 1 diabetes are positive for one or 

more autoantibodies (4).  

A strong association to T1D has been found in the human 

leukocyte antigen (HLA) locus, in particular the HLA DR3-DQ2 

and DR4-DQ8. Combination of alleles at these loci of interest 

determines if the risk is high or low for developing T1D (5) and 

confers most of the genetic risk by affecting antigen presentation to 

T-cells (6, 7). Less than 10% of genetically susceptible individuals 

progress to clinical disease however. The concordance rate for 

developing T1D in monozygotic twins is only 13-30 % (8, 9).   

This suggests that T1D incidence can´t be explained by genetics 

alone (10, 11). Migration studies have shown that moving from an 

area with a low incidence of T1D to a high incidence area increases 

the individual risk of developing T1D (12). Studies on 

environmental factors are plenty and not always conclusive. The 

autoimmune process starts long before clinical appearance of T1D 

and that could obscure the picture. The age at onset of T1D varies 

and the vulnerable time span for different environmental risk 

factors might variate. Several viruses have shown an association 

with the development of T1D but none of them are disease specific 

and must therefore be considered as one step in the pathway to 

developing T1D (13-15). Weak associations to dietary factors such 

as early introduction to cow´s milk, cereals and low vitamin D 

supplementation have been reported (3, 11, 16). There is a clear 

north-south gradient in incidence of autoimmune diseases as well 

as an obvious increase of autoimmune diseases over the last 

decades, both in the developed and the developing world (17). 

Formerly it was thought that the decrease in infections early in life 

was the culprit (“the hygiene hypothesis”) but now the theories lean 
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towards an altered exposure to microbes at young ages, rather than 

exposure to infections per se, failing to help the immune system 

develop correctly (18-20).  

Other contributing factors also are at play. These are not considered 

as causative factors but rather responsible for accelerating the 

ongoing -cell destruction. The “overload theory” states that 

children today are overexposed to calories, both intrauterine and 

during childhood. This leads to an accumulation of fat, a relative 

hyper-insulinism, insulin resistance and hence an extra stress on 

already damaged -cells, leading to apoptosis of -cells. This could 

be one reason why the disease often appears after or during periods 

with an increased demand of insulin, such as infection or periods of 

rapid growth, such as puberty (21-24). Fig. 1 shows a summary 

view on how T1D is thought to develop. 

 

 

Fig. 1 How T1D is proposed to develop from asymptomatic -cell destruction to fulminant disease. 

Adapted from Insel et al (25). 
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Background to thesis 

Prevalence and incidence of type 1 diabetes 

It is well known that the Nordic countries have a high incidence of 

T1D (26). In 1999, a report from several national reports found an 

annual increase of 3% worldwide of T1D. All included studies 

were done on T1D with onset before the age of 20, many before the 

age of 15. For Sweden the increase was smaller, 1.2 %, probably 

reflecting a good coverage in the register early on (27). A study 

from the Swedish childhood diabetes register (SCDR) in the early 

80´s showed a yearly incidence of 23.6 per 100 000/year. It was 

also shown that the average difference in incidence between 1977-

1980 and 1980-1983 was 3.5 per 100 000/year (28). A study from 

the EURODIAB group on T1D postulated that, compared to 2005, 

in 2020 the prevalence of T1D children would have risen by 70% 

and there would be a doubling in T1D incidence in children under 

the age of 5 years (29). The increasing incidence of 3.9% annually 

in that study was mainly driven by eastern and central Europe 

(29).The incidence of childhood onset T1D in Sweden is twice as 

high today as in the late 70´s, fig. 2. 

 

Fig. 2 The incidence of c hildhood onset T1D in Sweden from 1978 to 2016 according to age at onset 

of T1D. Unpublished data from the SCDR.  
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In Sweden all adult diabetes patients (18 years or older) are 

reported to the National Diabetes Register (NDR). The following 

data are collected from the annual report from 2016 

(https://www.ndr.nu/pdfs/Arsrapport_NDR_2016.pdf). The 

prevalence of T1D was 0.5% of the Swedish population, which 

translates to 42 457 T1D patients having a registration that year. 

The mean age of the patients was 46.4 years and the mean T1D 

duration 24 years. Of the incident cases 55% were males and 403 

incident cases were registered, giving an incident rate of 50.3 per 

million person years. The mean age of the incident cases was 35.6 

years. The NDR has since 2000 included the SweDiabKids 

Register on their website. This register includes patients 0-17 years 

of age. In 2016 they reported 807 new patients with T1D onset. 

This corresponds to an incident rate of 389 per million person 

years. 59.2 % were boys. There are approximately 7000 children 

active in the register in 2016, giving a prevalence of 12.7% among 

people under the age of 18.  
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The kidney and the development of diabetic nephropathy 

(DN) 

The normal kidney and glomeruli 

The kidney is responsible for removing toxic substances from the 

blood. It also keeps pH stable, water and salt balance tightly 

regulated as well as maintaining blood pressure. The functional part 

of the kidney is called nephrons. In a young healthy person the 

kidney contains approximately 1 million nephrons. The nephron 

consists of the Bowman Capsule, which surrounds the glomeruli 

capillaries, and the tubule system with leads the primary urine 

away from the glomeruli, fig 3. The glomeruli capillaries are 

supplied from the a. renalis, a. interlobaris, a. arcuate, a. 

interlobularis and the afferent arteriola. The glomeruli is drained by 

the efferent arteriola which branches out to a peritubular capillary 

network and then eventually to the v. renalis. The afferent arteriole 

is wider in diameter than the efferent, which evokes a pressure 

gradient over the glomeruli. In a healthy young individual 1.2 litres 

of blood flows through the kidney every minute, about 25% of the 

cardiac output. This means that the renal plasma flow is 0.65 

L/minute. The normal glomerular filtration rate (GFR) is 125 

ml/min giving a filtration fraction of about 20%. What determines 

the amount of glomerular ultra-filtrate is the pressure gradient over 

the glomerular filtration barrier. The latter consists of the 

endothelial cells of the capillaries, the visceral cells in the Bowman 

capsule-the podocytes and the basal membrane layer (30). 
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Fig. 3 The morphology of a normal glomeruli (A) and its diabetic counterpart (B). Adapted from 

Alicic (31). 

 

The morphology of diabetes nephropathy (DN) 

Three important structural changes have been described in DN; a 

thickening of the glomerular basal membrane, an expansion of the 

mesangial matrix and glomerular sclerosis (32-34), see also fig 3. 

The expansion of mesangial matrix is due both to an increased 

production and a decreased degradation of extracellular 

components. This leads to an increasing size of the mesangial area 

and the relationship in size between the mesangial area and the 

total glomerular volume is a histological measure of the severity of 

the nephropathy. This histological picture was first described by 

Kimmelstiel and Wilson in T2D and is known as the Kimmelstiel-

Wilson nodulae (35). In the basal membrane, changes occur in all 

four layers: the glycokalyx, the fenestrated capillary endothelial, 

the basal membrane and the podocytes. Scanning electron 

microscopy of the basal membrane has shown that at late stages of 

diabetic nephropathy the foot processes of the podocytes are nearly 

completely lost and the basal membrane transformed (36). The loss 

of foot processes, the change in pressure gradient over the basal 

membrane and a reduction in negative charges over the membrane 
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is thought to lead to a progressive leakage of albumin. A 

compensatory hypertrophy of the glomeruli is mediated through 

growth factors delaying the onset of decreased GFR. At the same 

time, this exacerbates the effect on the mesangial expansion leading 

to occlusion and sclerolisation of the vessels. Evidence that 

receptors in the Renin angiotensin II aldosterone system (RAAS) 

exists on all structures in the glomeruli as well as a local synthesis 

pathway of Angiotensin II highlight the importance of this system 

in the pathogenesis of DN (37). Morphological changes in the 

glomeruli can be seen even before the appearance of albuminuria 

(38-40) and the decline in renal function precedes micro 

albuminuria (41). 

The development of diabetic nephropathy 

At the onset of T1D the kidney size is often increased and a period 

of hyper filtration occurs. The filtration normally reverts to normal 

or near normal with the start of insulin (42). Already when 

detectable levels of albuminuria occur, advanced structural changes 

in the glomeruli can be seen (43). Studies have shown that it is not 

necessarily a progressive disease, patients can for example go back 

and forth between normo- and microalbuminuria (44, 45). Once 

persistent micro or macro albuminuria were present, the rate of 

yearly decline in GFR was 1.8 and 5.7% respectively. But even 

macro albuminuria have been shown to be able to be reversed (44) 

or maintained and not always proceed to ESRD (46). In table 1 the 

different stages of kidney disease, CKD 1-5, is displayed and their 

relation to albuminuria level.  

  



6 

 

 

Prognosis of CKD by GFR and 

albuminuria categories 

Albuminuria level 

Normal to 
mildly 

increased 

Microalbuminuria 

Moderately 

increased 

Macro albuminuria 

Severely increased 

Stage  GFR 

<30mg/g 

<3mg/mmol 

30-300mg/g 

3-30mg/mmol 

>300mg/g 

>30mg/mmol 

1 Normal or high >90    

2 Mildly decreased 
60-

89 
   

3a 
Mildly to moderately 

decreased 

45-

59 
 

 

 

 

3b 
Moderately to 

severely decreased 

30-

44 

 

 

 

 

 

4 Severely decreased 
15-

29 
   

5 Kidney failure <15    

Table 1 The CKD stages according to KDIGO. Colours mark risk for developing cardiovascular 

disease or progressive kidney disease going from low=green to high=red. As albuminuria increases 

so does to the risk for progressive kidney disease and cardiovascular disease. Adapted from (47). 

In some patients with longstanding T1D and retinopathy and/or 

hypertension, a quite advanced DN can be found even without 

micro albuminuria but with a reduction in GFR (38). There have 

been many studies confirming data that 10-30% of the T1D 

population progress to micro- or macro albuminuria within 10-15 

years (48-52) and that as many as 75% of patients with proteinuria 

will progress to ESRD in another 10 years (48).  
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Risk factors for End stage renal disease 

Genes 

As is the case in many diseases, large studies on genes and GWAS 

(Genome wide association study) have been conducted in order to 

find the cause of DN. None of them have found “the gene” but 

rather genes (or more specifically alleles) that in certain 

circumstances, such as a hyperglycaemia state, increase the risk of 

developing DN (53-58). The fact that genes are important risk 

factors is apparent since it has been shown that a family history of 

cardiovascular disease or hypertension increases the risk for the 

T1D child to develop DN (59-61). It has also been shown that the 

metabolic control of T1D (i.e. HbA1c level) could have a genetic 

component (62).  

Hormones 

Male gender seems to be associated with a more rapid progression 

of chronic kidney disease in the general population (63, 64). 

Conflicting results are at hand when it comes to T1D and male 

preponderance. For T1D it seems that it could be an imbalance in 

the sex hormones that develops with diabetes that exert the 

increased risk. Both elevated testosterone levels and reduced 

oestrogen levels have been reported for T1D females and the 

opposite for males (65-67). Age at onset seems to affect the gender 

factor, onset of T1D in adolescence are unfavourable to both 

genders (68-70). With later onset of T1D the risk diverges between 

no differences (71) or a negative correlation to males (68, 69). 

Growth hormones and IGF-1 levels have been shown to affect the 

risk of developing ESRD (72, 73). Both levels of GH and IGF-1 

have been shown to be altered in poorly controlled T1D (73). Low 

levels of IGF-1 and higher levels of androgens are related to a 

higher risk of micro albuminuria during puberty, especially for 

females (74).  
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Blood glucose 

A much cited report favouring a strict metabolic control in terms of 

diabetes complications is the UKPDS (United Kingdom 

prospective diabetes study) on T2D (75) released in the 1990´s. 

The relationship between lower HbA1c and fewer complications 

was also described in the DCCT (Diabetes control and 

complications trial), the largest prospective study on T1D (76-78). 

Both the DCCT, in its follow up arm EDIC, and the UKPDS study 

also showed a sustained effect of the initial improved glucose 

levels. Even after many years of equal HbA1c levels in both the 

control and the intervention group, a difference in risk was seen, 

referred to as metabolic memory or legacy effect (79, 80). Studies 

from Sweden have shown that the metabolic control in the first 

year (81) or years (82) had an impact on later risk of developing 

complications. This was mainly driven by a sustained unfavourable 

control and unhealthier lifestyle in adulthood (81).  However 

already in 1985 Krolewski et al had shown an association between 

metabolic control and development of DN (48) and since then 

many studies have confirmed metabolic control as a risk factor for 

DN (50, 52, 81-84). Elevated glucose levels leads to increased 

amounts of advanced glycation end products (AGEs), which are 

proteins or lipids that are glycated. AGEs induce structural and 

functional tissue damage. They also interact with receptors which 

activate and stimulate transcription factors, vasoactive hormones 

and cytokines and activate macrophages. Intracellularly, 

hyperglycaemia leads to an accumulation of fructose and sorbitol. 

Sorbitol is toxic and provokes cellular swelling, oxidative stress 

and eventually apoptosis. The hyperglycaemia also leads to 

changes in intracellular signalling pathways which ultimately leads 

to fibrosis (85, 86). 

Blood pressure and RAAS  

In 1998 results from the UKPDS showed a beneficial effect of 

lower blood pressure on micro- and macro vascular complications 

regardless which medication was used (87). In the IDNT 

(Irbesartan Diabetic nephropathy study) it was suggested that a 
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systolic blood pressure (BP) <130 was beneficial for the kidney but 

a BP <120 increased the all-cause mortality (88). The effect of 

lowering BP in this study was seen independent from the use of 

RAAS blockade. The current Swedish guidelines advocate a BP 

<140/85 in all T1D patients and all BP lowering drugs are equally 

recommended. If proteinuria is present, a BP<130 is recommended 

and here AII blockers or ACE-inhibitors are the recommended 

treatment choice (89). The rationale behind this is that several 

studies have shown an additive and BP independent effect of 

RAAS blockade on the risk for progressive kidney injury in micro 

and macro albuminuric patients (86, 88, 90-94). Early initiation of 

AII blockers did not show an effect on glomerular changes in 

normotensive normo albuminuric patients in kidney biopsies (95) 

or on albumin-to-creatinine excretion ratio in adolescents at high 

risk of progression to microalbuminuria (96). An additive effect of 

AII blockers to ACE inhibitors has been found (92) but 

discouraging results on dual RAAS blockade have also been 

reported with regard to the kidney with positive effect on the 

proteinuria but a higher incidence of acute kidney failure, 

hyperkalaemia and no protection against ESRD (97, 98). Studies 

have tried to determine which patients would benefit most from 

RAAS blockade. Certain ACE polymorphisms clearly are related to 

risk of developing ESRD (99) but also the efficacy of treatment 

(100). Since RAAS blockade has shown beneficial results in the 

T1D population with hypertension and/or albuminuria, with low 

adverse effects, it should be natural to consider it first choice when 

initiating treatment. Fig. 4 shows a summary view on how different 

factors influence the development of DN. 
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Fig. 4 A summary of the proposed pathophysiological pathway to DN. ECM= extracellular matrix, 

AGE advanced glycation end product. Adapted from Umanath et al (86). 

 

Lipids 

Patients with T1D and no DN normally have normal or elevated 

HDL. The opposite picture is seen in patients with DN where 

elevated levels of LDL, VLDL, triglycerides and a lower level of 

HLD are found (101). Dyslipidaemia has been described to 

increase the risk of developing DN, with various lipid components 

being more important at different stages (102-105). Metabolic 

control has also shown a relationship with levels of lipids (106, 

107). A study in adolescents with albumin excretion rate in the high 

normal range showed no benefit with statin treatment on GFR or 

markers of cardiovascular risk despite the anticipated reduction in 

lipid levels (96). Perhaps the benefit from lowering lipids is mainly 

to be found in the reduction in macro vascular complications, 

where the effect has been extensively described (108-110). After 

manifest ESRD the effect of statins on risk of CVD is not as 

pronounced (111).  
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Socioeconomy 

The socioeconomic status (SES) can affect a person’s health in 

many ways. It could simply be not affording medications needed. 

But it can also affect health in more subtle ways. T1D treatment is 

a challenging one. It has been shown that T1D children have a 

higher mean HbA1c when the mother has lower education but also 

that the marital status of parents affect the metabolic control (112-

114). A higher rate of Emergency Room visits for acute T1D 

complications at (115) or after (116) the diagnosis has shown to be 

connected with low SES. An association between parental and 

patients´ SES and mortality (117-120) and later complications to 

T1D (121, 122) has been described. An exposure to low SES in 

childhood tends to affect the health of the child also in adulthood, 

regardless of the child´s own SES level (123). A Swedish study 

showed that a prestigious job gave a healthy start and a slower 

deterioration in health. At the same time morbidity at onset of 

working life affects occupational mobility and income (124). In the 

T1D population a relation between high education, good metabolic 

control and low risk of complications have been shown. In the 

same study a relation between low education and an unhealthy life 

style with tobacco smoking and a sedentary life was also found 

(125). 

Known general risk factors for the development of ESRD are 

obesity (126-129) and smoking (130-132). Both of these factors are 

more prevalent in individuals with lower SES (122, 133-136). 

Studies have also shown a relation between SES and risk of 

developing all cause ESRD even after adjustment for smoking, 

BMI and age. It seems that SES in itself can be an independent risk 

factor for developing ESRD (137).  
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Prevalence and incidence of End stage renal disease 

The Swedish Renal Register (SRR) reported a prevalence of 9693 

patients in renal replacement therapy (RRT) in 2017. The cause of 

ESRD was diabetes in 18% (both T1D and T2D). ESRD was more 

common in males, 66 %.  There were 1180 incident cases of 

ESRD, or 118 per million person years. (Data from the SRR 

website, yearly report 2017). There have been a rather stable 

incidence of ESRD in Sweden for many years now and corresponds 

well with an earlier report (138). For T1D patients the incidence is 

decreasing from 119 new patients a year in the beginning of the 

90´s (35% of diabetes cases) and now down to 83 a year (21% of 

new diabetes cases). For T2D there is an increasing incidence. 

Diabetes is still the most prevalent diagnosis. Earlier reports from 

the European Dialysis and Transplant Association Register 

(EDTA) showed that in the 1960-80´s, diabetes was an uncommon 

diagnosis in those accepted for RRT, less than 2% before 1975. 

The proportion of patients with diabetes rose steeply however and 

was on average 11% in Europe in 1985. Back then the majority of 

diabetes patients considered for RRT had T1D (139). In 2005 new 

results were issued from the European Renal Association (ERA) 

and EDTA. They found that in the last decade prior to the study 

there had been a rapid increase in T2D patients entering RRT but 

also an increase in T1D (140).   

From early studies on ESRD and T1D from the Steno Centre in 

Denmark a cumulative incidence of 45% after 40 years was 

reported (49). More recent studies show more encouraging results. 

A cumulative incidence of ESRD of 3.3% after up to 30 years of 

diabetes duration was reported in a study from the Swedish 

Childhood Diabetes Register group (68). From Norway a 

cumulative incidence of 2.9 % was reported after 30 years of T1D 

duration in a population with onset before the age of 15 (70), and 

4.8 % when onset was between 15 and 29 years (71). Finland, also 

with a well-developed national register on diabetes, reported a 

cumulative incidence of 7.8% after 30 years of diabetes duration 

(141) but their population was older (T1D onset in the 50´s and 

60´s included). Studies from the United States have reported 
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variable results, both much higher incidences of around 20% after 

30 years of T1D (142, 143) but also very favourable numbers 

around 2-3% from dedicated centres (144).  

 

Renal replacement therapy 

History 

Already in 1913 Abel, Rowntree and Turner constructed a dialysis 

unit with a colloid membrane that they used in animal trials. The 

first human dialysis session was performed in 1925 by Haas, using 

the Abel-apparatus. He stated that “it could be shown for the first 

time that blood purification by dialysis can be carried out in 

humans without exposing the patient to injury”. However, the 

attitude at the time was “removing urine toxins provided no long-

term benefit because it did not reverse the shrinking process of the 

kidney”. Therefore it was not until the 1940´s that dialysis was 

more commonly used, with names such as Kolf, Alwall and Kiil 

being renowned for the technical development. Still, it was 

considered against nature to use in a long term situation. By the end 

of the 50´s the dialysis shunt was introduced and recurrent 

treatment as we know it today was made possible and 

haemodialysis was born.  

In the 1920´s the idea of peritoneal dialysis was first suggested by 

Ganter and Putnam but it was not put into use until the 1950´s as a 

treatment of acute kidney failure. Continuous peritoneal dialysis 

was introduced in the 1970´s.  

The first successful transplantation of a kidney was performed in 

1954 by J. Murray. The transplanted kidney came from the 

patient´s identical twin and the patient lived for twelve years after 

the surgery (30).  
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Haemodialysis (HD) 

HD is the oldest form of renal replacement therapy and since the 

1960´s an established treatment of chronic renal failure in Sweden. 

It is also the most common treatment for ESRD in Sweden 

according to the SRR yearly report from 2017. The technology, 

membranes and solutions used have developed over time. Two 

different chemical principles are used, diffusion and ultrafiltration. 

Diffusions means that soluble molecules travel across a 

semipermeable membrane to reach osmotic equilibrium. This is a 

passive action driven by the concentration gradient over the 

membrane. Ultrafiltration on the other hand is driven by the 

pressure gradient over the membrane. This is created by the higher 

mean blood pressure on the “blood side” and lower pressure on the 

“filtrate side”. The net flow of water towards the low pressure side 

also permits a co-transport of soluble molecules, regardless of 

concentration gradient. The membranes vary in function and 

specificity, for example in size of the pores allowing molecules to 

pass. This allows the dialysis to be more specific to the patients` 

needs. The molecules and metabolites removed from the blood 

stream are, among others, urea, creatinine, B2-microglobulin and 

phosphatase. 

In a normal dialysis session 250-400ml blood/min is required and 

the session itself takes about 2-3 hours, 3-4 times a week. Today it 

is possible to have HD at home which offers more freedom (30).  

Peritoneal dialysis (PD) 

PD is a form of dialysis which is often preferred when the patient 

has a remaining (albeit not sufficient) kidney function. It also takes 

advantage of the chemical phenomena of osmosis. Over the surface 

of the peritoneum an osmotic gradient is constructed through the 

delivering of a high osmotic pressure in the dialysate.  The 

exchange of solubles are mainly through the capillaries of the 

peritoneum and the capillary walls are the main barrier. There are 

three sites were the exchange takes place; via specific aquaporines 

only transporting molecules smaller than or equal in size to water, 
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pores between the cells of the capillary walls and via special pores 

for larger molecules, only functioning passively and pressure 

dependent. The peritoneal space is filled and drained by hydrostatic 

pressure through a Tenckoff catheter. The opportunity to self-

manage the treatment offers a better quality of life (30).  

Kidney transplantation (TX) 

TX is the third alternative to replace the non-functioning kidney. 

For the right patient it is the best treatment for ESRD and is 

compatible with continuing on the labour market (145). 

Contraindications are basically comorbidities such as uncured 

malignancy, chronic respiratory insufficiency, advanced heart 

failure, addiction to drugs or mental disorders rendering it hard for 

the patient to adhere to the adjuvant immunosuppressive treatment. 

Older age is a relative contraindication. The best results regarding 

survival of transplant is seen when the donor is a HLA matched 

sibling. Two donor sources exist, living donor - often a relative, or 

donation from a newly deceased, often someone killed in an 

accident. Kidneys donated from persons aged 0-80 years are 

accepted in Sweden. A living donor is considered preferable due to 

better survival of the transplant (30). 

Survival in renal replacement therapy 

In the 70´s a survival time of less than 3 years after the onset of 

ESRD due to T1D was reported. With advanced ESRD it was only 

7 months (146). The survival time has improved over the years and 

later studies have shown a survival time of 4-8 years in the T1D 

population (147, 148). There have also been positive time trends 

with longer survival time in those starting RRT in more recent 

years (148, 149). A large European register study showed an 

improved 5-year risk of death in the ESRD population as a whole 

between a more recent cohort and an earlier (150). The 

improvement in survival in the study was predominantly driven by 

a reduction in cardiovascular disease which have been found in 

other studies as well (151). There have been an increase in patients 

being transplanted, the treatment modality with the best survival 
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(150). The limiting factor is normally availability to suitable 

organs. An improvement in survival of kidneys from deceased and 

marginal donors has been seen (150) and this can facilitate finding 

suitable donors. Greater benefits in survival rate with TX in 

younger patients and patients with diabetes has been reported 

(152).  
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Aims and objectives  

DN, and its final stage ESRD, has been shown to be related to a 

high mortality (49, 71, 146) and higher risk of developing 

cardiovascular disease (CVD) and cerebrovascular disease (CVL) 

as well as death from these causes (139, 151, 153, 154). To 

continue to follow the development of and survival in ESRD is 

therefore important. 

The overall objective of this thesis was to describe time trends in 

development of and survival in ESRD due to T1D and to increase 

the knowledge on how a number of risk factors influence the 

development of ESRD. 

More specifically the aims were: 

 To investigate the overall incidence of ESRD in Sweden 

between 1995 and 2010 and specifically look at T1D and 

time trends. (Paper I) 

 

 To follow up on the cumulative incidence of ESRD in a 

population with T1D onset before the age of 35 and assess 

time trends. (Paper II) 

 

 To evaluate how the socioeconomic environment 

experienced during childhood and early adulthood 

influence the risk of later developing ESRD. (Paper III)  

 

 To analyse time trends in survival in RRT and also study 

trends in choice of treatment modality over time. (Paper 

IV) 
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Study population 

The Swedish Renal Register (SRR) 

The SRR was used in all four studies. It is a merge of the Swedish 

Register for Active treatment of Uraemia (SRAU) which started in 

1991, the Swedish Dialysis Database (SDDB) started in 2002 and 

regional kidney failure registers in the county of Stockholm and 

Västra Götaland. Data that had formerly been reported to EDTA 

were included in the database after thorough validation. From 1991 

the SRR has a prospective prevalence approach.  

All patients with ESRD starting active RRT, such as dialysis or 

kidney transplantation, are reported to the SRR. Every patient is 

asked to give their informed consent before registration and very 

few patients decline to participate.  

Reported data on patients include, besides age and gender, original 

kidney disease, treatment modality, comorbidity regarding diabetes 

mellitus, hypertension, cardio- and cerebrovascular diseases, 

malignancy and, in the case of transplantation, also the origin of the 

donor. At least once yearly, data from the SRR are linked to the 

Cause of death register, maintained by the National Board of 

Health and Welfare, also updated in a yearly basis.  

At present all 65 dialysis and transplantation units reports to the 

SRR. A validation was done in 2004 showing a coverage of >95% 

(138).  

The Swedish Childhood Diabetes Register (SCDR) 

To enable us to answer the research questions in Papers II-IV, the 

SCDR was used. Patients with a newly diagnosed T1D are 

normally initially treated at a paediatric clinic. The paediatric 

clinics then report newly diagnosed cases to the SCDR, after 

informed consent of the parents. Data reported are the patients 

unique PIN (personal identification number), birth date and date of 

diagnosis. Date of diagnosis is set at first injection of insulin.  
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The SCDR was started July 1, 1977 as a prospective incidence 

register on childhood onset (0-14 years) T1D. Internal and external 

validation of the register have showed nearly 100% coverage (155). 

Due to the normally abrupt onset of T1D in this age group and that 

other forms of diabetes often present with a clinically different 

picture and are scarce, misclassification is rare. To ensure the 

quality of data, the SCDR has since 2003 introduced a continuous 

validation alliance with the Swedish Quality Assessment Register, 

which covers age-groups 0–18 years. Similar methods of collecting 

and verifying data have been used from the start of the SCDR until 

2010. Since then, the incident cases come from reports from the 

Swedish National Drug Register, kept by the National Board of 

Health and Welfare since 2005. Data retrieved, besides PIN, is date 

of first prescription of insulin which is then considered as date of 

T1D onset. 

The SCDR ensures a reliable source of data, now with more than 

18000 cases of T1D, making it possible to conduct studies on this 

rather large T1D population with a follow up of up to 40 years.  

Swedish National Diabetes Register (NDR) 

In Paper II, the aim was to study the cumulative incidence of ESRD 

in patients with diabetes onset until the age of 34. An association 

with age at onset and gender has previously been shown, with early 

onset of TD being more favourable regarding risk of developing 

ESRD. To be able to study the incidence of ESRD in patients with 

T1D onset after the age of 15 years, a national register with good 

coverage in the desired age group (15-34 years) was required. The 

NDR is maintained by the Swedish Society for Diabetology. It was 

launched in 1996 with the intent to deliver up-to-date information 

about changes in treatment of diabetes and/or its complications and 

development in treatment and complication rates. It is a prospective 

prevalence register. All causes of diabetes are registered. Patients 

are entered at or after the age of 18 years, after informed consent. A 

validation study in 2014 showed that 91 % of the patients are 

correctly classified as having T1D. The ascertainment in 2007-

2008 was only 59% (156). In the latest yearly report (2016) they 
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state a coverage of 91%, this however includes all diabetes 

diagnosis. T1D patients normally attend hospital based diabetes 

teams and are therefore more likely to be reported. Since it is a 

prevalence register patients have the opportunity to be reported 

afterwards, still with correct data regarding year of onset. It is 

possible that the lower coverage in the first years of the register 

affects our results. Patients who could have or did develop ESRD 

might not have been entered in the register thus affecting the 

results. However we consider it equally likely that persons who 

would not have developed ESRD are missing in the register. 

Diabetes Incidence Study Sweden (DISS) 

As mentioned, the aim in Paper II was to analyse the cumulative 

incidence of ESRD in patients with onset of T1D between the ages 

of 0-34 years. Already linked to the SCDR database was incident 

cases from the DISS study. They were used to complete data from 

the NDR with the intent not to lose patients with T1D onset 

between 15 and 18 years. The DISS records incident diabetes cases 

(T1D, T2 and unclassified) in the age group between 15-34 years 

prospectively, since 1st January 1983. Classification of diabetes in 

DISS was initially made according to the WHO classification but 

changed to the ADA classification criteria in 1992. In a validation 

study, using diabetes related antibodies and C-peptide levels, less 

than 10 percent of the T1D diabetes patients were misclassified 

(157). Depending on the source of ascertainment the register has 

shown 82% and 91% of completeness, with no significant gender 

difference (158). However in a study from 2014, the ascertainment 

in 2005-2007 was only 25 % (156) , which strengthens the decision 

not to redo the linking to the register after 2007.  

Statistics Sweden and the LISA database 

In Paper III the aim was to analyse associations between 

socioeconomic status of both the parents and the adult patients and 

the T1D patient’s risk of developing ESRD. Data on parents and 

adult patients regarding highest achieved education and need of 

income support was retrieved from the LISA database. 
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Statistics Sweden has as its main focus to provide the Swedish 

authorities and researchers in Sweden with up to date and accurate 

statistics regarding population. It has its origin in the Swedish 

Tabellverket, started in 1749, and is one of the oldest record of a 

nation´s inhabitants in the world. It has been available online since 

1995 (data from the Statistics Sweden website). In 1990 the 

Longitudinal integration database for health insurance and labour 

market studies (LISA) started and is maintained by Statistics 

Sweden. The database integrates existing data from the labour 

market and the educational and social sectors. All socioeconomic 

data on an individual as well as on a household level are registered. 

LISA accumulates data on demographics, education, employment 

and income, including that from salaries and various benefits (for 

example sick leave compensation, unemployment benefits, 

pensions and income support). Data is updated yearly. All Swedish 

citizens 16 years of age or older as of December 31 are included. 

For Paper III, data on highest achieved educational level and need 

of income support was retrieved from LISA. 

Ethical consideration 

All studies were approved by the regional research ethics 

committee in Umeå, according to the Swedish law on research 

ethics and in line with the principles of the Helsinki Declaration 

and the European convention on human rights and biomedicine.  

The nationwide diabetes incidence registers (SCDR and DISS) 

were approved by the Swedish Data Inspection Board and the 

regional research ethics committees (Karolinska Institutet, 

Stockholm and Umeå University, respectively). Parents or patients 

gave individual informed consent to be registered in the incidence 

registers.  

The study in Paper III was also approved by the ethics committees 

at the National board of Health and Welfare and Statistics Sweden 

respectively. Linkage between national register data was performed 

at Statistics Sweden and only coded data were delivered to the 
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researchers. According to current Swedish regulation, the use of 

national register data does not require informed consent.  

Statistical methods 

For the statistical analyses SPSS for Windows was used. To assess 

distribution patterns between groups in categorical variables the 

Chi square-test was used. The Oneway ANOVA was used in Paper 

I to analyse differences in mean values (age at onset) between 

groups. To try to reduce the faulty effect that can be imposed on a 

result after multiple testing in the ANOVA, Bonferroni adjustments 

were made. Cox regression was used to analyse variables influence 

on outcome of interest, ESRD (Paper II-III) or death (Paper IV). 

Since sex, age at onset and duration of T1D have been shown to 

affect the risk for complications we also adjusted for these 

variables in the Cox regressions where applicable. In Paper IV we 

adjusted for age at onset of RRT instead of age at onset of T1D. 

Kaplan Meyer analyses with log rank testing was used to analyse 

survival data. The Lifetable analysis was used to calculate 

cumulative incidences. In Paper II, the statistical software “R” (R-

foundation for statistical computing, http://R-project.org/) was used 

for the analyses on death as competing risk, which supplements the 

data from Cox regression and Life table analyses. The method 

adjusts for the fact that death might occur prior to the event of 

interest (onset of ESRD) in susceptible individuals and hence 

provides a more accurate estimation of the risk (159). P-values of 

<0.05 was considered significant.  

  

http://r-project.org/
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Major findings 

Time trends in ESRD due to diabetes and other causes (Paper 

I) 

In Paper I the aim was to analyse the incidence of ESRD due to 

T1D, T2D and other causes but also to look for time trends in 

incidence and age at onset of RRT. The other causes group 

included all non-diabetic causes of ESRD. The study population 

consisted of 17389 incident cases between 1995 and 2010. More 

than half of the patients were men, 64.8% (11252). This 

male/female ratio was somewhat lower for T1D patients (62.5 %). 

Among the cases, 10.5% (1833) and 14.1% (2457) had T1D and 

T2D respectively registered as cause of ESRD. The mean age at 

onset of RRT was 63.3 years. For T1D patients it was 58.4 years.  

Time trends in incidence and treatment modality 

The incidence of RRT remained stable in Sweden throughout the 

study period, about 119 cases per million persons and year or 

around 1078 new patients starting RRT each year. For patients with 

T1D, the incidence of ESRD is going down, this is not seen for 

T2D, fig. 5.  

 

Fig. 5 The number of new patients receiving RRT in Sweden as a function of the year of onset of 

RRT and cause of ESRD. 
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There was no significant change in TX frequency over time in any 

group. PD was first treatment choice for 45 % of T1D and it 

remained stable over time. For ESRD due to T2D and other causes 

PD increased over time, from around 25% to over 30%.  

Time trends in age at onset of RRT and gender 

Over time the age at onset of RRT increased by 3.3 years in the 

T1D population (p<0.01). The same increase in age at onset of 

RRT was not seen for T2D or the other causes group. Women 

started RRT approximately 1.4 years earlier than men in the T1D 

population (p<0.05). In T2D, women were 1-2 years older than the 

men at onset of RRT, not significantly though. The right shift in 

age at onset and peak incidence of ESRD among T1D patients with 

later calendar onset is shown in fig. 6, the peak in the latest cohort 

is at around 70 years of age.  

 

 

Fig. 6 Incidence of RRT per million persons, due to type 1diabetes in different time periods, as a 

function of age at start of RRT. 
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Cumulative incidence of ESRD in a population with T1D 

onset at 0-34 years (Paper II) 

In this study we wanted to analyse incidence trends in ESRD over 

time and to follow up on a former study from the SCDR on 

cumulative incidence of ESRD. A total of 18760 patients were 

analysed from three national diabetes registers: 10322 from the 

SCDR (T1D onset <15years), 7630 from NDR (T1D onset 18-34 

years) and 808 from DISS (T1D onset 15-34 years). The maximum 

T1D duration was 38.1 years for patients in the SCDR and 32.6 

years for the NDR and the DISS.  In the study population, 317 

patients had developed ESRD due to T1D after a median duration 

of 22.9 years.  

Incidence rate and cumulative incidence 

The cumulative incidence of ESRD was 5.6 % after 38 years of 

T1D, 5.9% and 5.3 % for males and females respectively. 

As we wanted to search for time trends in the incidence of ESRD 

we compared onset of T1D in different time periods and found that 

the incidence had decreased with time, even after adjusting for age 

at follow up and sex. The risk was 3.5 and 2.6 times higher when 

onset was in 1977-1984 and 1985-1990 compared to 1991-2001 

(Fig 1 Paper II).  

The incidence rate of ESRD increased with diabetes duration. For 

patients with diabetes onset at 0-9 and 10-19 years of age there was 

an increase in incidence up to 36 years of duration, at longer 

durations the number of cases is small and data more insecure, but 

a decrease is seen. With diabetes onset at 20-34 years of age the 

incidence rate increases until 25 years of diabetes duration and then 

a decrease can be observed, fig. 7.  
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Fig. 7 The cumulative incidence of ESRD at different age at onset of T1D. There seems to be a peak 
incidence at 33-34 years of T1D but the cases are few with long duration and these data must be 

interpreted with caution. 

 

Influence of age at onset and sex 

We saw no difference related to sex when comparing the separate 

age at onset groups or when analysing the entire study population. 

Regarding age at onset of T1D we found that T1D onset before the 

age of 10 years yields a lower risk of developing ESRD. When 

T1D onset is in the age of 20-34 the risk is increased compared to 

early onset for males but not females. For both sexes, an onset 

between 10 and 19 is associated with the highest risk fig. 8.  
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Fig. 8 How the risk of developing ESRD varies according to age at onset of T1D.  

 

The influence of social environment on the risk of developing 

ESRD (Paper III) 

In Paper III the aim was to investigate factors in the social 

environment during upbringing and early adulthood and their 

influence on the incidence of ESRD. The analyses included data on 

an individual level of the patients but also data from both parents 

separately. The socioeconomic factors of interest were highest 

achieved educational level and the need of income support. We 

could not separate the need on an individual level on the parents 

since the data was designed as having received income support in 

the household. The study comprised of 9299 patients with T1D 

duration of more than 14 years. A total of 166 patients had received 

RRT. The vast majority had T1D as the reported cause of ESRD 

(n=154), 12 had other kidney diseases causing their ESRD and 

were excluded from further analysis. Analyses were made on 9287 

patients.  

Low maternal education was associated with a three folded 

increase in risk of developing ESRD in the T1D offspring, fig. 9.  
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Fig. 9 How the risk of developing ESRD varies according to schooling length of the mother. 

Low paternal and T1D individual´s own education showed a 

doubled and 5 folded increase respectively.  

If either parent had ever received income support the risk was 2.6 

times higher for developing ESRD, fig. 10.  

 

 

Fig. 10 The risk of the child with T1D to develop ESRD as a function of either or both parents having 

received income support before the child turned 25 years of age. 
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 More than half of the T1D patients had received income support. 

We therefore chose to exclude analyses on the patients´ individual 

level regarding income support. This was done because the data 

implied that income support and other financial aids such as sick 

benefits seemed could be intertwined in this population. 

When combining the variables in a cox regression adjusted for age 

at onset of T1D and sex, maternal educational length, parental need 

of income support as well as T1D individuals own education still 

were independently associated with risk of developing ESRD.  

There were no interactions between the studied variables.  

Survival in RRT-time trends and treatment choices (Paper IV) 

By 31th December 2017, 211 patients in the SCDR had developed 

ESRD. To study time trends, they were divided into two groups 

based on the year they started RRT, 1993-2004 or 2005-2017. The 

division was made to get approximately equal time intervals. Age 

at onset of RRT, diabetes duration, sex and choice of treatment 

modality and their relation to survival were analysed. 

The median age at start of RRT was 35.4 (22.3-50.2). Age at onset 

of RRT increased significantly, just as duration of diabetes, when 

comparing the two periods. Having a macro vascular complication 

prior to start of RRT was equally common in the time periods. The 

main cause of death was CVD, followed by CVL.  

Choice of treatment 

Within two years in RRT, 99 patients were transplanted. When 

comparing choice of first RRT treatment modality between the 

different calendar periods, HD decreased and TX increased, but the 

changes were non-significant. PD remained rather stable. There 

was a significant increase in deceased donor transplantation 

between the two calendar year periods. There were no differences 

between men and women regarding choice of first treatment or 

being eligible for transplantation. 
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Survival in RRT 

At the end of the study, 65 patients (35.4%) had died, 31 men and 

34 women. No significant associations were found between 

mortality and sex, age at onset of RRT or diabetes duration. The 5 

year survival rate was 34.8 and 99.9% respectively for not 

transplanted and transplanted. The risk of dying was 18 times 

higher for patients who were never transplanted (95% CI 9.6-33.7).  

Adjusted survival 

When adjusting for sex, age at onset of RRT and duration of T1D 

the risk of dying was 2.8 times higher in the period 1993-2004 

compared to 2005-2017. For patients starting with HD and PD 

there was no significant difference in survival between the two 

periods when patients who were later transplanted were excluded. 

For patients who were transplanted there was an improvement in 

survival, fig. 11.  

 

 

Fig. 11 The association between time period and survival in TX patients.    

Having macro vascular disease at start of RRT was significantly 

associated with death, HR=3.8 (95% CI 2.2-6.5). Not being 

transplanted within 2 years of start of RRT had an almost 7 fold 
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increase in risk of dying. The risk was almost twice as high for 

patients starting on HD when only comparing them to PD, 

excluding all patients starting with TX. Fig. 12 shows survival 

based on the first treatment modality. 

 

Fig. 12 Survival in in RRT (in years) depending on choice of first treatment. In both the HD and PD 

group, patients who were later transplanted are included. 
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Discussion of major findings 

ESRD is a serious complication to T1D and to establish more 

knowledge about its risk factors is important. In this thesis, risk 

factors that we can consider in the daily clinical setting are 

investigated. Since ESRD puts a strain on the health care system it 

is vital to try to foresee the future need of RRT through studies on 

incidence of and survival in ESRD. 

Incidence of ESRD and time trends (Paper I, II) 

The incidence of ESRD in the Swedish population remained stable 

at the same time as ESRD due to T1D decreased, which is 

encouraging. The reason why the ESRD incidence is stable likely 

lie in the fact that people live longer, age in itself is related to a 

decline in kidney function (160). Age is also related to 

nephrosclerosis and T2D, both more common today as cause of 

ESRD (138, 161) and also found in our study. The mean age at 

onset of RRT is increasing and a contributing factor is an 

acceptance of older patients starting RRT (140). This also drives up 

the incidence of ESRD.  

The study period in Paper I was fairly modern, 1995-2010 but still 

a decrease in incidence of ESRD was found. A contemporary study 

from Denmark showed no decrease in incidence of ESRD due to 

T1D between 2000-2004 (162). Most patients in both studies would 

have had a T1D onset before the mid 80´s, related to the knowledge 

that it takes about 25 years to develop ESRD. So maybe what we 

see in our study is merely a delay in onset of ESRD due to the 

introduction of ACE inhibitors and later AII blockers. But since we 

don´t know the duration of T1D we can´t know with certainty if it 

is treatment or duration of T1D that differs over time. 

It is well established that duration of T1D is a major risk factor for 

the development of late complications. In Paper II we found the 

same decrease in incidence over time as in Paper I but now data 

were adjusted for T1D duration. Since Sweden has a high incidence 

of T1D, strict national guidelines were issued in the early to mid 
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80ies, stating intensive treatment is advocated (163-165). Most of 

the patients in this study would therefore be subjected to them 

(T1D onset after 1978). This means that most of the patients would 

have benefitted from reno-protective medicines such as ACE 

inhibitors, A2-blocker and statins, at least for a substantial number 

of years. The T1D specific treatment would be multiple daily 

injections rendering possibilities for better metabolic control. Even 

so, we found a significant decrease over time.  

We did not find any difference between males and females in risk 

of developing ESRD in Paper II, neither in the whole study 

population nor within the age at onset groups. Data on the subject 

is diverging, with some suggesting no difference (71, 166, 167) but 

also some showing a male preponderance (69, 70). Perhaps we are 

looking at the question from the wrong perspective. Studies have 

shown that females with T1D have a more pronounced excess risk 

of CVD compared to males with T1D (168). A higher incidence 

and a faster rate of progression of renal disease have been 

described in T1D females compared to females with non-diabetic 

renal disease (67). In Paper I we found that females with T1D 

developed ESRD earlier than males, for T2D the opposite was 

seen, males developing ESRD earlier. The male to female ratio is 

higher in non-diabetic ESRD than in the T1D group. At the same 

time T1D is more common in males. So perhaps our focus should 

be on the relative over risk for females and be more aggressive in 

our treatment. Studies have shown a more favourable outcome on 

RAAS blockade on progression in renal disease for females than 

males (169). In that context it is of interest that in the SCDR 

population, RAAS blockade is more seldom prescribed to females, 

even with microalbuminuria present (unpublished data from the 

study group), a prescription pattern also reported in another 

Swedish study, not only on patients with diabetes though (170). 

We saw the same relation between age at onset and risk as have 

been reported by others (48, 68-71, 171). Explanatory speculations 

have been the imbalance in sex and growth hormones in puberty, 

leading to insulin resistance and affecting metabolic control (67, 

101, 172). Higher mean HbA1c have been found in this age group 
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(173). More psychological strain on the T1D patient and their 

parents was found during adolescence compared to earlier years, 

regardless of years with T1D, and this correlated to a worsening of 

the metabolic control (174). Other postulated explanations are that 

getting the disease early makes the patient and the family 

acquainted to the disease and its management. 

So, have we now got the tools to prevent ESRD or do we just delay 

the progression? There are risk factors beyond our control (at least 

today) such as genetic factors. There are also lifestyle factors that 

increase the risk such as overweight and smoking, well known to 

be hard to change.  

A few years ago we reported on a low ESRD incidence (3.3%) 

after 30 years of T1D (68). Now we added another 8 years of 

follow up to the study and still found a very low incidence of 5.6%. 

This is in accordance with studies from Norway published last 

year, also in a younger population, and with lower incidence than 

formerly reported (70, 71). We found that the age at onset of RRT 

for T1D patients had increased by three years, a change not seen in 

the other causes of ESRD, including T2D. This could imply a 

preventive effect of intensive treatment but is most likely a 

delaying effect. We did see that the incidence of ESRD seemed to 

decrease with longer T1D duration (>35 years) but the data were 

scarce here and so must be interpreted with caution. It was 

proposed many years ago that with increasing duration of T1D the 

incidence of ESRD goes down (48, 49). Our results suggests that 

the hypothesis might stand but that a delay have occurred. It has 

been speculated that patients developing ESRD early have a 

genetic predisposition towards DN and that the late developers 

might be those with less strict metabolic control. In our data we do 

not have information on HbA1c, lipid levels or blood pressure. This 

is of course a disadvantage as we do not know if there are 

differences in clinical parameters that explain our results. 

According to yearly reports from NDR the change in these 

parameters over the study period is small however. Technical 

advances in diabetic care have in recent years been impressive with 

continuous glucose measurement, flash glucose measurement and 
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of course insulin pumps. New integrated insulin pumps are just 

being introduced on the market where the dosing of insulin is based 

on fully automated algorithms, a closed-loop system. The effect of 

these devices on the incidence of complications will take years to 

evaluate but will without a doubt improve the life of the T1D 

patients and their risk for complications substantially.  

Socioeconomic status as a risk factor (Paper III) 

Childhood onset T1D is a disease affecting the entire family of the 

patient, not only because of the constant need for making treatment 

choices but also in other aspects. Although not a disease which can 

be treated by dietary regiments such as T2D, dietary issues are 

raised and can afflict the family´s eating and lifestyle habits. To 

appreciate and adhere to the information, pre-knowledge of the 

disease, it´s management and the factors influencing blood glucose 

levels are needed. During childhood it is only natural that parents 

or other caregivers take more responsibility for the management of 

T1D. Therefore our results showing an increased risk for 

development of ESRD when parents have a limited education is not 

surprising. Other studies have shown similar results (121, 122, 125, 

175). Parents and their help are needed also in adolescence. A 

positive, supporting climate in the home as well as a less restrictive 

parenting style; additionally having a partner to share the burden 

with, all have a positive effect on the risk of developing ESRD 

(113, 176, 177).  

A study focusing on the pre-knowledge about complications in 

parents and youths showed an association only with the youths 

knowledge and associated adherence to treatment (177). We found 

a similar result in our study with a large effect of the patients own 

educational level although the effect of the mother´s education 

remained in the additive model.  

We also found an association between parental need of income 

support and the child’s risk to develop ESRD. We choose need of 

income support because we found it to be a better indication of 

social vulnerability than income. Many parents could work part 
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time, benefit from parental leave or have other income sources 

besides work which affect their income level. Families in need of 

income support are under more stress due to many factors, lack of 

money being one issue. Unemployment and receiving health care 

allowance with a concurrent social isolation for all family members 

are more prevalent in families with lower SES (178).  

To even out financial inequalities, the Swedish health care system 

gives all children under 18 years free access to medical care and 

since 1 January 2016 also free prescription medicine. For all 

patients with T1D, regardless of age, all medical devices related to 

diabetes care as well as insulin are free of charge. Studies from 

countries with other health care systems have shown that money 

matters, for example two studies from the United States (179, 180). 

Reports from other countries also show a clear association between 

lower SES and risk of later complications (122, 181) as well as 

death (118, 119, 121, 182). Studies have also shown that the T1D 

patients have lower income and are more often unemployed 

compared to healthy controls (183, 184), which could be additive to 

their risk.  

One might speculate that the higher risk in the lower SES group 

will decrease with time in Sweden since all families have free 

access to all medicine including ACE-inhibitors, AII blockers and 

statins. But the impact that free medicine has on risk would likely 

be small as indicated in studies were the lower SES also is 

correlated to worsening of metabolic control (185), obesity as well 

as an unhealthy lifestyle including smoking habits (114, 186). A 

large study from the WHO showed that there was a correlation 

between a country´s health care system, gross national investment 

and purchasing power and the development of T1D complications, 

even after adjusting for HbA1c levels and hypertension (187). SES 

level even seems to be an independent risk factor for the 

development of ESRD (137).  

So what are the implications related to this knowledge? The 

Swedish social welfare system has a well-developed safety net but 

it still does not prevent differences between SES levels.  
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To take the time to assess the pre-knowledge of the patients and 

their families is essential. All T1D children in Sweden attends 

hospital based diabetes clinics, meeting up with a specialised nurse 

and a doctor four times a year. We found that it is the patient´s own 

educational level that has the strongest influence on future risk of 

developing ESRD. We interpreted this as the ability to understand, 

learn about and adhere to the treatment. It has been shown that 

focusing on patients with less knowledge and low adherence to 

treatment can yield as good results (HbA1c levels) as in patients 

with better understanding of disease management beforehand 

(188). To continue to establish the patient´s understanding of and 

attitude towards his/her disease is crucial, both in children and in 

the adult patients. This is not always the case as shown in a study 

from Sweden on diabetes health care professionals (189). And 

maybe it is even more important in the adult clinics to consider 

since now the patients have to pay for medications themselves 

(except insulin) and therefore need to understand the rationale 

behind them.  

Survival in RRT (Paper IV) 

We found a significant decrease in risk of death between those 

starting RRT in 1993-2004 compared to 2005-2017. At the same 

time we did not find a significant change in number of patients 

receiving a kidney transplant. Being transplanted had the best 

survival and in the later period none of the patients being 

transplanted had died. That TX is related to the longest survival is 

not surprising. TX is also associated with better survival than 

patients remaining on the waiting list for transplantation, even 

though they are comparable in health and age (149). Studies have 

also shown that in particular young patients with diabetes benefit 

from TX (152) A Swedish study published 2018 showed that TX 

was associated with a higher possibility to return to the workforce, 

generate a higher income and for less frequent early retirement 

(145).  

We found an increase in the use of marginal and deceased donors 

which is positive since it increases the pool of available organs. It 
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has long been one of the limiting factors for kidney transplantation. 

The fact that there was no difference in survival due to donor 

source was probably related to statistical power issues.  

It is positive that we did not find any differences between number 

of males and females being transplanted, nor in survival overall 

between gender. 

Macro vascular entities were prevalent among many of these young 

patients. They also showed an association with death which is in 

accordance with other studies (139, 151, 190). CVD was the most 

common cause of death. Other studies have also shown a relation 

between comorbidities and death (139, 151). This further 

strengthens the implications to treat risk factors for vascular disease 

with statins and BP medicine early on in T1D.  

A Limitation to this study is the short follow up for many of the 

patients. We tried to adjust for this by doing subgroup analyses on 

patients with an onset before 1 January 2013. The results were the 

same. Another limitation is the small number of patients which 

could influence our results where few patients with outlying results 

could have great impact. 

The median survival was 8.2 years in the early group and in the 

later more than 50 % were still alive so no median survival could 

be calculated.  No TX patient in 2005-2017 had died at the end of 

study and 80 % of the patients from this period were alive by 31 

December 2017. Why we do see a decrease in risk between the two 

time periods are uncertain. A natural explanation would be an 

increase in TX but although we saw an increase it was not 

significant. Studies have shown an increased survival in RRT for 

the entire RRT population (140, 150) as well as for T1D (148). 

This has mainly been due to a better preventive treatment of 

cardiovascular risk factors and hence lower mortality in CVD (140, 

150). We did not know the treatment for comorbidities in our study 

but we did see a non-significant decrease in prevalent 

comorbidities entering RRT which could partly explain the results. 
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Conclusion 

 The incidence of ESRD remains stable in Sweden. In 

contrast, the incidence of ESRD due to T1D is 

decreasing over the last decades. The T1D patients 

entering RRT are now 3 years older. This is in 

discrepancy to the ESRD population as a whole and 

the T2D population. 

 The incidence of ESRD is low in Sweden after almost 

40 years of duration. Even in this group where almost 

all patients have benefitted from modern day diabetes 

treatment we still see a decrease in incident ESRD 

cases over the years.  

 The patients’ educational level strongly influence the 

risk of them later developing ESRD. Parental SES 

level (education and need of social support) also 

affects the risk, with low SES rendering a higher risk 

for the patient. This is important to remember in the 

clinical setting, acknowledging different educational 

strategies about T1D in different families. 

 The survival in RRT for T1D patients with childhood 

onset have increased with more recent onset of ESRD. 

As expected, transplantation is correlated with the 

best survival and more than half of the patients are 

transplanted at least once. There are no differences 

between sexes in survival or transplantation rate. 

In conclusion we found an encouraging trend in the incidence of 

ESRD due to T1D with time and still a very low cumulative 

incidence of ESRD. The patients with T1D enter RRT at least three 

years later in life. Both in the incidence of and survival with ESRD 

we could not find any differences between sexes. The fact that SES 

is an important risk factor is noteworthy and something that needs 

to be highlighted in the clinical setting and appointments with the 

patients and their families. 
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Thoughts for the future 

We found a declining incidence of ESRD after 35 years of T1D, 10 

years later than earlier studies have implied. The cases with that 

long follow up were few though. To see if we have found a peak 

incidence and not just a decrease due to lack of data would be 

interesting. 

The survival in RRT has increased but our population is small, with 

only 211 patients. The patients are also fairly young since their 

T1D onset was before 15 years of age. To conduct the same study 

but with all T1D patients in RRT could maybe change our results 

or strengthen our conclusions.  

There have been reports of differences in TX rate and survival in 

the general RRT population related to SES level (191-193). This is 

also an issue that needs more focus in the childhood onset T1D 

population. 
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