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Implications of the 2021 ESC cardiovascular risk 
classification among 283,000 European immigrants 
living in a low-risk region: a population-based analysis 
in Catalonia

Emili Vela1,2, Montse Cleries1,2, Usama Bilal3, Maciej Banach4, John W. McEvoy5,6,  
Martin Bødtker Mortensen7,8, Michael Joseph Blaha8,9, Khurram Nasir8,10,11,  
Josep Comin-Colet12,13,14, Josepa Mauri14,15, Miguel Cainzos-Achirica8,10,14

A b s t r a c t

Introduction: The ESC recently classified European countries into 4 cardio-
vascular risk regions. However, whether Europeans from higher-risk coun-
tries living in lower-risk regions may benefit from intensive cardiovascular 
prevention efforts is unknown. We described the burden of risk factors and 
cardiovascular disease (CVD) among European-born immigrants living in 
Catalonia, a low-risk region.
Material and methods: A  retrospective cohort study of 5.6 million adults 
of European origin living in Catalonia in 2019, including 282,789 Europe-
an-born immigrants, was performed. We used the regionwide healthcare 
database and classified participants into 5 groups: low-, moderate-, high-, 
and very high-risk, and local-born. Age-standardized prevalence was esti-
mated as of December 31st, 2019 and incidence was computed during 2019 
among at-risk individuals.
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Results: The very high-risk group was the largest immigrant group (N = 136,910; 48.4%), while the high-risk 
group was the smallest (N = 15,739; 5.6%). These two had the highest burden of coronary heart disease 
across all groups evaluated, in both men and women. The very high-risk group also had the highest preva-
lence of hypertension and obesity at young-to-middle age, and the burden of risk factors newly diagnosed 
during 2019 was highest in high- and very high-risk participants. The mean age at first diagnosis of risk 
factors and CVD was lower in these groups.
Conclusions: In Catalonia, residents born in high- and very-high-risk European countries are at increased 
risk of coronary heart disease and newly diagnosed risk factors. Low-risk European countries may consider 
tailored prevention efforts, early screening of risk factors, and adequate healthcare resource planning to 
better address the health needs of men and women from higher-risk countries.

Key words: cardiovascular disease, coronary heart disease, Eastern Europe, European, guidelines, 
hypertension, obesity, risk factors.

Introduction

The European Society of Cardiology (ESC) recent-
ly classified European countries into 4 cardiovascu-
lar risk regions: low, moderate, high, and very high 
risk [1, 2]. This classification is based on age-stan-
dardized country-level cardiovascular disease (CVD) 
mortality rates reported by the World Health Or-
ganization (WHO) [1], and is intended to enhance 
the calibration of risk estimations accounting for 
region-level differences in CVD risk and mortality.

In a  given country, cardiovascular mortality 
rates are the result of a combination of factors, in-
cluding country-level socioeconomic determinants 
of health, culture, risk factor burden, breadth of 
screening efforts, management of risk factors 
once detected, and access to and quality of care 
among individuals with established CVD [3, 4]. 
Because many of these factors are contextual, it 
is unknown whether the ESC risk classification 
should have implications for the risk assessment 
and management of Europeans born in higher-risk 
areas who move to lower-risk countries. Establish-
ing the cardiovascular prevention needs of these 
groups is important, because in many European 
nations some of the largest immigration fluxes 
come from other, typically higher-risk, European 
countries. In the United Kingdom (UK) there cur-
rently live large communities of Romanian and 
Polish residents [5]; in Germany, individuals of Pol-
ish, Russian, and Turkish origin represent the larg-
est immigrant groups [6]; in Spain, people born in 
Romania comprise the second largest immigrant 
group [7, 8]; and in Italy, Romania and Albania 
rank first and second, respectively, as countries of 
origin among the immigrant population [9].

Catalonia is home to more than 280,000 Eu-
ropeans born outside of Spain [10]. Availability 
of exhaustive regionwide healthcare databases 
allows for a detailed evaluation of the burden of 
cardiovascular risk factors and CVD in relevant 
population subgroups, and this information can 
be used to inform targeted public health interven-
tions, enhanced personalized preventive care, and 
the allocation of adequate healthcare resources. 

The aim of this study was to evaluate the bur-
den of cardiovascular risk factors and CVD among 
European-born residents living in Catalonia, strat-
ified according to the ESC 2021 regional risk clas-
sification [1, 2].

Material and methods

Setting and data source

The study was conducted in Catalonia, a  re-
gion in Northeastern Spain with a population of  
7.8 million as of year 2020, a strong public health-
care system, and universal healthcare coverage for 
all residents [11–13]. We used the Catalan Health 
Surveillance System (CHSS) database, which is the 
regionwide, automated healthcare database used 
by the Health Department of the Government of 
Catalonia for administrative, resource allocation, 
benchmarking, and other purposes. The database 
is exhaustive, undergoes frequent quality control 
checks, and captures data for all residents living 
in Catalonia, including undocumented immigrants 
(who also have access to the health system by law). 
It includes sociodemographic data, information on 
public healthcare system use, medical diagnoses, 
and prescribed medications. Medical diagnoses 
are coded using the International Classification 
of Diseases, 9th Edition, Clinical Modification (ICD 
9-CM), and medications are coded using the Ana-
tomical Therapeutic Chemical system. The CHSS 
can be linked to other relevant databases, such as 
the local Census to ascertain country of birth. Our 
group has previously used the CCHS to study the 
burden of disease in Asian populations living in 
Catalonia, and our findings were highly consistent 
with those from well-established research data-
bases in the UK, such as QResearch and the UK 
Biobank [14–16].

Study design and population

This was a  retrospective cohort study. We in-
cluded all adult individuals (i.e., 18 years of age or 
older as of December 31st, 2019) from the CHSS 
who were born in a  European country. We clas-
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sified participants into 5 mutually exclusive geo-
graphic regions of birth: low-risk, moderate-risk, 
high-risk, and very high-risk European countries, 
as defined by the ESC [1, 2]; and local-born (indi-
viduals born in Catalonia or elsewhere in Spain; 
from now on, “locals”). The list of countries in-
cluded in each group together with the number of 
individuals from each country is presented in Sup-
plementary Table SI. Although Spain is considered 
a  low-risk country by the ESC [1, 2], the “local” 
group (N = 5.3 million) was evaluated separately 
so that it could serve as a reference group and did 
not drive the results for the low-risk stratum.

Outcomes

We were interested in evaluating the burden 
of 5 major traditional cardiovascular risk factors 
and 4 CVDs: diabetes, hypertension, hyperlipid-
emia, obesity, tobacco use, coronary heart dis-
ease (CHD), cerebrovascular disease, atrial fibril-
lation (AF), and heart failure (HF). Supplementary  
Table SII presents the specific ICD codes used to 
identify each of these risk factors and conditions, 
which were consistent with the definitions previ-
ously used by our group and others [14].

Other variables

The following socioeconomic variables record-
ed in the CHSS were also used for this analysis: 
yearly income, receipt of welfare support from 
the Government, and employment status. These 
data are updated annually. In the CHSS database 
income is classified for medication co-payment 
purposes using four categories: high (annual in-
come > 100,000€), moderate (annual income 
18,000–100,000€), low (annual income < 18,000€ 
but not receiving welfare support), and very low 
(individuals receiving welfare support from the 
government) [17]. Employment status was classi-
fied as employed or unemployed, the latter also 
including retired individuals.

Statistical analysis

We used population pyramids to describe the 
age and sex distribution of the study population 
by region of origin, and computed summary sta-
tistics of mean age and sex distribution for each 
group. We also described the distribution of in-
come and employment status.

Prevalence calculations used all historical infor-
mation about medical diagnoses available in the 
CHSS database for each participant as of Decem-
ber 31st, 2019. We computed the age-standard-
ized prevalence (in %) of the 5 risk factors and  
4 CVDs of interest, stratified by sex, for each group. 
The WHO 2000–2025 world standard population 
was used for this purpose [18]. We also displayed 

graphically the prevalence of each risk factor and 
condition for each group, stratified by age and sex, 
using the following age intervals: 18–30, 30–39, 
40–49, 50–59, 60–69, and 70+ years. These results 
were expressed in number of cases per 1,000. 

We also calculated the frequency of newly re-
corded diagnoses of each of the risk factors and 
CVDs of interest between January 1st, 2019 and De-
cember 31st, 2019. This was conducted as a proxy 
of incidence calculations, was restricted to indi-
viduals at risk of each condition as of January 1st, 
and was aimed at providing additional information 
besides the prevalence calculations. Incidence was 
computed as the number of new cases per 1,000 
individuals at risk and was also age-standardized. 
Analyses of crude incidence stratified by age and 
sex were also displayed graphically.

We also described the mean age at the time of 
the first recorded diagnosis of each risk factor and 
CVD, and this was done both for prevalent and in-
cident conditions. All data management and sta-
tistical analyses were conducted using R software.

Research ethics

The data used for the present analysis had al-
ready been collected as part of the standard data 
collection procedures of the Government of Cata-
lonia and the CHSS database. Only the data sci-
entists in the Healthcare Information and Knowl-
edge Unit of the Catalan Health Service (E.V., M.C.) 
had access to the raw de-identified data, and gen-
erated summary tables for the other investigators. 
For these reasons, the requirement for informed 
consent was waived.

Results

Study participants

Our analysis included 5,593,753 Europe-
an-born adults living in Catalonia as of December 
31st, 2019: 5,310,964 locals, and 282,789 born in 
other European countries (Table I and Supplemen-
tary Figure S1). The largest non-local group was 
the very high-risk stratum (N = 136,910; 48.4%), 
followed by the moderate- and low-risk groups, 
whereas the high-risk group was the smallest 
one (N = 15,739; 5.6%). Individuals from Romania  
(N = 73,839), Ukraine (N = 18,460), and the Rus-
sian Federation (N = 15,149) comprised the ma-
jority of very high-risk participants. Other coun-
tries of origin with a large number of individuals 
included in the study (> 10,000 people each) were 
Italy, France, the United Kingdom, Germany, and 
Portugal (Supplementary Table SI).

Sociodemographic characteristics 

The local population had the highest mean 
age (51.8 years; Table I), followed by the low-risk 
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group, whereas the moderate-, high-, and very 
high-risk groups were the youngest (mean ages of 
41.9, 38.9, and 40.9 years, respectively). Women 
were the majority in the local population as well 
as in the high- and very high-risk groups. The 
higher the risk of the group, the lower was the av-
erage income and the higher was the frequency of 
unemployment status, with 88% of participants in 
the very high-risk group having either low or very 
low income, and 14% being unemployed. The pop-

ulation pyramids for each of the 5 study groups 
are presented in Supplementary Figure S2.

Cardiovascular risk factors

The results for risk factors are summarized 
in Tables II and III, Figures 1 and 2, and Supple-
mentary Figures S3–S8. In analyses of prevalence, 
the local population had the highest burden of 
all 5 cardiovascular risk factors in both men and 

Table I. Sociodemographic characteristics of the study participants

Parameter Local Low risk Moderate risk High risk Very high risk

Number 5,310,964 53,054 77,086 15,739 136,910

Mean age [years] 51.8 (18.6)  46.4 (16.3)  41.9 (13.8)  38.9 (10.7)  40.9 (12.5)

Women (%) 2,756,660 (51.9%) 26,052 (49.1%) 36,083 (46.8%) 9,435 (59.9%) 76,402 (55.8%) 

Income:

High  65,923 (1.2%) 1,859 (3.5%) 1,581 (2.1%)  90 (0.6%)  187 (0.1%)

Moderate 2,056,568 (38.7%) 19,717 (37.2%) 22,370 (29.0%) 3,662 (23.3%) 16,768 (12.2%) 

Low 3,027,107 (57.0%) 30,721 (57.9%) 51,417 (66.7%) 11,413 (72.5%) 113,172 (82.7%)

Very low 161,366 (3.0%)  757 (1.4%) 1,718 (2.2%)  574 (3.7%)  6,783 (5.0%) 

Employment status:

Employed 2,792,803 (52.6%) 25,381 (47.8%) 41,047 (53.2%) 7,732 (49.1%) 62,355 (45.5%) 

Unemployed 345,547 (6.5%) 3,781 (7.1%) 7,203 (9.3%) 2,065 (13.1%) 18,581 (13.6%) 

Results are presented as either mean (standard deviation) or number (percentage). All p-values for differences between groups < 0.001.

Table II. Age-standardized prevalence of cardiovascular risk factors and diseases, by sex and area of origin

Parameter Local Low risk Moderate risk High risk Very high risk

Men:

 Diabetes 7.0 3.9 5.0 5.3 5.2

 Hypertension 17.0 12.2 14.3 16.9 16.7

 Hyperlipidemia 15.3 10.2 12.1 11.9 12.5

 Obesity 14.3 5.9 8.5 8.2 12.9

 Tobacco use 23.4 12.9 15.4 18.5 19.7

 Coronary heart disease 3.3 2.9 3.3 4.5 3.6

 Cerebrovascular disease 2.6 1.6 2.1 1.7 2.2

 Atrial fibrillation 2.1 2.0 2.0 2.2 2.1

 Heart failure 1.3 0.8 1.1 1.3 1.1

Women:

 Diabetes 4.6 2.5 3.1 3.6 3.9

 Hypertension 14.0 9.9 11.6 14.9 15.4

 Hyperlipidemia 13.1 8.8 10.0 9.5 11.0

 Obesity 16.2 6.0 8.7 9.2 14.4

 Tobacco use 18.6 12.5 12.4 16.2 15.4

 Coronary heart disease 1.3 1.1 1.2 1.9 2.1

 Cerebrovascular disease 2.1 1.4 1.7 1.8 1.8

 Atrial fibrillation 1.3 1.1 1.2 1.5 1.3

 Heart failure 1.0 0.6 0.7 0.9 0.8

Results are presented as age-standardized prevalence, as of December 31st 2019, in %. All groups were standardized to the World Health 
Organization world population for 2000–2025. Cells shaded in grey represent the group with the highest age-standardized prevalence for 
each risk factor or disease. 
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women, except for hypertension among women, 
the prevalence of which was highest in the very 
high-risk group (15.4%; Table II). Focusing on the 
4 immigrant groups evaluated, either the high- or 
the very high-risk groups had the highest burden 
of all risk factors evaluated in both men and wom-
en, while the low-risk group consistently had the 
lowest prevalence, except for tobacco use among 
women. In analyses stratified by age, the very 
high-risk group had the highest prevalence of hy-
pertension between ages 30 and 60 years among 
men (ages 40–60 for obesity) and between ages 
40 and 70 years among women (ages 50–70 for 
obesity) (Figure 1). 

In analyses of incidence, the high-risk and very 
high-risk groups had the highest burden of all  
5 risk factors in both men and women, even high-
er than the local group (Table III). The age-adjust-
ed incidence of hypertension in women from the 
very high-risk group was 2.8%, compared with 
1.3% in the local-born population. 

CVD

The results for CVD are summarized in Tables II 
and III, Figure 3, and Supplementary Figures S9–
S14. For CHD, men from the high-risk group ranked 
highest both in terms of prevalence and incidence, 

followed by the very high-risk group. Among wom-
en, the very high-risk group ranked highest, fol-
lowed by the high-risk group. For instance, the 
age-adjusted prevalence of CHD among women 
from the very high-risk group was 2.1%, compared 
with 1.3% in local-born women; and this was 0.3% 
vs. 0.1% for incident CHD. In analyses stratified by 
age, in both men and women differences between 
groups were larger the older the age (Figure 3). 
For example, among women ≥ 70 years of age, 
the prevalence of CHD in the very high-risk group 
was 140 per 1,000, 144 per 1,000 in the high-risk 
group, and 97 per 1,000 in the local-born group. 
For the other cardiovascular conditions, differenc-
es between groups were smaller, with the low-risk 
group consistently having the lowest burden of all 
CVDs.

Mean age at first recorded diagnosis

The high-risk group consistently had the lowest 
mean age at the time of the first CHSS-recorded 
diagnosis for all prevalent and incident cardio-
vascular risk factors and conditions, except for 
prevalent tobacco use and incident diabetes (Sup-
plementary Table SIII). The very high-risk group 
ranked second youngest in 16 out of 18 diagnoses 
evaluated (or first otherwise) and was remarkably 

Table III. Age-standardized incidence of cardiovascular risk factors and diseases, by sex and area of origin

Parameter Local Low risk Moderate risk High risk Very high risk

Men:

 Diabetes 0.6 0.5 0.6 0.8 0.7

 Hypertension 1.7 1.8 2.1 2.7 2.7

 Hyperlipidemia 1.3 1.1 1.3 1.4 1.3

 Obesity 1.3 0.8 1.1 0.9 1.8

 Tobacco use 1.6 1.5 1.8 2.3 2.2

 Coronary heart disease 0.3 0.4 0.4 0.8 0.5

 Cerebrovascular disease 0.4 0.3 0.3 0.1 0.3

 Atrial fibrillation 0.3 0.3 0.3 0.3 0.4

 Heart failure 0.3 0.2 0.3 0.2 0.2

Women:

 Diabetes 0.4 0.3 0.4 0.3 0.6

 Hypertension 1.3 1.2 1.7 1.9 2.8

 Hyperlipidemia 1.0 0.9 1.2 0.7 1.2

 Obesity 1.3 0.7 1.0 1.3 2.0

 Tobacco use 1.0 1.0 1.1 1.3 1.3

 Coronary heart disease 0.1 0.1 0.1 0.2 0.3

 Cerebrovascular disease 0.3 0.3 0.2 0.5 0.3

 Atrial fibrillation 0.2 0.2 0.2 0.2 0.3

 Heart failure 0.2 0.1 0.2 0.1 0.2

Results are presented as age-standardized incidence, during the year 2019, in %. All groups were standardized to the World Health 
Organization world population for 2000–2025. Cells shaded in grey represent the group with the highest age-standardized incidence for 
each risk factor or disease.
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Figure 1. Prevalence of hypertension and obesity by sex, age, and geographic origin, as of December 31st, 2019. 
A – Hypertension, B – obesity

 Local          Low          Moderate          High          Very high

younger at the time of the first recorded diagnosis 
than the moderate-risk group, despite a  similar 
mean age (40.9 vs. 41.9 years) and a higher pro-
portion of women in the very high-risk group. For 
instance, compared with individuals in the mod-
erate-risk group, very high-risk participants were 
on average 6 years younger at the time of the first 
recording of a prevalent CHD diagnosis, 10 years 
younger at the time of the first prevalent cerebro-
vascular disease diagnosis, and 12 years younger 
at the time of the first HF diagnosis.

Discussion

Our study followed the publication of the 2021 
ESC cardiovascular risk regional classification, and 
used data for 283,000 European immigrants born 
outside of Spain and living in Catalonia, as well 

as for 5.3 million local-born men and women. Our 
findings have important implications for under-
standing the cardiovascular health and prevention 
needs of individuals born in high- and very high-
risk European countries who live in lower-risk re-
gions, such as Catalonia. Several European nations 
have increasingly multi-national, multi-ethnic 
populations [5–10], and the ESC 2021 prevention 
guidelines recommended taking into consider-
ation both regional differences within Europe and 
ethnicity for a more accurate cardiovascular risk 
assessment [2]. In this context, our findings can 
help inform more effective cardiovascular public 
health strategies in countries with large European 
immigrant communities, and more tailored cardio-
vascular risk screening, assessment, and manage-
ment approaches.
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Differences between the local-born population 
and the moderate-risk group were small. Potential 
explanations of this include: 1) the already mod-
est differences in CVD mortality between the low- 
and moderate-risk regions defined by the ESC [1, 
2], 2) the healthy worker selection often associ-
ated with migration [19], and 3) acculturation to 
a Mediterranean lifestyle among individuals born 
in non-Mediterranean moderate-risk countries 
(e.g., from Scandinavian countries and Germany) 
[20, 21]. It is also possible that a less frequent use 
of the public healthcare system among certain im-
migrant groups [22], the limited cumulative his-
torical information in the CHSS database among 
immigrants compared with local-borns, and the 
resulting under-detection/under-recording of con-
ditions may have resulted in the underestimation 

of prevalent risk factors and CVD. However, this 
would be expected to be less of an issue for in-
cidence estimations of severe acute conditions, 
such as myocardial infarctions and strokes; and 
differences between local-borns and the moder-
ate-risk group were also small for these. Our find-
ings suggest that standard cardiovascular preven-
tion approaches and care in low-risk regions such 
as Catalonia should suffice when caring for Euro-
pean immigrants born in moderate-risk countries 
who move to lower-risk regions, with no compel-
ling evidence of specific additional needs in this 
group. The same is true for individuals born in oth-
er low-risk European countries.

In contrast, individuals from high- and very 
high-risk European countries had a higher burden 
of CHD than the local population and the other 
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Figure 2. Incidence of hypertension and obesity by sex, age, and geographic origin, January 1st to December 31st, 
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immigrant groups. Relative differences were larger 
among women, in the context of local women hav-
ing a very low burden of CHD. Moreover, the high- 
and very high-risk groups ranked highest in newly 
recorded diagnoses during 2019, not only for CHD 
but also for all risk factors evaluated. Furthermore, 
the age at first recording of a CHD diagnosis in the 
CHSS database was remarkably lower among in-
dividuals from high- and very high-risk European 
countries than in the other groups, and the same 
was true for all risk factors and all other CVDs eval-
uated. Importantly, this trend was also present in 
comparisons with the moderate-risk group, which 
had a similar mean age to the very high-risk group 
and a significantly higher proportion of men. 

The high- and very high-risk groups comprised 
Eastern Europe, the Balkan peninsula, the Baltic 

countries, and Turkey (54% of all non-local study 
participants) [1, 2]. In our study population, most 
of these participants were born in Romania, 
Ukraine, and the Russian Federation. An intuitive 
explanation for the higher burden of CHD in these 
groups is the higher rates of cardiovascular risk 
factors such as hypertension, obesity, diabetes, 
and hyperlipidemia, or tobacco use reported in 
Eastern compared with Western European coun-
tries [23–26]. While our observations for prevalent 
risk factors were not consistent with this (except 
for hypertension among women), under-detection 
and under-recording may have contributed to the 
lower burden observed in all immigrant groups 
compared with the local population. Nonetheless, 
individuals from high- and very high-risk Euro-
pean countries had the highest burden of prev-
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alent risk factors across the 4 immigrant groups 
evaluated, and the results for newly recorded risk 
factors during 2019 are compelling, and overall 
qualitatively consistent with the findings from 
multi-national studies [1, 2, 23–26].

The upstream causes leading to a higher bur-
den and earlier presentation of CHD among indi-
viduals born in high- and very high-risk European 
countries are likely multifactorial. Many socio-
economic indicators associated with higher CHD 
burden tend to be more adverse in Eastern coun-
tries and the Balkans than in Central, Northern, 
and Western Europe [3, 27]. Also, immigrants from 
high- and very high-risk countries often face ad-
verse work and life conditions in their new home 
country. Our observations for average income lev-
els and employment status are consistent with 
this notion. The healthcare systems of Romania 
and Ukraine rank relatively low in several indi-
ces [12, 28], and this may have implications for 
risk factor detection and management, including 
among individuals who later move to other coun-
tries. In terms of lifestyles, according to the WHO 
the proportion of adults with sufficient levels of 
physical activity is lower in Romania than in Spain 
or the United Kingdom [29]. With regards to diets, 
in the recent Health, Alcohol and Psychosocial fac-
tors in Eastern Europe (HAPIEE) study conducted 
in Russia, Poland, and the Czech Republic, great-
er adherence to the traditional Eastern European 
dietary pattern was associated with higher CVD 
mortality in analyses adjusted for various socio-
economic factors [30]. Dairy products, eggs, pota-
toes, and lard were typical components of this di-
etary pattern and had the strongest associations 
with CVD death [30].

Alcohol intake is also believed to be an import-
ant upstream lifestyle cardiovascular risk factor in 
Eastern Europe [31, 32]. Unfortunately, detailed 
information on alcohol intake was not available 
in our database. Finally, meteorological and geo-
magnetic factors are also considered to play a role 
in CVD occurrence in countries such as Russia, 
although these are thought to be more relevant 
triggering strokes than CHD events [33], and their 
importance would be expected to be smaller 
among Russians who move to other regions. More 
research is needed to better define the upstream 
factors affecting the burden of CHD among men 
and women from high- and very high-risk areas 
who live elsewhere.

Our study has important public health impli-
cations. Men and women born in countries such 
as Romania, Ukraine, and Russia represent some 
of the largest immigrant groups not only in Cat-
alonia, but also in other Spanish regions [7, 8], 
and in other European countries such as the UK 
[5], Germany [6], or Italy [9]. In those countries, 

development of tailored, culturally adapted pub-
lic health and individual-level preventive inter-
ventions adapted to their needs and specific risk 
profile can help forestall the development of risk 
factors such as hypertension and obesity, and ul-
timately of CHD, in these groups. Importantly, re-
cent primordial and primary prevention interven-
tions such as introduction of healthier diets have 
proven effective in reducing CHD rates in coun-
tries such as Poland [34], and similar interventions 
could be tested among higher-risk groups living in 
low-risk regions. 

Study limitations

The potential challenges of using a  database 
such as the CHSS when evaluating the health of 
immigrant groups have been discussed extensively, 
both above and elsewhere [14, 35]. Despite these 
challenges, our analysis was able to confirm a high-
er burden of CHD in participants from the high- and 
very high-risk groups, with important implications 
moving forward. We have also provided reassur-
ance regarding the fact that the number of undocu-
mented immigrants who would not be detected in 
the CHSS database is expected to be low in Catal-
onia given universal healthcare coverage, including 
for undocumented immigrants [14, 22, 35].

The generalizability of our findings to other 
countries is unknown. Nevertheless, recent anal-
yses in Catalonia using the CHSS database fo-
cused on Asian populations yielded remarkably 
consistent findings with those observed in the UK 
[14–16]. This provides further reassurance with 
regards to the internal and external validity of our 
findings. Finally, information on length of stay in 
Catalonia was not available, which precluded ac-
counting for this variable in the analyses, as well 
as evaluating the extent and effect of Mediterra-
nean acculturation. Further research is needed in 
this field. 

In conclusion, in Catalonia, residents born in 
high- and very high-risk European countries have 
a higher burden of CHD than the local-born pop-
ulation. This is particularly evident among wom-
en in the context of local-born women being at 
very low risk for CHD. Hypertension and obesity 
are frequent risk factors among participants from 
high- and very high-risk European countries, and 
often develop at young ages. Our findings provide 
further support for the cardiovascular risk clas-
sification used in the 2021 ESC guidelines, and 
have implications for lower-risk areas receiving 
large influxes of men and women from high- and 
very high-risk European countries. Specifically, 
our study may be used to inform tailored cardio-
vascular public health campaigns, adapted early 
screening of risk factors, and healthcare resource 
planning. 
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