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Abstract

Aims/hypothesis Non-Western immigrants to Europe are at high risk for type 2 diabetes. In this nationwide study including
incident cases of type 2 diabetes, the aim was to compare all-cause mortality (ACM) and cause-specific mortality (CSM) rates in
first- and second-generation immigrants with native Swedes.

Methods People living in Sweden diagnosed with new-onset pharmacologically treated type 2 diabetes between 2006 and 2012
were identified through the Swedish Prescribed Drug Register. They were followed until 31 December 2016 for ACM and until
31 December 2012 for CSM. Analyses were adjusted for age at diagnosis, sex, socioeconomic status, education, treatment and
region. Associations were assessed using Cox regression analysis.

Results In total, 138,085 individuals were diagnosed with type 2 diabetes between 2006 and 2012 and fulfilled inclusion criteria.
Of'these, 102,163 (74.0%) were native Swedes, 28,819 (20.9%) were first-generation immigrants and 7103 (5.1%) were second-
generation immigrants with either one or both parents born outside Sweden. First-generation immigrants had lower ACM rate
(HR 0.80 [95% C1 0.76, 0.84]) compared with native Swedes. The mortality rates were particularly low in people born in non-
Western regions (0.46 [0.42, 0.50]; the Middle East, 0.41 [0.36, 0.47]; Asia, 0.53 [0.43, 0.66]; Africa, 0.47[0.38, 0.59]; and Latin
America, 0.53 [0.42, 0.68]). ACM rates decreased with older age at migration and shorter stay in Sweden. Compared with native
Swedes, first-generation immigrants with < 24 years in Sweden (0.55 [0.51, 0.60]) displayed lower ACM rates than those
spending >24 years in Sweden (0.92 [0.87, 0.97]). Second-generation immigrants did not have better survival rates than native
Swedes but rather displayed higher ACM rates for people with both parents born abroad (1.28 [1.05, 1.56]).
Conclusions/interpretation In people with type 2 diabetes, the lower mortality rate in first-generation non-Western immigrants
compared with native Swedes was reduced over time and was equalised in second-generation immigrants. These findings suggest
that acculturation to Western culture may impact ACM and CSM in immigrants with type 2 diabetes but further
investigation is needed.
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What is already known about this subject?
e Non-European immigrants are at high risk for type 2 diabetes and diabetes complications
e Non-European immigrants have an earlier diabetes onset than native Scandinavians
What is the key question?

e Do individuals with type 2 diabetes born abroad, or with one or both parents born abroad, have higher all-cause
(ACM) and cause-specific mortality (CSM) rates than native Swedish individuals?

What are the new findings?

e  First-generation non-Western immigrants had lower rates of ACM and CSM than native Swedes diagnosed with
type 2 diabetes

e  First-generation immigrants with >24 years in Sweden had higher ACM rates than those with shorter duration of
stay

e  Second-generation immigrants did not have better survival rates than native Swedes but rather displayed higher
rates of ACM in those with both parents born abroad

How might this impact on clinical practice in the foreseeable future?

e Our data indicate that, in individuals with type 2 diabetes, exposure to the Swedish environment seems to have a
larger impact on mortality rate than region of origin. The influence of a non-Western environment may have a

protective impact on survival

Keywords All-cause mortality - Cause-specific mortality - First-generation - Immigrants - Incident - Non-Western -

Second-generation - Survival - Type 2 diabetes

Abbreviations

ACM  All-cause mortality

ATC  Anatomical Therapeutic Chemical

CSM  Cause-specific mortality

EU28 European Union (EU) countries including the UK

LISA Swedish acronym for Longitudinal Database of
Education, Income and Occupation

NDR  National Diabetes Register

Introduction

Type 2 diabetes is a complex chronic metabolic disease affect-
ing a large proportion of the global population, particularly
populations originating from South Asia, the Middle East
and North Africa [1]. Type 2 diabetes influences the cardio-
vascular, renal and nervous systems, and contributes to
increased morbidity due to macro- and microvascular compli-
cations and, subsequently, premature death [2].
Non-Western immigrants to Europe constitute a growing
proportion of the recipient countries, and are at very high risk
for developing type 2 diabetes [3, 4]. This increased risk is
often attributed to genetic factors including epigenetics [5, 6],
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but environmental factors such as unfavourable lifestyle,
obesity, poor socioeconomic situation, and cultural and social
norms [7, 8] contribute even more [9]. A poor socioeconomic
situation is strongly associated with poor lifestyle, e.g. intake
of energy-dense foods and drinks, and a sedentary lifestyle
[8]. A large proportion of non-Western immigrants to Sweden
live in socioeconomically vulnerable neighbourhoods [1]. A
previous Swedish longitudinal cohort study showed that refu-
gees to Sweden referred to live in socioeconomically vulnerable
areas developed diabetes to a greater extent than those referred
to live in less vulnerable areas, reflecting the strong impact of
socioeconomic status on type 2 diabetes risk [10].

Data based on the Swedish National Diabetes Register
(NDR) have shown that although non-Western immigrants
with type 2 diabetes attend more visits to their doctors, their
metabolic control is worse and the risk of diabetic complica-
tions such as nephropathy is higher [11]. This indicates that
mechanisms other than access to healthcare services influence
disease trajectories. Interestingly, data from the NDR have
paradoxically shown that non-Western first-generation immi-
grants had lower mortality rates than native Swedes [12].

Population-based studies of immigrant populations in
Europe show a mortality advantage in first-generation immi-
grants that over time converges to the level of natives [13—15];
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however, we have not found any studies of people with type 2
diabetes comparing mortality in first- and second-generation
immigrants with natives.

In this study including all people with type 2 diabetes in
Sweden identified through the Swedish Prescribed Drug
Register, we aimed to compare all-cause mortality (ACM) and
cause-specific mortality (CSM) rates between first-generation
immigrants from different regions and native Swedes. Our
secondary aim was to investigate the impact of time since migra-
tion on ACM. Our third aim was to compare ACM and CSM
rates in second-generation immigrants and native Swedes.

Methods

Study population and data sources Individuals with incident
type 2 diabetes were identified from the Swedish Prescribed
Drug Register, which was initiated in July 2005 [16]. The study
population selection procedure has been described in a previous
publication [17]. Briefly, people with type 2 diabetes were
included if they initiated a glucose-lowering pharmacological
treatment for type 2 diabetes dispensed at Swedish pharmacies
sometime between 1 July 2006 and 30 June 2012. In correspon-
dence with previous studies, people diagnosed between 30 and
75 years of age were included in the study [12, 18].

The Prescribed Drug Register was also used to identify and
classify the received glucose-lowering treatments using
Anatomical Therapeutic Chemical (ATC) classification codes
by the WHO.

The LISA (Swedish acronym for Longitudinal Database of
Education, Income and Occupation) register [19] was used to
obtain information on Swedish vs non-Swedish background,
whereby participants were classified into: (1) ‘native Swedes’,
defined as those who, along with their parents, were born in
Sweden; (2) ‘first-generation immigrants’ if born outside of
Sweden to foreign-born parents; or (3) ‘second-generation immi-
grants’ if born in Sweden to one or two foreign-born parents. The
LISA register also provided information on the country of birth,
the highest educational level, disposable income, occupation and
municipality of residence at diabetes diagnosis. The Swedish
Cause of Death Register [20] provided information on the date
and underlying cause of death, the latter recorded until 2012.
Information on migration date and type of migration (immigra-
tion or emigration) was obtained from Statistics Sweden [1].

Definition of non-Western origin Individuals born in the
Middle East, Asia, Africa, Latin America or the Caribbean
were considered as having non-Western origin. Individuals
born in the other countries but Sweden (reference) were
considered as having Western origin.

Definition of type 2 diabetes Incident cases of diabetes were
classified as ‘type 1’ or ‘type 2’ on the basis of glucose-

lowering treatment received within 1 year after diagnosis date
(electronic supplementary material [ESM] Table 1). Diabetes
was classified as type 1 if treatment was by rapid-acting insu-
lin (A10AB) solely or in combination with intermediate- or
long-acting insulin (A10AC, A10AE).

Diabetes was classified as type 2 if glucose-lowering medi-
cations (GLMs) listed under the ATC A10B code were
prescribed solely or in combination with insulin (A10AB,
A10AC, A10AE, A10AD) (ESM Table 1). Participants who
only received intermediate- or long-acting insulin were consid-
ered non-insulin-dependent and were classified as having type 2
diabetes. Correspondingly, those treated with mixed-insulin
(A10AD) with or without combination with rapid-,
intermediate- or long-acting insulin (A10AB, A10AC,
A10AE) were also classified as having type 2 diabetes.

Outcome assessment The primary outcome was time to ACM.
Participants’ follow-up started 1 year after the date of diabetes
diagnosis, defined as the date of the first dispensed glucose-
lowering drug, and continued until date of emigration, death or
study end (31 December, 2016), whichever came first. In a
secondary analysis, we assessed cancer-specific (ICD-10 codes
C00-C97) and cardiovascular disease (ICD-10 codes 100-199)-
related mortality. Individuals were followed for CSM until 31
December, 2012, since the information on the underlying cause
of death was available until the end of 2012.

Statistical analysis Patient characteristics were tabulated by
country of birth. Cox proportional hazards regression models
with time since diagnosis in years as the underlying time scale
were fitted to assess survival differences between immigrants
and native Swedes. The multivariable fractional polynomials
method [21] assessed the functional form of continuous vari-
ables in the log-hazard function. Test and plots of Schoenfeld
residuals evaluated the proportional hazards assumption,
which was satisfied for migration status and country of birth
of both first- and second-generation immigrants.

Separate analyses were conducted to estimate HRs and
95% Cls for the associations between migration status and
mortality in the entire study population, as well as between
country of birth and mortality for first- and second-generation
immigrants. First-generation immigrants’ country of birth was
categorised into the following groups: Africa; EU countries
including the UK (EU28) except Nordic countries; Europe;
Nordic other than Sweden; the Middle East; Asia; Latin
Anmerica; and North America. Second-generation immigrants’
country of origin was categorised on the basis of their parents’
country of birth into the following groups: Nordic; European
but not Nordic; North American; and non-Western, with each
group reflecting an increasing gradient of non-Western origin.
If parents came from different regions, we emphasised the
parent with the highest degree of non-Western origin.
Therefore, an individual with one parent from Sweden and
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one from the Baltic countries was classified as ‘European but
not Nordic’, and an individual with one parent from Germany
and one from Iraq was classified as ‘non-Western’.

Multivariable Cox regression models were adjusted for age at
diabetes diagnosis, sex, attained education, disposable income,
occupational socioeconomic group, region of residence and type
of diabetes treatment. Age was modelled using restricted cubic
splines with three knots. Knot locations were based on Harrell’s
recommended percentiles [22]. Attained education at diabetes
diagnosis was categorised by duration into compulsory (up to
9 years), secondary (10—12 years) and post-secondary (more
than 12 years). Municipality of residence was categorised into
living in small cities (<200,000 inhabitants) and larger cities
(>200,000 inhabitants). Individuals’ disposable income was
divided into quintiles for descriptive statistics and modelled
using restricted cubic splines with three knots for multivariable
analyses. Occupational socioeconomic group was categorised
into clerks, office holders and officials; other occupational
workers; and non-employed. Participants over 67 years of age
were classified as retired. Type 2 diabetes treatment was classi-
fied into insulin monotherapy; sulfonylureas/repaglinide mono-
therapy; metformin monotherapy; insulin and tablets; metformin
and sulfonylureas/repaglinide; metformin and other tablets; and
other monotherapies or drug combinations (ESM Table 2).

Multiplicative interaction terms were added to the adjusted
model to test whether associations between regions of birth of
first-generation immigrants and ACM differ by sex, age at
diabetes diagnosis, disposable income and type 2 diabetes
treatment. We also present the marginal plots of the effects
of age at diagnosis and disposable income on ACM by region
of birth (Figs. 3, 4).

Further analyses assessed the role of age at immigration
and duration of residence in Sweden for the first-generation
immigrants using native Swedes as the reference population.
Age at immigration to Sweden was categorised into <21, >21
to <28, >28 to <38 and >38 years according to quartiles of the
distribution. Duration of stay in Sweden was classified into
<24 and >24 years (median duration of residence of first-
generation immigrants = 24.2 years).

All calculations were performed using STATA software
version 14SE (StataCorp, College Station, TX, USA).

Ethical considerations The Regional Research Ethics Board in
Uppsala, Sweden approved the study.

Results

The analysis is based on 138,085 people with type 2 diabetes
who fulfilled inclusion criteria. Over a total observation period
of'about 833,095 person-years (median follow-up = 6.0 years,
maximum follow-up = 9.5 years), 14,614 people died.

@ Springer

Table 1 shows characteristics of the study groups according
to region of birth. The mean age at type 2 diabetes diagnosis in
native Swedes was approximately 4 years greater than in first-
generation immigrants and 7 years greater than in second-
generation immigrants (Table 1). The earliest diabetes onsets
were observed in immigrants originating from Africa, Asia and
the Middle East. In first-generation immigrants, socioeconomic
vulnerability differed considerably according to region of origin;
approximately 50% of individuals originating from Africa, the
Middle East and Asia had disposable income in the lowest quin-
tile, whereas less than 15% of individuals originating from
Sweden were within this income level. Further, immigrants were
to a higher extent (>40%) non-employed, with the highest rates
in Middle Eastern immigrants. Paradoxically, the education level
was higher in individuals of non-Swedish origin. In second-
generation immigrants disposable income, as well as education
level, was on a par with that of native Swedes.

Table 2 presents age-adjusted and multivariable-adjusted
Cox regression analyses for ACM and CVD- and cancer-
related mortality in relation to migration status, and country of
birth of first-generation immigrants as well as parents’ country
of birth of second-generation immigrants. Multivariable-
adjusted analyses suggested lower ACM and CVD mortality
rates for first-generation immigrants compared with native
Swedes. Further, first-generation immigrants originating from
Africa, Asia, the Middle East and Latin America had consider-
ably higher overall survival rates (Fig. 1, Table 2) and lower
CVD mortality rates (Table 2) than native Swedes. Immigrants
born in the Middle East had considerably lower cancer-related
mortality rates compared with native Swedes (Table 2). ACM
and CSM rates in non-Western first-generation immigrants
were considerably lower compared with native Swedes (HRs:
ACM 0.46 [0.42, 0.50]; CVD 0.37 [0.27, 0.50]; and cancer-
specific mortality 0.70 [0.55, 0.90]) (ESM Table 3). Mortality
rates (ACM or CSM) did not differ between individuals of
Western origin and native Swedes.

While first-generation immigrants had lower all-cause and
CVD mortality rates, second-generation immigrants had
higher overall mortality rates than native Swedes (Table 2,
entire population, Fig. 2). In the analyses classifying second-
generation immigrants according to parents’ country of birth,
the adjusted HRs were largely statistically non-significant,
except for second-generation immigrants with parents born
in the Nordic countries, presenting almost 50% higher hazards
for cancer-related mortality (Table 2, parents’ country of birth-
specific data).

Associations by age at immigration to Sweden of first-
generation immigrants are displayed in Table 3, and by dura-
tion of residence in Sweden in Table 4. First-generation non-
Western immigrants with older age at migration had generally
higher-magnitude inverse association with ACM than those
with younger age at migration (Table 3). Overall, higher
magnitude inverse association was observed for first-
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Fig. 1 Kaplan—Meier survival estimates for native Swedes and first-
generation immigrants with type 2 diabetes by their country/region of
birth

generation immigrants with <24 years in Sweden than for
those spending >24 years in Sweden (Table 4).

The interaction terms with spline transformations of age
and income were statistically significant (p values <0.001),
suggesting that older age at diagnosis generally was associated
with higher relative hazard, while higher disposable income
was associated with lower relative hazard, although somewhat
different shapes of functions were observed across region of
birth of the first-generation immigrants (Figs. 3, 4).

The interactions terms with sex and type 2 diabetes treatment
were not statistically significant (p values were 0.287 and 0.169,
respectively), suggesting that the associations did not differ for
men and women or across the treatment strategies.

Discussion

To the best of our knowledge, this is one of the first studies
investigating survival rates in first- as well as second-generation

1.004

0.95+

Proportion alive
o
©
o
1

0.85+

0.80

T T T T T T T T T T

0 1 2 3 4 5 6 7 8 9 10
Time at risk (years) from 1 year after diabetes diagnosis
Native Swedes

European but not Nordic
Non-Western

Nordic countries
North America

Fig. 2 Kaplan-Meier survival estimates for native Swedes and second-
generation immigrants with type 2 diabetes by their parents’ country/
region of birth

@ Springer

immigrants with type 2 diabetes. In this 10 year follow-up study,
we show that first-generation non-Western immigrants have
substantially lower ACM as well as CSM rates compared with
native Swedes with type 2 diabetes. Further, we found that the
younger the age at migration and the longer the duration of stay
in Sweden, the larger the risk of shorter survival. For second-
generation immigrants we did not observe beneficial survival
rates compared with native Swedes, but rather, in particular in
those with both parents born outside Sweden, they presented
with shorter survival. Altogether, our study shows that first-
generation non-Western immigrants at the early stage of migra-
tion initially are protected and display a mortality advantage over
native Swedes, but, over time, in first-generation immigrants the
lower mortality is subsequently reduced, and in second-
generation immigrants is equalised.

The observed mortality advantage in first-generation immi-
grants has been reported previously. Data from the NDR report
lower mortality rates in first-generation non-Western immi-
grants than the native Swedish-born population with diabetes
[12]. Further, a Canadian long-term follow-up study, from 2005
to 2012, showed lower ACM and CVD-related mortality rates
in first-generation immigrants with diabetes, an effect that
persisted more than 10 years after immigration [23].
However, we have not found studies of mortality including
first- as well as second-generation people with diabetes.
Studies of the general population have shown that the health
advantages in first-generation non-Western immigrants to
Western countries erode over time [24, 25]. For instance, stud-
ies conducted in France, Belgium and Norway show lower
ACM in first-generation immigrants, but, with duration of stay,
the ACM converges towards that of natives [13—15], as we
observe in our study. Contributing mechanisms may be
connected to the influence of lifestyle, acculturation to the
Western culture and epigenetics, but need further investigation.

The observed early diabetes onset and poor socioeconomic
situation correspond with previous studies conducted in
Sweden and Norway [26, 27]. It was previously shown that
younger age at diabetes onset increases the risk of ACM [28],
and that poor socioeconomic status with unemployment and
lack of integration contributes to type 2 diabetes risk in non-
Western immigrants to Sweden [9, 10]. Further, poor health
literacy aggregates in socioeconomically vulnerable minority
groups and is, according to the WHO, one of the most impor-
tant determinants of health which contributes to high morbid-
ity rates [29]. However, our data show important interactions
among region of birth, age at onset and socioeconomic status
(Figs. 3, 4). Our findings indicate that, in first-generation
immigrants of non-Western origin, earlier age at onset, as well
as low income, does not impact survival to as high an extent as
in people with diabetes of Swedish or Western origin, and
may partly explain the observed mortality paradox.

ACM in type 2 diabetes is mainly driven by complications
in CVD [30]. Population-based studies have shown that Asian
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Fig. 3 Marginal effect of age at diagnosis on the relative hazard of ACM
in a Cox model by region of birth in the sample including native Swedes
and first-generation immigrants diagnosed with type 2 diabetes in
Sweden between 2006 and 2012. The model includes multiplicative inter-
action of region of birth and spline transformations of age, and multipli-
cative interaction of region of birth and spline transformations of dispos-
able income, attained education, occupational socioeconomic group,
region of residence and type of diabetes treatment

and Middle Eastern populations are not exposed to hypertension
to the same extent as the native Nordic populations [31, 32]. The
lower risk of hypertension may theoretically contribute to the
observed lower CVD morbidity and mortality rates in the first-
generation non-Western diabetes population, but this needs to be
investigated further. Obesity, sedentary lifestyle and family
history of diabetes are strong contributors to diabetes risk [33]
and are highly prevalent in Middle Eastern and South Asian
immigrant populations [3, 26]. It is reported that people diag-
nosed with mild obesity-related diabetes have lower risk of

50

404

30

Relative hazard

20 /’\

o

T T T
200,000 300,000 400,000

T
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Disposable income (SEK)
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Fig. 4 Marginal effect of disposable income on the relative hazard of
ACM in a Cox model by region of birth in the sample including native
Swedes and first-generation immigrants diagnosed with type 2 diabetes in
Sweden between 2006 and 2012. The model includes multiplicative inter-
action of region of birth and spline transformations of disposable income,
and multiplicative interaction of region of birth and spline transformations
of age, attained education, occupational socioeconomic group, region of
residence and type of diabetes treatment

developing CVD-related complications [34]. Further, lower
mortality rates are reported in obese people with type 2 diabetes,
not only compared with the extremely obese, but also, paradox-
ically, compared with normal weight individuals with type 2
diabetes [35], indicating that ‘healthy obesity’ may influence
the differences in mortality rates [36]. We have previously
shown that first-generation Middle Eastern immigrants to
Sweden present a more favourable fat profile than native
Swedes, hypothetically protecting them from hypertension and
CVD [37]. Thus, acculturation over time to Western lifestyle
habits, with less-favourable fat intake, may contribute to the loss
of mortality advantage in second-generation immigrants.

The beneficial cancer survival rates observed in first-
generation non-Western immigrants (in particular, Middle
Eastern immigrants) is consistent with previous register data
on non-Western immigrants to Norway [38]. Insulin-resistant
diabetes is reported to be associated with morbidity in cancer
[39]. Hence, an explanation for the lower rates in non-Western
immigrants may be related to type of diabetes, with lower
prevalence of insulin-resistant diabetes in people of non-
Western origin [3], but this remains to be further investigated.

One may argue that the ‘healthy migrant effect’, indicating
that people migrating represent those most able to move and
thus a healthier group compared with those not migrating [40,
41], may influence our findings. Although immigrants may
have better health in relation to the conditions in their home
country, their general mental and physical health in relation to
the native Swedish population is generally not better [42]. We
do not have data on the number of immigrants included in the
study that have moved back and not returned; however, a
database register study of refugees to Denmark from 1993 to
2010 did not show indications of remigration bias, but rather
supported the opposite [41]. Due to the vulnerable political
and economic situations that a large part of non-Western
populations are exposed to, in combination with access to
the Swedish health system where one gets treatment regard-
less of income or socioeconomic situation, we do not consider
it likely that ‘salmon bias’ has influenced our data.

The strengths of this study are the sample size, the study
design, the thorough sampling and the recent collection of
data. The data were collected from national databases, includ-
ing registers of drug prescription, socioeconomic status and
mortality, and including all individuals in Sweden. Since
socioeconomic vulnerability represents a strong determinant
for migrant mortality from diabetes [43], all data in this study
were adjusted for several variables reflecting socioeconomic
burden. Although our data were adjusted for age at onset, we
may not have been able to fully adjust for the large age differ-
ence (approximately 1.5 decades) between non-Western
immigrants and native Swedes. Also, the older Swedish
cohort may have a heavier cluster of comorbidities influencing
survival rates. Our data lack information on metabolic control,
comorbidities and related drug treatment, and lifestyle factors

@ Springer
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such as physical activity, diet, tobacco smoking and alcohol
consumption impacting CVD risk and survival. We do not
think this has influenced the outcome of our data since our
results are consistent with previous data in Sweden on first-
generation immigrants with type 2 diabetes [12]. Further, if
the younger age at onset could explain differences in survival
rates, we would expect similar results in second-generation
immigrants as in first-generation immigrants, which we do
not see. The power of a survival analysis is related to the
number of events, and simulation work has suggested at least
ten outcome events per predictor in the model [44], although
sometimes this rule can be relaxed [45]. Due to the low
number of events (ESM Fig. 4) in some subgroups, analysis
of mortality is limited by low statistical power and so evidence
is inconclusive in these groups.

The findings of this nationwide study of all people with type
2 diabetes in Sweden raise concerns regarding the erosion of
life years to which non-Western immigrants with diabetes
acculturating to the Western culture are exposed. From a clin-
ical perspective, it is important to focus awareness on second-
generation immigrants with diabetes to optimise non-
pharmacological and pharmacological prevention to improve
metabolic control and reduce the risk of diabetic complications.
Future intervention studies of first- and second-generation non-
Western immigrants are needed to increase the understanding
of contributing mechanisms to mortality advantage, lifestyle
and genetic contributions, and epigenetic interactions.
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