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Abstract

Background Studies of asthma in migrant populations illustrate the effects of environmental
changes.

Objective In this register study we investigated the importance of exposure to a Western
lifestyle in different phases of development in Swedish residents with an origin in regions in
the world where asthma usually is less prevalent.

Methods The study population comprised 24 252 international adoptees, 47 986 foreign-born
and 40 971 Swedish-born with foreign-born parents and 1 770 092 Swedish-born residents
with Swedish-born parents (age 6-25 years). Purchased prescribed inhaled corticosteroids
(ICS) during 2006 were used as an indicator of asthma.

Results International adoptees and children born in Sweden by foreign-born parents had
three to four fold higher rates of asthma medication compared with foreign-born children. The
odds ratios of asthma medication declined persistently with age at immigration. For adoptees
the odds ratios (ORs) compared with infant adoptees were 0.78 (95% confidence interval (CI)
0.71-0.85) for those adopted at 1-2 years, 0.51 (0.42-0.61) at 3-4 years and 0.35 (0.27-0.44)
after 5 or more years of age. Corresponding ORs for foreign-born children with foreign-born
parents immigrating at 0-4 years, at 5-9 years, at 10-14 years and at 15 years or more were
0.73 (0.63-0.86), 0.56 (CI 0.46-0.68) and 0.35 (CI 0.28-0.43), respectively. The odds ratios
were only marginally affected by adjustment for region of birth and socioeconomic indicators.
Conclusions and clinical relevance Age at immigration is a more important determinant of
purchased ICS than population of origin. This indicates the importance of environmental

factors for asthma in schoolchildren and young adults.



Introduction

Recent international studies have demonstrated worldwide variations in the prevalence of
asthma both within and between countries [1]. A rising prevalence of asthma occurred
particularly in Westernized countries during the second half of the previous century. A more
than threefold increase in asthma was observed among male conscripts in Sweden over a
period of less than three decades [2]. Genes and environment interact in the development of
asthma but changes in prevalence over a short period [2] and geographical differences in
asthma within the same ethnic groups [3, 4] must be caused by environmental factors. An
increased prevalence of asthma has been linked to urbanization, affluence and changes in diet
and microbial contacts [5]. There is some evidence from farm studies that protective

exposures act already in utero [6].

Studies on migrant populations illustrate the effects of environmental changes. Emigrating
from a region with a low prevalence of asthma to a country with a high prevalence could be
described as a natural experiment [7]. Migration from a low or middle-income country to a
high-income Western country involves substantial environmental changes which may affect
the risk of asthma. Migrants adapt to a greater or less extent to life styles in the host society
and a protection from asthma related to exposures in the country of birth weakens by duration
of residence in the host country. Since 1970 most of the immigrants in Sweden are refugees or
relatives of refugees. Foreign-born adoptees differ in several aspects from other immigrants.
Many children are adopted from orphanages. Higher social classes are overrepresented among
adoptive parents and the children are rapidly integrated into a Swedish lifestyle through their

host families.



The aim of this register study in Sweden was to use the large study population available to
sort out the independent effects of population of origin and age at immigration/being born in
Sweden on the risk of asthma at the age of 6-25 years in international adoptees, raised by
Swedish-born parents, and children raised by their foreign-born birth parents. They all had an
origin in populations in regions of the world where asthma often is less prevalent than in
Sweden. Purchase of prescribed inhaled corticosteroids (ICS) was used as an indicator of
asthma and information from the Swedish Prescribed Drug Register was linked to other

national registries at an individual level.

Methods

This study was based on Swedish national registers held by the National Board of Health and
Welfare and Statistics Sweden. All Swedish residents are assigned a unique ten digit
identification (ID) number at birth or immigration. This ID was used to link information from
different register sources. The study was approved by the regional ethics committee in

Linkdping.

Study population
All individuals born 1980-2000, who were alive and registered as residents in Sweden on
December 31% 2005 were identified in the Register of the Total Population (RTP). Biological

and/or adoptive parents of these individuals were identified in the Multi-Generation Register.

Information about region of birth, date of immigration, sex and year of birth in RTP was
linked to the study subjects and their parents. Based on this information we identified three
categories of residents with a non-Swedish background; (1) international adoptees, (2)

residents born outside of Sweden who immigrated to Sweden with their parents and (3)



residents born in Sweden with two foreign-born parents. We selected four regions of origin
where there were considerable numbers of children in all three categories; Eastern Europe,
East Asia, South Asia and Latin America. Eastern Europe included the former communist
countries in Eastern Europe excluding Yugoslavia; Latin America included all countries in the
Americas south of the USA; South Asia included India, Pakistan, Sri Lanka and Bangla Desh.

East Asia included all Asian countries east of the Indian peninsula.

This population included 24 252 international adoptees with two Swedish-born adoptive
parents, 47 986 foreign-born and 40 971 Swedish-born with two foreign-born parents. To this
population we added 1 770 092 Swedish-born residents with two Swedish-born parents as a

comparison group.

Demographic variables

Age at adoption/immigration was calculated from year of birth and year of immigration to
Sweden according to the RTP. (Adoption in this sense means the time when a child starts to
live in the household of the new parents and not the date when the formal adoption procedure
is finished). The mean age at adoption was lowest in adoptees from South and East Asia (1.3
years) and highest in adoptees from Eastern Europe (3.2 years). Foreign-born with foreign-
born parents had a higher mean age (17-18 years) than Swedish-born with foreign-born
parents (12-14 years) in 2006 when purchase of ICS was assessed. The mean age of the
adoptees in 2006 varied from 19.4 in adoptees from South Asia to 13.1 in adoptees from

Eastern Europe (Table 1).

Sex and geographical residency (urban/rural) were added from RTP. Asian adoptees had a

female preponderance, while the opposite was the case for adoptees from Eastern Europe and



Table 1. Socio-demographic characteristics and purchased prescribed inhaled corticosteroids in children and youth (6-25 years) in Sweden in
2006 by own and parental country of birth.

Region of birth  Own country of N Male sex Mean age Mean age Purchased prescribed drugs
of birth (%) at in 2006 in 2006
biological immigration (years)
parents (years) inhaled beta2-agonists
cortisone but no inhaled
cortisone
Sweden Sweden 1770092 51.5 - 15.1 7.5 2.1
Eastern Europe Adoptees 3396 56.7 3.2 13.1 5.9 1.5
Born in Sweden 15014 514 - 14.3 4.9 1.9
Immigrants 17 958 46.9 114 18.2 1.8 0.1
East Asia Adoptees 7 464 43.4 1.3 14.6 8.4 3.0
Born in Sweden 8 261 52.7 - 12.2 7.6 2.4
Immigrants 11 959 45.2 114 17.3 1.4 0.8
South Asia Adoptees 6 706 37.4 1.3 194 10.4 3.0
Born in Sweden 5984 51.8 - 12.5 10.2 2.8
Immigrants 8 058 56.5 13.5 18.1 2.2 1.0
Latin America Adoptees 6 686 57.8 1.5 17.5 8.7 2.0
Born in Sweden 11712 52.1 - 13.9 8.2 2.5
Immigrants 10 100 52.2 9.4 18.7 3.3 1.9




Latin America. Sex rates were more balanced in the other study groups. The highest
completed education of the mother was identified in the Swedish Register of Education in
2005 and categorised as primary school= 9 or less years of primary school, secondary
practical= less than 3 years of secondary school, secondary theoretical=3 years of secondary
school, and university=at least 3 years of higher education. Income from social assistance was
obtained through linkage to the Total Enumeration Income Survey of 2005 and dichotomised
as recipient/not recipient of social assistance. Social assistance in Sweden is a form of cash
income allowance from local social authorities, after a thorough means investigation, with the

purpose to guarantee the applicant a minimum standard of living.

Drug variables

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. Patient identification data are missing for less than 0.3 per cent
of all items [8]. The purchase of at least one prescription of a drug with an Anatomical
Therapeutic Chemical (ATC)-code that started with RO3BA (inhaled corticosteroids) during
the calendar year 2006, according to this register, was used to create the outcome variable of
the study, purchased prescribed inhaled corticosteroids (ICS). We also collected information
on dispensed prescriptions of bronchodilators for inhalation (ATC-code RO3AC) to

individuals who had not purchased ICS in 2006.

Statistical analysis
Logistic regression was used to calculate odds ratios (ORs) with 95% confidence intervals

(Cls), with purchased prescribed ICS, defined above, as the outcome variable. We adjusted all



models to residency as a three-category variable (large city, other city, rural) and to sex. Age
was entered as a continuous variable with an interaction term age* sex reflecting the linear
age patterns when each sex was analysed separately. In the final model 4 we added maternal
education as a four category variable and a dichotomised variable of social assistance as
socio-economic indicators. All statistical analyses were performed using SPSS version 18.0

for Windows.



Results

Table 1 demonstrates the prevalence rates of purchased prescribed ICS in 2006 by region of
origin and category of immigrant. Purchase of prescribed ICS was much less prevalent in
foreign-born with foreign-born parents compared with adoptees and children born in Sweden

with foreign-born parents in all four regions (supporting information, Table S1). Table 2

demonstrates odds ratios for purchased prescribed ICS in 2006 by region of origin after
logistic regression with adjustment for sex and age. Significantly lower odds ratios were
observed in foreign-born with foreign-born parents in all regions of origin. In contrast,
purchase of prescribed ICS varied among Swedish-born subjects with foreign born parents. In
comparison with the Swedish majority population, Swedish-born subjects with parents born in
Eastern Europe had a decreased risk (OR 0.54) of purchased prescribed ICS whereas those

with parents born in South Asia had a slightly increased risk (OR 1.26).

Purchase of prescribed ICS was less likely in adoptees from Eastern Europe when compared
with Swedish-born subjects with Swedish-born parents (OR 0.27). In contrast, purchase of
prescribed ICS was more likely in adoptees from the other continents. The greatest risk of

purchased prescribed ICS was observed in adoptees from South Asia (OR 1.76) (Table 2)

Table 3 demonstrates an inverse dose-response association between age at adoption and the
risk of purchased prescribed ICS in 2006 in the unadjusted Model 1. Adjusting for region of
birth in Model 3 had nothing but marginal effects on these associations. Region of birth had
an influence on the risk of purchased prescribed ICS in the unadjusted Model 2 but these
associations became weaker in adoptees from Eastern Europe after adjustment for age at
adoption in Model 3 compared with adoptees from Latin America. Adoptees from South Asia

had an increased risk, adjusted OR 1.21 in comparison with adoptees from Latin America.



Table 2. Own and parental country of birth as risk factors for purchased prescribed inhaled corticosteroids — odds ratios after logistic regression

with adjustment for age and sex

Region of birth
of birth parents

Own
country of birth

Inhaled cortisone
OR (95% CI)

Sweden

Eastern Europe

East Asia

South Asia

Latin America

Sweden

Adoptees
Born in Sweden
Immigrants

Adoptees
Born in Sweden
Immigrants

Adoptees
Born in Sweden
Immigrants

Adoptees
Born in Sweden
Immigrants

1

0.27 (0.11-0.65)
0.54 (0.40-0.72)
0.34 (0.25-0.57)

1.12 (1.03-1.21)
0.90 (0.82-0.98)
0.19 (0.16-0.22)

1.76 (1.63-1.90)
1.26 (1.16-1.37)
0.31 (0.27-0.36)

1.29 (1.18-1.40)
1.04 (0.98-1.12)
0.48 (0.43-0.54)




Table 3. Age at adoption, region of birth and purchased prescribed inhaled cortisone in international adoptees, 6-25 years. Odds ratios after

logistic regression.

Model 1*
OR (95% CI)

Model 2*
OR (95% CI)

Model 3*
OR (95% CI)

Model 47
OR (95% CI)

Age at adoption
(yr)

Region of birth

0
1-2
3-4
5+

Latin America
Eastern Europe
South Asia
East Asia

8 422
11 344
2471
2015

6 686
3396
6 706
7 464

1
0.72 (0.61-0.83)
0.52 (0.43-0.64)
0.32 (0.26-0.39)

1
0.63 (0.53-0.74)
1.26 (1.11-1.41)
0.92 (0.82-1.04)

1
0.78 (0.71-0.85)
0.51 (0.42-0.61)
0.35 (0.27-0.44)

1
0.80 (0.67-0.95)
1.21 (1.08-1.37)
0.90 (0.80-1.02)

1
0.80 (0.72-0.88)
0.55 (0.45-0.67)
0.37 (0.29-0.47)

1
0.72 (0.60-0.86)
1.21 (1.07-1.37)
0.94 (0.83-1.06)

* Adjusted also for age, sex and rural/urban residency.
" Adjusted also for age, sex, rural/urban residency, having received social welfare during 2006 and maternal education.



The odds ratios were only marginally attenuated after adjustment for maternal education and
received social assistance in Model 4. The odds ratios in the unadjusted Model 1 and the

adjusted Model 3 are also displayed in Figure 1 (a).
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Figure 1.

(@) The risk of purchased prescribed inhaled corticosteroids by age at adoption.

(b) The risk of purchased prescribed inhaled corticosteroids by age at immigration. Blue
squares: unadjusted odds ratios with 95% confidence intervals. Red circles: odds ratios after
adjustment for sex, geographical residency (urban/rural) and region of birth.

Table 4 demonstrates the inverse crude dose-response relationship between age at
immigration and purchased prescribed ICS in non-adopted foreign-born children (Model 1).
This relationship was only marginally affected by adjustment for region of birth (Model 3).
The risk of purchased prescribed ICS differed by region of birth (Model 2) but the variability
was reduced after adjustment for age at immigration (Model 3). In comparison with
immigrants from Latin America, the risk of purchased prescribed ICS in the fully adjusted
Model 3 was significantly reduced in immigrants from South Asia (OR 0.84), Eastern Europe
(OR 0.61) as well as the East Asia (OR 0.47). Figure 1 (b) depicts the associations between

age at migration and purchased prescribed ICS in Model 1 and 3. The associations were only

marginally attenuated after adjustment for markers of socioeconomic status in Model 4.



Table 4. Age at immigration, region of birth and purchased prescribed inhaled cortisone in foreign-born offspring with foreign-born parents, 6-25
years. Odds ratios after logistic regression

Model 1*
OR (95% CI)

Model 2*
OR (95% CI)

Model 3*
OR (95% CI)

Model 47
OR (95% CI)

Age at immigration

(yr)

Region of birth

0-4
5-9
10-14
15+

Latin America
Eastern
Europe

South Asia
East Asia

9 165

1

13828 0.77 (0.70-0.85)

9409
15528

10 100
17 958

8 058
11 959

0.49 (0.41-0.59)
0.33 (0.26-0.42)

1
0.54 (0.46-0.63)
0.66 (0.55-0.80)
0.40 (0.33-0.49)

1
0.73 (0.63-0.86)
0.56 (0.46-0.68)
0.35 (0.28-0.43)

1
0.61 (0.52-0.71)
0.84 (0.69-1.02)
0.47 (0.39-0.57)

1
0.79 (0.67-0.93)
0.58 (0.48-0.71)
0.45 (0.35-0.57)

1
0.56 (0.50-0.66)
0.87 (0.71-1.06)
0.49 (0.40-0.59)

* Adjusted for age, sex and rural/urban residency.
" Adjusted for age, sex, rural/urban residency, having received social welfare during 2006 and maternal education.



We finally investigated the association between the different immigrant categories and
purchased prescribed ICS after logistic regression with adjustment for sex, age and parental
region of birth (Results not in tables). In relation to foreign-born subjects with foreign-born
parents the adjusted odds ratios for purchased prescribed ICS in adoptees and in Swedish-
born subjects with foreign-born parents were 3.94 (95% CI 3.64 — 4.25) and 3.36 (95% CI

3.10 — 3.66), respectively.



Discussion

We investigated purchase of ICS, as an indicator for asthma, after migration to Sweden in
migrants from Eastern Europe, South Asia, East Asia and Latin America. To our knowledge,
this is the first study to compare the risk of an indicator for of asthma in three categories of
migrants: international adoptees, foreign-born and Swedish-born with foreign-born parents.
The prevalence of purchased prescribed ICS decreased with higher age at migration both in
adoptees and in foreign-born immigrants with foreign-born parents and these associations

were unchanged after adjustment for region of birth and socio-economic indicators.

Environmental factors related to poverty such as microbial load and diet appear to protect
from asthma and allergic diseases in non-affluent areas of the world whereas development of
these diseases is promoted in high income countries like Sweden [9]. Previous studies from
e.g. the US [10-13], the UK [14], Israel [15], Sweden [16, 17] and Australia [18] have
demonstrated an association between the risk of asthma and age at migration [11, 15-17] or
duration of residence in the new country [11-13, 18]. The new finding in this study is the
negative relationship between age at immigration and the risk of purchased prescribed ICS in
international adoptees, raised by Swedish parents, as well as in foreign-born children raised
by their birth parents. A British study showed a similar risk of asthma in South Asian women
who were born in the UK and in women who migrated before five years of age. South Asian
women migrating after five years of age had a much lower risk but the risk did not change by
increasing age [14]. We have a much larger study population and our findings show a
gradually declining risk of purchased prescribed ICS also in individuals migrating after five
years of age. In agreement with our study, age at immigration to Israel was inversely related

to the risk of asthma at the age of 17 among immigrants from the former Soviet Union and



Ethiopia. In contrast, immigration from Western Europe did not affect the risk of asthma [15].
An increased risk of asthma is a consequence for children in all ages moving from less
developed regions with a low prevalence of asthma to more developed regions in the world

with a higher prevalence of asthma.

Adoptees had an almost fourfold increased risk of purchased prescribed ICS compared with
immigrants from the same region of birth. Mean age at migration among the immigrants in
this study was 10 years whereas most adoptees were adopted before two years of age. The
highest risk of purchased prescribed ICS in young adults was demonstrated in individuals
who had immigrated in early infancy. Conversely, the protective effect on asthma of being
born in low or median income regions was closely related to the length of the residency in the
native country. A low level of acculturation in immigrants may further counteract the effects
of asthma-promoting exposures in the new society [10, 19], in contrast to adoptees who are
immediately integrated into a Swedish lifestyle. In comparison with the Swedish majority
population and adoptees from other continents, adoptees from Eastern Europe had a decreased
risk of purchased prescribed ICS. A lower prevalence of purchased prescribed ICS was to a

large extent explained by the higher age at migration in adoptees from Eastern Europe.

Purchase of prescribed ICS was more likely in adoptees from Asia and Latin America than in
Swedish born subjects with Swedish-born parents. We could not exclude, that differences in
purchase of ICS were related to differences in health seeking behaviour. Adoptive parents
could be more eager to seek medical care for their children. The highest rate of purchased
prescribed ICS was observed in adoptees from South Asia. Similarly, Swedish-born children
with parents from South Asia had slightly increased odds for purchased prescribed ICS

compared to Swedish-born children with Swedish-born parents. Such findings may indicate a



genetic propensity to asthma in the South Asian population. Nevertheless, recent multicentre
studies have suggested a very low prevalence of asthma in children in some of the centres in
India [20, 21]. Certain environments in India may confer a protection from asthma. It has
been proposed that populations originating in tropical areas have evolved an immune response
with a proinflammatory profile. A strong Th 2 response is crucial in an environment with a
high load of worms and other parasites. A similar immune response in temperate areas is
deleterious and associated with an increased risk of asthma and allergic diseases [22]. Recent
studies on gene-environment interaction have demonstrated that the expression of a specific
gene is determined by the context. A genetic variant could be related to an increased risk of
asthma in one environment but protect from asthma in another environmental background
[23]. In comparison with their white counterparts, south Asian and black Caribbean children
born in the UK had a greater risk of asthma [24] and multiple wheeze [25]. South Asian
schoolchildren living in the UK also had an increased risk of wheeze triggered by food [26].
Black children in the US have an excess risk of asthma compared with non-Black children

and this difference was observed in all income groups [27].

A low prevalence of purchased prescribed ICS does not per se imply a low prevalence of
asthma. Underdiagnosis of asthma and underuse of prophylactic medication has been reported
to be more common in low-income families in Canada [28], the US [29] and New Zealand
[30]. It is quite possible that the same pattern exists in Sweden. In 2001, almost 50% of the
immigrant children aged less than 17 years was living in relative poverty in Sweden as
compared to 8% in Swedish-born children with Swedish-born parents. The proportion of
immigrant children living in economic vulnerability was 67.4% among those with less than 2
years of residence in Sweden, and 28.6% among those with 10-12 years in Sweden [31].

Language barriers, health seeking behaviour, low health literacy and inadequate access to



health care contribute to a reduced utilization of ICS in immigrants [32]. It is reasonable to
believe that purchased prescribed ICS as a marker of current asthma may underestimate the
true prevalence of asthma in immigrants, particularly among those who have recently arrived.
Underestimation of asthma may therefore contribute to the much lower purchase of ICS in
foreign-born children with foreign-born parents as compared with adoptees and Swedish-born
children with foreign-born parents. However, underuse of asthma medication and
underdiagnosis of asthma is less likely to explain the similar and inverse association between
age at migration and purchased prescribed ICS both in adoptees and foreign-born children
with foreign-born parents despite socioeconomic disparities and potential differences in health
seeking behaviour between the two groups. Upper social classes are overrepresented in the
former group whereas lower social classes are more likely in the latter one. Furthermore, the
decreasing risk of purchased prescribed ICS by increasing age at migration persisted after

adjustment for socioeconomic indicators.

Asthma medication as a marker of asthma has some other limitations particularly in infants
and elderly people [33]. Some children are treated with asthma medication without having
received a diagnosis of asthma [34]. In particular, asthma medication is common in preschool
children with transient, viral-induced wheeze. A diagnosis of asthma is uncertain before five
or six years of age [35, 36]. We have therefore only included children six years and above
where ICS prescription tends to be more specific for asthma. Persistent asthma [37] and more
severe symptoms [38] are more likely in schoolchildren receiving inhaled corticosteroids.
Beta-agonists would be more sensitive yet less specific measure of asthma, and include
respiratory conditions which are not asthma. There was no indication in the crosstabulations
in Table 1 that including beta-agonists as markers of asthma in the analysis would have

changed the patterns of migrants reported in this study,



Conclusions and clinical relevance

Migration from a low or median income region of the world with a low prevalence of asthma
to an affluent country like Sweden with a high prevalence of asthma is related to an increased
risk of asthma medication in children in immigrant families as well as in international
adoptees. This risk declines with higher age at immigration and is highest in adoptees and
Swedish-born offspring of foreign-born parents. Adoptees and Swedish-born offspring with
an origin in South Asia had the highest risk of purchased prescribed ICS, suggesting a genetic
susceptibility for asthma when exposed to the lifestyle and environment of a high income

society like Sweden.
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Table S1. Prevalence of purchased prescribed inhaled corticosteroids (ICS) (at least one

prescription in 5-year age-groups and at least two prescriptions for all ages) in Sweden in

2006 by own and parental country of birth.




Table S1. Prevalence of purchased prescribed inhaled corticosteroids (ICS) (at least one prescription in 5-year age-groups and at least two

prescriptions for all ages) in Sweden in 2006 by own and parental country of birth.

Region of birth

Own country of

At least one prescription of ICS

Two or more

of birth prescriptions of ICS
biological
parents
6-10 years 11-15 years 16-20 years 21-25 years 6-25 years

% % % % %

Sweden Sweden 9.6 8.2 6.2 5.4 2.4

Eastern Europe Adoptees 6.0 5.7 4.6 6.0 2.7

Born in Sweden 55 5.2 4.7 3.9 1.9

Immigrants 2.4 1.6 1.5 1.8 1.0

East Asia Adoptees 9.0 9.8 7.6 7.9 2.8

Born in Sweden 8.9 7.6 4.0 4.6 2.0

Immigrants 1.5 0.9 1.6 1.3 0.4

South Asia Adoptees 11.2 9.8 10.0 10.7 3.1

Born in Sweden 14.1 8.7 55 7.7 2.5

Immigrants 2.0 1.6 1.9 2.8 1.0

Latin America Adoptees 115 10.5 7.0 8.0 2.7

Born in Sweden 10.8 7.9 5.8 5.6 2.0

Immigrants 5.6 5.0 3.8 2.5 1.8
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