
ORIGINAL ARTICLE

Heart failure in immigrant groups: a cohort study of adults aged 45 years and
over in Sweden

Per W€andella , Axel C. Carlssona, Xinjun Lib, Danijela Gasevicc,d, Johan €Arnl€ova,e, Martin J. Holzmannf,g, Jan
Sundquistb,h,i and Kristina Sundquistb,h,i

aDivision of Family Medicine and Primary Care, Department of Neurobiology, Care Sciences and Society, Karolinska Institutet, Huddinge,
Sweden; bCenter for Primary Health Care Research, Lund University, Malm€o, Sweden; cUsher Institute of Population Health Sciences and
Informatics, College of Medicine and Veterinary Medicine, University of Edinburgh, Edinburgh, UK; dSchool of Public Health and Preventive
Medicine, Monash University, Melbourne, Australia; eSchool of Health and Social Studies, Dalarna University, Falun, Sweden; fFunctional
Area of Emergency Medicine, Karolinska University Hospital, Stockholm, Sweden; gDepartment of Internal Medicine Solna, Karolinska
Institutet, Stockholm, Sweden; hDepartment of Family Medicine and Community Health, Department of Population Health Science and
Policy, Icahn School of Medicine at Mount Sinai, New York, NY, USA; iCenter for Community-based Healthcare Research and Education
(CoHRE), Department of Functional Pathology, School of Medicine, Shimane University, Matsue, Japan

ABSTRACT
Objective. An increased risk of being diagnosed with coronary heart disease or atrial fibrillation has
been shown among different immigrant groups. However, less is known on the risk of being diag-
nosed with congestive heart failure (CHF). Design. We studied CHF in immigrants including all adults
�45 years in Sweden (n¼ 3,274,119) from 1998 to 2012. CHF was defined as at the first event regis-
tered in the National Patient Register. Risk of incident CHF in immigrant groups compared to the
Swedish-born population was assessed by Cox regression, stratified by sex, adjusting for age, socio-
demographic status, and co-morbidities. Results. During a mean follow-up of 14 years in total, a total
of 302,340 (9.2%) events of CHF were registered. We found the following: higher incidence in men
from Bosnia, Iraq, Lebanon, Russia and Africa; among women from Bosnia, Iraq, Lebanon, Turkey,
Central Europe and Finland; lower incidence in men from Iceland, Latin America, Southern Europe,
Norway and Western Europe; and among women from Iceland, Southern Europe, Norway, Denmark
and Western Europe. Conclusion. It is important to be aware of the increased incidence of CHF in
some immigrant groups, especially from countries and areas where the immigrants have been refu-
gees, in order to enable for a timely diagnosis, treatment of and prevention of CHF and its debilitating
complications.
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1. Introduction

Congestive heart failure (CHF) is a leading cause of morbid-
ity, hospitalizations, disability, and death [1], with a large
symptom burden and consequent poor quality of life [2].
The prevalence and incidence of CHF increase with age and
the cost of care and treatment of CHF constitute a consider-
able burden on health care [1]. In Sweden, the prevalence of
CHF is estimated to be around 2% although incidence and
mortality seem to have been decreasing in recent years [3].

A diagnosis of CHF requires three criteria to be fulfilled:
typical clinical symptoms such as dyspnea, clinical signs
observed via physical examination, and objective findings of
impaired cardiac function on echocardiography, chest radi-
ography or other imaging [4]. CHF may be classified as sys-
tolic (heart failure with reduced ejection fraction, HFrEF) or
diastolic (heart failure with preserved ejection fraction,
HFpEF). However, CHF with preserved systolic ejection

fraction is more common among the elderly and in women
[5] Furthermore, the diagnosis of CHF can be difficult,
especially the diagnosis of HFpEF, when objective diagnostic
criteria other than ejection fraction are not used, as symp-
toms and signs are not specific [4]. The epidemiology of
CHF is likely to have changed during recent years, possibly
due to changes in demography and treatment and control of
contributing risk factors (e.g. hypertension and ischemic
heart disease), as well as to changes in diagnostic criteria of
CHF and in the survival rate among prevalent cases [1].
However, the contribution of immigration to the changed
pattern of CHF in recent years is largely unknown.

Migration worldwide is increasing, and, today, about 17%
of the registered Swedish population is foreign-born com-
pared to only 9% in 1990 (data from Statistics Sweden) [6].

It has been observed that disorders and risk factors for
CHF differ among various ethnic and immigrant groups,
e.g. a higher risk has been found among south Asians in the
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UK and Canada [7,8]. In Chinese immigrants, hypertension
is a more prevalent risk factor with a larger proportion of
diastolic CHF [8], while African-Americans have a higher
rate of coronary heart disease (CHD) [8]. CHD has been
found to be increased in many immigrant groups in Sweden
compared to the Swedish-born population [9], while hyper-
tension is more common among Finnish immigrants but
less common among non-European immigrants [10].
Diabetes mellitus type 2 rates are increased among immi-
grants from non-European countries compared to the indi-
genous population in the Nordic countries [11], and
overweight and obesity is higher in many immigrant groups
compared to the Swedish-born population, especially among
women [12]. Thus, the prevalence of CHF may vary
between different immigrant groups.

The presence of CHF among immigrant groups in south-
ern Sweden has been previously studied by Borne et al.; an
increased risk was found in some groups, such as Finland,
former Yugoslavia and Hungary [13], i.e. immigrants from
European countries. However, immigrants from non-
European countries were under-represented in this study.
Given the continuous increase in immigration of individuals
from non-European countries to Sweden and other high-
income European countries, it is vital that presence of CHF
among non-European immigrant groups is also thoroughly
explored to help guide prevention and early diagnosis of
CHF among these immigrant groups. In addition, we are
not aware of any large-scale study of CHF concerning
second-generation immigrants in Sweden. Second generation
studies are important as the second generation immigrants
may be closer to the native population due to a higher
degree of acculturation, i.e. social, psychological, and cul-
tural changes that stem from blending between cultures.

The aim of the present study was to explore the inci-
dence of CHF among different groups of first- and second-
generation immigrants in Sweden, and to examine whether
the incidence differs from the Swedish-born population. We
hypothesized that there would be an increased incidence of
CHF in certain first and second generation immigrant
groups thus mirroring the heart failure risk factor pattern in
certain immigrant groups.

2. Methods

2.1. Design

Data used in this study were constructed as a national dataset
that contains information on the entire population of Sweden
since 1987. This dataset was based on several Swedish registers
and contained comprehensive nationwide individual-level data
as well as data on neighborhood socio-economic status (SES).
The registers used in the present study were the Swedish Total
Population Register and the National Patient Register.
Sweden’s nationwide population and health care registers have
exceptionally high completeness and validity [14]. Individuals
were tracked using the personal identification numbers, which
are assigned to each permanent resident of Sweden upon birth
or immigration to the country. These identification numbers
were replaced with serial numbers to ensure anonymity. The

follow-up period ran from January 1, 1998 until hospitaliza-
tion/out-patient treatment of CHF at age of diagnosis of 45
years or more, death, emigration or the end of the study period
on December 31, 2012, whichever came first.

2.2. Study population and co-morbidities

As CHF in young individuals is rare and has a different risk
factor pattern than among older individuals [1], the study
population was restricted to those individuals in the
Swedish population aged 45 years and older. Country of
birth was registered, and the present study was based on
analyses of 10 regions (Nordic countries, Southern Europe,
Western Europe, Eastern Europe, Baltic countries, Central
Europe, Africa, North America, Latin America, and Asia)
comprising 27 countries. Countries with less than 10
observed cases of CHF were not analyzed separately. First-
generation immigrants (n¼ 434440), who were born outside
Sweden, were compared to Swedish-born individuals.
Second-generation immigrants (n¼ 121414) were defined as
individuals born in Sweden with at least one foreign-born
parent, and they were compared to individuals born in
Sweden with two Swedish-born parents [15].

Patients with diagnosed CHF were identified by the pres-
ence of the ICD-10 code (10th version of the WHO’s
International Classification of Diseases) for CHF (I50, and
I11.0) in the National Patient Register. CHF diagnosed
before 1998, i.e. during the years 1987-1997 (according to
ICD-9 1987-1996 and ICD-10 1997) were excluded. We also
identified co-morbidities according to ICD-10 for the fol-
lowing diagnoses: atrial fibrillation I48, hypertension I10-
I19, cardiomyopathy I42-I43, chronic rheumatic heart dis-
ease I05-I09, valvular disease I34-I39, CHD I20-I25, stroke
I60-I69, diabetes E10-E14, obesity E65-E68, and chronic
obstructive pulmonary disease (COPD) J40-J47.

2.3. Outcome variable

Time was calculated from January 1, 1998 (when the whole
of Sweden started using ICD-10 diagnostic codes) until hos-
pitalization/out-patient treatment of CHF at age of diagnosis
of 45 years or more, death, emigration or the end of the
study period on December 31, 2012.

2.4. Demographic and socio-economic variables

The population was stratified by sex. Age was used as a con-
tinuous variable in the analysis.

Educational attainment was categorized as �9 years (par-
tial or complete compulsory schooling), 10–12 years (partial
or complete secondary schooling) and >12 years (attend-
ance at college and/or university). Geographic region of resi-
dence was included in order to adjust for possible regional
differences in hospital admissions and was categorized as
(1) large cities, (2) southern Sweden and (3) northern
Sweden. Large cities were defined as municipalities with a
population of >200,000 and comprised the three largest cit-
ies in Sweden: Stockholm, Gothenburg and Malm€o.
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2.5. Neighborhood socio-economic status

The neighborhoods were derived from Small Area Market
Statistics (SAMS). The average population in each SAMS
neighborhood is approximately 2000 people for Stockholm
and 1000 people for the rest of Sweden. A summary index
was calculated to characterize neighborhood-level depriv-
ation. The neighborhood index was based on information
about female and male residents aged 20–64 years because
this age group represents those who are among the most
socioeconomically active in the population (i.e. a group that
has a stronger impact on the socioeconomic structure in the
neighborhood compared to children, younger women and
men, and retirees). The index was based on the following
four variables: low educational status (<10 years of formal
education); income from all sources, including interest and
dividends, that is <50% of the median individual income);
unemployment (excluding full-time students, those complet-
ing military service, and early retirees); and receipt of social
welfare. The index was categorized into three groups: more
than one standard deviation (SD) below the mean (high SES
or low deprivation level), more than one SD above the
mean (low SES or high deprivation level), and within one
SD of the mean (middle SES or middle deprivation level),
[16] with neighborhood status classified as high, middle or
low SES, corresponding to the categories low, middle and
high deprivation in the index [17].

2.6. Statistical analysis

Number of cases of CHF was presented for first- and second-
generation immigrants and across baseline subject characteris-
tics. Cox regression analysis was used for estimating the risk
of incident CHF in different immigrant groups compared to
the Swedish-born population. All analyses were stratified by
sex. Three models were used: Model 1 was adjusted for age
and region of residence in Sweden; Model 2 was adjusted for
age, region of residence in Sweden, educational level, marital
status and neighborhood SES; Model 3 was constructed as
Model 2 with inclusion of co-morbidities. In addition, Cox
regression sensitivity analyses were performed in which we
excluded first-generation immigrants that had moved to
Sweden within the last five years of follow-up. All models were
adjusted for age, region of residence in Sweden, educational
level, marital status, and neighborhood SES.

We also estimated the adjusted population attributable
fraction (PAF), or population attributable risk (PAR) in per-
cent for risk factors, as prevalence (%) among cases multiplied
by HR-1/HR [18], using adjusted HRs for the different factors.
PAF is useful in order to compare the effect of different risk
factors on the incidence of the outcome, in this case of CHF.

The study was approved by the regional ethics boards at
Karolinska Institutet and Lund University.

3. Results

Table 1 shows the characteristics of the included samples in
the first- and second-generation analyses of Swedish-born

and foreign-born individuals 45 years of age and above. In the
first-generation analyses, there were 302,340 CHF events (9.2%)
and, in the second-generation analyses, there were 66,632
(3.5%) CHF events, during 15 years of follow-up. Overall, CHF
was less common among immigrants in general compared to
the Swedish-born population, and also among females, individ-
uals with a higher level of formal education, married individu-
als, and people living in northern Sweden. CHF was more
common among individuals with co-morbidities, especially
cardiovascular co-morbidities.

Tables 2a and 2b show the incidence of CHF in first gen-
eration male and female immigrants, respectively, compared
to their Swedish-born counterparts. In the fully adjusted
models, and compared to Swedish-born men, the incidence
of CHF was higher among male immigrants with origins
from Russia, Eastern Europe (especially from Bosnia), Africa,
and Asia (especially from Iraq and Lebanon). In contrast,
compared to Swedish-born men, the incidence of CHF was
lower in men originating from Iceland, Norway, Southern
Europe, Western Europe and Latin America, with especially
low HRs (�0.60) for CHF observed among immigrant men
from Iceland and Bulgaria. Compared to Swedish-born
women, the incidence of CHF was higher among immigrant
women from Finland, Bosnia and other parts of former
Yugoslavia, Central Europe, and Asia (except for Iran); while
a lower incidence of CHF was observed among immigrant
women from Denmark, Norway, Southern Europe and
Western Europe; with especially low incidence of CHF noted
(HRs �0.60) among women from Iceland.

The results of the sensitivity analyses performed on the
sample of first-generation immigrants, where people who
immigrated to Sweden in the five most recent years were
excluded, confirmed the results from Tables 2a and 2b.

We also studied the effect of the different background
co-morbidities for Swedish-born and first-generation for-
eign-born subjects (Supplementary Tables S1a and S1b),
with adjustment for age and all included variables. The
highest PAFs were found for CHD (Swedish-born men 36.
4%, foreign-born men 46.3%, Swedish-born women 27.6%,
foreign-born men 33.8%) and AF (Swedish-born men 28.
0%, foreign-born men 25.8%, Swedish-born women 26.4%,
foreign-born men 28.6%), and fairly high PAFs also for
COPD (Swedish-born men 8.1%, foreign-born men 11.4%,
Swedish-born women 9.4%, foreign-born men 12.0%) and
diabetes (Swedish-born men 8.4%, foreign-born men 12.9%,
Swedish-born women 7.9%, foreign-born men 12.9%).

We also analyzed immigrant groups with the highest and
lowest HRs of incident CHF, respectively. Regarding high
risk groups, we grouped men from Bosnia, Iraq and
Lebanon together; PAF for CHD was higher than among all
foreign-born men, 57.3% vs 46.3%, and for diabetes 16.6%
vs 8.9%, while PAF for AF was lower, 19.8% vs 25.8%.
Similarly, we grouped women from Bosnia, Iraq, Lebanon
and Turkey together; PAF for CHD was higher than among
all foreign-born women, 40.9% vs 33.8%, for diabetes 23.6%
vs 12.9%, and for hypertension 12.5% vs 5.3%, while AF was
lower, 21.6% vs 28.6%. Regarding low risk groups, we
examined men and women from southern Europe and
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Latin-America, respectively. Regarding men from southern
Europe and Latin-America, PAF for CHD was 48.7% and
48.5%, AF 27.6% and 26.7%, diabetes 20.3% and 20.5%,
hypertension 15.0% and 5.8%, and COPD 14.2% and 8.2%.
As regards women from southern Europe and Latin-
America, PAF for CHD was 44.2% and 34.6%, AF 26.5 and

32.2%, diabetes 17.3% and 16.0%, hypertension 12.0% and
13.8%, COPD 11.6% and 12.7%.

Furthermore, we analyzed data according to refugee sta-
tus (men 16,816, 7.7%, women 8,861, 4.1%, of all male and
female immigrants); countries of origin with the highest rate
of refugees exceeding 10% of all immigrants in each

Table 1. The number of incident cases of congestive heart failure (CHF) diagnoses across baseline study characteristics in the Swedish population used to study
CHF in first-generation and second-generation immigrants compared to Swedish-born individuals.

First-generation analysis Second-generation analysis

Population
CHF diagnosis

Population
CHF diagnosis

No % No. % No % No. %

Total population 3,274,119 302,340 1,900,129 66,632
Gender
Males 1,546,469 47.2 154,195 51.0 957,436 50.4 44,297 66.5
Females 1,727,650 52.8 148,145 49.0 942,693 49.6 22,335 33.5

Country of origin�
Sweden 2,836,814 86.6 275,921 91.3 1,778,305 93.6 63,357 95.1
Born outside Sweden 437,305 13.4 26,419 8.7 121,824 6.4 3,275 4.9

Birth year
–1909 76,011 2.3 10,781 3.6
1910–19 337,792 10.3 80,653 26.7
1920–29 619,485 18.9 115,927 38.3
1930–39 730,396 22.3 59,736 19.8 445,829 23.5 31,606 47.4
1940–49 1,092,929 33.4 30,019 9.9 1,038,767 54.7 29,356 44.1
1950– 417,506 12.8 5,224 1.7 415,533 21.9 5,670 8.5

Educational level
�9 1,539,480 47.0 189,654 62.7 610,021 32.1 29,306 44.0
10–12 82,0604 25.1 61,643 20.4 571,656 30.1 19,317 29.0
>12 914,035 27.9 51,043 16.9 718,452 37.8 18,009 27.0

Region of residence
Large cities 1,091,203 33.3 109,355 36.2 645,668 34.0 23,622 35.5
Southern Sweden 1,448,402 44.2 139,837 46.3 873,157 46.0 30,301 45.5
Northern Sweden 73,4514 22.4 53,148 17.6 381,304 20.1 12,709 19.1

Marital status
Married 2,646,937 80.8 221,529 73.3 1,522,703 80.1 47,203 70.8
Unmarried 62,7182 19.2 80,811 26.7 377,426 19.9 19,429 29.2

Hospital diagnosis of COPD
No 3,069,202 93.7 252,325 83.5 1,802,075 94.8 53,879 80.9
Yes 204,917 6.3 50,015 16.5 98054 5.2 12,753 19.1

Hospital diagnosis of obesity
No 3,246,851 99.2 298,022 98.6 1,877,100 98.8 63,643 95.5
Yes 27,268 0.8 4,318 1.4 23,029 1.2 2,989 4.5

Hospital diagnosis of CHD
No 2,784,138 85.0 153,609 50.8 1,713,499 90.2 34,007 51.0
Yes 489,981 15.0 148,731 49.2 186,630 9.8 32,625 49.0

Hospital diagnosis of diabetes
No 2,983,822 91.1 241,667 79.9 1,754,417 92.3 48,599 72.9
Yes 290,297 8.9 60,673 20.1 145,712 7.7 18,033 27.1

Hospital diagnosis of stroke
No 2,928,212 89.4 236,781 78.3 1,792,149 94.3 55,697 83.6
Yes 345,907 10.6 65,559 21.7 107,980 5.7 10,935 16.4

Hospital diagnosis of hypertension
No 2,609,163 79.7 198,101 65.5 1,548,525 81.5 36,578 54.9
Yes 664,956 20.3 104,239 34.5 351,604 18.5 30,054 45.1

Hospital diagnosis of chronic rheumatic heart disease
No 3,267,656 99.8 298,867 98.9 1,897,948 99.9 65,764 98.7
Yes 6,463 0.2 3,473 1.1 2,181 0.1 868 1.3

Hospital diagnosis of atrial fibrillation
No 2,935,147 89.6 177,650 58.8 1,785,264 94.0 39,652 59.5
Yes 338,972 10.4 124,690 41.2 114,865 6.0 26,980 40.5

Hospital diagnosis of cardiomyopathy
No 3,255,622 99.4 289,711 95.8 1,887,914 99.4 58,424 87.7
Yes 18,497 0.6 12,629 4.2 12,215 0.6 8,208 12.3

Hospital diagnosis of valvular heart disease
No 3,184,852 97.3 266,509 88.1 1,865,132 98.2 57,928 86.9
Yes 89,267 2.7 35,831 11.9 34,997 1.8 8,704 13.1

Neighbourhood deprivation
Low 491,884 15.0 34,335 11.4 338,815 17.8 8,935 13.4
Middle 1,649,788 50.4 164,983 54.6 976,101 51.4 35,238 52.9
High 365,677 11.2 40,903 13.5 195,959 10.3 9,126 13.7
Unknown 766,770 23.4 62,119 20.5 389,254 20.5 13,333 20.0

�
Immigrant status in second generation was based on parental birth country.
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respective group were Iraq (men 17.1%, women 10.0%),
Bosnia (men 16.9%, women 21.7%) and Iran (men 15.7%,
women 17.1%). HRs (95% CI) for incident CHF in fully
adjusted models were the following: for male refugees 1.63
(1.52–1.74) and other male immigrants 0.96 (0.94–0.97);
and for female refugees 1.63 (1.46–1.83) and other female
immigrants 0.98 (0.96–1.00).

As regards second-generation male and female immi-
grants in comparison to men and women with Swedish-
born parents, incidence of CHF in the immigrants was
increased in males with parents from Spain, and in female
immigrant groups with parents from the former Yugoslavia
and Western European countries except in those from the
Netherlands, UK, Germany and Austria (Supplementary
Tables S2a and S2b). A decreased incidence of CHF in
second-generation immigrants was noted among men with
parents from Asia, and women with parents from Poland
(but only in the fully adjusted model) compared to their

Swedish-born counterparts. An especially lower incidence of
CHF (with HRs �0.60) was observed in men with parents
from Asia and women with parents from Poland (but only
in the fully adjusted model).

4. Discussion

This study explored the incidence of CHF among first and
second-generation immigrant men and women in Sweden.
Higher incidence was found among first-generation men
and women from regions where refugees have fled from
such as Bosnia, and some Middle Eastern countries. For
men from Russia and Africa and for women also from
Finland and Central Europe, a higher incidence was found.
Furthermore, compared to the Swedes, lower incidence of
CHF was found in first-generation immigrant men and
women from Iceland, Norway, Southern Europe and
Western Europe and for men also from Latin America. For

Table 2a. Incidence (hazard ratio with 95% confidence intervals) of CHF in first-generation male immigrants compared to Swedish-born (based on a total of
1,546,469 individuals)

Model 1 Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI

Sweden 1 1 1
Nordic countries 0.92 0.90 0.95 0.99 0.96 1.01 0.98 0.95 1.00
Denmark 0.87 0.82 0.92 0.85 0.81 0.90 0.89 0.84 0.94
Finland 0.97 0.94 1.00 1.08 1.05 1.11 1.04 1.01 1.07
Iceland 0.23 0.14 0.39 0.28 0.17 0.47 0.38 0.23 0.63
Norway 0.84 0.79 0.90 0.89 0.83 0.95 0.87 0.81 0.93
Southern Europe 0.52 0.48 0.57 0.60 0.56 0.66 0.76 0.70 0.82
France 0.59 0.46 0.77 0.73 0.56 0.95 0.83 0.64 1.08
Greece 0.42 0.36 0.49 0.50 0.43 0.57 0.69 0.59 0.79
Italy 0.65 0.57 0.73 0.75 0.66 0.85 0.84 0.74 0.96
Spain 0.52 0.41 0.65 0.62 0.49 0.77 0.78 0.62 0.98
Other Southern Europe 0.39 0.28 0.56 0.38 0.27 0.54 0.56 0.39 0.80
Western Europe 0.76 0.72 0.80 0.87 0.82 0.91 0.90 0.86 0.95
The Netherlands 0.58 0.47 0.72 0.65 0.52 0.80 0.69 0.55 0.85
UK and Ireland 0.43 0.36 0.52 0.53 0.44 0.64 0.70 0.58 0.83
Germany 0.86 0.81 0.91 0.96 0.90 1.02 0.96 0.90 1.02
Austria 0.80 0.70 0.91 0.92 0.80 1.05 0.91 0.80 1.04
Other Western Europe 0.62 0.49 0.80 0.77 0.60 0.98 0.84 0.65 1.08
Eastern Europe 1.05 0.99 1.10 1.04 0.99 1.10 1.14 1.08 1.20
Bosnia 2.15 1.88 2.46 3.23 2.83 3.70 2.38 2.08 2.72
Yugoslavia 1.00 0.94 1.07 0.97 0.91 1.03 1.08 1.01 1.15
Croatia 0.71 0.55 0.93 0.64 0.49 0.83 0.85 0.65 1.11
Romania 0.92 0.76 1.11 0.96 0.80 1.17 0.98 0.81 1.19
Bulgaria 0.48 0.31 0.75 0.53 0.34 0.83 0.59 0.38 0.93
Other Eastern Europe 0.79 0.53 1.17 0.65 0.44 0.97 0.88 0.59 1.31
Baltic countries 1.03 0.95 1.11 1.13 1.05 1.23 1.08 1.00 1.17
Estonia 1.00 0.92 1.10 1.11 1.01 1.21 1.07 0.98 1.16
Latvia 1.15 0.96 1.39 1.27 1.05 1.53 1.16 0.96 1.40
Central Europe 1.04 0.98 1.10 1.08 1.02 1.15 1.05 1.00 1.12
Poland 1.08 0.99 1.18 1.11 1.02 1.22 1.08 0.98 1.18
Other Central Europe 0.97 0.86 1.11 1.06 0.93 1.21 1.03 0.91 1.17
Hungary 1.03 0.94 1.13 1.06 0.97 1.16 1.04 0.95 1.14
Africa 0.84 0.74 0.96 0.99 0.88 1.13 1.22 1.08 1.39
Northern America 0.80 0.71 0.90 0.90 0.80 1.01 0.93 0.83 1.05
Latin America 0.46 0.39 0.53 0.52 0.45 0.60 0.74 0.64 0.86
Chile 0.44 0.36 0.54 0.50 0.41 0.61 0.72 0.58 0.88
South America 0.49 0.39 0.62 0.55 0.44 0.70 0.78 0.62 0.98
Asia 1.07 1.02 1.13 1.23 1.17 1.30 1.26 1.20 1.33
Turkey 1.05 0.94 1.17 1.20 1.08 1.34 1.21 1.09 1.35
Lebanon 1.44 1.18 1.75 1.61 1.33 1.96 1.34 1.10 1.62
Iran 0.80 0.70 0.91 0.89 0.78 1.01 1.01 0.88 1.15
Iraq 1.84 1.62 2.09 2.34 2.06 2.66 2.02 1.78 2.29
Other Asia countries 0.97 0.88 1.07 1.12 1.02 1.23 1.19 1.08 1.31
Russia 1.37 1.21 1.55 1.41 1.24 1.59 1.31 1.16 1.49

HR: hazard ratio; 95%CI: 95 percent confidence interval Model 1 was adjusted for age and region of residence in Sweden; Model 2 was adjusted for age, region
of residence in Sweden, educational level, marital status and neighborhood SES; Model 3 was constructed as Model 2 with inclusion of co-morbidities.
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second-generation immigrant groups, only a few differences
were noted, e.g. a higher incidence among men with parents
from Spain and women with parents from former
Yugoslavia and some Western European countries, while a
lower incidence was noted among men with parents from
Asian countries and women with parents from Poland.

We used an exploratory approach as development of dis-
eases in immigrants can be influenced by many factors, such
as genetic, socioeconomic, cultural and lifestyle factors in the
country of origin, reasons for migration, the migration pro-
cess, and acculturation in the new home country. Besides, as
CHF is more of a disease that occurs in the elderly, it will
often take considerable time to develop the condition.

The findings of this study were to some extent similar to
those observed in the study that researched the population
from southern Sweden only [13]. Namely, we also observed
the increased incidence of CHF among immigrants from
high-income and middle-income countries, especially among
immigrants from European countries such as Finland,

former Yugoslavia, and especially Bosnia, and Hungary.
However, by including the entire population of Sweden, our
study expands on the findings of the previous study by
reporting novel findings on differences in incidence of CHF
between immigrants to Sweden and Swedish-born individu-
als. One important finding is the higher incidence among
refugees with origin from countries such as Bosnia and
Middle East countries. When looking at disease patterns
among CHF patients in immigrants compared to the
Swedish-born population, the symptoms are quite similar
[19], and only a few differences are described, i.e. a larger
presence of ischemic heart disease [20].

Moreover, the AF prevalence in Sweden seems to be
especially high, i.e. 3% among people 20 years of age and
older [21] compared to 2% in Europe in general [22]. In an
earlier study, we found AF to be more common in males
and females from Bosnia, and females from Iraq than in
Swedish-born individuals [23]. Among immigrants from
most other countries and regions, the incidence of AF was

Table 2b. Incidence of (hazard ratio (HR) with 95% confidence intervals (95% CI)) AF in first-generation female immigrants compared to Swedish-born individu-
als (N¼ 1,727,650)

Model 1 Model 2 Model 3

HR 95% CI HR 95% CI HR 95% CI

Sweden 1 1 1
Nordic countries 1.05 1.03 1.08 1.07 1.05 1.10 1.01 0.99 1.04
Denmark 0.92 0.87 0.98 0.91 0.86 0.97 0.93 0.87 0.99
Finland 1.10 1.07 1.13 1.14 1.11 1.17 1.07 1.04 1.10
Iceland 0.36 0.21 0.61 0.40 0.24 0.67 0.57 0.34 0.97
Norway 1.01 0.96 1.07 1.00 0.95 1.06 0.92 0.87 0.97
Southern Europe 0.51 0.45 0.57 0.55 0.48 0.62 0.72 0.63 0.81
France 0.54 0.39 0.75 0.64 0.46 0.89 0.73 0.52 1.01
Greece 0.46 0.37 0.57 0.47 0.38 0.58 0.70 0.56 0.87
Italy 0.47 0.38 0.59 0.52 0.42 0.65 0.67 0.53 0.83
Spain 0.66 0.48 0.91 0.72 0.53 0.99 0.85 0.62 1.16
Other Southern Europe 0.63 0.40 1.00 0.60 0.38 0.95 0.80 0.50 1.27
Western Europe 0.88 0.84 0.93 0.97 0.92 1.02 0.93 0.89 0.98
The Netherlands 0.68 0.51 0.89 0.78 0.59 1.02 0.85 0.65 1.12
UK and Ireland 0.61 0.50 0.74 0.70 0.57 0.85 0.88 0.72 1.08
Germany 0.93 0.88 0.99 1.01 0.96 1.07 0.95 0.89 1.00
Austria 0.96 0.82 1.13 1.04 0.89 1.23 0.89 0.76 1.04
Other Western Europe 0.70 0.51 0.95 0.85 0.62 1.15 0.96 0.71 1.31
Eastern Europe 1.17 1.08 1.26 1.12 1.04 1.21 1.15 1.07 1.25
Bosnia 2.07 1.67 2.56 2.54 2.05 3.15 1.99 1.61 2.46
Yugoslavia 1.16 1.06 1.27 1.07 0.97 1.17 1.13 1.03 1.24
Croatia 0.81 0.54 1.20 0.73 0.49 1.08 0.94 0.63 1.41
Romania 0.92 0.71 1.19 1.00 0.78 1.30 0.90 0.69 1.16
Bulgaria 0.70 0.39 1.26 0.87 0.48 1.56 0.84 0.47 1.52
Other Eastern Europe 1.31 0.73 2.36 1.07 0.60 1.94 1.02 0.57 1.85
Baltic countries 0.95 0.87 1.03 1.07 0.98 1.16 0.96 0.88 1.04
Estonia 0.96 0.88 1.05 1.07 0.98 1.17 0.96 0.88 1.05
Latvia 0.89 0.72 1.11 1.07 0.87 1.32 0.94 0.76 1.17
Central Europe 1.14 1.07 1.22 1.22 1.15 1.31 1.12 1.04 1.19
Poland 1.23 1.12 1.35 1.30 1.18 1.42 1.14 1.04 1.25
Other Central Europe 0.91 0.78 1.07 1.01 0.86 1.18 1.02 0.87 1.20
Hungary 1.17 1.04 1.32 1.26 1.12 1.42 1.14 1.01 1.29
Africa 0.65 0.45 0.93 0.74 0.52 1.07 0.89 0.62 1.29
North America 0.86 0.77 0.97 0.93 0.83 1.04 0.92 0.82 1.03
Latin America 0.60 0.49 0.74 0.65 0.53 0.80 0.83 0.68 1.02
Chile 0.59 0.45 0.78 0.63 0.48 0.83 0.79 0.60 1.05
South America 0.62 0.46 0.83 0.68 0.51 0.91 0.89 0.66 1.19
Asia 1.35 1.25 1.47 1.39 1.28 1.50 1.37 1.26 1.49
Turkey 1.79 1.58 2.03 1.74 1.53 1.97 1.63 1.44 1.85
Lebanon 1.82 1.32 2.51 1.77 1.28 2.44 1.67 1.21 2.31
Iran 0.71 0.53 0.95 0.74 0.56 0.99 0.76 0.57 1.02
Iraq 2.34 1.84 2.97 2.66 2.10 3.39 2.08 1.63 2.64
Other Asia countries 1.03 0.89 1.20 1.09 0.94 1.26 1.18 1.02 1.36
Russia 1.10 0.97 1.26 1.18 1.03 1.34 1.00 0.88 1.15

Model 1 was adjusted for age and region of residence in Sweden; Model 2 was adjusted for age, region of residence in Sweden, educational level, marital status
and neighborhood SES; Model 3 was constructed as Model 2 with inclusion of co-morbidities.
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lower than that among Swedish-born individuals and especially
low among immigrants from Iceland and Southern Europe.

Hypertension is the most established risk factor for CHF
worldwide; however CHD seems to be of higher importance
in high-income Western and other European countries, of
intermediate importance in East Asia and Latin America,
but of lower importance in Sub-Saharan Africa [24], even if
the highest blood pressure levels during the last decades
have shifted from high-income countries to low-income
countries in, for example, South Asia and Sub-Saharan
Africa [25]. In general, we found the effect of hypertension
to be low. However, we had access to hospital data (most
patients with hypertension seek care in primary health care
[26]), hence why the effect of hypertension on incident
CHF could be under-estimated.

In contrast to hypertension, the prevalence of diabetes
mellitus has been shown to be higher especially among
female immigrants of Middle Eastern origin than those in
the Nordic countries [11]. In fact, the highest prevalence of
diabetes was found in the high-risk groups of CHF both
among men and women, also with high PAFs. Among the
low risk groups, the PAFs were also high even if the overall
prevalence of diabetes was similar to that of Swedish-
born subjects.

We found modest influence by COPD, with PAF values
between 8 and 14%. In contrast, rheumatic heart disease is
important in Sub-Saharan Africa and East Asia. In general,
the effect of both rheumatic heart disease, cardiomyopathy
and valvular heart disease on CHF was rather modest.

CHD has been shown to be more common in many immi-
grant groups [9], both from European and non-European
countries. We found CHD to be the most important factor
among both Swedish-born and foreign-born men and
women, and with highest PAF among men from Bosnia, Iraq
and Lebanon. The findings in the present study correspond
well to the increased CHD risk in immigrants from Bosnia
and the Middle East. However, our findings concerning a
lower incidence of CHF among immigrants from many
European countries are in contrast to the increased
CHD risk.

One factor of importance for a lower risk of CHF could
be the “healthy immigrant effect” [27], i.e. the health of
immigrants upon arrival to the new country tends to be bet-
ter than that of the local-born population. The reason for
this “healthy immigrant effect” could be related to different
factors. In general, this tends to mean that the healthiest
and best educated people, with already established relatively
healthy behaviors, tend to migrate to seek better living con-
ditions [28]. The findings of a lower incidence of CHF
among many immigrant groups, where similar results have
been described for AF incidence, could support this hypoth-
esis [23]. Another possible explanation to the lower inci-
dence of CHF could be that immigrants, in general, seek
care less often due to CHF. However, considering the symp-
toms of CHF and the effect on health by CHF, it seems
unlikely that immigrants seek care to a significantly lower
extent than Swedish-born individuals, keeping in mind that

Sweden has a universal health care that covers all individu-
als, irrespective of income or employment status.

Psychosocial stress is another factor of clinical relevance
that could be associated with CHF [29]. Subgroups of immi-
grants, which have been refugees, may have experienced
stressful events on different occasions, both before and dur-
ing the migration, as well as when seeking asylum in the
new country. One concept related to stress is allostatic load,
i.e. the physiological response to acute stress [30], and also
a risk factor for cardiovascular disease [31]. This may be
one possible factor contributing to the higher CHF inci-
dence in some groups in the present study, especially among
immigrants from Bosnia and Iraq. However, when consider-
ing refugee status, with highest rates among immigrants
from Bosnia and Iraq, this could contribute to a PAF of
below 10%, i.e. a fairly modest risk increase. An alternate
explanation to this finding could be that refugees are more
prone to be in contact with the health care system, and dis-
eases could be more often and earlier diagnosed than among
other groups, even if this seems unlikely, as symptoms of
CHF are quite similar in different groups [19].

In addition to the more commonly recognized individual
factors, socio-economic factors are also of importance
[32,33]. Both lower family income [34], and lower level of
formal education [35] have been shown to increase the inci-
dence of CHF [36]. We also adjusted for neighborhood-level
SES as many immigrants, especially those from non-
Western countries, live in low SES neighborhoods particu-
larly in the urban areas. Living in low SES neighborhoods in
itself has been shown to be associated with incident CHF
and CHF outcomes [37]. Differences in healthy lifestyles are
important factors to consider behind the increased risk of
CVD-related morbidity and mortality, and attitudes and
beliefs about these may differ across SES levels [38]. In gen-
eral, educational level showed a low effect with the excep-
tion of highest educational level in the high risk groups,
which showed a protective effect.

The CHF risk pattern among second-generation immi-
grants in most cases differed only marginally compared to
their Swedish-born compatriots with two Swedish-born
parents, possibly due to acculturation, i.e. they tend to adopt
the lifestyle and health patterns of the host population over
time and tend to develop CHF at the same rate. However,
as most patients with CHF are elderly there could be a
power problem in detecting distinct patterns. Similarly,
some of the findings are surprising, e.g. the increased inci-
dence among male second-immigrants from Spain in con-
trast to the decreased incidence among first-immigrants. In
fact, rather few individuals were diagnosed in the groups
with significantly different estimates compared to the refer-
ent population; hence why these findings must be inter-
preted with great caution.

This study has certain limitations. We had no clinical
data on the severity of CHF, as well as no results of echo-
cardiography, and could thus not divide into the type of
CHF, i.e. systolic or diastolic CHF. Besides, the incidence of
CHF might seem low. However, prevalent cases, i.e., cases
that were present before the start of the study period were
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excluded, which partly explains the low CHF incidence. We
only used cardiovascular co-morbidity as this was in focus
for the study, and did not include other diagnoses such as
cancer. Furthermore, we did not have access to multiple
measures of individual SES, but we had access to the level
of formal education, which is a commonly used variable
[39]. When exploring multiple immigrant groups, as in the
present study, there is always a risk of mass significance. In
order to manage this, we performed a sensitivity analysis
with the exclusion of immigrant subjects from the last five
years. Furthermore, the statistical power to detect significant
results differed owing to the different sample sizes, with a
low statistical power especially among second-generation
women. Assessing PAR or PAF can be performed in differ-
ent ways, and we decided to use the approach proposed by
Miettinen [18], as this makes illustrative information fairly
easy to interpret. One disadvantage, however, is that if sum-
marizing the PAFs the sum will exceed 100%, which must
be kept in mind when interpreting results.

However, the study has many strengths. One key strength
is that we were able to link individual clinical data to data
from national demographic and socioeconomic registers of
high quality. Besides, hospital diagnoses of CHF have earlier
been validated in Sweden [40], but in a meta-analysis it was
found that the sensitivity of a CHF diagnosis from registers
was around 75% [41]. Clinical data were also highly com-
plete [42]. We were also able to analyze data for men and
women from different parts of Sweden.

In conclusion, we found an increased incidence of CHF
among certain immigrant groups especially among those
from Bosnia and the Middle East region, where a higher
CHD risk and perhaps also stressful events in refugees could
contribute to this increased incidence. A lower CHF inci-
dence was found among other immigrant groups such as
immigrants from Southern Europe and Iceland where a
healthy diet could partly explain this finding. From a clinical
point of view, it is important to be aware of the increased
incidence of CHF in some immigrant groups in order to
enable for a timely diagnosis, treatment for prevention of
CHF and its debilitating complications.
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