
Type 1 diabetes in children with non-Swedish background 
 



  To all children and adolescents with diabetes  
      

 



Örebro Studies in Medicine 102 
  

 
 

 
 
 

ULF SÖDERSTRÖM 
 
 

Type 1 diabetes in children with  
non-Swedish background 

– epidemiology and clinical outcome 



 
 

© Ulf Söderström, 2014 

Title: Type 1 diabetes in children with non-Swedish background 
– epidemiology and clinical outcome 
Publisher: Örebro University 2014 

www.oru.se/publikationer-avhandlingar 
 

Print: Örebro University, Repro 03/2014 

ISSN 1652-4063 
ISBN  978-91-7529-010-2 



   
 

Abstract 
 
Ulf Söderström (2014): Type 1 diabetes in children with non-Swedish back-
ground– epidemiology and clinical outcome. Örebro Studies in Medicine 102. 
 
Sweden holds third place of diabetes incidence in young people after Finland 
and Sardinia. One fifth of the population is nowadays of foreign descent. We 
have a substantial number of immigrants from countries where the risk for 
T1D is considerably lower. Migration as a natural experiment is a concept to 
assess the risk for diabetes in offspring of immigrant parents and assess the inter-
action between genetics (genotype) and the impact of environment (phenotype).  
Aims: To study the risk of incurring diabetes for children of immigrant parents 
living in Sweden (I) and further study the risk if the child is born in Sweden or 
not (II); to specifically study and evaluate if children from East Africa have 
increased risk to develop T1D (III). To investigate if clinical and socio-
demographic status at T1D onset differs between immigrant children com-
pared to their Swedish indigenous peers (IV). Finally to study the clinical out-
come and the impact of socio-demographic factors at diabetes onset after three 
years of treatment (V). 
Methods:  All five studies are observational, nationwide and population based, 
on prospectively collected data. Statistics mainly by logistic and linear regressions.  
Results: Parental country of origin is a strong determinant for diabetes in the 
offspring. Children born to immigrant parents seem to keep their low risk 
compared to their Swedish peers (I). When adding the factor of being born in 
Sweden, the pattern changed; there was a significantly (p < 0.001) increased 
risk for T1D if the child was born in Sweden (II). East Africans have a sub-
stantial risk for T1D and especially if the children are born in Sweden (III). 
Immigrant children and adolescents have worse metabolic start at T1D onset 
compared to their indigenous Swedish peers (IV). After 3 years of treatment, 
the immigrant children had a sustained higher median HbA1c, compared to 
their Swedish peers (V). 
Conclusions: Genotype and influences during fetal life or early infancy have an 
important impact for the risk of T1D pointing towards epigenetics playing a 
substantial role. Children with an origin in East Africa have a high risk of 
incurring T1D. Immigrant children have worse metabolic start at T1D onset, 
which sustains after three years of treatment.  

 

 
Ulf Söderström, Örebro University, SE-701 82 Örebro, Sweden,  
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Abbreviations 
ab antibody 
ag antigen 
BMI   body mass index 
BMI-sds body mass index – standard deviation score  
BW body weight 
CD celiac disease 
CI  confidence interval 
GAD 65 glutamic acid decarboxylase, 65 kDa isoform   
HLA human leukocyte antigen 
HbA1c    hemoglobin A1c (glycoselated part of HbA) 
IAA insulin autoantibodies 
IA2 insulinoma associated antigen-2 
ICA islet cell antibodies 
mz mono zygotic  
OR   odds ratio 
aOR   adjusted odds ratio 
PIN personal identification number 
ROS reactive oxygen species 
RTB Register of the Total Population  
SES socioeconomic status 
T1D   type 1 diabetes 
T1DM   type 1 diabetes mellitus 
T2D   type 2 diabetes 
Tregs T – (helper) regulatory cells 
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Background 
The etiology of T1D is probably due to a complex interaction between 
genetics, environment and lifestyle, mediated by an autoimmune process 
leading to destruction of the insulin producing beta cells in the endocrine 
pancreas [1-3].  

Several theories about the cause of diabetes have been proposed [4] – 
“the hygiene hypothesis”, suggesting that the immune system is driven 
towards autoimmunity/allergy instead of fighting infections [5, 6]. This 
was commented in the journal of the Swedish Medical Association based 
on our second paper and a similar study focusing on asthma and migra-
tion [7]. Our second paper was also cited by Bach and Chatenoud in 2012 
as a support for this hypothesis [8, 9]. Another hypothesis is “the accelera-
tor theory” which states that T1D and T2D are different sides of the same 
coin/condition driven by insulin resistance [10]. The “spring harvest” the-
ory by E. Gale is perhaps one of the most appropriate and elegant at-
tempts to explain the rising incidence of T1D [11] (figure E. Gale).  

 
 

The spectrum of genetic suscep-
tibility to type 1 diabetes is de-
picted as a rock projecting from 
the sea. The water level repre-
sents the protective effect of the 
environment. When the water 
level is high, as in childhood, 
risk is largely confined to those 
at the highest levels of genetic 
susceptibility (a). With increas-
ing age, environmental protec-
tion recedes, exposing those at 
lower levels of susceptibility (b); 
E. Gale. 
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   There are indications that certain environmental influences during early 
life affect the risk of contracting T1D [12]. Growth patterns in uteri and 
infancy have been reported to modify this risk [13], as well as exposure to 
viral infections [14, 15]. Caesarean section and early infant feeding/cow’s 
milk [16, 17] and vitamin D as an immune modulator have some impact 
[18, 19]. Other factors, such as obesity [20], fast linear growth [21, 22], 
low zinc in drinking water [23, 24] and psychosocial stress [25, 26] may 
also influence the risk for T1D in later phases of childhood (figure Eisen-
barth). 
 

Putative
trigger

Circulating autoantibodies
(ICA, GAD65, ICA512A, IAA)

Cellular autoimmunity

Loss of first-phase 
insulin response (IVGTT)

Abnormal glucose
tolerance (OGTT) Clinical

onset

Time

β-Cell 
mass 100%

β-Cell 
insufficiency

Genetic
predisposition

Insulitis
β-Cell injury

Eisenbarth GS. N Engl J Med. 1986;314:1360-1368

Diabetes

Natural History of “Pre”–Type 1 Diabetes

 
 
 

So far all studies trying to reveal “the cause” of T1D have failed [16, 
27]. Genetics is pivotal but there is no diabetes gene to reveal, but instead 
genes dealing with immunity/autoimmunity are active. Today there is an 
emerging interest for innate immunity playing a major role in the patho-
genesis and this fits well with disturbed bacterial flora in the gut mikrobio-
ta [28-30]. Epigenetics playing a major role in the pathogenesis is chal-
lenging and is today a growing field for research of T1D [3, 31].  
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Epidemiology 
Sweden, a country with more than 9.5 million people is nowadays a coun-
try of immigration. From 1850 to 1920 however, around one fifth, 1 mil-
lion people left, most for North America. During the last 2 – 3 decades the 
opposite is the rule, 20 % of the Swedish people is nowadays of foreign 
descent i.e. a resident’s both parents are born abroad or the resident is 
born abroad by these same parents. 380 000 Swedish children have today 
foreign background.  

The annual incidence of T1D varies considerably among coun-
tries/regions in the world [32, 33]. Next to Finland and Sardinia, Sweden 
has the highest incidence of T1D in the world. The incidence is much low-
er in southern Europe and T1D is a fairly rare disease in East Asia. The 
incidence in Africa is reported to be low but data is scarce [34-37] (figure 
Diamond).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

A secular trend towards increasing incidences has been reported from 
many high and middle income countries [38, 39]. In Sweden and other 
western countries this has been accompanied by a shift to younger age at 
onset [40]. Since 2000 there seems to be a trend towards level off for in-
creasing incidence in Sweden and Finland [41, 42]. The incidence peak in 
Finland, 64.9, occurred in 2006. In Denmark on the other hand there has 
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been an increasing incidence by 3.4 % annually so far, like in most West 
European countries [43, 44]. 

 

Migration 
Migration of people is a natural experiment where the interaction between 
genetics and environmental influences (exposures) can be investigated and 
can give opportunities to find factors associated to the risk for T1D. Pro-
tective factors acting in the country of origin and lacking in the immigrant 
country may also be possible to discover [45, 46]. 

During the last few decades significant numbers of immigrants have 
moved to Sweden from regions where the incidence of T1D is considerably 
lower. There are some numerous immigrant groups from Bosnia, Iraq and 
Somalia, escaping war and poverty and hoping for a better future in Swe-
den [47].  

An Italian study showed that children born to parents from Sardinia 
preserved their high risk after migration to mainland Italy and one study 
showed that immigrant children incurred diabetes earlier in their new 
western country than in the country of origin [48, 49]. In contrast, a Brit-
ish study demonstrated that the risk for children, who migrated with their 
families from South Asia to England, increased from very low to middle 
high, like indigenous English children [50].  

Genetics 
Twin studies concerning T1D have confirmed the importance of genetics. 
The concordance rate for monozygotic (mz) twins is around 0.4 thereby 
implicating a major role for additional explanations [51, 52]. An Ameri-
can study, following 83 mz twin pairs up to the age of 60, found a cumu-
lative incidence as high as 65 % [52]. An older Danish historical cohort 
study of 20 000 twin pairs concluded a concordance rate of as high as 
0.70 [53]. More than 40 genes have been reported to be involved [54], the 
most dominant being the HLA-class II presenting gene on the short arm of 
chromosome 6, where some haplotypes (DR/DQ) are appointed high risk 
alleles [55, 56]. 

High risk haplotypes are DR3–DQ2 and DR4–DQ8. Especially the het-
erozygote variant DQ2/DQ8 is appointed a very high risk for T1D, one 
out of 20 with this genotype will develop T1D before the age of 15 [57]. 
The haplotype DQ6 is considered to be protective for T1D. Increasing 
incidence of low risk HLA-ags among new cases indicates maybe a greater 
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environmental importance. Immigrants to Sweden from foreign countries 
have a different frequency of HLA-alleles, the haplotype DQ2 occurring 
more often in T1D. The autoimmune antibody GAD65 is found more 
frequently in these children with the condition of T1D [58] (figure Ge-
nome wide Associations in Type 1 diabetes).  
 

Results of genome-wide association studies in type 1 diabetes. modified 
and reprinted from N Engl J Med 2009;360:1646–1654 

Environment 
The rapid increase of T1D and the broadening of HLA-haplotypes among 
patients with diabetes may imply that environmental factors play an im-
portant role in the pathogenesis of T1D [1]. Viruses and especially Entero-
viruses are discussed as putative triggers for autoimmunity, however virus 
may as well be protective [14, 15, 59-61]. Cow’s milk and other dietary 
factors are being investigated as possible triggers [62-64]. Studies concern-
ing vitamin D, an immune modulator, diminishing the risk for T1D, have 
been some conflicting [18, 19, 65, 66]. Breast feeding is shown to be 
somewhat protective [67, 68]. Cesarean section, nitrosamines, red meat 
and cereals have been linked to slightly increased risk in some studies [17, 
69, 70]. Low levels of zinc in drinking water may increase the risk for 
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T1D [71]. Rapid linear growth in fetal life [72] and early infancy [73, 74], 
obesity [74-76] and psychosocial stress [77, 78] have also been linked to 
an increased risk for the condition. 
  

Aims 
Does migration from a country/region with low incidence of T1D to a 
country with high incidence change the risk of contracting diabetes for the 
offspring of immigrant parents and do these children differ in metabolic 
status at onset and after some years of treatment?  

  I. Do heritage and/or environment influence the risk of developing 
T1D? We test the hypothesis that children born to parents from foreign 
countries but living in Sweden have an increased risk for T1D.  

  II. Does the exposure of being born in Sweden have impact on the risk 
for T1D in children with background from other countries? 

  III. Do children from East Africa living in Sweden have a high risk for 
T1D?  

  IV. Do children with foreign background have different clinical and 
socio-demographic status at diabetes onset compared to children with 
Swedish background? 

  V. Do they differ in metabolic control after three years of treatment at 
our pediatric clinics compared to their Swedish peers? 
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Methods 
Sweden has since many years acknowledged national registries hosted by 
Statistics Sweden (SCB) and there are a number of registries concerning 
the health of the residents held by the National Board of Health and Wel-
fare (Socialstyrelsen) [79, 80]. All Swedish residents are assigned a unique 
10 digit ID number, personal identification number (PIN), at birth or im-
migration. This PIN was used to link information from different registry 
sources [81]. Validations of the Swedish Discharge Register have been 
performed and the ascertainment is shown to be 85 – 95 % [82]. For spe-
cific diseases there are clinical registries of quality and so is the case for 
T1D. The Swedish Pediatric Diabetes Registry – Swediabkids, hosted by 
the Swedish Pediatric Association under supervision of the National Board 
of Health and Welfare comprehend all children and adolescents with dia-
betes in Sweden [83]. 

All five studies in this thesis are observational nationwide population 
based on the entire population of Sweden using the above registries [84, 
85]. All data are collected prospectively. 

HbA1c 
Values are presented in IFFC units (mmol/mol), followed by NGSP 
(DCCT) units (%), in parentheses throughout all papers in this thesis.  

All paediatric diabetes centres in Sweden participate in Equalis, Exter-
nal Quality Assurance in Laboratory Medicine in Sweden, for external 
quality assessment of clinical laboratory investigations [86, 87]. 
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Settings 
I. This study was based on Swedish national registers held by the National 
Board of Health and Welfare and Statistics Sweden. All children living in 
Sweden during 1987-93 were identified in the Swedish Medical Birth Reg-
ister [88] as well as the age and personal identification number of the 
mother, family situation, geographic location of the home, relevant perina-
tal variables including smoking at inscription at the well-baby clinic, birth 
weight and the date of birth and sex of the child. Small for gestational age 
[SGA] was defined as < -2SD according to the growth chart developed by 
Marsal et al [89, 90]. The children who were still registered to be residents 
in Sweden in 2002 and where the identity of the mother could be deter-
mined in the register were included in the study population – in all 783 547 
children The socio-economic status (SES) of the household, housing 
situation, maternal and paternal country of birth were identified in the 
Swedish Population and Housing Census of 1985. SES was defined ac-
cording to a classification used by Statistics Sweden, which is based on 
occupation but also take educational level of occupation, type of produc-
tion and position at work of the head of the household, into account. So-
cial welfare benefits received by the household of the mother were added 
through linkage to the Total Enumeration Income Survey of 1990. Mater-
nal education was identified in the Swedish Register of Education of 1990 
and categorized into Low (0-11 years), Intermediate (12-14 years) and 
High (15+ years). 
 
II. Like in the first study, this one was based on Swedish national registers 
held by the National Board of Health and Welfare and Statistics Sweden. 
All individuals born 1980–2000, who were alive and registered as resi-
dents in Sweden on 31 December 2005 were identified in the Register of 
the Total Population (RTB). 

Biological and ⁄ or adoptive parents of these individuals were identified 
in the Multi-Generation Register [91]. Information about region of birth, 
date of immigration, sex and year of birth in RTB was linked to the study 
subjects and their parents. Based on this information, we identified three 
categories of residents with a non-Swedish background; (i) international 
adoptees, (ii) residents born outside Sweden who immigrated to Sweden 
with their parents or by themselves and (iii) residents born in Sweden with 
two foreign-born parents. We selected four regions of origin where there 
were considerable numbers of all three categories and where the incidence 
of T1D has been reported to be low [32, 33]; Eastern Europe, East Asia, 
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South Asia and Latin America. This population included 24 252 interna-
tional adoptees, 47 986 immigrants and 40971 residents with two for-
eign-born parents. To this population we added 1 770 092 Swedish-born 
residents with two native Swedish parents as a comparison group.  

Age at adoption ⁄ immigration was calculated from year of birth and 
year of immigration to Sweden according to the RTB. Adoption in this 
sense means the time when a child starts to live with the new parents and 
not the date when the formal adoption procedure is finished. The Swedish 
Prescribed Drug Register contains data, with unique patient identifiers for 
all drugs prescribed and dispensed to the whole population of Sweden 
(more than 9 million inhabitants) since July 2005 [80]. The retrieval of at 
least one prescription of a drug, with an Anatomical Therapeutic Chemi-
cal (ATC)-code that started with A10A during the calendar year 2006, 
was used to create the outcome variable of the study – insulin. To check 
the validity of this variable, we also identified all patients in the Swedish 
Patient Discharge Register who had been discharged with a diagnosis 
equivalent to E10 in ICD-10, insulin-dependent diabetes ⁄ diabetes type 1. 

 
III. A nationwide register study based on retrieved prescriptions of insulin 
during 2009 in children aged 0–18 years [80]. The study population con-
sisted of 35 756 children in families with an origin in Sub-Saharan Africa 
and 1 666 051 children with native Swedish parents. All individuals born 
1991–2008 who were alive and registered as residents in Sweden on 31 
December 2008 were identified in the Registry of the Total Population 
(RTB). Biological and/or adoptive parents of these individuals were identi-
fied in the Multi-Generation Registry [91]. Information about region of 
birth, date of immigration, sex, and year of birth in RTB was linked to the 
study subjects and their parents. On the basis of this information, we cate-
gorized the offspring of two parents born in a country in Sub-Saharan 
Africa into Swedish-born and Africa-born by the child’s own record of 
country of birth. These categories were further divided into East Africa 
(Ethiopia, Somalia, and Eritrea) and South and West Africa by parental 
country of birth. Children with a record of adoption in the Multi-
Generation Registry were excluded from the study population. To this 
population of 35 756 children in families with an origin in Sub-Saharan 
Africa, we added 1 666 051 Swedish-born residents with two native Swe-
dish parents as a comparison group. 
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IV - V. Observational nationwide population-based matched cohort-
studies on prospectively collected registry data.  

All children and adolescents up to 18 years of age are followed and 
their clinical data are recorded at every visit to the paediatric clinics, usu-
ally 3 to 4 times annually, in the National Quality Registry for Paediatric 
Diabetes in Sweden, Swediabkids [83, 92]. From this registry we collected 
all patients from 2000 to 2010 with non-Swedish background, i.e. both 
parents are born outside Sweden.  
 
 
    In all 13 415 diabetic children and adolescents were registered during 
these 11 years. We found 879 (6.6 %) children with diabetes to immigrant 
families, who were assigned the immigrant cohort. To these 879 children 
we added a comparison group of 2627 native Swedish children i.e. both 
parents are born in Sweden, 3 for each case from the same registry, the 
Swedish cohort. Individuals from the two cohorts were matched according 
to gender, age and year of diabetes onset.  

Socio-demographic data were obtained from Swedish national registers 
held by Statistics Sweden. All Swedish residents are assigned a unique 10-
digit ID number (PIN) at birth or immigration. This PIN was used to link 
information from different registry sources. The PINs were replaced by 
consecutive numbers, thereby concealing the identity of the patients to all 
investigators.   

According to Swedish national guidelines for childhood diabetes, all 
children with suspicion of diabetes are admitted to a paediatric diabetes 
clinic.  

Height and weight were measured; BMI was calculated and expressed 
according to Swedish national reference data [93]. Glucose concentration 
was measured in plasma at arrival; pH, standard bicarbonate and HbA1c 
were measured in capillary blood.  HbA1c values are presented in IFFC 
units (mmol/mol), followed by NGSP units (%), in parentheses [94]. All 
paediatric diabetes centres in Sweden participate in Equalis, External 
Quality Assurance in Laboratory Medicine in Sweden, for external quality 
assessment of clinical laboratory investigations [86, 87]. 
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Statistics 
Statistical analyses performed by logistic and linear regression models and 
Chi-square test, independent two samples T-test for normally distributed data 
and Mann-Whitney U-test for non-normally distributed or ordinal data.   

Statistical software performed by SPSS for Windows, 12.0, 18.0, 20.0, 
22.0 (IBM SPSS Inc. Chicago, IL, USA) in all five papers.  

Statistical significance was defined by p < 0.05 (2-sided). 
 

Ethics 
The studies of this thesis are solely based on data from acknowledged 
registries in Sweden. 

The identity of all family members (PINs) are concealed for all investi-
gators and replaced by consecutive numbers. All clinical data are collected 
at ordinary clinical visits at the pediatric departments in Sweden caring for 
children and adolescents with diabetes.  

 
All five studies are approved by the Ethics committee in Stockholm. 
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Results 
     I. There were 3225 children discharged from hospitals with a diagnosis of 
type 1 diabetes during 1987-2002 in the study population, indicating a 
cumulated incidence of 4.1 per 1000 in this cohort. The cumulated inci-
dence of childhood type 1 diabetes was higher in families where the moth-
ers had a university education (4.22/1000) compared to those with short 
education (3.41/1000) and being small for gestational age was associated 
with a low incidence (3.2/1000). In contrast to this fairly limited variation 
by socio-economic and perinatal factors, the cumulated incidence varied 
greatly by parental country of birth (Table 1). 

  
Table 1 . The cumulated incidence of childhood type 1 diabetes in 2002 in 
children born 1987-92 by parental country of birth.  

N  Cases  1/1000  
Sweden   645726  2827  4.4  
Finland/Sweden  26638  124  4.7  
Finland   8612  45  5.2  
Western* /Sweden  23148  43  3.1  
Western*   1118  4  3.6  
Eastern Europe/Sweden  5225  16  3.1  
Eastern Europe                       5064                6                     1.2
Southern Europe/Sweden  8171  19  2.3  
Southern Europe  7734  9  1.2  
Middle East /Sweden  6825  19  2.8  
Middle East   22601  37  1.6  
Latin America/Sweden  4979  11  2.2  
Latin America   4962  5  1.0  
Africa/Sweden   2080  9  4.3  
African   3939  12  3.0  
Asia/Sweden   4926  5  1.0  
Asia   4786  4  0.8  
All   783547  3225  4.1  
*Includes Western Europe outside of Finland and Sweden, North America, 
Australia  

 
In a multivariate analysis the odds ratios (OR) for T1D in children with 

parents born in very low or low incidence countries were 0.21 and 0.37 
respectively, compared to those born in Sweden after adjustment for major 
confounders. Children with one parent  born in a foreign country and one 
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Swedish-born parent had OR in between those of children having two 
Swedish-born or two foreign born parents (Table 2). 
 
Table 2. Logistic regression models of parental country of birth and 
childhood type 1 diabetes.  

Model 1*                       Model 2**  
  OR (95% CI)                       OR (95% CI) 
Sweden  1                      1  
Finland/Sweden  1.06  (0.88-1.26)  1.05  (0.88-1.26)
 
Finland   1.17  (0.87-1.57)   1.14  (0.85-1.53)

Intermediate*** /Sweden  0.71  (0.56-0.90)   0.71  (0.56-0.90)

Intermediate***  0.60  (0.25-1.44)   0.59  (0.25-1.42)
  
Low**** /Sweden  0.66  (0.52-0.85)   0.66  (0.51-0.85)

Low****   0.38  (0.30-0.49)   0.37  (0.29-0.48)

Very Low***** /Sweden  0.38  (0.23-0.61)   0.37  (0.23-0.61)

Very Low*****  0.21  (0.11-0.41)   0.21  (0.11-0.40)

* Adjusted for sex and year of birth only  
** Adjusted for sex, year of birth, high maternal age, maternal education, 
SGA and birth weight above 4000 g  
*** Includes Western Europe outside of Finland and Sweden, North 
America, Australia and Norway  
**** Includes southern and eastern Europe and Middle East. 
***** Includes Asia and Latin America. 
 

II. The number of 10 286 individuals retrieved at least one prescription 
of insulin during 2006. 98.4 % of Swedish born and 94.8 % of foreign-
born who had retrieved at least one prescription of insulin had been dis-
charged from a Swedish hospital during 1987–2006 with a diagnosis of 
type 1 diabetes (E10). The prevalence of insulin medication was highest in 
the Swedish comparison group (5.7 /1000) and lowest in study groups 
from East Asia (0.5-0.7 /1000) (Table 3).  
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Table 3. Insulin in 2006 in 6-25 year olds in Sweden by own and parental 
country of birth.  
Region 
of birth, 
parents 

Own  
region of 
birth 

N Male 
Sex  
(%) 

Mea
n age   
(year)

Mean 
age at 
immigr
ation 
(years) 

Insulin 
Cases   
1/1000      

Sweden Sweden 1770092
 

51.5 15.1 - 10099 5.7 

      
Eastern 
Europe 

Adoptees 3 396 56.7 13.1 3.2 5 1.5 

 Born in 
Sweden 

15 014 51.4 14.3 - 44 2.9 

 Immigrant
 

17 958 46.9 18.2 11.4 37 2.1 

        
East 
Asia 

Adoptees 7 464 43.4 14.6 1.3 4 0.5 

 Born in 
Sweden 

8 261 52.7 12.2 - 6 0.7 

 Immigrant
 

11 959 45.2 17.3 11.4 7 0.6 

        
South 
Asia 

Adoptees 6 706 37.4 19.4 1.3 13 1.9 

 Born in 
Sweden 

5 984 51.8 12.5 - 16 2.7 

 Immigrant
 

8 058 56.5 18.1 13.5 14 1.7 

        
Latin 
America 

Adoptees 6 686 57.8 17.5 1.5 6 1.9 

 Born in 
Sweden 

11 712 52.1 13.9 - 19 1.6 

 Immigrant
 

10 100 52.2 18.7 9.4 16 1.6 

 
 

In 2006, the year of assessment of insulin medication, i.e. T1D diagno-
sis, the immigrant residents (non-Swedish born) had a higher mean age 
between 17.3 and 18.7 years compared with those born in Sweden with a 
mean age varying between 12.5 and 14.3 years. The mean age of the 
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adoptees varied from 13.1 in adoptees from Eastern Europe to 19.4 in 
those from South Asia. The mean age in the study groups varied between 
12.2 and 18.7 years, and the mean age at immigration was lower in 
adopted compared with immigrant children. 

There was an uneven sex distribution in the adoptee study groups with 
a female preponderance in the adoptees from Asia and a male preponder-
ance in the adoptees from Latin America. Table 2 describes the logistic 
regression analysis in the entire study population. The odds ratios (OR) 
compared with the Swedish comparison group were lowest in residents 
with an origin from East Asia (0.10–0.14) and highest in those with an 
origin in Eastern Europe (0.28–0.54) and South Asia (0.28–0.53) (Table 
4).  
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Table 4. Logistic regression of own and parental country of birth and 
insulin 
with adjustment for age and sex. 

Region of birth 
of both parents 

Own  
region of birth 

Insulin 
OR (95%CI) 

Sweden Sweden 1 
   
Eastern Europe Adoptees 0.28 (0.11-

0.66) 
 Born in Sweden 0.54 (0.40-

0.73) 
 Immigrants 0.33 (0.24-

0.46) 
   
Far East Adoptees 0.10 (0.04-

0.26) 
 Born in Sweden 0.14 (0.06-

0.39) 
 Immigrants 0.10 (0.05-

0.20) 
   
South Asia Adoptees 0.30 (0.17-

0.52) 
 Born in Sweden 0.53 (0.33-

0.87) 
 Immigrants 0.28 (0.16-

0.47) 
   
Latin America Adoptees 0.15 (0.07-

0.32) 
 Born in Sweden 0.31 (0.19-

0.47) 
 Immigrants 0.25 (0.15-

0.41) 
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A logistic regression model that excluded the Swedish comparison 
group and was adjusted for region of origin, sex and residency, the aOR 
compared with adoptees were 1.68 (CI 1.03–2.73) for Swedish born and 
1.05 (CI 0.66–1.69) for foreign born immigrants (data not presented in 
tables). These effects were similar for boys and girls.  

A separate logistic regression analysis of the adoptees, adjusted for age, 
sex and region of birth, revealed that age at adoption was not found to be 
associated with the risk of insulin medication, OR 1.7 (0.52–5.29) for 
being adopted at five or more years, OR 0.80 (0.18–3.66) for 3–4 years 
and OR 0.84 (0.36–1.93) compared with those adopted during the first 
year of life (Table 5).  
 
Table 5. Age at adoption and insulin in international adoptees in the age 
6-25 years. 
 

Age at adoption 
(yr) 

 
N 

Insulin 
OR (95%CI) 

0 8 422 1 
1-2  11 344 0.84 (0.36-1.93) 
3-4  2 471 0.80 (0.18-3.66) 
5+ 2 015 1.7 (0.52-5.29) 

 

 
Adjusted for sex, age and region of birth 
 

In a similar analysis of non-adopted immigrants, the OR was 0.47 
(0.22–1.01) for those who immigrated after 15 years of age, 1.00 (0.50–
2.02) for those who immigrated at 10–14 years of age and 1.05 (0.56–
2.00) for those at 5–9 years of age compared with those who immigrated 
at 0–4 years of age. 

 
III. There were 8047 children in the age range of 0–18 years with Swe-

dish-born parents and 107 children with parents born in Sub-Saharan 
Africa who had retrieved at least one prescription of insulin during 2009. 
Swedish-born offspring of parents born in Eritrea had the highest overall 
incidence of 6.7/1000, whereas the lowest incidence, 0.7/1000, was found 
in African-born offspring of parents from South and West Africa. Swe-
dish-born offspring of parents from all East Africa had an OR of 1.29 for 
T1D compared with the Swedish comparison group, whereas children 
who themselves were born in East Africa had OR 0.50. Swedish-born and 
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Region of parental
country of birth

Own region
of birth N Male sex Mean age

Mean age at
immigration

(%) (Years) (Years) OR (95 % C.I.)*

Sweden Sweden 1 666 051 51.5 11.5 - 8047 4.8 1

East Africa:
   Ethiopia Sweden 3 743 50.3 12.2 16 4.3 1.02 (0.62-1.67)

Africa 743 50.9 17.3 8.4 1 1.3 0.22 (0.03-1.54)

   Eritrea Sweden 2 385 51.2 9.5 16 6.7 1.69 (1.03-2.78)
Africa 1 020 53.9 12.8 8.7 5 4.9 0.94 (0.39-2.27)

   Somalia Sweden 9 629 51.7 7.3 39 4.1 1.30 ( 0.95-1.78)
Africa 7 889 51.2 13.6 9.4 21 2.7 0.47 (0.31-0.73)

All East Africa Sweden 15 759 51.1 8.3 71 4.5 1.29 (1.02-1.63)
Africa 9 652 51.2 13.6 9.2 27 2.8 0.50 (0.34-0.73)

Other Sub-Saharan Africa Sweden 5 374 48.9 8.1 - 6 1.1 0.31 (0.14-0.70)
Africa 4 529 49.4 14.1 9.3 3 0.7 0.11 (0.04-0.36)

Insulin medication
Cases 1/1000

African-born children with parents born in South and West Africa had 
low OR 0.30 and 0.11, respectively (Table 6). 

Table 6. Demographic indicators and offspring medication with insulin 
during 2009 by own and parental country/region of birth in children aged 
0–18 years 
 

IV. Clinical and socio-demographic data from diabetes onset were col-
lected and compared between two cohorts, the immigrant children and the 
Swedish children. The proportion of girls among the children with diabe-
tes was higher in the immigrants (49.1%) in relation to the whole diabetes 
population (45.7%), p = 0.049. Paternal age was higher in the immigrant 
group, but no obvious difference was observed for maternal age. Height, 
weight and weight loss were equal. Median BMI-sds was lower in the 
Swedish group. There was no difference in blood glucose.  

The proportion of low capillary pH (< 7.30) was higher in the immi-
grant children pH 7.35 and 7.37 respectively; a corresponding difference 
seen for bicarbonate.  HbA1c was higher in the immigrant group, 94 
mmol/mol (10.8 %) vs 88 (10.2 %) in the Swedish cohort (figure Graf 
pH). 
 
  

grant children, 25.8 vs 16.4 (p < 0.001). Median capillary pH was lower 
7.35 vs 7.37 (p < 0.001) a corresponding difference seen for bicarbonate. 
HbA   was higher in the immigrant group, 94 mmol/mol (10.8 %) vs 88 
(10.2 %) in the Swedish cohort (figure Graf pH).
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IV. Clinical and socio-demographic data from diabetes onset were col-
lected and compared between two cohorts, the immigrant children and the 
Swedish children. The proportion of girls among the children with diabe-
tes was higher in the immigrants (49.1%) in relation to the whole diabetes 
population (45.7%), p = 0.049. Paternal age was higher in the immigrant 
group, but no obvious difference was observed for maternal age. Height, 
weight and weight loss were equal. Median BMI-sds was lower in the 
Swedish group. There was no difference in blood glucose.  

The proportion of low capillary pH (< 7.30) was higher in the immi-
grant children pH 7.35 and 7.37 respectively; a corresponding difference 
seen for bicarbonate.  HbA1c was higher in the immigrant group, 94 
mmol/mol (10.8 %) vs 88 (10.2 %) in the Swedish cohort (figure Graf 
pH). 
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Graph of capillary pH at diabetes onset. F = immigrant cohort; K = 
Swedish cohort 

For socio-demographic conditions there were considerable inequalities 
in every parameter. The numbers and the region/country of origin of the 
immigrant parents and their children are shown in table. The majority, 
641 (72.9 %), of the children born in immigrant families, were born in 
Sweden. Besides the Nordic countries Iraq, former Yugoslavia and Soma-
lia have a considerable number of immigrants in Sweden (Table 7).  
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Table 7. Region/country of origin of the immigrated parents and country 
of birth of their children  
Country of origin child* mother father
  n (%) n (%) n (%) 
 
Finland  123 (14.0) 112(12.7) 10 (1.1) 
Other Nordic  37 (4.2)  33 (3.8) 14 (1.6) 
Western Europe/USA 18 (2.0) 22 (2.5) 16 (1.8) 
Former Yugoslavia 108 (12.3) 111 (12.6) 41 (4.7) 
East/South Europe 72 (8.2) 47 (5.3) 18 (2.6) 
Iraq  147 (16.7) 160 (18.2) 73 (8.3) 
East Asia  42 (4.8) 38 (4.3) 15 (1.7) 
South Asia  137 (4.8) 140 (15.9) 23 (2.6) 
Somalia  67 (7.6) 66 (7.5) 11 (1.3) 
Other Africa  98 (11.1) 109 (12.4) 8 (0.9) 
Latin America  25 (2.8) 28 (3.2) 5 (0.6) 
Other countries                       5 (0.6) 13 (1.5) 4 (0.4)
 
All  879 (100.0) 879 (100.0) 238 (27.1%) 
*641 (72.9%) were born in Sweden 
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When comparing girls to boys within the groups, we were unable to 
discern any disparities according to low pH. However for HbA1c, there 
was a gender difference among the Swedish children, girls having higher 
HbA1c (Table 8).  
 
Table 8.   
A. Male/female ratio in the immigrant study population compared to all 
children in the Swediabkids registry  
B. Relationship between gender and low pH or HbA1c at disease onset   
 
A. Male/female ratio: Male Female p 
  n n 
All (n = 13415) 6795 (54%)    723 (46%)
  
All immigrants  447 (51%) 432 (49%) 0.0486 
(n = 879) 
Group comparisons by Chi-square test 
 
B. Gender and low pH (<7.30) or HbA1c: 
 Male Female  p 
pH < 7.30 n (%)     n (%)        
Cases 179 (40.0) 176 (40.7)  0.837 
Controls 390 (29.2) 415 (32.1)  0.108 
  Male Female 
HbA1c Median   I-q range*   Median         I-q range*            p    
 Cases       91      34 96 41                  0.064 
Controls  87      31 90 37 0.032 

*Inter-quartile range (75th – 25th percentile) 
Group comparisons by Chi-square test 
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In a multiple logistic regression model using pH < 7.30 in capillary 
blood as a dependent variable, tested for socio-demographic factors, type 
(cases/controls) was the only significant outcome, OR 1.776 (95 % CI 
1.339 – 2.357). A similar model with the same dependent variable tested 
for both social and clinical variables displayed significance merely for p-
glucose and HbA1c.(Table 9). 

Table 9. Logistic regression model with low pH (<7.30) as dependent 
variable 

 
V. The immigrant children had a higher median HbA1c, three years after 

onset, 69.0 mmol/mol (8.5 %), compared to their Swedish peers 61.6 (7.8 
%), p = 0.002, and 75th percentile of 72.2 (8.8 %) and 69.8 (8.5 %) re-
spectively. There was however no difference in frequency of severe events 
of hypoglycemia or keto-acidosis between the cohorts (p = 0.258). A linear 
regression model using HbA1c as dependent variable, tested for both bio-
logical and social factors including HbA1c and capillary pH at diabetes 
onset,  revealed for both cohorts a significant impact of  insulin-units per 
kg BW, but  not for capillary pH. BMI but none social variable, of the 
mother at onset, had any impact for the immigrant cohort on HbA1c. 

95% CI
OR p lower upper

BMI 1.020 0.598 0.948 1.097
HbA1c 0.982 0.000 0.973 0.991
Pglucose 0.957 0.000 0.935 0.979
Sex 1.012 0.957 0.669 1.530
Soc.welf. 0.520 0.127 0.224 1.206
Age 1.011 0.759 0.944 1.083
Age mother 1.048 0.103 0.991 1.109
Age father 0.965 0.142 0.921 1.012
Type 0.628 0.103 0.359 1.099
Year onset 1.049 0.564 0.891 1.236
Family mother 0.941 0.826 0.545 1.623
Education<9yrs 1.125 0.733 0.570 2.220
Education>9yrs 1.035 0.880 0.662 1.617
Housing mother 0.744 0.295 0.428 1.294
Employment mother 1.155 0.615 0.658 2.027
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However for the Swedish cohort HbA1c at onset had relevance for HbA1c 

three years later (p = 0.004) (Table 10). The outcomes were equivalent in 
a similar model excluding the other Nordic countries (figures not shown).   

 
B(OR) Sig.(p) 

95.0% Confidence 
Interval for B (OR) 

Cases (immigrants) 
  

Lower Bound 
Upper 
Bound 

HbA1c at onset .009 .932 -.083 .090 
PGlucose at onset .139 .130 -.047 .359 
BMI  .334 .001 .407 1.616 
Units of insulin .285 .003 3.841 17.997 
Single/attached, mother .158 .089 -.006 .087 
Events of 
hypos/ketoacidosis .065 .467 -3.926 8.496 
Insulin delivery, method -.091 .358 -8.737 3.191 
Housing, mother .070 .464 -1.629 3.541 
Sex .006 .947 -4.049 4.328 
Education < 9 years, 
mother -.103 .349 -7.828 2.794 
Education > 9 years, 
mother .187 .069 -.371 9.645 
Employment, mother .039 .705 -3.754 5.526 
Social welfare, mother -.106 .338 -9.027 3.132 
Capillary pH -.043 .643 -21.264 13.202 
Controls (Swedes) 

    HbA1c at onset .148 .004 .022 .117 
PGlucose at onset -.034 .509 -.180 .090 
BMI  .033 .518 -.222 .440 
Units of insulin .350 .000 10.477 18.775 
Single/attached, mother .063 .242 -.007 .027 
Events of 
hypos/ketoacidosis .068 .164 -1.002 5.891 
Insulin delivery, method -.090 .077 -4.951 .251 
Housing, mother -.042 .426 -2.199 .931 
Sex .013 .796 -1.907 2.485 
Education < 9 years, 
mother .022 .679 -3.453 5.297 
Education > 9 years, 
mother .061 .219 -.841 3.664 
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Employment, mother .011 .827 -2.907 3.636 
Social welfare, mother .054 .298 -3.361 10.938 
Capillary pH -.002 .971 -11.730 11.299 
 
Table 10. Linear 
regression model, HbA1c 
after 3 years      

Conclusions 
I. The results of this study demonstrate that parental country of birth is an 
important determinant for childhood T1D in Sweden. In summary this 
study presents support for hypotheses explaining geographical differences 
in childhood T1D with genetic susceptibility rather than with environmen-
tal factors. The impact of socioeconomic factors (SES) was comparatively 
low.  

 
II. The odds ratios (OR) for T1D were lower than the Swedish majority 
population for residents with an origin in the four low incidence regions. 
Being born in Sweden implies a higher risk for T1D for children to immi-
grant families from all low incidence regions. When comparing interna-
tionally adoptees (by definition born abroad) to immigrant children the 
factor of being Swedish-born implicated a substantial increased risk for 
T1D, OR 1.68 (95% CI 1.03-2.73). Time spent in Sweden had no relevant 
effect. This implies that exposures in uteri or very early infancy are im-
portant risk factors for T1D. Epigenetics/fetal programming seems to be 
involved in the pathogenesis of T1D. 

 
III. Populations with an origin in East Africa bear a high risk for T1D 
when they are born and raised in exile in a high-income country like Swe-
den. The lower risk in children who themselves were born in East Africa 
has to be interpreted with caution, because T1D might often be an unde-
tected and deadly disease in this impoverished region. The incidence of 
diabetes for the children who themselves were born in East Africa in this 
study was much higher compared to previous studies conducted in this 
region. If incidence rates for East African immigrants also tend to remain 
on the same level as in the country of origin, this study suggests that pre-
vious studies in this region may have grossly underestimated the risk of 
T1D. It is, however, also possible that East Africans are vulnerable to yet 
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unidentified environmental risk factors in a high-income country like Swe-
den.  

 
IV. The present study indicates that children born to immigrant families in 
Sweden have worse metabolic status at diabetes onset compared with chil-
dren of Swedish descent. The gender ratio was more equal in the immi-
grant group. Notably there was a slight gender difference for HbA1c in the 
Swedish children, girls having higher values. This finding may seem sur-
prising as we could not see the same for immigrant girls. Immigrant fami-
lies harbour poorer social conditions, but socio-demographic parameters 
do not seem to explain the inferior metabolic situation at diabetes onset.  
 
V.   Children to immigrant parents have, as we saw in study IV, inferior 
metabolic status at diabetes onset. This phenomenon remains after 3 years 
of treatment according to the results of this study. The proportion .of chil-
dren with HbA1c > 70 mmol/mol is higher in the immigrant cohort. The 
reason for this seems not to be related to worse social conditions or to 
biological factors. The impact of higher HbA1c and lower pH at diabetes 
onset had as well no significant influence after 3 years in the immigrant 
cohort.  

Discussion 
Migration as a natural experiment,  people moving from regions with low 
incidence for T1D to a high incidence country like Sweden, can give some 
proposals for and where to search for factors promoting or preventing 
T1D. We have used this concept as a broad exposure in all five studies. 
Immigrants change environment, and perhaps lifestyle, influencing an 
altered risk of developing diseases for themselves and their offspring. 

However associations but not causality is possible to demonstrate in 
observational studies. There are needs for big well designed prospective 
studies to get closer to involved environmental factors [27, 95-97]. 

  
I. Children born to immigrant parents have a substantial lower risk for 
T1D compared to their Swedish peers [55]. The risk almost doubled if one 
parent was of Swedish origin, but for Finns the risk was somewhat de-
creased. The figures of risk corresponded well according to country of 
origin and if the parents were mixed. In summary this points more to ge-
netics than to environment as contributing risk factors for T1D.   
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II. Residents born in Sweden with foreign-born parents were demonstrated 
to have nearly 70 % higher risk of T1D compared with international 
adoptees and immigrants with an origin in these same regions of the 
world. In opposition to allergic asthma where time spent in Sweden after 
immigration had a significant impact on risk this was not the case for T1D 
[6].  The prevalence of T1D was highest in offspring of Swedish parents 
and lowest in the populations with origin in East Asia, with populations 
originating in South Asia, Eastern Europe and Latin America on a similar 
level in between these two extremes. 

 
III. East Africans seem to have a substantial (the highest?) risk of incurring 
T1D especially when born and raised in a high-income country like Swe-
den. The figures for immigrant children born in their country of origin 
have to be considered with precaution but it seems that the figures of inci-
dence is underestimated.
 
 
 
 

The first three papers imply that genetic background and influences 
during fetal life or early infancy have important impact for the T1D risk. 
Heritage is crucial but early exposures modify the risk substantially. Two 
nationwide Swedish studies, published recently, covering more than 7 
million people, age 0 -30 years, offspring of Swedes and immigrants par-
ents, draw similar conclusions [98, 99]. Another study focusing on genet-
ics, HLA-ags and autoimmune abs concluded that being born in Sweden 
increased the risk for T1D [100]. 
  Epigenetics acting on the genotype during influence of environmental 
factors – enhanced foetal and postnatal growth [72, 101, 102], cesarean 
section [103, 104], vitamin D [105], alimentary ags [106], psychosocial 
stress [78, 107] modify the risk.  Zinc and nitrate in drinking water has 
been investigated as factors influencing the risk [24, 108, 109]. Compre-
hensive studies, trying to reveal alimentary ags or virus infections as trig-
gers or precipitators, have so far not been fully conclusive [46, 64, 96].          

 

 
IV – V. The gender differences seen in the two last papers, immigrants 
having more equal gender ratio than Swedish children is intrigueting. The 
figures found for low pH in the Swedish children were equivalent to those 
in an earlier Swedish  study [110]. Surprisingly there were gender differ-
ences in the Swedish cohort, girls exploring higher HbA1c at onset not seen 
in immigrant girls. Gender has been addressed in a Danish observational 
register study concluding that boys are more vulnerable to entero - viruses 
infections during foetal life [111, 112]. Could this be an explanation for 
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the preponderance of boys over girls with T1D? Autoimmune diseases 
most often display the opposite. 

The inferior metabolic start presenting a greater proportion of low pH 
(<7.30) and higher HbA1c sustainable after three years in the immigrant 
cohort is alarming according to the risk for late complications [113-116]. 
The tracking of HbA1c at onset for the Swedish but not for the immigrant 
children found after 3 years is interesting. Is there a biological/clinical 
difference of T1D between the cohorts or is there an effect of inferior cop-
ing and treatment in the immigrant cohort concealing the influence of 
inferior metabolic control at onset?  According to another Swedish study 
HbA1c 3 months after diabetes onset was a determinant for impaired met-
abolic control in adulthood [114, 115]. 

The hygiene hypothesis tries to explain the connections between im-
munity and T1D [8, 117]. The accelerator theory is another theoretical 
model claiming that the key factor for incurring both T1D and T2D is 
insulin resistance [10]. Oxidative stress on the beta-cell is another trigger 
of T1D, metabolic disturbances seen early in individuals at high risk and 
the subsequent imbalance in the immune system could sustain a key for 
the understanding of the complex pathogenesis.  An imbalance between 
the production of reactive oxygen species (ROS) and the detoxification of 
their reactive intermediates causes oxidative stress [2, 118, 119]. Cells 
must respond to this imbalance before the highly reactive molecules dam-
age cellular structures, particularly DNA. Severe and prolonged oxidative 
stress can trigger apoptosis and necrosis. Numerous pathological condi-
tions comprise an oxidative stress component. The psychosocial stress of 
the pregnant mother and the migrating family could also increase the risk 
for T1D in the offspring [2, 78, 120]. 
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Methodological considerations 
A unique PIN for all residents living in Sweden makes it possible to link 
socio-demographic information from national registers hosted by Statistics 
Sweden, for all family members with clinical data from the children with 
diabetes. The major strength of the studies are the large, representative 
and ethnically diverse study populations made possible by the high quality 
and wide coverage of the Swedish national registers and the comparably 
high immigration into the Swedish society in recent decades. It is possible 
that the risk of childhood type 1 diabetes in parents with a country of 
birth outside of Western Europe was somewhat underestimated because of 
the higher mobility of immigrant populations and the tendency of Swedish 
population registers to overestimate these populations. It seems most un-
likely, however, that this effect was anything but marginal, considering the 
intermediate effects observed in families with one Swedish-born parent (I). 
The use of hospital discharge data to create the outcome variables in the  
first study opens up the possibility for regional referral and admission 
policies, as well as diagnostic inconsistencies, to affect the rates of disorder 
described. The widespread clinical practice to hospitalize all children when 
childhood type 1 diabetes is diagnosed and the comparatively clear diag-
nostic criteria of childhood type 1 diabetes, however, probably makes this 
a fairly marginal source of error in this study (I). The finding in the second 
study (II) that 98.4% of the native Swedish population who had retrieved 
a prescription of insulin medication also had been discharged from a hos-
pital with a diagnosis of T1D indicates that insulin medication is a quite 
robust indicator for T1D in individuals below 25 years of age in the Swe-
dish society [80]. Sweden has one of the highest numbers of international 
adoptees in the world in its population. Nonetheless, the numbers of in-
ternational adoptees with T1D were small in this study, which made the 
precision of the risk estimates for T1D by categories of age at adoption 
relatively low. The strength of study IV and V are the completeness of 
data from all immigrant children with diabetes and their Swedish peers in 
an entire country of 9.5 million people during 11 years, followed 3 – 4 
times annually at a pediatric diabetes clinic. The clinical data are collected 
prospectively in the Swediabkids registry [83]. The fact that families from 
abroad with children suffering from a chronic disease/condition tend to 
refrain from emigration, the healthy migrant effect, could have an impact 
on the results. 

However, all five studies being observational make them possible to 
find associations but not to reveal direct causes.  
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Summary  
In summary these five studies using the concept of migration have con-
firmed the complexity of T1D pathogenesis. The first pillar is genetic as 
we saw in the first study. The second points towards epigenetics implicat-
ing that factors acting during fetal or very early life are important for in-
curring diabetes. East Africans have a high risk (the highest?) for the con-
dition especially when born and raised in a high income country like Swe-
den. Immigrant children exhibit inferior metabolic status at disease onset, 
which sustains after 3 years of treatment. This sad fact, however, does not 
seem to be related to biological or social reasons. Education and care of 
ethnic minorities are an evolving and demanding task for the diabetes 
teams [121-124]. The metabolic control must be equalised for immigrant 
children with T1D if the risk of future complications shall be diminished. 
This is a true challenge for the whole diabetes-team.   
 
 
  



40  ULF SÖDERSTRÖM  Type 1 diabetes in children with non-Swedish background 
 

Future perspectives  
It is widely accepted that Type 1 diabetes is a complex disease. Genetic 
predisposition and autoimmunity against pancreatic β-cells lead to apop-
tosis  and diabetes. More than 40 susceptibility gene-loci have been identi-
fied, many now mapped to known genes, largely supporting a dominant 
role for an immune-mediated pathogenesis [57, 125, 126]. This role is also 
supported by the identification of several islet auto antigens and antigen-
specific responses in patients with recent onset diabetes and subjects with 
pre-diabetes. Some evidence suggests certain viruses as a common envi-
ronmental factor, together with diet and the gut microbiota. The interac-
tion between genetics and epigenetics and environmental influences is truly 
complex [3]. The increasing incidence for individuals with low risk HLA-
ags give hints to a still more complex aetiology. Inflammation and insulin 
resistance are emerging as additional cofactors. The heterogeneity of dis-
ease progression and clinical manifestations is probably a reflection of this 
multifactorial pathogenesis (figure Nature Reviews).  
 
 

 Ma, R. C. W. and Chan, 
J. C. N. (2009) Incidence of childhood type 1 diabetes: a worrying trend 
 Nat. Rev. Endocrinol. doi:10.1038/nrendo.2009.180 

 
Figure. Prenatal, perinatal and postnatal factors implicated in the 
development of autoimmune type 1 diabetes mellitus  
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So far, clinical trials trying to delay T1D progression to overt diabetes 
in relatives at increased risk have accomplished limited effect. Reducing 
further loss of insulin secretion in patients with new-onset diabetes has 
also failed [127-129]. Monoclonal anti-CD3 abs intervention has been 
partly effective in preserving C-peptide for some years, although hampered 
by adverse effects in some patients [130-133]. Anti-CD3 seems to have the 
opportunity to diminish the number of pathogenic T-cells and increase the 
number of Tregs thereby inducing tolerance [134]. Viral infections during 
pregnancy or early life are also interesting potentials for promot-
ing/triggering of T1D and induce expectations for prevention by vaccines 
[46, 127, 135].  

The shortcomings at this point may reflect, in part, our incomplete un-
derstanding of key pathogenic mechanisms, the lack of truly robust bi-
omarkers of both disease activity and beta-cell destruction, and the inabil-
ity to assess the relative contributions of various pathogenic mechanisms 
at various time points during the course of the natural history of T1D. 
Emerging data and a re-evaluation of histopathological, immunological 

and metabolic findings imply that unknown mechanisms of β-cells dys-
function may be present at diagnosis, and may contribute to the develop-
ment of hyperglycaemia and clinical symptoms [2, 136]. The insulin-
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producing β-cell is a highly specialized cell, vulnerable to oxidative stress 
and the inflammation cascade [119] (Figure Oresic et al 2008).  

The transplantation of islet cells has revealed its vulnerability and con-
firmed diminished survival time for these cells, especially if the coagula-
tion/inflammation cascade in the circulation is activated [137, 138]. Stud-
ies trying to find precipitators and/or triggers for the pathogenesis of dia-
betes have so far been elusive. As opposite to another autoimmune disease, 
CD (celiac disease), where the precipitator, gliadin is found, this is not a 
reality for T1D. Is there a lack of tolerance to some environmental factors, 
evolving in individuals with increased risk? Prevention is however at this 
stage elusive and more knowledge about aetiology and pathogenesis is 
utterly needed before this goal is achieved [139]. Immune-therapy com-
prising anti CD3 and anti CD20 at onset and thereafter perhaps in inter-
vals and in conjunction with sirolimus (RapamuneR), a drug both acting as 
a immune modulator and insulin secretor inhibitor, may sustain  a ap-
proach for inhibiting further loss of β-cells. This has been tested in an 
animal model and found to preserve C-peptide and endogenous insulin 
production [140].  

Epigenetic studies on T1D are warranty needed and so are further stud-
ies concerning exposures acting early in life. Fetal programming during 
pregnancy raise the question which is most crucial, first, second or third 
trimester? Looking for protective factors in low risk countries, lacking in 
more affluent societies, are also a concern for future studies.  

The detection of low levels of C-peptide after many years of T1D is re-
warding and gives hope for intervention [141, 142]. If one would be able 
to overcome the immune attack on the β-cells there could be a chance for 
new autologous insulin-producing cells to develop without the needs of 
allogeneic transplantation [137]. This could infer a cure of T1D in the 
future!  
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Sammanfattning på svenska 
Sverige innehar tredje plats i diabetes-incidens bland unga människor efter 
Finland och Sardinien. En femtedel av befolkningen har invandrarbak-
grund. Vi har ett flertal invandrare från länder där risken för T1D är avse-
värt lägre. Migration som ett naturligt experiment är ett koncept för att 
bedöma risken att få diabetes för barn till föräldrar med utländsk bak-
grund och studera interaktionen mellan genetik (genotyp) och miljöpåver-
kan (fenotyp). 
Syfte  
Att studera risken att utveckla diabetes för barn till immigrerade föräldrar 
boende i Sverige (I).  
Att vidare studera risken om barnet är fött här eller i hemlandet (II). 
Att specifikt utvärdera om barn från Östafrika har ökad risk för T1D (III).  
Att undersöka om kliniska och socio-demografiska faktorer vid diabetes-
debuten skiljer mellan invandrarbarn och svenska barn (IV).  
Att till sist studera det kliniska utfallet och påverkan av socio-
demografiska faktorer vid diabetesdebuten efter tre års behandling hos 
dessa barn (V). 
Metod 
Alla fem studierna är nationella, populationsbaserade observationsstudier 
utifrån prospektivt insamlade data. Statistiska analyser utförda huvudsak-
ligen med logistisk och linjär regression. 
Resultat 
Föräldrarnas ursprungsland är en stark determinant för barnens risk att 
utveckla T1D. Barn till invandrade föräldrar tycks behålla sin låga risk 
jämfört med svenska barn (I). När vi adderade faktorn född i Sverige änd-
rades mönstret, det var signifikant (p < 0,001) ökad risk för T1D om bar-
nen var födda i Sverige (II). 

Barn från Östafrika har en betydande risk för T1D, speciellt om de är 
födda i Sverige (III). Invandrabarn och ungdomar har sämre metabol start 
vid diabetes-debuten jämfört med sina svenska kamrater (IV). Efter tre års 
behandling har invandrabarnen fortsatt högre HbA1c jämfört med de 
svenska barnen (V). 
Slutsats 
Genotyp and påverkan av miljöfaktorer i fosterlivet eller tidigt efter födel-
sen har stor betydelse för risken att utveckla T1D. Detta pekar mot att 
epigenetik spelar en stor roll. Barn från Östafrika har hög risk att utveckla 
diabetes. Invandrabarn har sämre metabol start vid diabetesdebuten, vilket 
kvarstår efter tre år. 
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