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Abstract
Background: This study compared the incidence of cardiovascular disease (CVD) and acute myocardial infarction
(AMI) between native Danes and immigrants born in Turkey, Pakistan and the former Yugoslavia. Furthermore, we
examined whether different indicators of socioeconomic status (SES), such as employment, income and housing
conditions influenced potential differences.
Methods: In this registry-based follow-up study individuals were identified in a large database that included
individuals from two major regions in Denmark, corresponding to about 60% of the Danish population. Incident
cases of CVD and AMI included fatal and non-fatal events and were taken from registries. Using Cox regression
models, we estimated incidence rates at 5-year follow-up.
Results: Immigrant men and women from Turkey and Pakistan had an increased incidence of CVD, compared with
native Danish men. In the case of AMI, a similar pattern was observed; however, differences were more
pronounced. Pakistanis and Turks with a shorter duration of residence had a lower incidence, compared with those
of a longer residence. Generally, no notable differences were observed between former Yugoslavians and native
Danes. In men, differences in CVD and AMI were reduced after adjustment for SES, in particular, among Turks
regarding CVD. In women, effects were particularly reduced among Yugoslavians in the case of CVD and in Turks
in the case of CVD and AMI after adjustment for SES.
Conclusions: In conclusion, country of birth-related differences in the incidence of CVD and AMI were observed.
At least some of the differences that we uncovered were results of a socioeconomic effect. Duration of residence
also played a certain role. Future studies should collect and test different indicators of SES in studies of CVD
among immigrants.

Background
According to a European collaborative project, reliable
and comparable data on cardiovascular disease (CVD) in
migrant and ethnic minority groups are scattered,
incomplete and missing in most European countries [1].
Some European studies have reported marked differences in cardiovascular disease by country of birth and
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ethnicity in terms of CVD mortality [2-6] and in the
incidence of CVD and subcategories of CVD [7-15].
In Denmark, it is challenging to conduct epidemiological
studies concerning immigrants’ health, because Denmark
is a small country and has one of the smallest immigrant
populations in Western Europe. Furthermore, immigrants
and, in particular, their descendants comprise a very
young population due to a relatively short history of immigration. In 2010, immigrants and their descendants constituted about 10% of the total population, and two thirds
originated from a non-Western country [16]. Labour
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migrants settled in Denmark in the late 1960s due to the
economic boom, particularly immigrants born in Turkey,
Pakistan and the now former Socialist Federal Republic of
Yugoslavia (former Yugoslavia). Currently, the abovementioned immigrant groups represent the groups with the
longest duration of residence and the highest average age
in Denmark from non-Western countries [17].
So far, no Danish follow-up study has investigated the
incidence of CVD in relation to country of birth. Current
data on CVD in immigrants in Denmark is conflicting.
National statistics has reported a decreased mortality
among immigrants from non-Western countries, compared with native Danes [17]. On the contrary, a registrybased report, published by the Danish National Board of
Health, has reported an increased use of hospital services
related to CVD among immigrant groups from nonWestern countries, compared with native Danes [18].
Another aspect of great importance is the well documented association between socioeconomic status (SES)
and CVD. In several Western countries, individuals of
low SES have higher rates of CVD morbidity and mortality than individuals of high SES [19]. Non-Western immigrants in Denmark are often disadvantaged regarding
socioeconomic conditions in terms of income, employment and educational level, compared with native Danes
[17]. Furthermore, previous studies have demonstrated
that the association between SES and several health outcomes differs between immigrant groups, compared to
native populations [20-22]. However, there is a lack of
clarity about to which extent and how poor socioeconomic status influences the health of immigrants. The
relationship between the SES measure and the outcome
measure might differ between immigrants and the native
population, suggesting an interaction between SES and
country of birth, in relation to health outcomes. However, low SES can also be perceived as a consequence of
immigration, caused by poorer access to job opportunities, poorer living conditions e.g. that eventually will
influence immigrants’ health.
Being able to efficiently prevent, diagnose and treat cardiovascular disease among immigrants, knowledge is
needed about the incidence of cardiovascular diseases. In
this study, we investigated the incidence of CVD according
to country of birth. We also examined the incidence of
AMI, as it normally leads to hospitalization and therefore
reduces the risk of selection bias caused by differences in
seeking primary care and hospital care between immigrants and native Danes. Furthermore, we hypothesized
that potential differences between immigrants and native
Danes were influenced by socioeconomic factors. Therefore, we examined whether an effect modification between
different indicators of SES and country of birth existed, or
whether SES indicators were mediators of the effect of
country of birth on the incidence of CVD and AMI.
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Methods
Study population

We undertook a registry-based follow-up study with a
population that consisted of Native Danes and immigrants
born in Turkey, Pakistan and the former Yugoslavia. Individuals were identified in a database comprising individuals that lived in the Capital Region or Central Denmark
Region of Denmark on 1 January 2001 (n = 3,107,901).
The total Danish population comprises around 5,500,000
inhabitants. We included individuals that were above 29
years of age with residence in Denmark between 1997 and
2000 (n = 1,837,707); immigrants constituted 26,341. The
population was identified in the Central Population Registry in which all residents in Denmark are registered by a
unique 10 digital number, making linkage across time and
registries possible. The data used from the Central Population Registry is openly available.
Outcome data

Data on incident cases of CVD and AMI included hospital contacts and deaths in and outside of hospital. Diagnoses are not registered by the general practitioners in
Denmark and are therefore not included in our study.
Data were obtained from the Registry of Causes of Death
and the Danish National Patient Registry, using the International Classification of Diseases ICD-10. CVD codes
(I11, I13, I20-I25, I44-I50, I60-I69 (excluding I67.1, I67.5,
I67.7, I68), I70-I73) and AMI codes (I21, I22). Individuals
with a previous history of CVD (N = 109,769) or AMI
(N = 15,834) between 1997 and 2000 were excluded,
leaving 1,727,938 individuals for analyses of CVD and
1,821,873 for analyses of AMI. Incident cases included
admissions with primary diagnosis or death as underlying
or contributing cause of death. Information on deaths
and migrations was obtained through linkage to the
Registry for Population Statistics at Statistics Denmark.
Person-years were calculated from 1 January 2001 to first
incident case of CVD and AMI. Individuals were censored when they died, emigrated or at the end of the
follow-up period in 2005.
Covariates

From the Central Population Registry, the Demographic
Database and the Integrated Database for Labour
Marked Research (IDA) at Statistics Denmark information on country of birth, age, sex, duration of residence,
marital status, income, employment and housing conditions in 2001 were obtained.
Analyses were stratified by sex and were age-adjusted.
Age was included as a continuous variable. Immigrants
comprised individuals born in a foreign country to parents without Danish citizenship also born in a foreign
country. Individuals from Yugoslavia did not include
refugees that arrived to Denmark in the 1990s, due to
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the Yugoslavian civil war, because of a change in the
recording practice. Native Danes comprised individuals
with at least one parent, who was a Danish citizen born
in Denmark. Marital status was defined as single (living
alone or widow) and living with a partner (married or
cohabitation).
Socioeconomic data were based on data from the preceding year. Data on annual income were wages from
earnings and social transfers by tax authorities (using currency rate 100 DKK = 13.42 EUR). In individuals living
with a partner, the average income in both was calculated.
Income was included as a continuous variable. Employment was defined as: employed, out of work or retired.
Housing conditions included two categories: self-owned
housing and rental-occupied housing. Information on education was not included, due to poor validity. First, for a
considerable number of immigrants, particularly women,
data did not contain information on achieved educational
level in country of birth. Secondly, the variable contained
data from a questionnaire survey conducted by Statistics
Denmark in 1999 among immigrants, which leaves uncertainty about the variable due to potential selection bias
and validity of answers.
Statistical analysis

Chi-square test or wilcoxon test was used for univariate
analyses. Cox proportional hazard regression models were
carried out to analyse incidence rates of CVD and AMI.
As model control, we tested the assumptions of proportional hazards with Schoenfeld residuals. For both models,
assumptions were fulfilled. Linearity of age and income
were tested, and when needed we squared the number, or
raised it to the third power. We tested plausible interaction terms between country of birth and the socioeconomic indicators. In case of no significant interaction
terms between country of birth and SES indicators, we
included SES as intermediate variables. Socioeconomic
indicators were added stepwise in the models based on
assumptions about causal relations, e.g. employment was
included prior to income, because employment is assumed
to affect income, and furthermore income was included
prior to housing, because income is assumed to affect
housing. We also carried out separate analyses with each
of the SES indicators. Interaction terms, between marital
status and country of birth and duration of residence and
country of birth, were also tested. In these models, SES
indicators and age were included. The analyses, of the
impact of duration of residence, were performed within
immigrant groups and also with native Danes as the reference category. We stratified the analyses by 15 years age
groups (30-44 years and 45-60 years), because age and
duration of stay were closely related. Furthermore, these
analyses were performed only for CVD and for men and
women combined, due to low cell count. Data were
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analysed using SAS statistical software version 9.1 (SAS
Institute Inc., Cary, NC, USA).

Results
Men were slightly overrepresented in immigrants
groups, whereas the opposite was the case in native
Danes (Table 1). Native Danes were more likely to be
older, compared with the immigrant groups. Immigrant
groups were more likely to be living with a partner, be
out of work and less likely to be retired, compared with
native Danes. Annual income was lower among all
immigrants groups, compared with native Danes.
Furthermore, immigrants were more likely to live in
rental-occupied housing.
Interaction terms of marital status and SES

No significant interaction terms were found between
marital status and country of birth. Furthermore, no significant interaction terms were found between country of
birth and SES indicators in relation to AMI or CVD.
P-values for AMI were all above 10%, but because some
p-values for CVD were close to a 5% significance level,
analyses for CVD were stratified by SES (Table 2). The
stratified analyses showed a relatively consistent pattern
among women regarding the influence of SES, with the
exception of employment, in which retired Pakistani and
Turkish women had a lower incidence, compared with
those employed, while the opposite was the case among
native Danes and Former Yugoslavian women (Table 2).
In men, we found a similar pattern of the influence of
income across the groups, with the exception of Turkish
men. Regarding employment, we observed that immigrant groups that were retired had a lower incidence of
CVD, compared to those employed, whereas retired
native Danes had an increased incidence. Regarding the
influence of housing conditions, no differences were
observed between homeowners and non-homeowners
among immigrant men, dissimilar to native Danish men,
in which non-homeowners had an increased incidence.
CVD incidence

Turkish and Pakistani men had an increased incidence of
CVD, compared with native Danes (Table 3, model 1).
After adjustment for employment, income and housing
estimates were reduced, but remained significant in
Pakistani men. Yugoslavian men had a lower incidence of
CVD after adjustment for SES. In women, all immigrant
groups had an increased incidence of CVD, compared
with native Danish women (Model 1). After adjustment
for SES, estimates were no longer significant in Yugoslavian and Turkish women, whereas in Pakistani women,
estimates attenuated but remained significant. Employment was the SES indicator that reduced differences the
most, in particular among women.

Denmark (n = 1 811 366)

Age in years
Mean

Turkey (n = 13 379)

Former Yugoslavia (n = 6 936)

Pakistan (n = 6 026)

Men

Women

Men

Women

Men

Women

Men

Women

48.1%

51.9%

51.1%***

48.9%***

51.6%***

48.4%***

55.8%***

44.2%***

52.2

54.8

43.3***

42.6***

46.6***

47.5***

46.5***

44.6***

Marital status
Partner

61.2%

54.8%

89.8%***

86.3%***

75.8%***

68.5%***

89.5%***

86.6%***

Single

38.8%

45.2%

10.2%

13.7%

24.2%

31.5%

10.5%

13.4%

> 20

61.1%

50.2%

59.0%

59.5%

65.6%

57.3%

5-20

38.9%

49.8%

41.0%

40.5%

34.4%

42.7%

11 648***

11 115***

14 068***

13 055***

10 773***

10 427***

Duration of residence (years)
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Table 1 Baseline characteristics (2001) according to country of birth

Income (EUR)
Mean

21 155

19 509

Employment
Employed

67.1%

55.6%

59.7%***

39.4%***

57.7%***

43.3%***

60.2%***

29.4%***

Out of work

11.1%

14.3%

29.3%

53.1%

30.1%

44.7%

27.9%

64.4%

Pensioners

21.8%

30.1%

10.9%

7.4%

12.1%

11.9%

11.9%

6.2%

Missing

0.0%

0.0%

0.1%

0.1%

0.1%

0.1%

0.0%

0.0%

Housing conditions
Self-owned

3.2%

57.5%

11.7%***

10.2%***

22.3%***

21.9%***

22.8%***

20.0%***

Rental-occupied

35.6%

41.7%

86.9%

89.4%

76.1%

77.2%

75.6%

79.5%

Missing

1.2%

0.8%

1.4%

0.4%

1.6%

0.9%

1.6%

0.5%

Incident casesc

19 233

12 832

125

31

42

20

90

28

Person-years

4 124 597

4 500 544

35 101

30 548

17 191

16 515

15 426

12 910

CVDb
Incident casesc

64 558

60 390

333

173

161

129

199

102

Person-years

3 833 377

4 243 450

33 390

29 211

16 186

15 578

14 371

12 378

AMIa

Chi-square test or wilcoxon test (reference group: native Danish women and men) *** P-value < 0.0001
a: Individuals with previous history of AMI between 1997 and 2000 were excluded
b: Individuals with previous history of CVD between 1997 and 2000 were excluded
c: Including fatal and non-fatal cases
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Table 2 Stratified analyses of SES in relation to incidence of CVD according to country of birth
Denmark

Turkey

Former Yugoslavia

Pakistan

Employed

1

1

1

1

Out of work

1.82 (1.77-1.87)

1.36 (1.03-1.80)

1.06 (0.72-1.55)

1.64 (1.17-2.29)

Retired

1.15 (1.12-1.18)

0.63 (0.43-0.94)

0.53 (0.30-0.91)

0.93 (0.59-1.46)

1

1

1

1

1.36 (1.33-1.38)

0.79 (0.51-1.21)

1.25 (0.70-1.98)

1.25 (0.68-2.31)

Self-owned

1

1

1

1

Rental-occupied

1.55 (1.23-1.28)

1.00 (0.71-1.38)

1.07 (0.80-1.50)

1.05 (0.63-1.40)

Employed

1

1

1

1

Out of work
Retired

1.90 (1.90-2.03)
1.37 (1.32-1.42)

1.11 (0.70-1.76)
0.65 (0.33-1.28)

1.80 (0.99-2.30)
1.12 (0.46-2.72)

1.67 (1.06-1.65)
0.46 (0.23-0.95)

High (above average)

1

1

1

1

Low (below average)

1.46 (1.42-1.49)

1.81 (0.79-4.18)

1.26 (0.75-2.10)

1.32 (0.57-3.05)

Self-owned

1

1

1

1

Rental-occupied

1.25 (1.23-1.28)

0.93 (0.57-1.51)

1.73 (1.08-2.77)

1.46 (0.87-2.47)

Men
Employment (P = 0.1065)*

Income (P = 0.0886) *
High (above average)
Low (below average)
Housing (P = 0.0712)*

Women
Employment (P = 0.0611)*

Income (P = 0.4811)*

Housing conditions (P = 0.3115)*

The values represent Hazard ratio estimates (95% confidence interval).
All models are adjusted for marital status and age.
*P-values from Cox regression analyses (country of birth*SES).

Table 3 Incidence of CVD according to country of birth
Turkey

Former Yugoslavia

Pakistan

Model 1

1.35 (1.21-1.50)

1.00 (0.86-1.17)

1.51 (1.32-1.75)

Model 2

1.20 (1.08-1.34)

0.89 (0.76-1.03)

1.37 (1.19-1.57)

Model 3

1.17 (1.05-1.31)

0.87 (0.74-1.03)

1.33 (1.16-1.53)

Model 4

1.24 (1.12-1.39)*
1.09 (0.97-1.22)

0.93 (0.79-1.08)*
0.83 (0.71-0.97)

1.40 (1.22-1.61)*
1.26 (1.10-1.45)

1.20 (1.08-1.34)**

0.92 (0.79-1.08)**

1.40 (1.22-2.15)**

Model 1

1.52 (1.21-1.77)

1.36 (1.14-1.64)

1.90 (1.56-2.31)

Model 2

1.21 (1.04-1.41)

1.14 (0.95-1.39)

1.46 (1.20-1.77)

Model 3

1.19 (1.03-1.39)

1.14 (0.96-1.36)

1.43 (1.17-1.74)

Model 4

1.44 (1.24-1.67)*
1.11 (0.95-1.29)

1.28 (1.88-1.52)*
1.10 (0.93-1.31)

1.77 (1.46-2.15)*
1.35 (1.11-1.64)

1.39 (1.19-1.61)**

1.28 (1.08-1.52)**

1.77 (1.45-2.15)**

Men

Women

The values represent Hazard ratio estimates (95% confidence interval).
Reference group: native Danes.
Model 1: adjusted for marital status and age.
Model 2: adjusted for employment, marital status and age.
Model 3: adjusted for income, employment, marital status and age.
Model 4: adjusted for housing conditions, income, employment, marital status and age.
*employment not included in model 3.
**employment and income are not included in model 4.
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AMI incidence

With respect to AMI, immigrant men from Turkey and
Pakistan had an increased incidence, compared with native
Danish men, whereas Yugoslavian men did not differ from
native Danish men (Table 4, model 1). When adjusting
the models for employment, income and housing, estimates attenuated, but remained significant. Women from
Pakistan and Turkey had an increased incidence of AMI,
and estimates were reduced after adjustment for SES, but
remained significant in Pakistani women. Yugoslavian
women did not differ from Danish women. After adjustment for SES, an insignificant trend of lower incidence
was observed among Yugoslavian men and women. In
addition, employment among women, as a single SES indicator, had a stronger effect compared with income and
housing.
Duration of residence and incidence of CVD

Regarding duration of residence, significant interaction
terms were observed (age group 30-44, p = 0.0255 and
age group 45-60, p < 0.001), and as a result, analyses
were stratified by duration of residence (Table 5). Turks
and Pakistanis with a short duration of residence had a
lower incidence of CVD, compared with those with a
long duration of residence, but only significant among
Pakistanis (age group 30-44) and Turks (age group 4560). Among former Yugoslavians the reverse pattern
was observed; though, estimates were not significant and

confidence intervals were broad. Using native Danes as
the reference category, results were more inconsistent;
however, we observed a tendency of high CVD incidence among immigrants with a long duration of
residence.
Additional analyses

We repeated analyses, where we restricted the study
population to individuals below 65 years of age, because
associations between disease and SES are the least in
the elderly. A similar pattern for CVD and AMI according to country of birth was observed; however, women
from Turkey did not differ from native Danish women
in relation to AMI (results not shown), but findings
were the same, when we adjusted for SES. Furthermore,
because there were cases among those below the age of
30 years, we repeated the analyses (Model 1), by including individuals above 18 years of age; however, the estimates did not change notably in the case of AMI or
CVD (results not shown).

Discussion
The main findings were that immigrants from Turkey
and Pakistan had an increased incidence of CVD and
AMI, whereas former Yugoslavians did not differ markedly from native Danes. After adjustment for SES, estimates were reduced, in particular, among Turkish men
in the case of CVD, in Yugoslavian women in the case

Table 4 Incidence of AMI according to country of birth
Turkey

Former Yugoslavia

Pakistan

Model 1

1.74 (1.45-2.08)

0.89 (0.66-1.21)

2.32 (1.88-2.85)

Model 2

1.57 (1.31-1.87)

0.81 (0.60-1.10)

2.13 (1.73-2.62)

Model 3

1.45 (1.21-1.73)

0.76 (0.56-1.04)

1.95 (1.58-2.40)

Model 4

1.52 (1.27-1.81)*
1.36 (1.14-1.63)

0.81 (0.60-1.10)*
0.75 (0.55-1.01)

2.04 (1.60-2.52)*
1.89 (1.54-2.33)

1.54 (1.29-1.85)**

0.84 (0.62-1.14)**

2.15 (1.75-2.65)**

Model 1

1.48 (1.04-2.11)

1.06 (0.68-1.64)

3.05 (2.10-4.42)

Model 2

1.16 (0.81-1.65)

0.91 (0.59-1.42)

2.26 (1.56-3.28)

Model 3

1.12 (0.79-1.59)

0.87 (0.56-1.35)

2.18 (1.50-3.16)

Model 4

1.38 (0.97-1.96)*
1.05 (0.74-1.50)

0.98 (0.63-1.53)*
0.80 (0.51-1.26)

2.79 (1.92-4.04)*
2.08 (1.43-3.02)

1.37 (0.96-1.95)**

0.95 (0.61-1.50)**

2.86 (1.97-4.14)**

Men

Women

The values represent Hazard ratio estimates (95% confidence interval).
Reference group: native Danes.
Model 1: adjusted for marital status and age.
Model 2: adjusted for employment, marital status and age.
Model 3: adjusted for income, employment, marital status and age.
Model 4: adjusted for housing conditions, income, employment, marital status and age.
*employment not included in model 3.
**employment and income not included in model 4.
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Table 5 Incidence of CVD and duration of residence
Duration of residence (years)

Turkey*

Former Yugoslavia*

Incident cases (30-44 years)/person-years

89/42 180

33/16 094

Pakistan *
38/13 909

Incident cases (45-60) years)/person-years

214/15 283

131/10 946

169/10 195

0.64 (0.41-1.00)

1.35 (0.63-2.91)

0.39 (0.20-0.77)

1

1

1

0.53 (0.35-0.78)

1.24 (0.80-1.92)

0.83 (0.53-1.31)

1

1

1

Age group 30-44 years
5-20
> 20 (ref)
Age group 45-60 years
5-20
> 20 (ref)
Age group 30-44 years**
5-20

0.77 (0.38-1.54)

1.16 (0.58-2.30)

0.92 (0.41-2.06)

> 20

1.12 (0.85-1.47)

0.76 (0.41-1.41)

1.66 (1.11-2.49)

Age group 45-60 years**
5-20

0.63 (0.35-1.11)

1.15 (0.67-2.00)

1.08 (0.59-1.98)

> 20

1.26 (1.09-1.46)

1.02 (0.84-1.24)

1.40 (1.19-1.65)

The values represent Hazard ratio estimates (95% confidence interval).
*Adjusted for marital status, age, sex, employment, income and housing conditions.
** Reference group: Native Danes.

of CVD, and in Turkish women in the case of AMI and
CVD. The findings of our study are in line with the few
European follow-up studies comparing incidence of
CVD among immigrants and non-immigrants. Hedlund
et al. also found an increased incidence of myocardial
infarction among Turkish immigrants, whereas no differences were observed between native Swedes and former Yugoslavians [9]. Furthermore, other Swedish
studies have reported an increased incidence of CVD
and coronary heart disease among Turkish immigrants
[7,15]. However, studies have had divagating findings
regarding the influence of SES on the incidence of CVD
according to country of birth. One study reported that
the increased incidence of myocardial infarction among
foreign-born individuals was not influenced by socioeconomic differences [9], while other studies have
reported some or little effect of SES in relation to the
incidence of stroke, CVD and CHD [7,14]. Variations
might be a result of differences in the design of the studies, including the definition of incident cases and SES.
The particular SES factor applied to reflect SES, and
when and how it is measured, including the validity,
might affect conclusions. In addition, similar immigrant
groups might not be comparable across countries, due
to differences in migration histories and integration
policies in the receiving countries.
As previously mentioned, we decided to include stratified analyses of SES for CVD by country of birth, in order
to investigate possible patterns. For some SES indicators,
we found similar patterns across country of birth, but in
other cases, particularly among men in terms of housing
and employment, we found differences in how SES influenced the incidence of CVD. Although the stratified analyses suggested that the relationship between SES

indicators and CVD in some cases differed by country of
birth, the analyses should be interpreted with caution,
due to a lack of significant interaction terms between
SES and country of birth and the relatively small sample
size among immigrants.
In models with SES as mediators, differences were
reduced the most between the groups, when all SES indicators where included in the models. However, in
women, analyses that only included income and housing
showed that employment contributed the most to the differences between the population groups. Another important aspect to keep in mind is the fact that employment
status among immigrants might reflect a healthy worker
effect and not a causal effect. In addition, income and
employment might be inadequate indicators of SES
among the elderly. In contrast, housing is most likely a
better measurement of material wealth throughout the
life-course. Education is stable and therefore it can be
used over time, but was not included due to poor validity.
However, a survey has reported a higher educational level
among former Yugoslavians, compared with Turks and
Pakistanis [23]. Therefore, it cannot be ruled out that former Yugoslavians’ relatively low incidence of CVD and
AMI is influenced by a high educational level. Moreover,
the broadly defined categories of employment and housing conditions leaves a possibility that results might be
biased due to residual confounding. This might also
explain the lack of significant interaction terms between
SES indicators and country of birth.
Cardiovascular disease in immigrants is likely to be
influenced by factors previous to migration, the process
of migration and post migration, as well as genetics
might also play a certain role. Pre-migration factors
might include lack of access to healthcare and poor
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socioeconomic status. The process of migration might
be associated with stress, loss of network and discrimination in the new country. Stress is likely to trigger the
progression of atherosclerotic processes in the arteries
[24]. According to Hedlund et al., foreign-born individuals had an elevated risk of MI in the first year after
immigration to Sweden, which might be associated with
post migration stress [9]. Some studies have suggested
that the prevalence of insulin resistance leading to diabetes and lipid abnormalities is higher among individuals identified as South Asians (Indians, Pakistanis and
Bangladeshi) possibly due to a predisposition [25,26].
This fact might partially explain the increased incidence
of CVD among Pakistanis in our study. Other studies
have focused on country of birth-related differences in
health behaviour, as an explanation for the increased
CVD among immigrants. Major CVD risk factors such
as diabetes, hypertension and smoking are overrepresented among some non-Western immigrants, compared with non-immigrants [27-30], which is also the
case in a Danish survey of immigrants’ health [31].
Duration of residence and acculturation in the new
country might influence the risk of CVD morbidity among
immigrants; however, the literature has shown contradictory findings in relation to the impact of duration of residence on CVD in immigrants [9,32,33]. In our study, we
found that duration of residence had an impact on the incidence of CVD, although the applied categories for duration
of residence were very broad. Among Pakistanis and
Turks, we found a lower incidence of CVD among those
with a shorter duration of residence. Acculturation may
lead to improving health behaviours and access to medical
care, but on the contrary, it can also promote unhealthy
behaviour in the receiving country. The observed reverse
pattern among former Yugoslavians might reflect that the
disease pattern, with time, might become more similar to
that of the receiving country. Another possible explanation
for this finding is “the unhealthy re-migration effect”,
which has been described as the remigration of either ill,
unhealthy or less successful migrants to their country of
origin [3,34,35], leaving a healthier selection of individuals
in the host country.
The main strength of this study is its registry-based
design, including information on emigrations and deaths.
The validity of CVD and AMI is high, as the National
Patient Registry has nearly complete coverage [36,37].
Furthermore, the measurements of SES were based on
individual data, included three different indicators and
the fact that we were able to measure SES prior to follow-up strengthened the study. On the other hand the
broad categories of SES leave a possibility of biased
results and the omission of education data, due to poor
validity, was a limitation. Our study has other noteworthy
limitations. First, cases of AMI were limited among
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immigrants due to the groups’ relatively small size. Secondly, deaths and morbidity related to CVD and AMI in
the immigrant’s country of birth during follow-up might
underestimate the findings. Thirdly, the re-migration of
less successful migrants before they become manifestly ill
might also underestimate the findings. Fourthly, in case
of a country of birth-related selection, when choosing
between seeking healthcare and not seeking healthcare
for CVD symptoms, the findings in our study might be
biased. Studies have shown that perceived CVD symptoms and the acting (or not acting) on symptoms is likely
to differ by ethnicity and country of birth [38-40]. Finally,
cases of CVD not leading to hospital care are not
included in this study; however, only if the selection
between no-care, primary care and hospital care differs
according to country of birth, the results might be biased.
We would not expect such strong bias in case of AMI,
but for other less acute CVD’s there might be a tendency
that immigrants more often go to the hospital directly,
even if they are expected to be treated or referred by
their general practitioner.

Conclusions
The incidence of CVD and AMI varied according to
country of birth; immigrants born in Pakistan and Turkey had an increased incidence of AMI and CVD, compared with native Danes. However, the incidence of
CVD among immigrants from the former Yugoslavia did
not differ notable from that of native Danes. The study
highlights the importance of looking at each immigrant
group individually instead of gathering them into one
seemingly heterogeneous group. Differences between
immigrants groups and native Danes were reduced
when considering SES, but stratified analyses suggested
that the relationship between some SES indicators and
CVD incidence might differ by country of birth. These
facts suggest that future studies should collect and test
different SES indicators and conduct different analyses
in the investigation of immigrants’ health. Finally, the
study suggests that country of birth is an important factor, when drawing attention to immigrant groups, where
preventive efforts are needed in relation to CVD. The
results indicate that more research is necessary to
understand differences in incidence rates by country of
birth, in particular, in terms of understanding how
migration patterns affect incidence of CVD.
Acknowledgements
This study was supported by grants from The Danish Heart Foundation.
Author details
1
Research Centre for Prevention and Health, the Capital Region, Glostrup
University Hospital, Building 84/85, 2600 Glostrup, Denmark. 2Centre of
Public Health, Central Denmark Region, 8200 Aarhus N, Denmark. 3Danish
Research Centre for Migration, Ethnicity and Health, Section for Health

Hempler et al. BMC Public Health 2011, 11:662
http://www.biomedcentral.com/1471-2458/11/662

Services Research, Department of Public Health, University of Copenhagen,
1014 Copenhagen K, Denmark. 4Section for Social Medicine, Department of
Public Health, University of Copenhagen, 1014 Copenhagen K, Denmark.
Authors’ contributions
NFH conceived the study, conducted the analysis of the data and had primary
responsibility for drafting the manuscript. TJ, FBL, FD and AHA assisted with the
study design and supervised the statistical analysis. SSN, FBL, FD, AHA and TJ
participated in the interpretation of results and critically reviewed the
manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.

Page 9 of 9

20.

21.

22.

23.
24.

Received: 7 March 2011 Accepted: 23 August 2011
Published: 23 August 2011
References
1. Rafnsson SB, Bhopal RS: Large-scale epidemiological data on
cardiovascular diseases and diabetes in migrant and ethnic minority
groups in Europe. Eur J Public Health 2009, 19:484-491.
2. Balarajan R: Ethnic differences in mortality from ischaemic heart disease
and cerebrovascular disease in England and Wales. BMJ 1991, 302:560-564.
3. Bos V, Kunst AE, Keij-Deerenberg IM, Garssen J, Mackenbach JP: Ethnic
inequalities in age- and cause-specific mortality in The Netherlands. Int J
Epidemiol 2004, 33:1112-1119.
4. Harding S, Rosato M, Teyhan A: Trends for coronary heart disease and
stroke mortality among migrants in England and Wales, 1979-2003: slow
declines notable for some groups. Heart 2008, 94:463-470.
5. Razum O, Akgun S, Tezcan S: Cardiovascular mortality patterns in Turkey:
what is the evidence? Soz Praventivmed 2000, 45:46-51.
6. Wild SH, Fischbacher C, Brock A, Griffiths C, Bhopal R: Mortality from all
causes and circulatory disease by country of birth in England and Wales
2001-2003. J Public Health (Oxf) 2007, 29:191-198.
7. Gadd M, Johansson SE, Sundquist J, Wandell P: Morbidity in cardiovascular
diseases in immigrants in Sweden. J Intern Med 2003, 254:236-243.
8. Gadd M, Johansson SE, Sundquist J, Wandell P: The trend of cardiovascular
disease in immigrants in Sweden. Eur J Epidemiol 2005, 20:755-760.
9. Hedlund E, Lange A, Hammar N: Acute myocardial infarction incidence in
immigrants to Sweden. Country of birth, time since immigration, and
time trends over 20 years. Eur J Epidemiol 2007, 22:493-503.
10. Fischbacher CM, Bhopal R, Povey C, Steiner M, Chalmers J, Mueller G,
Jamieson J, Knowles D: Record linked retrospective cohort study of 4.6
million people exploring ethnic variations in disease: myocardial
infarction in South Asians. BMC Public Health 2007, 7:142.
11. Heuschmann PU, Grieve AP, Toschke AM, Rudd AG, Wolfe CD: Ethnic
group disparities in 10-year trends in stroke incidence and vascular risk
factors: the South London Stroke Register (SLSR). Stroke 2008,
39:2204-2210.
12. Stewart JA, Dundas R, Howard RS, Rudd AG, Wolfe CD: Ethnic differences
in incidence of stroke: prospective study with stroke register. BMJ 1999,
318:967-971.
13. Wolfe CD, Rudd AG, Howard R, Coshall C, Stewart J, Lawrence E, Hajat C,
Hillen T: Incidence and case fatality rates of stroke subtypes in a
multiethnic population: the South London Stroke Register. J Neurol
Neurosurg Psychiatry 2002, 72:211-216.
14. Khan FA, Zia E, Janzon L, Engstrom G: Incidence of stroke and stroke
subtypes in Malmo, Sweden, 1990-2000: marked differences between
groups defined by birth country. Stroke 2004, 35:2054-2058.
15. Sundquist K, Li X: Coronary heart disease risks in first- and secondgeneration immigrants in Sweden: a follow-up study. J Intern Med 2006,
259:418-427.
16. Statistics Denmark: News from Statistics Denmark: Immigrants and
descendents as well as foreign citizens. Copenhagen 2010.
17. Statistics Denmark: Indvandrere i Danmark (Immigrants in Denmark).
Copenhagen 2010.
18. Folmann NB, Jørgensen T: Etniske minoriteter - sygdom og brug af
sundhedsvæsenet (ethnic minorities - chonic diseases and use of
healthcare services). National Board of Health. Copenhagen; 2007.
19. Mackenbach JP, Bos V, Andersen O, Cardano M, Costa G, Harding S, Reid A,
Hemstrom O, Valkonen T, Kunst AE: Widening socioeconomic inequalities

25.

26.

27.

28.

29.
30.

31.
32.

33.

34.

35.
36.

37.

38.

39.

40.

in mortality in six Western European countries. Int J Epidemiol 2003,
32:830-837.
Agyemang C, van V, Hosper K, Nicolaou M, van den Born BJ, Stronks K:
Educational inequalities in metabolic syndrome vary by ethnic group:
evidence from the SUNSET study. Int J Cardiol 2010, 141:266-274.
Bhopal R, Hayes L, White M, Unwin N, Harland J, Ayis S, Alberti G: Ethnic and
socioeconomic inequalities in coronary heart disease, diabetes and risk
factors in Europeans and South Asians. J Public Health Med 2002, 24:95-105.
Bos V, Kunst AE, Garssen J, Mackenbach JP: Socioeconomic inequalities in
mortality within ethnic groups in the Netherlands, 1995-2000. J
Epidemiol Community Health 2005, 59:329-335.
Nielsen CP: Immigrants overeducation: Evidence from Denmark. Danish
Institute of Governmental Research; 2007.
Everson-Rose SA, Lewis TT: Psychosocial factors and cardiovascular
diseases. Annu Rev Public Health 2005, 26:469-500.
Dhawan J, Bray CL, Warburton R, Ghambhir DS, Morris J: Insulin resistance,
high prevalence of diabetes, and cardiovascular risk in immigrant
Asians. Genetic or environmental effect? Br Heart J 1994, 72:413-421.
McKeigue PM, Shah B, Marmot MG: Relation of central obesity and insulin
resistance with high diabetes prevalence and cardiovascular risk in
South Asians. Lancet 1991, 337:382-386.
Carrasco-Garrido P, Jimenez-Garcia R, Barrera VH, de Andres AL, de
Miguel AG: Significant differences in the use of healthcare resources of
native-born and foreign born in Spain. BMC Public Health 2009, 9:201.
Gadd M, Sundquist J, Johansson SE, Wandell P: Do immigrants have an
increased prevalence of unhealthy behaviours and risk factors for
coronary heart disease? Eur J Cardiovasc Prev Rehabil 2005, 12:535-541.
Pudaric S, Sundquist J, Johansson SE: Major risk factors for cardiovascular
disease in elderly migrants in Sweden. Ethn Health 2000, 5:137-150.
Uitewaal PJ, Manna DR, Bruijnzeels MA, Hoes AW, Thomas S: Prevalence of
type 2 diabetes mellitus, other cardiovascular risk factors, and
cardiovascular disease in Turkish and Moroccan immigrants in North
West Europe: a systematic review. Prev Med 2004, 39:1068-1076.
Singhammer J: Etniske minoriteters Sundhed (The Health of Ethnic
Minorities). Aarhus 2008.
Harding S: Mortality of migrants from the Indian subcontinent to
England and Wales: effect of duration of residence. Epidemiology 2003,
14:287-292.
Bos V, Kunst AE, Garssen J, Mackenbach JP: Duration of residence was not
consistently related to immigrant mortality. J Clin Epidemiol 2007,
60:585-592.
Razum O, Zeeb H, Akgun HS, Yilmaz S: Low overall mortality of Turkish
residents in Germany persists and extends into a second generation:
merely a healthy migrant effect? Trop Med Int Health 1998, 3:297-303.
Razum O, Zeeb H: Inequity, acculturation and the ‘Mediterranean
paradox’. Int J Epidemiol 2004, 33:1411-1412.
Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH: The Danish
National Hospital Register. A valuable source of data for modern health
sciences. Dan Med Bull 1999, 46:263-268.
Madsen M, Davidsen M, Rasmussen S, Abildstrom SZ, Osler M: The validity
of the diagnosis of acute myocardial infarction in routine statistics: a
comparison of mortality and hospital discharge data with the Danish
MONICA registry. J Clin Epidemiol 2003, 56:124-130.
Adamson J, Ben-Shlomo Y, Chaturvedi N, Donovan J: Ethnicity, socioeconomic position and gender–do they affect reported health-care
seeking behaviour? Soc Sci Med 2003, 57:895-904.
Chaturvedi N, Rai H, Ben-Shlomo Y: Lay diagnosis and health-care-seeking
behaviour for chest pain in south Asians and Europeans. Lancet 1997,
350:1578-1583.
Hedemalm A, Schaufelberger M, Ekman I: Symptom recognition and
health care seeking among immigrants and native Swedish patients
with heart failure. BMC Nurs 2008, 7:9.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/662/prepub
doi:10.1186/1471-2458-11-662
Cite this article as: Hempler et al.: A registry-based follow-up study,
comparing the incidence of cardiovascular disease in native Danes and
immigrants born in Turkey, Pakistan and the former Yugoslavia: do social
inequalities play a role? BMC Public Health 2011 11:662.

