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The trends and the risk of type 1
diabetes over the past 40 years:

an analysis by birth cohorts and
by parental migration background

in Sweden

Hozan Ismael Hussen,! Martina Persson,?

ABSTRACT

Objective: To investigate the trends and the risk of
developing type 1 diabetes in the offspring of Swedes
and immigrants by specific parental migration
background, age, sex and birth cohort.

Design: Registry-based cohort study.

Setting: Using Swedish nationwide data we analysed
the risk of developing type 1 diabetes in 3 457 436
female and 3 641 304 male offspring between 0 and
30 years of age, born to native Swedes or immigrants
and born and living in Sweden between 1969 and
2009. We estimated incidence rate ratios (IRRs) with
95% Cls using Poisson regression models. We
further calculated age-standardised rates (ASRs) of
type 1 diabetes, using the world population as
standard.

Results: We observed a trend of increasing ASRs
among offspring below 15 years of age born to native
Swedes and a less evident increase among offspring
of immigrants. We further observed a shift towards a
younger age at diagnosis in younger birth cohorts in
both groups of offspring.Compared with offspring of
Swedes, children (0-14 years) and young adults
(15-30 years) with one parent born abroad had an
overall 30% and 15-20% lower IRR, respectively,
after multivariable adjustment. The reduction in IRR
was even greater among offspring of immigrants if
both parents were born abroad. Analysis by specific
parental region of birth revealed a 45-60% higher IRR
among male and female offspring aged 0-30 years of
Eastern Africa.

Conclusions: Parental country of birth and early
exposures to environmental factors play an important
role in the aetiology of type 1 diabetes.

INTRODUCTION

The epidemic of type 1 diabetes is accelerat-
ing in many parts of the world with a large
impact on the affected individual’s life and
also with great health economic conse-
quences." There is a wide variation in the

Tahereh Moradi'-3

Strengths and limitations of this study

= The nationwide cohort design, nearly complete
follow-up of type 1 diabetes occurrence over
40years and avoiding misclassification bias
through using unique personal identification
number assigned to all Swedish citizens.

= A limitation with our study is the lack of specific
International Classification of Disease (ICD)
codes for type 1 diabetes in the earlier versions
of ICD (ie, 8th and 9th version of ICD). However,
the prevalence of type 2 diabetes mellitus is low
in Sweden and most likely the majority of dia-
betes cases diagnosed before 30 years of age
are coded as type 1 diabetes.

incidence of type 1 diabetes between coun-
tries, ranging from 0.1/100 000 person-years
in China and Venezuela to more than 40/
100 000 person-years in Sweden and Finland,
respectively.”™

The concordance rate of type 1 diabetes
among monozygotic twins has been esti-
mated to 27%.” Thus, in the aetiology of
type 1 diabetes, there is considerable room
for influence of environmental factors acting
on genetic predisposition. Investigating the
occurrence of type 1 diabetes in immigrants
and their offspring offers a unique possibility
to explore and delineate the gene—environ-
ment interaction for the development of
type 1 diabetes.

Over the past decades, a rapid rise in the
incidence of type 1 diabetes among indivi-
duals below 15years of age has been
reported and also with a shift towards
younger age at the onset.” 7 These studies,
however, have not distinguished between
individuals born to parents with different
migration background. If offspring of immi-
grants, with varying genetic background,
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experience the same change in age at the onset as
observed in the offspring of natives, the importance of
early environmental exposures for the development of
type 1 diabetes would be further supported. We recently
reported a decreased risk of type 1 diabetes among the
majority of immigrants in Sweden compared with native
Swedes. We also observed a tendency towards a conver-
gence of risks for type 1 diabetes between the offspring
of immigrants as one group and native Swedes.® Since
immigrants and their offspring are a heterogeneous
population, there is a need to explore if the risk of type
1 diabetes varies by specific parental country or region
of birth.

In the present study, we used Swedish nationwide data
collected over 40 years to investigate the trend and the
risk of developing type 1 diabetes in offspring of immi-
grants by specific paternal and maternal migration back-
ground and by birth cohorts. Since the incidence of
type 1 diabetes varies with sex and age,” '* the analyses
were stratified by offspring sex and age.

METHODS

Database

We used information from a newly established, nation-
wide dataset—The Migration and Health Cohort (M&H
Co),11 where data from national, longitudinal clinical,
health and sociodemographic registries have been com-
piled. This database was built by individual
record-linkage between more than 15 Swedish national
registries to facilitate studies on diabetes, injuries,
cancer, cardiovascular and psychiatric diseases among
immigrants and their descendants in Sweden. The
linkage was carried out using the personal identification
number (PIN), which is uniquely assigned to each indi-
vidual that have resided in Sweden for longer than
1 year since 1947.'% The data used in this study are part
of the M&H Co, including: (1) The Swedish Total
Population Register, which covers the entire population
registration in Sweden and is updated on a daily basis.
The register contains information on demographic vari-
ables, such as date and place of birth and data on emi-
gration and immigration'?; (2) The Cause of Death
Register, which contains information on the date of
death, the main and contributing causes of death'?; (3)
The National Patient Register, including the Inpatient
Register. It was established in 1964 but with national
coverage since 1987 covering 85-95% of all diagnostic
data."” Since 2001, the Patient Register includes infor-
mation on all registered outpatient visits to specialist
care and day visits to hospitals and covers about 80% of all
visits to the specialised outpatient care.'® The Patient
Register contains data on the main diagnosis and up to
eight secondary diagnoses.'”” '® (4) The Multi-Generation
Register contains links between children and their parents
through PINs for all Swedish inhabitants born after 1931
who were alive in 1960."” (5) The National Population and
Housing Censuses and longitudinal integration database

for health insurance and labour market studies, contains
data on socioeconomic, occupational and demographic
variables.'® '?

The linkages between the registers have been com-
pleted by Statistics Sweden and the National Board of
Health and Welfare. To ensure confidentiality, the PINs
have been replaced by person-unique serial numbers
and a key code is kept at Statistics Sweden.

Study cohort

The study population comprised 3794 477 (51.4%)
males and 3593 765 (48.6%) females between 0 and
30 years of age, born and living in Sweden any time
between 1 January 1969 and 31 December 2009. We
excluded individuals whose parents had unknown infor-
mation on country of birth and all individuals who had
a history of type 1 diabetes, before entry into the cohort.
The final cohort included 7098790 individuals
(3641304 (51.3%) males and 3457486 (48.7%)
females) aged 0-30 years and born in Sweden.

Follow-up

The cohort members were followed from date of birth
or 1 January 1969, whichever occurred last, until the
date of diagnosis of type 1 diabetes according to the
Swedish versions of International Classification of
Disease (ICD-8: 250, 1969-1986; ICD-9: 250, 1987-1996;
ICD-10: E10, 1997 and onwards), emigration, death or
end of follow-up (31 December 2009), whichever
occurred first. Every individual in the cohort were fol-
lowed for maximum 30 years of age.

Since earlier versions of ICD (ie, 8th and 9th version
of ICD) could not distinguish between different types of
diabetes, we have performed sensitivity analysis using
ICD-10 only where we could identify type I diabetes (see
method for details).

Classification of offspring based on parental country of

birth

The cohort was divided into four groups according to
parental country of birth: individuals with mothers born
outside Sweden (father could be born in Sweden,
abroad or unknown; n=345 827); individuals with fathers
born outside Sweden (mother could be born in Sweden,
abroad or unknown; n=317 397); individuals with both
parents born outside of Sweden (n=435 045) and indivi-
duals with both parents born in Sweden (n=6 000 521).
We also classified parental country of birth into six conti-
nents: Africa (North, South, East, West and Middle
Africa), Asia (East, West, South Central and South East
Asia), Europe (North, South, East and West Europe),
Latin America (Caribbean, Central America and South
America) Northern America and Oceania (Australia/
New Zealand, Melanesia and Micronesia/Polynesia).
Based on the findings from our previous study among
immigrant individuals,® we categorised Africa into
North, East and West Africa; Europe into Finland, North
Europe without Finland and South, East and West

2 Hussen HI, Persson M, Moradi T. BMJ Open 2013;3:¢003418. doi:10.1136/bmjopen-2013-003418

“ybuAdoa Aq parosiold 1sanb Aq £20z ‘TT Jequardas uo jwod fwg uadolwgy/:dny wouy papeojumoq "€T0Z 1290190 TE U0 8THE00-ST0Z-uadolwg/oeTT 0T Sk paysiignd 1s4y :uado cNg


http://bmjopen.bmj.com/

8 Open Access

Europe (the latter three as one group). For the trend
and the birth cohort analyses, we pooled all offspring of
immigrants into one group.

Statistical analysis

We estimated incidence rate ratios (IRRs) with 95% Cls
using Poisson regression models. The analyses were
adjusted for age at follow-up (in 5 years intervals 0—4,
5-9, 10-14, 15-19, 20-24 and 25-30 years), calendar
years of follow-up (four categories: 1969-1978, 1979-
1988, 1989-1998 and 1999-2009) and education of the
mother or father (classified into four levels: 0-9 years,
10-12 years, 13 years or more and unknown). All ana-
lyses were performed separately for females and males.
In addition, analyses were made separately for children
(0-14years) and young adults (15-30 years) where we
did not distinguish specific parental region or country
of birth. In further analyses, children and young adults
(0-30 years) were pooled together as one category to
allow reasonable statistical power for analyses by specific
maternal and paternal regions or country of birth to test
the hypothesis that the mother’s and the father’s
background would affect the offspring’s risk of type 1
diabetes differently. We also analysed the risk of type 1
diabetes in children with the mother as well as the
father born in the same country/region. Those with
parents from different regions or from Sweden were
categorised as a mixed group.

Since we had no specific ICD codes before 1997 to dis-
tinguish between types 1 and 2 diabetes, we repeated
the analysis and confined our cohort to individuals
living in Sweden between 1997 and 2009 where we could
strictly identify type 1 diabetes according to ICD-10.

For the trend analysis, we further calculated
age-standardised rates (ASRs), by parental migration
background for both children (0-14years) and young
adults (15-30 years), by dividing number of new cases
with the estimated numbers of person-years at risk in

Figure 1 Age-standardised type AS,ROO
1 diabetes incidence rate per
100 000 person-years
(age-standardised rates) among 80
offspring of Swedes and of -
immigrants in the age group (0—

14), 1969-2009, Sweden.
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b-years age categories using the world population as
standard.”” ASRs were directly calculated to ensure com-
parability and to adjust for differences in age in the
study population, in each of the age groups 0-4, 5-9,
10-14, 15-19, 20-24 and 25-30 years. We reported ASR
in unit of per 100 000 person-years.

The Joint point regression analyses were performed to
evaluate trends of type 1 diabetes in offspring to immi-
grants as well as offspring to Swedes and in both age
groups.”’ #* Annual per cent change (APC) was esti-
mated to describe and test the statistical significance of
the trends. The null hypothesis in this analysis is that the
trend in incidence rates is the same over time. We used
Statistical Analysis System (SAS) V.9.3 for all the analysis.

RESULTS

On average, the age of onset of type 1 diabetes was
similar in offspring of immigrants as in offspring of
Swedes (mean+SD; offspring of immigrants 14.31+7.70,
offspring of Swedes 15.47+7.99).

Over the study period (1969-2009), we observed a sig-
nificant increasing trend for incidence of type 1 diabetes
based on joint point regression analyses among offspring
below 15years of age born to native Swedes and to
immigrants (offspring to Swedes: APC=3.9, p value
<0.001 and offspring to immigrants: APC=2.2, p
value<0.001 figure 1). In contrast, no increase or a slight
decreasing trend was observed among young individuals
between 15 and 30 years of age regardless of parental
migration background (offspring to Swedes: APC=—0.0,
p=0.9 and offspring to immigrants: APC=-0.7, p
value =0.08, figure 2).

The birth cohort analysis revealed a shift towards
lower age at onset in individuals below 15 years of age in
both offspring of Swedes and in offspring of immigrants
(figure 3A,B).

As compared to offspring of Swedish-born parents,
boys and girls (0-14 years) with a foreign-born mother
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or father had about 30% lower IRR in the multivariable
analyses adjusted for age, calendar period and parental
education. Among boys and girls with both parents born
abroad, corresponding risk reductions were about a 40%
(table 1). The results from the sensitivity analysis, where
we repeated the analysis and confined our cohort to
individuals born in Sweden between 1997 and 2009,
were similar to the results of the entire cohort (see
online supplementary table S1).

As compared to young adults (15-30years) of
Swedish-born parents, young adults with only one parent
born abroad had about 15-20% lower IRR of type 1 dia-
betes and among young adults with both parents born
abroad, the risks were reduced by 25-30% (table 1).

Next, we investigated risks of type 1 diabetes by paren-
tal region of birth. Compared with young offspring
(0-30 years) of Swedish-born parents, male and female
oftspring of mothers or fathers born in Africa had about
20-40% higher IRR of type 1 diabetes (table 2). The
increased risk of type 1 diabetes was more prominent
among individuals whose mothers or fathers were born
in Eastern Africa. With a few exceptions, male and
female offspring of mothers or fathers born in Asia,
Europe (except Northern Europe), Latin America and
Northern America (except female offspring to fathers
from Northern America) had between 35% and 65%
lower IRR than male and female offspring of
Swedish-born parents (table 2). These reductions in
risks became even more prominent when we confined
the analyses to parents born in the same region (table
2). Offspring of Finnish immigrants and rest of
Northern Europe had almost similar risks compared
with offspring of Swedes (table 2).

The results from the sensitivity analysis, where we
repeated the analysis and confined our cohort to indivi-
duals born in Sweden between 1997 and 2009 (limited

to children ages 0-13), were similar to the results of the
entire cohort for the same age category (see online sup-
plementary tables S2A and B).

DISCUSSION

In this nationwide cohort study of Sweden-born children
and young adults, we observed a continuing increase of
type 1 diabetes in individuals younger than 15 years of
age over the past decades. This increase was, however,
less evident among offspring of immigrants than in off-
spring of native Swedes. In contrast, no change in trend
was observed among young individuals between 15 and
30 years of age, and regardless of parental country of
birth.

An interesting finding in the present study was an
almost identical pattern with a shift towards lower age at
onset of type 1 diabetes by younger birth cohorts in
both offspring of foreign born parents and Swedes.

Over the past decades, a rapid rise in the incidence of
type 1 diabetes has been demonstrated.” ** The finding
of an increased incidence rate of type 1 diabetes
between 1969 and 2009 among individuals below
15 years of age, and a decreasing or steady incidence
rate among young adults, is in line with previous studies
from Sweden® and other parts of the world.” The
observed increasing trend over time in our study might
be due to the quality of National patient Register over
time and not covering all of Sweden for the entire
period of our study. This register became nationwide in
1987. However, the sharpest increase in incidence
observed in our study among individuals below 15 years
of age is after around 1997 when the inpatient register
had full coverage and when the ICD-10 were able to dis-
entangle different types of diabetes.
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Figure 3 Incidence of type 1 (@) 7

diabetes by age at diagnosis (0—

30 years) and birth cohorts 1960-
2009 among offspring of Swedes
in Sweden (A) and immigrants in

Sweden (B).
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The finding of an almost identical pattern with a shift
towards lower age at the onset of type 1 diabetes in off-
spring of foreign born parents as well as Swedes indi-
cates the exposure to similar environmental factors in
both groups. It has been hypothesised that this develop-
ment is due to increased exposures in early life to
factors that initiate and/or accelerate B-cell destruction,
including viral infections, rapid postnatal growth and
nutritional factors.?® 26 In addition, perinatal factors
such as blood-group incompatibility, high maternal age,
preeclampsia and caesarean section delivery have been
shown to be associated with increased incidence of
childhood type 1 diabetes.?” Similar findings of a shift
towards younger age at diagnosis and a declining inci-
dence of type 1 diabetes among young adults aged 15—
34 years were also observed in other studies from
Sweden, using the two nationwide prospectively col-
lected research register, the Swedish Childhood Diabetes
Register and the Diabetes Incidence Study in
Sweden.'” *® The shift towards younger age at diagnosis
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may be due to risk factors accelerating the disease
process.

We further found that offspring with one or two
parents born abroad had a reduced risk of type 1 dia-
betes compared with offspring to Sweden-born parents.
The reduction in risk was similar between sexes and was
more apparent among individuals where both parents
were foreign born. Stratification by specific parental
region/country of birth, however, revealed that this
reduction was confined to offspring of immigrants from
Asia, Latin and North America, South, West and East
Europe. In contrast, the IRR for type 1 diabetes was
increased in individuals with African parents, particu-
larly so if the parents were born in Eastern or Northern
Africa. The observed increased risk among offspring of
Africans in this study, in line with a previous Swedish
register study,29 is also observed in Swedish residents
born in Africa.® # It is unclear if these findings reflect a
high risk of type 1 diabetes in the countries of origin,
thus rating Eastern and Northern Africa as the areas
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Table 2 Incidence rate ratio (IRR) and 95% CI of type 1 diabetes among male and female ages 0—30 years by parental country of birth and sex Sweden, 1969-2009
IRR* (95% CI)
Male Female
Parental country Offspring of Offspring of Offspring of Offspring of Offspring of Offspring of
of birth Cases mother Cases father Cases both parents Cases mother Cases father Cases both parents
Sweden 16 358 1 16 358 1 16 358 1 14 044 1 14 044 1 14 044 1
Africa 92 1.42 148 1.19 78 1.12 86 1.33 129 1.33 75 1.32
(1.15 to 1.75) (1.01 to 1.41) (0.90 to 1.41) (1.10 to 1.65) (1.12 to 1.59) (1.05 to 1.66)
Northern Africa 21 1.18 55 1.06 16 0.86 26 1.27 50 1.18 19 1.25
(0.77 to 1.81) (0.81 to 1.40) (0.53 to 1.40) (0.86 to 1.86) (0.89 to 1.55) (0.80 to 1.96)
Western Africa 4 = 17 0.89 2 = 5 0.76 12 0.99 4 =
(0.55 to 1.42) (0.32 to 1.83) (0.56 to 1.74)
Eastern Africa 66 1.51 70 1.46 58 1.45 51 1.47 62 1.61 47 1.44
(1.18 to 1.92) (1.15 to 1.85) (1.12 to 1.88) (1.11 to 1.93) (1.25 to 2.10) (1.08 to 1.92)
Asia 133 0.37 155 0.40 107 0.36 137 0.48 155 0.49 108 0.45
(0.31 to 0.44) (0.34 to 0.47) (0.30 to 0.44) (0.40 to 0.56) (0.42 to 0.57) (0.37 to 0.54)
Europe
Finland 692 0.98 523 0.99 273 0.96 587 0.96 442 0.97 232 0.93
(0.91 to 1.10) (0.90 to 1.08) (0.85 to 1.08) (0.89 to 1.05) (0.88 to 1.06) (0.82 to 1.06)
North Europe 240 0.88 258 0.89 46 0.89 235 0.99 231 0.91 38 0.82
(excluding (0.77 to 1.00) (0.78 to 1.00) (0.67 to 1.19) (0.87 to 1.12) (0.80 to 1.04) (0.60 to 1.13)
Finland)
South, Eastand 284 0.55 319 0.53 110 0.39 227 0.53 264 0.52 95 0.41
West Europe (0.49 to 0.62) (0.47 to 0.59) (0.33 to 0.47) (0.46 to 0.60) (0.46 to 0.58) (0.33 to 0.50)
Latin America 39 0.56 51 0.65 17 0.39 29 0.51 23 0.33 14 0.41
(0.41 to 0.77) (0.49 to 0.87) (0.24 to 0.63) (0.35 to 0.75) (0.21 to 0.51) (0.24 to 0.69)
North America 13 0.50 20 0.55 0 - 15 0.78 31 1.02 0 -
(0.29 to 0.86) (0.36 to 0.86) (0.47 to 1.30) (0.72 to 1.46)
Oceania 2 - 2 - 0 - 2 - 0 - 0 -
Mixedt 0 - 0 - 84 0.64 0 - 0 - 82 0.75
(0.52 to 0.79) (0.61 to 0.94)

IRRs significantly different from 1 are bolded.
*Adjusted for age, parental education and calendar-years of follow-up.
1Both parents are not from the same country or region.
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diabetes is low in Sweden® *® and other northern

European countries, and most likely the majority of cases
of diabetes diagnosed before 30 years are true type 1 dia-
betes. While this may not be applicable for offspring
born to parents from other parts of the world with known
high prevalence of type 2 diabetes which may have led to
overestimation of the true type 1 diabetes.

Our findings of a lower IRR of type 1 diabetes among
children and young adults with one or two foreign born
parents, with the notable exception of offspring of
African immigrants and the shifting of age at diagnosis
towards younger age in offspring of Swedes as well as of
immigrants highlight the important role of environmen-
tal factors and its interaction with genetic background in
the aetiology of type 1 diabetes.

In order to further clarify potential pathophysiological
mechanisms for the development of typel diabetes,
further studies are needed with data on important expo-
sures such as viral infections in early life, nutritional
habits and weight gain in infancy. Moreover, studies on
offspring of immigrants from African countries, in par-
ticular from Eastern Africa, might improve our under-
standing on the aetiology of the disease.
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