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ABSTRACT
Objective  Using recent registry data, we aimed to 
quantify the incidence of stroke and transient ischaemic 
attack (TIA) and to examine factors influencing the risk of 
poststroke mortality among immigrants compared with 
Danish-born individuals.
Design  Population-based cohort study between 2004 
and 2018. We estimated age-standardised incidence rate 
ratios (IRR) of stroke, stroke types and TIA for each ethnic 
group using Danish-born individuals as the reference by 
direct method of standardisation. We calculated the risk of 
poststroke mortality using Cox proportional hazard regression.
Setting  The study was conducted using Danish 
nationwide registers.
Participants  All cases of first-ever stroke and TIA by 
country of origin (n=132 936) were included.
Results  Overall, Western immigrants (IRR=2.25; 95% 
CI 2.20 to 2.31) and non-Western immigrants (IRR=1.37; 
95% CI 1.30 to 1.44) had a higher risk of stroke than 
Danish-born individuals. The risk of TIA was higher in 
Western immigrants (IRR=2.08; 95% CI 1.93 to 2.23) 
followed by non-Western immigrants (IRR=1.45; 95% CI 
1.27 to 1.63) than in Danish-born individuals. All-cause 
1-year mortality hazard was higher but not significantly 
different in non-Western men (adjusted HR=1.38; 95% 
CI 0.92 to 2.08) compared with Danish-born men and 
additional adjustment for comorbidities reduced the HR 
to 0.85 (0.51 to 1.40) among ischaemic stroke cases. 
Among intracerebral haemorrhage cases, the adjusted 
mortality hazard was decreased in Western men (from 
HR of 1.76; 95% CI 1.09 to 2.85 to HR of 1.30; 95% 
CI 0.80 to 2.11) compared with Danish-born men after 
adjustment for stroke severity. Immigrants with ≤15 years 
of residence had a lower poststroke mortality hazard 
than Danish-born individuals after additional adjustment 
for sociodemographic factors (HR=0.36; 95% CI 0.14 to 
0.91).
Conclusions  The age-standardised risk of stroke and TIA 
was significantly higher among the majority of immigrants 
than Danish-born individuals. Interventions that reduce the 
burden of comorbidities, improve acute stroke care and 
target sociodemographic factors may address the higher 
risk of poststroke mortality among immigrants.

Introduction
Immigrants make up a growing proportion 
of European populations, and in Denmark, 
they accounted for 10% of the population 
by 1 January 2019.1 As the number of inter-
national migrants continues to increase in 
Denmark and elsewhere, understanding 
migrant health has become an important 
public health agenda.

Stroke affected 12 283 individuals in 
Denmark in 2019 and is considered a leading 
cause of disability and death among adults.2 
Several studies have reported ethnic varia-
tions in stroke incidence and mortality.3–7 
For example, a Dutch study found that stroke 
incidence was higher in Surinamese, while 
lower in Moroccans than in ethnic Dutch.5 A 
Scottish study reported that stroke mortality 
rates were higher for people originating from 
Africa and Pakistan, while lower in Chinese 
immigrants than in White Scottish.6 Ethnic 
variations in stroke mortality have also been 
demonstrated in England, Wales and the 
USA.8 9 These studies, however, examined 

Strengths and limitations of this study
⇒⇒ The strength of this study is that it included all pa-
tients with first-ever stroke and transient ischaemic 
attack in Denmark and a long follow-up.

⇒⇒ The utilised data set enabled analyses of risk of 
stroke and mortality according to stroke type, sex 
and country of origin.

⇒⇒ Lack of individual-level data on comorbidities and 
sociodemographic factors from the general popu-
lation could not allow adjustment in the incidence 
analysis.

⇒⇒ This study has not considered the impact of cho-
lesterol, physical activity, diet, alcohol use and psy-
chosocial factors on the risk of poststroke mortality 
among immigrants.
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stroke incidence and mortality using data collected before 
2010. In addition, data on transient ischaemic attack 
(TIA) among immigrants are also lacking in population-
based settings.

Risk factors for stroke are well established.10 11 Studies 
show that immigrants are at higher risk of diabetes12 
and multimorbidity13 and are less likely to engage in 
healthy lifestyle behaviours than non-immigrants.14 15 
Migration is increasingly regarded as a social determi-
nant of health, and the potential mechanism associ-
ated with morbidity and mortality among immigrants 
may also be attributed to socioeconomic conditions.16 
However, little is known about poststroke mortality 
among immigrants when factors like comorbidities, 
stroke severity, thrombolysis, income, education, 
employment, marital status and duration of residence 
are taken into account. Addressing this gap would 
both provide a better understanding of the causal links 
between ethnicity and poststroke mortality and would 
also help tailor preventive policies as well as diagnos-
tics and treatment efforts to patients’ needs. Using 
a nationwide sample, we aimed to quantify the inci-
dence of stroke (including stroke types) and TIA and 
to examine factors influencing the risk of poststroke 
mortality among immigrants compared with Danish-
born individuals using recent registry data.

Methods
Design
We obtained data from the Danish Stroke Registry (DSR), 
the National Patient Registry (NPR), the Cause of Death 
Register and the Registers at Statistics Denmark. Since 
2003, all hospitals in Denmark treating patients with 
acute stroke and TIA are required by law to register data 
into the DSR. More detailed information about the DSR 
has been published elsewhere.17 All diagnoses are classi-
fied in accordance with the WHO’s International Classifi-
cation of Diseases (ICD) system, 10th revision (ICD 10). 
For a detailed description of variables and their sources, 
see online supplemental table S1.

We included a population of men and women aged 
18 to 95 years based on the entire Danish population 
between 1 January 2004 and 31 December 2018. First, 
we identified the number of individuals (in age and 
sex groups) in the population for each year and subse-
quently extracted individuals with first-ever stroke (isch-
aemic stroke (IS), intracerebral haemorrhage (ICH) 
and unspecified stroke) and TIA. Second, we created a 
cohort of individuals with first-ever stroke starting from 
1 January 2004. Individuals were followed from the 
first-ever stroke to the following events: (i) poststroke 
death or (ii) study end (31 December 2018). Subjects 
were censored at the time of emigration or study end, 
whichever came first. Patients with a previous diagnosis 
of stroke or TIA were excluded. In the present study, 
all data were obtained by linkage using the unique 

10-digit personal identification number assigned to all 
residents in Denmark.

Country of origin
The main exposure was country of origin, which we used 
to construct the population of immigrants. According to 
Statistics Denmark, immigrants are defined as ‘persons 
born abroad whose parents are both (or one of them if 
there is no available information on the other parent) 
foreign citizens or were both born abroad’.18 Descendants 
are defined by the same criteria except they are born in 
Denmark. We included immigrants only and excluded 
their descendants due to small numbers. Major coun-
tries of origin among immigrants were identified and 
selected based on the largest person years at risk during 
the study period. The following immigrant populations 
were included in the study: Turkish, Polish, German, 
Norwegian, Iraqi, Swedish, Pakistani, Ex-Yugoslavian and 
Iranian. Furthermore, Turkish, Iraqi, Pakistani, Ex-Yugo-
slavian and Iranian were classified as non-Western immi-
grants, whereas German, Norwegian, Swedish and Polish 
were classified as Western immigrants according to Statis-
tics Denmark’s classification system.18 Danish-born indi-
viduals were used as the reference.

Outcome variables
Our primary outcomes were stroke (IS [ICD 10, I63], 
ICH [ICD 10, I61] and unspecified stroke [ICD 10, 
I64]) and TIA (ICD 10, G45). Stroke was defined as total 
absolute number of events for IS, ICH and unspecified 
stroke. Stroke types were IS, ICH and unspecified stroke. 
The number of unspecified strokes per immigrants was 
low and hence not presented as an individual category 
in accordance with Statistics Denmark’s data confidenti-
ality policy.19 Secondary outcome was poststroke mortality 
among IS and ICH cases. Poststroke mortality in three 
different periods were included: short-term (from admis-
sion to 1 year), 3-year (from admission to 3 years) and 
long-term (from admission to 5 years). Based on the 
priori hypothesis that short-term clinical outcomes might 
be related to the severity of stroke symptoms and differ-
ences in care after stroke, we therefore mostly present 
1-year poststroke mortality.

Covariates
We used age and sex as covariates when calculating the 
incidence of stroke, stroke types and TIA among immi-
grants compared with Danish-born individuals. Covari-
ates for the risk of poststroke mortality included age at 
stroke, age at immigration, sex, smoking, comorbidities, 
stroke severity, thrombolytic or endovascular therapy, 
education, employment status, income, marital status and 
duration of residence. Education was grouped into three 
levels: low, medium and high according to the Interna-
tional Standard Classification of Education (ISCED). 
Income was categorised as low, middle and high. We 
classified employment status as employed, unemployed, 
pensioner and other. Marital status was grouped as 
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cohabiting, single and other. Body Mass Index was cate-
gorised into four levels: underweight, normal weight, 
overweight and obesity using the WHO’s cut-off values.20 
Smoker, ex-smoker and never smoker were the categories 
for smoking status. Stroke severity was classified into the 
following: very severe, severe, moderate and mild stroke 
according to the Scandinavian Stroke Scale score. We 
created a composite variable for thrombolytic and endo-
vascular therapy and classified it as yes and no. Yes meant 
that patients received either thrombolytic or endovascular 
therapy and no meant that patients did not receive either 
of the therapies. Comorbidities were defined as any of 
the following diagnoses accompanying the stroke or TIA 
diagnosis: hypertension (ICD 10, I10), acute myocardial 
infarction (ICD 10, I21), atrial fibrillation (ICD 10, I48), 
diabetes (ICD 10, E10‒E14) and peripheral artery disease 
(ICD 10, I73).

Statistical analyses
We calculated age-standardised incidence rates (IR) 
of stroke, stroke types and TIA per 100 000 person 
years stratified by country of origin and sex using 
the 2004 Danish population as reference standard 
by direct method of standardisation. In addition, 
we estimated age-standardised incidence rate ratios 
(IRR) of stroke, stroke types and TIA with 95% CIs for 
each ethnic group using Danish-born individuals as a 
reference. We present both country classification and 
country-specific IRR estimates. We conducted Cox 
proportional hazard regression to estimate the risk of 
short-term and long-term poststroke mortality among 
immigrants compared with Danish-born individuals. 
The HR estimates were limited to country classifi-
cation due to a small number of outcome events in 
the analyses of poststroke mortality. We checked for 
proportional hazard assumptions using Schoenfeld’s 
test and its residuals. Covariates such as employment 
status and income displayed non-proportional hazards. 
Acute myocardial infarction, atrial fibrillation as well 
as smoking also showed signs of non-proportional 
hazards. Thus, these covariates were stratified in the 
models where applicable. Model 1 was adjusted for 
age. Model 2 was additionally adjusted for smoking, 
acute myocardial infarction, diabetes, hypertension, 
atrial fibrillation and peripheral artery disease. Model 
3 was further adjusted for stroke severity and throm-
bolytic or endovascular therapy (only for IS). Model 
4 was the same as model 3 but adjusted for marital 
status, education, employment status and income. We 
examined whether age at immigration and duration 
of residence (≤15 years or  >15 years in Denmark) 
influenced the risk of poststroke mortality since these 
factors relate to acculturation and socioeconomic 
status and may impact acute stroke care as well as tran-
sition of care after stroke. We also evaluated the risk 
of poststroke mortality using data from 2010 onwards 
in a sensitivity analysis. All analyses were performed in 
R statistical software (V.4.0.2 and V.3.3.3).

Patient and public involvement
Patients and the public were not involved in the design, 
conduct, reporting or dissemination of the present 
study.

Results
Baseline characteristics
Among the 132 936 of the included patients with acute 
stroke and TIA, 2922 were immigrants and 130 014 were 
Danish-born individuals between 2004 and 2018 period. 
Overall, non-Western immigrants were younger at stroke 
and TIA diagnoses, more likely to be unemployed and 
more likely to be cohabiting than Danish-born individuals. 
Hypertension was the most common comorbidity in this 
nationwide sample, followed by diabetes in non-Western 
immigrants and atrial fibrillation in Western immigrants. 
Smoking was more frequent among Ex-Yugoslavians. 
Iranian and Pakistani were the least likely of all ethnic 
groups to be treated with thrombolysis. The majority of 
the study participants had mild stroke (table 1).

Risk of stroke and TIA
For absolute numbers, age-standardised IRs of stroke, 
stroke types and TIA, see online supplemental tables 
S2 and S3. TIA data were available from 2013 onwards. 
Overall, Western immigrants (age-standardised IRR=2.25; 
95% CI 2.20 to 2.31) and non-Western immigrants 
(IRR=1.37; 95% CI 1.30 to 1.44) had a higher risk of 
stroke than Danish-born individuals (online supple-
mental figure S1). The risk of TIA was highest in Western 
immigrants (IRR=2.08; 95% CI 1.93 to 2.23) followed by 
non-Western immigrants (IRR=1.45; 95% CI 1.27 to 1.63). 
For the risk of IS and ICH, similar results were observed 
among immigrants compared with Danish-born individ-
uals (online supplemental figure S2).

Men originating from Poland, followed by men origi-
nating from Germany, Sweden, Norway, Ex-Yugoslavia and 
Pakistan had a higher risk of stroke and TIA than Danish-
born men. Among women, the highest risk of stroke and 
TIA was observed in individuals originating from Paki-
stan; followed by Germany, Iran, Iraq and Ex-Yugoslavia 
(figure 1). We observed similar trends in country-specific 
data for risk of IS and ICH among immigrants compared 
with Danish-born individuals (figure 2).

Determinants of post-stroke mortality
The all-cause 1-year mortality hazard was higher but not 
significantly different in non-Western men (adjusted 
HR=1.38; 95% CI 0.92 to 2.08) compared with Danish-
born men and additional adjustment for comorbidities 
reduced the HR to 0.85 (0.51 to 1.40) among IS cases 
(table 2). The 1-year mortality hazard was reduced to 0.70 
in non-Western men (HR=0.70; 95% CI 0.41 to 1.17) after 
further adjustment for stroke severity and thrombolytic 
or endovascular therapy. Among ICH cases, the adjusted 
mortality hazard was decreased in Western men (from 
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Figure 1  Incidence rate ratio (IRR) of stroke and transient 
ischaemic attack in immigrants compared with Danish-born 
individuals.

Figure 2  Incidence rate ratio (IRR) of ischaemic stroke and 
intracerebral haemorrhage in immigrants compared with 
Danish-born individuals.

HR of 1.76; 95% CI 1.09 to 2.85 to HR of 1.30; 95% CI 
0.80 to 2.11) compared with Danish-born men after addi-
tional adjustment for stroke severity. A similar trend was 
observed in non-Western men for the risk of post-ICH 
mortality. In the fully adjusted model (including socio-
demographic factors), the poststroke mortality hazard 
was further decreased, notably among non-Western indi-
viduals; however, it was non-significant compared with 
Danish-born individuals. Among female IS and ICH 
cases, we found no significant difference in all-cause 
1-year mortality hazard among Western and non-Western 
women compared with Danish-born women. Further 
analysis showed that immigrants with shorter residence 
(≤15 years in Denmark) had significantly lower 1-year 

poststroke mortality hazard than Danish-born individ-
uals after additional adjustment for sociodemographic 
factors (HR=0.36; 95% CI 0.14 to 0.91) (figure  3 and 
online supplemental table S4). However, the lower 1-year 
mortality hazard disappeared with longer residence (>15 
years in Denmark) (HR=0.97; 95% CI 0.73 to 1.29). The 
3-year and 5-year mortality HRs by ethnic group are shown 
in online supplemental table S5. Compared with Danish-
born men, Western men had an increased risk of all-cause 
5-year mortality (HR=1.58; 95% CI 1.01 to 2.48) following 
ICH after adjustment for all confounders.

Sensitivity analysis yielded results similar to those of 
the main analysis, except that immigrants who arrived 
at 18–24 years of age had a reduced 1-year poststroke 
mortality hazard compared with Danish-born individuals 
(online supplemental tables S6 and S7). Impact of comor-
bidities on all-cause 1-year mortality by ethnic group is 
shown in online supplemental table S8.

Discussion
This population-based cohort study demonstrates that the 
risk of stroke and TIA was significantly elevated for both 
sexes among the majority of immigrants compared with 
the Danish-born population. We found the highest risk 
of stroke and TIA among men originating from Poland, 
Germany, Sweden, Norway, Ex-Yugoslavia and Paki-
stan. Among women, the highest risk of stroke and TIA 
was observed in individuals originating from Pakistan, 
Germany, Iran, Iraq and Ex-Yugoslavia. Furthermore, 
the 1-year and 3-year poststroke mortality risk did not 
differ between immigrants and Danish-born individuals. 
However, the 5-year mortality risk was found to be higher 
in Western men than in Danish-born men following ICH.

Our findings are concordant with those of a Norwegian 
study reporting a higher risk of stroke among South Asians, 
particularly Pakistani, than among Norwegian-born individ-
uals.3 Few population-based studies have reported on first-
ever TIA incidence. Moreover, they did not use a nationwide 
sample, and ethnicity was not their focus.21 22 The Global 
Burden of Disease study recommends generating estimates 
for TIA;23 and improvements in our understanding of the 
mechanisms causing the incidence of stroke to rise are 
essential for planning prevention strategies. The present 
study provides insight into the hitherto sparsely studied inci-
dence of TIA among immigrants. Regarding stroke types, in 
general, we found a higher risk of IS and ICH among the 
majority of immigrants than Danish-born individuals. In 
contrast, we found the risk of ICH among Turkish women 
to be similar to that of Danish-born women. A Dutch study 
demonstrated a similar pattern for the risk of ICH among 
Turkish women.5

Non-Western immigrants were younger at stroke diag-
nosis than Western immigrants and Danish-born individ-
uals. Our results clearly corroborate previous studies in 
the UK and the USA reporting that Black British24 and 
Asian Americans25 experience early onset of stroke. A 
Danish study on uptake of cardiac rehabilitation and 
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Table 2  All-cause 1-year mortality hazard ratios (HRs) in immigrants compared with Danish-born individuals

Deaths Unadjusted Model 1 Model 2 Model 3 Model 4

N HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Ischaemic stroke

Men

 � Danish-born (ref) 6152 1.00 1.00 1.00 1.00 1.00

 � Western* 115 1.12 (0.93 to 1.34) 1.10 (0.92 to 1.33) 1.01 (0.80 to 1.26) 1.00 (0.80 to 1.27) 1.05 (0.81 to 1.37)

 � Non-Western† 23 1.13 (0.75 to 1.69) 1.38 (0.92 to 2.08) 0.85 (0.51 to 1.40) 0.70 (0.41 to 1.17) 0.55 (0.28 to 1.08)

Women

 � Danish-born (ref) 6138 1.00 1.00 1.00 1.00 1.00

 � Western* 51 0.86 (0.65 to 1.14) 0.92 (0.70 to 1.21) 0.86 (0.60 to 1.22) 0.79 (0.54 to 1.14) 0.64 (0.38 to 1.07)

 � Non-Western† 32 0.89 (0.63 to 1.26) 1.01 (0.71 to 1.43) 0.84 (0.53 to 1.33) 0.83 (0.52 to 1.34) 0.77 (0.45 to 1.32)

Intracerebral haemorrhage

Men

 � Danish-born (ref) 2003 1.00 1.00 1.00 1.00 1.00

 � Western* 30 1.46 (1.02 to 2.10) 1.48 (1.03 to 2.13) 1.76 (1.09 to 2.85) 1.30 (0.80 to 2.11) 1.32 (0.81 to 2.17)

 � Non-Western† 9 1.03 (0.53 to 1.98) 1.05 (0.54 to 2.05) 1.27 (0.56 to 2.85) 0.98 (0.43 to 2.22) 1.09 (0.39 to 3.04)

Women

 � Danish-born (ref) 2164 1.00 1.00 1.00 1.00 1.00

 � Western* 16 0.73 (0.44 to 1.19) 0.74 (0.45 to 1.20) 0.80 (0.45 to 1.42) 0.99 (0.56 to 1.76) 0.85 (0.43 to 1.68)

 � Non-Western† 10 0.49 (0.26 to 0.91) 0.53 (0.28 to 0.98) 0.45 (0.20 to 1.01) 0.53 (0.24 to 1.19) 0.49 (0.19 to 1.23)

Model 1: Adjusted for age at stroke.
Model 2: Additionally adjusted for smoking, acute myocardial infarction, diabetes, hypertension, atrial fibrillation and peripheral artery disease.
Model 3: Further adjusted for stroke severity and thrombolytic or endovascular therapy (only for ischaemic stroke).
Model 4 (Fully adjusted): Model 3 additionally adjusted for marital status, education, employment status and income.
*Western includes Norwegian, Swedish, Polish and German.
†Non-Western includes Ex-Yugoslavian, Turkish, Iraqi, Iranian and Pakistani.

Figure 3  Association between duration of residence and 
all-cause 1-year mortality.

preventive medications after acute coronary syndrome 
showed that non-Western immigrants had a 50% to 75% 
higher risk of discontinuing various preventive medica-
tions, which could be seen as one of the possible explana-
tions for early stroke onset in this population.26

The higher risk of stroke and TIA among immigrants 
than among Danish-born individuals may partly be due 
to the burden of comorbidities, a high smoking rate and 
poor socioeconomic conditions among immigrants. A 
study in Denmark reported that non-Western immigrants 
have a 2.5 times higher risk of diabetes than local-born 
individuals.12 In addition, our data show that Ex-Yugo-
slavians were more likely to smoke than other ethnic 
groups. In association with the socioeconomic conditions, 
previous evidence shows a higher incidence of stroke 
among immigrants with low income than among those 
with high income.16 Our study also shows that Polish men 
had an exceptionally higher incidence of stroke and TIA 
and were more likely to have low income than were other 
immigrants. The higher incidence of stroke and TIA 
among immigrants might also be explained by other risk 
factors for stroke such as psychosocial distress and depres-
sive symptoms.10 27 28

The patterns of short-term and long-term poststroke 
mortality appeared to differ among immigrants compared 
with Danish-born individuals for both sexes and all stroke 
types. The observed increased risk of poststroke mortality 
among non-Western men seems to be substantially influ-
enced by comorbidities, stroke severity, thrombolysis and 
socioeconomic conditions, notably for IS cases. Stroke 
severity and socioeconomic conditions also affected the 
risk of poststroke mortality among immigrants of Western 
origin. We demonstrated an increased risk of long-term 
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(5-year) mortality among Western men compared with 
Danish-born men post-ICH after controlling for a wide 
range of clinical and sociodemographic factors. Consis-
tent with our findings, a Dutch study reported a higher 
risk of short-term and long-term poststroke mortality 
among both Western and non-Western immigrants after 
controlling for comorbidities.4 However, data disag-
gregated by stroke types, stroke severity, stroke treat-
ment and sociodemographic factors were missing in the 
Dutch study. Poor healthcare utilisation may contribute 
to explaining why Western men had a higher risk of 
long-term poststroke mortality than Danish-born men.26 
Our data show sex differences in the risk of poststroke 
mortality among immigrants compared with Danish-born 
individuals. Previous studies have also reported sex differ-
ences in long-term stroke outcomes.29 The observed sex 
differences among immigrants could be related to factors 
associated with timely admission, access to stroke care and 
poststroke social conditions. Although immigrants with 
shorter residence in Denmark had a short-term mortality 
advantage, we found that those with longer residence 
had a short-term poststroke mortality risk similar to that 
of Danish-born individuals. Corroborating evidence has 
already been established regarding this pattern, which 
is generally described as the so-called healthy migrant 
effect.30 31 It is suggested that migrants might be healthier 
than the host population at the time of their arrival, but 
this health advantage diminishes over time. Acculturation 
and increasing allostatic load are considered to accel-
erate a negative selection effect, resulting in the loss of an 
immigrant mortality advantage.31

A major strength of our study is the use of national 
Danish registers, which enabled us to create an entire 
cohort of patients with acute stroke and a long follow-up. 
The DSR and the NPR have been reported to have a high 
level of validity for the majority of principal and secondary 
diagnoses.32–34 In combination with previous literature in 
increasing stroke awareness,35 our findings suggest that 
reducing the burden of comorbidities, improving acute 
stroke care and targeting sociodemographic factors could 
be instrumental in reducing stroke mortality among 
immigrants. This study unravels previous limitations by 
including information on a wide range of clinical and 
sociodemographic factors; however, we cannot exclude 
the possibility of residual confounding. We acknowledge 
that the current estimates might be attributed to small 
sample size, as we observed few deaths among immigrants 
after ICH. The present study was unable to investigate 
the impact of cholesterol, physical activity, diet, alcohol 
use and psychosocial factors. Furthermore, we could 
not perform stepwise adjustment for incidence analysis 
due to lack of individual-level data on comorbidities and 
sociodemographic factors from the general population. 
Our results underscore the need for further research as 
immigrants are often exposed to deprived social condi-
tions, which may propagate early stroke onset, encounter 
problems accessing diagnosis and treatment and ulti-
mately suffer increased mortality.
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Figure S2. Incidence rate ratio (IRR) of ischaemic stroke and intracerebral haemorrhage by country classification. 
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Table S1. Data sources and description of variables. 

Data Source Variables 

Danish Stroke Registry Age, sex, marital status, smoking, Body Mass 

Index, stroke types (ischaemic stroke, 

intracerebral haemorrhage and unspecified 

stroke), transient ischaemic attack, stroke 

severity, thrombolysis and endovascular 

therapy 

National Patient Registry Acute myocardial infarction, hypertension, 

diabetes, atrial fibrillation and peripheral 

artery disease 

Statistics Denmark Date of birth, income, education, 

employment status and date of immigration 

Cause of Death Register Date of death 
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Table S2. Age-standardised incidence rates of stroke, stroke types and transient ischaemic attack per 100 000 person years by ethnic group.  

                                                          Total                                                                   Men                                                             Women 

 n Incidence rates* 

(95% CI) 

n Incidence rates* 

(95% CI) 

n Incidence rates* 

(95% CI) 

Stroke 

Danish-born 113 473 173 (172‒174) 52 603 156 (155‒157) 60 870 186 (185‒188) 

Norwegian 335 265 (236‒296) 206 406 (352‒467) 129 162 (134‒194) 

Swedish 289 302 (267‒340) 180 524 (448‒610) 109 170 (138‒206) 

Polish 186 572 (474‒684) 108   1298 (1014‒1636) 78 307 (226‒408) 

German 687 604 (552‒659) 374 777 (682‒881) 313 496 (438‒560) 

Ex-Yugoslavian 208 275 (234‒321) 88 238 (187‒299) 120 309 (246‒382) 

Turkish 338 185 (160‒213) 149 154 (125‒188) 189 214 (174‒260) 

Iraqi 165 253 (212‒301) 54 156 (110‒215) 111 368 (298‒451) 

Iranian 109 265 (215‒323) 32 149 (97‒219) 77 449 (349‒569) 

Pakistani 224 367 (311‒430) 75  226 (175‒288) 149 538 (420‒680) 

Ischaemic stroke 

Danish-born 91 327 139 (138‒140) 42 052 125 (123‒126) 49 275 151 (149‒152) 

Norwegian 278 220 (194‒ 249) 172 340 (290‒396) 106 132 (107‒161) 

Swedish 239 248 (217‒283) 144 422 (354‒499) 95 145 (116‒178) 

Polish 158 472 (384‒574) 93  1075 (821‒1383) 65 255 (181‒350) 

German 550 480 (434‒529) 299 629 (544‒724) 251 387 (336‒443) 

Ex-Yugoslavian 175 234 (196‒278) 73 202 (155‒260) 102 264 (205‒334) 

Turkish 281 160 (136‒188) 122 132 (104‒164) 159 187 (148‒233) 

Iraqi 132 211 (172‒255) 42 128 (86‒184) 90 307 (242‒384) 

Iranian 95 228 (182‒282) 28 129 (81‒195) 67 389 (296‒501) 

Pakistani 188 310 (258‒370) 68  208 (158‒268) 120 435 (325‒571) 

Intracerebral haemorrhage 

Danish-born 12 315 19 (18‒19) 5849 17 (17‒18) 6466 20 (19‒20) 

Norwegian 39 31 (22‒43) 24 47 (30‒71) 15 19 (10‒32) 

Swedish 21 21 (13‒32) 15 40 (22‒68) 6 8 (3‒17) 

Polish 20   82 (46‒135) 11 200 (95‒370) 9 35 (13‒75) 

German 85   78 (60‒100) 48   94 (64‒133) 37 67 (45‒96) 

Ex-Yugoslavian 15 19 (10‒31) 7 17 (7‒35) 8 21 (9‒42) 

Turkish 31 14 (9‒20) 15 13 (7‒23) 16 13 (7‒21) 

Iraqi 19 27 (15‒43) 6 17 (5‒40) 13 39 (19‒69) 

Iranian 10 30 (14‒55) 3 18 (3‒54) 7 48 (19‒100) 

Pakistani 21 39 (23‒62) 4 10 (3‒26) 17 76 (41‒128) 

Transient ischaemic attack 
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Danish-born 16 541 25 (25‒26) 7654 23 (22‒23) 8887 27 (27‒28) 

Norwegian 40 34 (24‒47) 28 57 (37‒82) 12 18 (9‒33) 

Swedish 47 44 (32‒59) 28 76 (50‒111) 19 26 (16‒41) 

Polish 32 86 (53‒133) 22 216 (116‒367) 10 35 (14‒71) 

German 88 76 (59‒96) 46 95 (64‒135) 42 66 (47‒91) 

Ex-Yugoslavian 26 35 (20‒58) 14 39 (17‒77) 12 29 (14‒51) 

Turkish 53 30 (19‒43) 16 21 (9‒40) 37 38 (23‒59) 

Iraqi 28 35 (22‒52) 12 30 (13‒59) 16 44 (24‒75) 

Iranian 32 71 (47‒102) 11 40 (18‒77) 21 122 (73‒192) 

Pakistani 35 50 (34‒71) 10 30 (14‒57) 25 70 (43‒108) 

 

CI indicates confidence interval. *Standardised to 2004 Danish population age distribution. Stroke includes ischaemic stroke, intracerebral 

haemorrhage and unspecified stroke.         
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Table S3. Age-standardised incidence rates of stroke, stroke types and transient ischaemic attack per 100 000 person years by country 

classification. 

                                                           Total                                                                 Men                                                           Women 

 n Incidence rates* 

(95% CI) 

n Incidence rates*  

(95% CI) 

n Incidence rates*  

(95% CI) 

Stroke 

Danish-born 113 473 173 (172‒174) 52 603 156 (155‒157) 60 870 186 (185‒188) 

Western† 1497 390 (369‒412) 868 560 (521‒602) 629 258 (237‒281) 

Non-Western‡ 1044 237 (221‒254) 398 171 (153‒190) 646 305 (277‒335) 

Ischaemic stroke 

Danish-born 91 327 139 (138‒140) 42 052 125 (123‒126) 49 275 151 (149‒152) 

Western† 1225 317 (298‒337) 708 457 (421‒495) 517 208 (189‒229) 

Non-Western‡ 871 202 (187‒219) 333 147 (130‒165) 538 258 (232‒286) 

Intracerebral haemorrhage 

Danish-born 12 315 19 (18‒19) 5849 17 (17‒18) 6466 20 (19‒20) 

Western† 165 45 (38‒53) 98 66 (53‒81) 67 29 (22‒37) 

Non-Western‡ 96 21 (17‒26) 35 14 (9‒19) 61 28 (21‒37) 

Transient ischaemic attack 

Danish-born 16 541 25 (25‒26) 7654 23 (22‒23) 8887 27 (27‒28) 

Western† 207 52 (45‒61) 124 76 (62‒92) 83 33 (26‒42) 

Non-Western‡ 174 37 (30‒44) 63 26 (19‒34) 111 47 (37‒58) 

 

CI indicates confidence interval. *Standardised to 2004 Danish population age distribution. †Western includes Norwegian, Swedish, Polish and 

German. ‡Non-Western includes Ex-Yugoslavian, Turkish, Iraqi, Iranian and Pakistani. Stroke includes ischaemic stroke, intracerebral 

haemorrhage and unspecified stroke. 
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Table S4. Association between duration of residence, age at immigration and all-cause 1-year mortality. 

 

HR indicates hazard ratios and CI confidence interval. *Immigrants include Norwegian, Swedish, Polish, German, Ex-Yugoslavian, Turkish, Iraqi, 

Iranian and Pakistani.                                                                                                                                                                                                                                                        

Model 1: Adjusted for age at stroke and sex.   

Model 2: Model 1 adjusted for marital status, education, employment status and income.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Death Unadjusted Model 1 Model 2 

 n HR (95% CI) HR (95% CI) HR (95% CI) 

   Danish-born (ref) 2069 1.00 1.00 1.00 

   Duration of residence     

      Immigrants* (≤15 years of residence) 54 0.69 (0.39‒1.22) 0.61 (0.34‒1.09) 0.36 (0.14‒0.91)  

      Immigrants* (>15 years of residence) 234 0.88 (0.70‒1.12) 0.89 (0.70‒1.13) 0.97 (0.73‒1.29) 

   Age at immigration     

      18‒24 years 41 0.82 (0.46‒1.45) 0.61 (0.34‒1.10) 0.53 (0.25‒1.09) 

      25‒34 years 75 0.78 (0.52‒1.18) 0.80 (0.52‒1.21) 0.89 (0.53‒1.50) 

      35‒50 years 127 0.74 (0.53‒1.04) 0.75 (0.54‒1.06) 0.79 (0.50‒1.23) 

      >50 years 34 0.98 (0.53‒1.81) 0.99 (0.54‒1.83) 1.07 (0.52‒2.22) 
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Table S5. 3-year and 5-year hazard ratios for all-cause mortality by ethnic group. 

 3-year 5-year 

  Unadjusted Age adjusted Fully adjusted  Unadjusted Age adjusted Fully adjusted 

 n HR (95% CI) HR (95%) HR (95% CI) n HR (95% CI) HR (95% CI) HR (95% CI) 

Ischaemic stroke 

Men 

   Danish-born (ref) 9582 1.00 1.00 1.00 12 070 1.00 1.00 1.00 

   Western* 156 0.97 (0.83‒1.14) 0.97 (0.83‒1.13) 0.90 (0.72‒1.13) 205 1.02 (0.89‒1.17) 1.01 (0.88‒1.16) 0.96 (0.78‒1.16) 

   Non-Western† 36 1.19 (0.86‒1.65) 1.46 (1.05‒2.02) 1.05 (0.67‒1.67) 42 1.12 (0.83‒1.52) 1.39 (1.03‒1.89) 0.95 (0.62‒1.46) 

Women 

   Danish-born (ref) 10 495 1.00 1.00 1.00 13 631 1.00 1.00 1.00 

   Western* 99 0.97 (0.79‒1.18) 1.03 (0.84‒1.25) 0.89 (0.63‒1.27) 135 1.05 (0.88‒1.24) 1.11 (0.94‒1.31) 0.93 (0.67‒1.30) 

   Non-Western† 53 0.82 (0.62‒1.07) 0.91 (0.69‒1.20) 0.88 (0.59‒1.31) 72 0.83 (0.66‒1.05) 0.93 (0.74‒1.18) 0.74 (0.51‒1.06) 

Intracerebral haemorrhage 

Men 

   Danish-born (ref) 2479 1.00 1.00 1.00 2815 1.00 1.00 1.00 

   Western* 33 1.30 (0.92‒1.84) 1.32 (0.93‒1.85) 1.51 (0.94‒2.43) 37 1.28 (0.92‒1.77) 1.29 (0.93‒1.78) 1.58 (1.01‒2.48) 

   Non-Western† 10 0.84 (0.45‒1.57) 0.97 (0.52‒1.83) 1.17 (0.43‒3.23) 10 0.66 (0.35‒1.23) 0.78 (0.41‒1.46) 1.19 (0.44‒3.26) 

Women 

   Danish-born (ref) 2737 1.00 1.00 1.00 3103 1.00 1.00 1.00 

   Western* 21 0.74 (0.48‒1.14) 0.75 (0.48‒1.13) 1.12 (0.65‒1.93) 26 0.80 (0.55‒1.18) 0.81 (0.55‒1.19) 1.24 (0.74‒2.08) 

   Non-Western† 22 0.83 (0.55‒1.27) 0.89 (0.58‒1.35) 0.75 (0.41‒1.40) 26 0.91 (0.62‒1.34) 0.98 (0.67‒1.45) 0.79 (0.45‒1.39) 

 

HR indicates hazard ratios and CI confidence interval. *Western includes Norwegian, Swedish, Polish and German. †Non-Western includes Ex-Yugoslavian, Turkish, Iraqi, Iranian and Pakistani. The fully adjusted model 

included age at stroke, smoking, acute myocardial infarction, diabetes, hypertension, atrial fibrillation, peripheral artery disease, marital status, education, employment status, income, stroke severity and 

thrombolytic or endovascular therapy (only for ischaemic stroke). 
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Table S6. Sensitivity analysis showing all-cause 1-year mortality hazard ratios by ethnic group. 

 Unadjusted Model 1 Model 2 Model 3 Model 4 

 HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

Ischaemic stroke 

Men      

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 

   Western* 1.08 (0.87‒1.33) 1.09 (0.88‒1.34) 1.01 (0.81‒1.26) 0.94 (0.75‒1.19) 0.94 (0.73‒1.22) 

   Non-Western† 0.88 (0.55‒1.43) 1.03 (0.64‒1.65) 0.85 (0.51‒1.39) 0.73 (0.44‒1.23) 0.62 (0.33‒1.17) 

Women      

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 

   Western* 0.91 (0.66‒1.25) 0.97 (0.71‒1.33) 0.89 (0.62‒1.27) 0.79 (0.53‒1.12) 0.64 (0.40‒1.02) 

   Non-Western† 0.89 (0.58‒1.37) 0.94 (0.61‒1.44) 0.78 (0.49‒1.26) 0.78 (0.48‒1.29) 0.86 (0.51‒1.45) 

Intracerebral haemorrhage 

Men      

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 

   Western* 1.64 (1.05‒2.59) 1.69 (1.07‒2.66) 1.76 (1.08‒2.85) 1.60 (0.99‒2.60)  1.63 (1.00‒2.65) 

   Non-Western† 1.52 (0.73‒3.21) 1.00 (0.44‒2.31) 1.27 (0.57‒2.85) 1.14 (0.50‒2.56) 1.19 (0.43‒3.29) 

Women      

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 

   Western* 0.81 (0.46‒1.43) 0.81 (0.45‒1.43) 0.80 (0.45‒1.42) 0.99 (0.56‒1.77) 0.78 (0.39‒1.54) 

   Non-Western† 0.49 (0.25‒0.94) 0.50 (0.25‒0.96) 0.45 (0.20‒1.02) 0.53 (0.24‒1.20) 0.49 (0.19‒1.21) 

 

HR indicates hazard ratios and CI confidence interval. *Western includes Norwegian, Swedish, Polish and German. †Non-Western includes Ex-

Yugoslavian, Turkish, Iraqi, Iranian and Pakistani.                                                                                                                                                                                                       

Model 1: Adjusted for age at stroke. 

Model 2: Additionally adjusted for smoking, acute myocardial infarction, diabetes, hypertension, atrial fibrillation and peripheral artery 

disease.   

Model 3: Further adjusted for stroke severity and thrombolytic or endovascular therapy (only for ischaemic stroke).      

Model 4 (Fully adjusted): Model 3 additionally adjusted for marital status, education, employment status and income.  
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Table S7. Sensitivity analysis showing association between duration of residence, age at immigration and all-cause 1-year mortality. 

 

 

 

 

 

 

 

 

 

 

 

 

HR indicates hazard ratios and CI confidence interval. *Immigrants include Norwegian, Swedish, Polish, German, Ex-Yugoslavian, Turkish, Iraqi, 

Iranian and Pakistani.                                                                                                                                                                                                                                                        

Model 1: Adjusted for age at stroke and sex.   

Model 2: Model 1 adjusted for marital status, education, employment status and income.   

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Unadjusted Model 1 Model 2 

 HR (95% CI) HR (95% CI) HR (95% CI) 

   Danish-born (ref) 1.00 1.00 1.00 

   Duration of residence    

      Immigrants* (≤15 years of residence) 0.60 (0.28‒1.30) 0.53 (0.24‒1.19) 0.27 (0.09‒0.79)  

      Immigrants* (>15 years of residence) 0.82 (0.63‒1.06) 0.84 (0.64‒1.09) 0.90 (0.66‒1.23) 

   Age at immigration    

      18‒24 years 0.50 (0.26‒0.95) 0.42 (0.22‒0.81) 0.35 (0.15‒0.77) 

      25‒34 years 0.84 (0.51‒1.38) 0.92 (0.55‒1.53) 0.98 (0.54‒1.81) 

      35‒50 years 0.74 (0.50‒1.08) 0.72 (0.48‒1.07) 0.83 (0.52‒1.34) 

      >50 years 1.16 (0.57‒2.36) 1.07 (0.53‒2.22) 1.05 (0.47‒2.33) 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-049347:e049347. 11 2021;BMJ Open, et al. Mkoma GF



12 

 

Table S8. Impact of comorbidities on all-cause 1-year mortality by ethnic group. 

 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

 HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) 

Ischaemic stroke 

Men       

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 1.00 

   Western* 1.08 (0.89‒1.29) 1.10 (0.92‒1.33) 1.11 (0.92‒1.33) 1.10 (0.92‒1.32) 1.10 (0.91‒1.32) 1.04 (0.84‒1.30) 

   Non-Western† 1.26 (0.84‒1.91) 1.35 (0.89‒2.04) 1.29 (0.86‒1.96) 1.27 (0.84‒1.92) 1.39 (0.92‒2.09) 0.90 (0.55‒1.48) 

Women       

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 1.00 

   Western* 0.91 (0.69‒1.19) 0.92 (0.70‒1.21) 0.91 (0.69‒1.19) 0.92 (0.69‒1.21) 0.93 (0.71‒1.23) 0.85 (0.59‒1.21) 

   Non-Western† 0.98 (0.69‒1.38) 1.00 (0.71‒1.42) 1.02 (0.72‒1.45) 0.96 (0.68‒1.36) 1.02 (0.72‒1.44) 0.87 (0.55‒1.38) 

Intracerebral haemorrhage 

Men       

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 1.00 

   Western* 1.46 (1.02‒2.09) 1.48 (1.03‒2.12) 1.54 (1.08‒2.22) 1.48 (1.03‒2.12) 1.48 (1.03‒2.13)  1.66 (1.03‒2.68) 

   Non-Western† 1.03 (0.53‒2.00) 1.06 (0.54‒2.05) 1.01 (0.52‒1.97) 1.10 (0.53‒2.01) 1.12 (0.58‒2.19) 0.99 (0.43‒2.29) 

Women       

   Danish-born (ref) 1.00 1.00 1.00 1.00 1.00 1.00 

   Western* 0.70 (0.43‒1.15) 0.74 (0.45‒1.21) 0.78 (0.48‒1.28) 0.73 (0.45‒1.20) 0.74 (0.45‒1.21) 0.84 (0.47‒1.48) 

   Non-Western† 0.53 (0.29‒0.99) 0.53 (0.28‒0.99) 0.54 (0.29‒1.00) 0.52 (0.28‒0.97) 0.53 (0.28‒0.99) 0.42 (0.18‒0.94) 

 

HR indicates hazard ratios and CI confidence interval. *Western includes Norwegian, Swedish, Polish and German. †Non-Western includes Ex-

Yugoslavian, Turkish, Iraqi, Iranian and Pakistani.                                                                                                                                                                                                       

Model 1: Adjusted for age at stroke and smoking. 

Model 2: Adjusted for age at stroke and acute myocardial infarction. 

Model 3: Adjusted for age at stroke and atrial fibrillation.   

Model 4: Adjusted for age at stroke and diabetes. 

Model 5: Adjusted for age at stroke and hypertension. 

Model 6: Adjusted for age at stroke and peripheral artery disease. 
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