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ABSTRACT
Natalia Skogberg. Cardiovascular risk factors among Russian, Somali and
Kurdish origin populations in Finland
Cardiovascular diseases (CVDs) are the leading cause of death globally. To
a large extent, CVDs can be prevented through following healthy lifestyles.
Cardiovascular risk factors have been regularly monitored at a national level
in a number of high-income countries, including Finland. This monitoring
data has been utilised in decision making and service planning to reduce
regional and socioeconomic inequalities in cardiovascular risk factors and
CVD at the population level. Prevalence of type 2 diabetes, hypertension,
dyslipidaemia, obesity, and smoking (mainly among men) have often been
reported to be high among persons of migrant origin living in European
countries. However, there is also significant heterogeneity across migrant
origin groups. With increasing population diversity in Finland, there is an
acute need for information on cardiovascular risk factors among persons of
migrant origin.
This dissertation consists of four sub-studies using data from the Migrant
Health and Wellbeing Study (Maamu), gathered between 2010 and 2012. The
aim of this dissertation was to examine cardiovascular risk factors among
persons of Russian, Somali and Kurdish origin. The reference group consists
of participants in the Health 2011 Survey, who represent the general Finnish
population. This is the first dissertation focusing on noncommunicable
disease risk factors among persons of migrant origin in Finland using objectively measured population-based health examination survey data. Persons
of Russian, Somali and Kurdish origin are highly diverse in culture, religion
and reasons for migration. These are significant population groups not only
in Finland but also in other high-income countries. Despite this, there is a
limited amount of objectively measured data on cardiovascular risk factors
among these population groups in Europe and other regions.
Significant diversity in cardiovascular risk profiles among the study groups
was observed. Hypertension was most common among the general population
(men 36%, women 24%) and persons of Russian origin (men 34%, women
21%). Prevalence of smoking was highest among men of Russian and Kurdish
origin (30% and 27%, respectively), whereas women of migrant origin were
significantly less likely to smoke than women in the general population.
Prevalence of type 2 diabetes was highest among persons of Somali origin
(16%) and Kurdish origin (men 11% and women 12%), accompanied with
a high prevalence of obesity among women (Somali origin 65%, Kurdish
origin 54%). With the exception of Somali origin men, clustering of three
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or more metabolic risk factors included into the definition of the metabolic
syndrome was significantly more common among persons of migrant origin
compared with the general population. Adjustment for lifestyle-related factors
attenuated the observed differences among migrant origin women only. Waist
circumference and waist-to-height ratio were the best determinants of type
2 diabetes across all study groups, however accuracy of detection was lower
among persons of Somali and Kurdish origin. The degree of the association
between glycated haemoglobin (HbA1c) and anthropometric measures varied
across study groups, being lowest among persons of Kurdish origin.
Findings of the four sub-studies call for the need to systematically include
persons of migrant origin into national-level monitoring of cardiovascular risk
factors. High prevalence of type 2 diabetes among Somali and Kurdish origin
men and women, and of obesity among women belonging to these groups,
should be a major focus of future public health interventions. Currently
used non-invasive diabetes risk assessment tools assume a strong correlation
between anthropometrics and type 2 diabetes. Findings on the differences in
the degree of association between anthropometrics and type 2 diabetes among
persons of Somali and Kurdish origin raise important concerns regarding
the validity of using these risk assessment tools among diverse populations.
There is a possibility of misclassifying persons at increased risk for type 2
diabetes. Influence of additional lifestyle-related factors, such as migration-related exposures, psychosocial factors, mental health and discrimination, on
the observed differences in cardiovascular risk profiles among the studied
populations needs to be explored in future studies.
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TIIVISTELMÄ
Natalia Skogberg. Cardiovascular risk factors among Russian, Somali and
Kurdish origin populations in Finland [Sydän- ja verisuonitautien riskitekijät
venäläis-, somalialais- ja kurditaustaisessa väestössä Suomessa]
Sydän- ja verisuonitaudit ovat maailmanlaajuisesti yleisin ennenaikaisien kuolemien syy, vaikka niitä voidaan merkittävästi ehkäistä terveillä
elämäntavoilla. Sydän- ja verisuonitautien riskitekijöiden esiintyvyyttä on
säännöllisesti seurattu monessa kehittyneessä maassa, myös Suomessa.
Tämä seurantatieto on ollut keskeisenä perustana riskitekijöiden, ja sitä
kautta myös tautien esiintyvyyden vähentämisessä sekä näihin liittyvien
alueellisten ja sosioekonomisten erojen kaventamisessa. Tyypin 2 diabetes,
hypertensio, dyslipidemia, lihavuus ja tupakointi (erityisesti miehillä) on
todettu yleisiksi Euroopassa asuvilla ulkomaalaistaustaisilla henkilöillä. Toisaalta, eri ulkomaalaistaustaisten ryhmien riskiprofiileissa on todettu myös
suuria eroja. Suomen väestön moninaistumisen myötä on tärkeätä kerätä
tietoa myös ulkomaalaistaustaisen väestön sydän- ja verisuonitaudeista ja
niiden riskitekijöistä.
Tämä väitöskirjatutkimus koostuu neljästä osatyöstä, joissa hyödynnetään
Maahanmuuttajien terveys ja hyvinvointitutkimuksen (Maamu) aineistoa
vuosilta 2010-2012. Tutkimuksen tavoitteena oli tutkia sydän- ja verisuonitautien riskitekijöitä venäläis-, somalialais- ja kurditaustaisessa väestössä.
Vertailuryhmänä olivat tutkimuspaikkakuntien koko väestöä edustavat
Terveys 2011 tutkimukseen osallistuneet henkilöt. Tämä on ensimmäinen
väitöskirja, jossa tutkitaan kansantautien riskitekijöitä Suomessa asuvilla
ulkomaalaistaustaisilla henkilöillä hyödyntäen objektiivisesti mitattuja tietoja
väestön terveystarkastustutkimusaineistoista. Venäläis-, somalialais- ja
kurditaustaisen väestön kulttuurit, uskonnot sekä maahanmuuttosyyt ovat
erilaisia. Tutkitut ryhmät ovat merkittäviä väestöryhmiä Suomen lisäksi
myös monessa muussa kehittyneessä maassa. Tästä huolimatta aiempaa
väestötutkimustietoa sydän- ja verisuonitautien riskitekijöiden yleisyydestä
näissä ryhmissä on hyvin niukasti.
Tutkimuksessa havaittiin ryhmien välillä merkittäviä eroja sydän- ja
verisuonitautien riskiprofiileissa. Kohonnutta verenpainetta oli eniten
koko väestöllä (miehillä 36%, naisilla 24%), joilla hypertension yleisyys oli
samanlaista kuin venäläistaustaisilla (miehillä 34%, naisilla 21%). Tupakointi oli yleisintä venäläis- ja kurditaustaisilla miehillä (30% ja 27%).
Ulkomaalaistaustaiset naiset puolestaan tupakoivat tutkimuspaikkakuntien
koko väestön naisia harvemmin. Tyypin 2 diabetes oli yleisin somalialais(16%) ja kurditaustaisilla (miehillä 11% ja naisilla 12 %). Myös lihavuus
v

oli yleistä näihin väestöryhmin kuuluvilla naisilla (somalialaistaustaisilla
65%, kurditaustaisilla 54%). Somalialaistaustaisia miehiä lukuun ottamatta,
vähintään kolmen metabolisen riskitekijän samanaikainen esiintyvyys oli
yleisempää ulkomaalaistaustaisella väestöllä kuin tutkimuspaikkakuntien
koko väestössä. Vakiointi elämäntapamuuttujilla kavensi havaittuja eroja
vain naisilla koko väestöön verrattuna. Vyötärön ympärys ja vyötärö-pituussuhde olivat parhaat antropometriset tekijät tyypin 2 diabeteksen riskin
tunnistamisessa. Näiden tarkkuus määrittää tyypin 2 diabetesta oli heikompi
somalialais- ja erityisesti kurditaustaisessa väestössä. Glykosyloituneen hemoglobiinin (HbA1c) ja antropometristen mittareiden välisen yhteyden aste
vaihteli ryhmien välillä ja oli erityisen heikko kurditaustaisilla.
Tutkimustulokset osoittavat, että ulkomaalaistaustaisen väestön sydänja verisuonitautien riskitekijöiden esiintyvyyden seuranta tulisi integroida
selkeämmin osaksi koko väestön terveydenseurantaa. Terveydenedistämistoimissa tulisi kiinnittää erityistä huomiota tyypin 2 diabeteksen ehkäisyyn
somalialais- ja kurditaustaisilla sekä näihin väestöryhmiin kuuluvien
naisten lihavuuden ehkäisyyn ja hoitoon. Tällä hetkellä käytössä olevat
ei-invasiiviset diabetesriskin arviointityökalut perustuvat oletukseen, että
antropometriset mittarit ovat vahvasti yhteydessä tyypin 2 diabeteksen riskiin.
Tässä tutkimuksessa havaittu antropometristen mittareiden heikompi tarkkuus määrittää somalialais- ja kurditaustaisten tyypin 2 diabetestapauksia
herättävät epäilyn nykyisin käytössä olevien diabetesriskin arviointityökalujen
validiteetista ulkomaalaistaustaisen väestön riskien arvioinnissa. Nykyisten
riskinarviointimenetelmien perusteella voidaan riskiryhmiin kuuluvat
luokitella väärin. Jatkotutkimuksissa tulisi myös tarkastella muiden kuin
elämäntapatekijöiden yhteyttä havaittuihin eroihin sydän- ja verisuonitautien esiintyvyydessä tutkituissa väestöryhmissä. Tällaisia ovat esimerkiksi
maahanmuuttoon, psykososiaaliseen hyvinvointiin, mielenterveyteen ja
mahdollisiin syrjintäkokemuksiin liittyvät tekijät.
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1 INTRODUCTION
Cardiovascular diseases (CVD) are the leading cause of mortality and
morbidity globally (Roth et al., 2017). While CVD mortality has dramatically
decreased in Finland over the past decades through sizeable health promotion
measures, CVD remains the leading cause of death (Jousilahti et al., 2016).
The risk for CVD accumulates throughout the life span through a complex
interaction between genetic, biological and environmental factors (Mendis,
Puska, & Norrving, 2011). There is substantial heterogeneity in mortality,
prevalence of disease and risk factors for CVD across migrant origin groups,
as well as by migrant status and country of residence (Agyemang, Addo,
Bhopal, Aikins Ade, & Stronks, 2009; Byberg, Agyemang, Zwisler, Krasnik,
& Norredam, 2015; Kumar et al., 2009; Rafnsson & Bhopal, 2009).
Information on cardiovascular risk profiles and related factors among
persons of migrant origin is essential in order to reduce health inequalities across different population groups that are both unjust and avoidable
(Agyemang, de-Graft Aikins, & Bhopal, 2012a). A substantial majority of
migration to high-income countries occurs from low- and middle income
countries (United Nations, 2015). With increasing globalization and industrialization, low- and middle-income countries are undergoing a similar
epidemiologic transition seen in high-income countries between the 1920s
and 1940s (Vandenheede et al., 2012). Information on cardiovascular risk
factors among persons of migrant origin can not only facilitate our overall
understanding of the epidemiology of CVD but may also be useful for
projecting estimates of future disease burden in low- and middle-income
countries (Agyemang et al., 2012a).
To a large extent, CVD can be prevented through lifestyle-related interventions (Roth et al., 2017). Modifiable risk factors are estimated to account
for 90% of acute coronary events (Yusuf et al., 2004). Cardiovascular risk
factors have been regularly monitored at the population level in Finland
through repeated health examination surveys to inform evidence-based
public health decision making (Kilpeläinen et al., 2016). As a result, an 83%
decline in coronary heart disease mortality has been achieved among the
working-age population over the past four decades (Jousilahti et al., 2016).
Migrant origin populations have been underrepresented in national health
examination surveys due to insufficient sample size and low participation rates
(Castaneda, Rask, Koponen, Mölsä, & Koskinen, 2012). As a consequence, no
population-based information on cardiovascular risk factors among persons
of migrant origin has been previously available in Finland (Laatikainen et al.,
2016). The size of the foreign-born population in Finland has grown from
0.5% to nearly 6% over the past three decades (Statistics Finland, 2017). With
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increasing population diversity, information on cardiovascular risk profiles
of migrant origin populations is acutely needed to develop effective health
promotion programmes for reducing CVD morbidity and mortality in the
population as a whole.
This study produces previously unavailable information on cardiovascular risk profiles and related factors among persons of Russian, Somali and
Kurdish origin using data from the first large-scale population-based migrant
health examination survey in Finland. Furthermore, this study contributes
to the methodological discussion concerning assessment of future risk for
adverse cardiovascular outcomes in an increasingly diversifying population.
Persons of Russian, Somali and Kurdish origin are diverse in reasons for
migration, religion and culture and are significant population groups not
only in Finland but also in other countries. There are approximately 3 million
persons of Russian origin living in the United States (US) and another 3
million in Germany, with sizable populations also in the Baltic countries
and Canada (Kaucher et al., 2017; United Nations, 2015). Approximately 1
million persons of Somali origin have migrated to high-income countries,
with largest populations in United Kingdom (UK), Canada, US, Sweden,
Netherlands, Norway, Germany and Denmark (United Nations, 2015). There
are uncertain estimates of the number of persons of Kurdish origin living
outside of Kurdistan as these persons are challenging to identify in country
statistics (Bahar, 2013). According to Council of Europe estimates, 1.3 million
persons of Kurdish origin live in Western Europe, with largest populations in
Germany, France, UK, Sweden and the Netherlands (Russell-Johnson, 2006).
Other estimates range between 850 000 to 2 million persons of Kurdish origin
in Europe (Bahar, 2013).
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2 DEFINITION OF KEY CONCEPTS
2.1 CARDIOVASCULAR RISK FACTORS
CVD is an umbrella term for diseases affecting the functioning of the heart
and blood vessels (Mendis et al., 2011). The most common cause for CVD is
atherosclerosis, caused by build up of plaque in the arteries (Davies & Woolf
1993). Atherosclerosis occurs in coronary artery disease, cerebrovascular
disease and peripheral arterial disease. Presence of these diseases increases
the risk for acute and potentially fatal outcomes due to stroke and myocardial
infarction (Roth et al., 2017). The focus of this dissertation is on cardiovascular risk factors leading to atherosclerosis.
Cardiovascular risk factors can be divided into non-modifiable and
modifiable risk factors. Non-modifiable risk factors include family history,
older age, sex, race and ethnicity (Mendis et al., 2011; Yusuf et al., 2004).
Modifiable risk factors for CVD are hypertension, dyslipidaemia, hyperglycaemia, obesity, type 2 diabetes (T2D), smoking and other lifestyle-related
factors. (Lee et al., 2007; Levitzky et al., 2008; Wilson, D’Agostino, Sullivan,
Parise, & Kannel, 2002). Cardiovascular risk factors are closely interrelated
and the onset of one risk factor predisposes to accumulation of other risk
factors (Mendis et al., 2011). Cardiovascular risk factors also share common
underlying lifestyle-related risk factors, including excess alcohol intake, sedimentary lifestyle, unhealthy diet, high levels of psychosocial stress and other
unfavourable lifestyle-related behaviours (Mendis et al., 2011; Yusuf et al.,
2004). Declining trends in classical cardiovascular risk factors (hypertension,
elevated total serum cholesterol and smoking) have been observed in high
income countries over the past decades, however prevalence of other risk
factors such as obesity and T2D have increased exponentially (NCD Risk
Factor Collaboration, 2016; Roth et al., 2017).
Hypertension is a condition where the blood pressure in the arteries
remains elevated over a prolonged period of time (Williams et al., 2018;
Whelton et al., 2018). Risk factors for hypertension include older age, family
history of hypertension, high sodium and low potassium intake, smoking,
excess alcohol intake, sedimentary lifestyle and obesity (Cox, Whichelow,
Ashwell, Prevost, & Lejeune, 1997; Elliott et al., 1996; Virdis, Giannarelli,
Neves, Taddei, & Ghiadoni, 2010). The risk for stroke and coronary heart
disease increases two-fold as systolic blood pressure (SBP) increases by
20mmHg from 115 mmHg or diastolic blood pressure (DBP) increases by
10mmHg from 75 mmHg (Lewington et al., 2002). Categories of hypertension
are outlined in Table 1.
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Table 1.

ESH/ESC and AHA categories of hypertension

Table 1: ESH/ESC and AHA categories of hypertension
Blood pressure
category

ESH/ ESC (Williams et al., 2018)
SBP
DBP
mmHg
mmHg
<120
and
<80
120-129
and/or
80-84
130-139
and/or
85-89

AHA (Whelton et al., 2018)
SBP
DBP
mmHg
mmHg

Optimal
Normal
<120
and
<80
Elevated/ high
120-129
and
<80
normal
Grade 1
140-159
and/or
90-99
130-139
and/or
80-89
Hypertension
Grade 2
160-179
and/or
100-109
≥140
and/or
≥90
Hypertension
Grade 3
≥ 180
and/or
≥110
Hypertension
ESH, European Society of Hypertension; ESC European Society of Cardiology; AHA American Heart
ESH,SBP
European
Society
of Hypertension;
ESC European
Association;
systolic blood
pressure;
DBP diastolic blood
pressure. Society of Cardiology; AHA

American Heart Association; SBP systolic blood pressure; DBP diastolic blood pressure.

Dyslipidaemia is strongly associated with atherosclerotic heart disease
Dyslipidaemia
strongly
associated
with atherosclerotic
heartcholesterol
disease and
and
is defined as isone
or more
of the following:
elevated total
(≥is
defined aselevated
one or more
of the following:
elevated
total
cholesterol
(≥ mmol/l),
5mmol/l),
5mmol/l),
low-density
lipoprotein
(LDL)
cholesterol
(≥3
elevatedtriglycerides
low-density(>1.7
lipoprotein
(LDL)
cholesterol
(≥3 mmol/l),
elevated
elevated
mmol/l)
and/or
low levels
of high-density
lipoprotein
(HDL)
cholesterol
(<1.0 mmol/l
for of
men
and <1.2 mmol/l
for
triglycerides
(>1.7
mmol/l) and/or
low levels
high-density
lipoprotein
women)
al., 2017).
factors
include(Catadiet
(HDL)(Catapano
cholesterolet(<1.0
mmol/lRisk
for men
andfor
<1.2dyslipidaemia
mmol/l for women)
high
in et
saturated
sedimentary
lifestyle
anddiet
excessive
alcohol
pano
al., 2017).fat,
Riskobesity,
factors for
dyslipidaemia
include
high in saturated
intake
(Klop,
Elte,
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Table 2.

Reference categories for anthropometric measures

Table 2: Reference categories for anthropometric measures
Reference categories

BMI (kg/m2)
(Ashwell &
Gibson, 2016)

WC (cm)
WHtR (Ashwell WHR
(World Health
& Gibson,
(World Health
Organisation,
2016)
Organisation,
2011b)
2011b)
No increased risk/
< 25
≤ 94 (men)/
< 0.50
< 0.90 (men)/
normal weight
≤ 80 (women)
< 0.85 (women)
Increased risk/
25-29.9
95-102 (men)/ 81≥ 0.50-0.59
N/A
overweight
88 (women)
Very high risk/
≥ 30
≥ 103 (men)/
≥ 0.60
≥0.90 (men)/ ≥0.85
obesity
≥ 89 (women)
(women)
BMI, Body mass index; WC, Waist circumference; WHtR, Waist-to-height ratio; WHR, waist-to-hip ratio.

BMI, Body mass index; WC, Waist circumference; WHtR, Waist-to-height ratio;
WHR, waist-to-hip ratio.

Lower reference categories have been established for persons of Asian origin
(South Asian, Chinese, Japanese) as these populations have been shown to
have a higher accumulation of fat at lower WC and BMI levels (World Health
Organisation, 2011b). Currently, no reference categories are available for
African or Middle-Eastern origin populations (World Health Organisation,
2000; World Health Organisation, 2011b). Lower WC cut-offs for men and
higher cut-offs for women have been proposed to be better for persons of
African origin (Sumner, 2008) than the ones in the current World Health
Organisation (WHO) guidelines. Obesity cut-offs used among persons of
Asian origin have also been suggested for use in Iran (Shabnam et al., 2012).
In another study (Bennet, Stenkula, Cushman, & Brismar, 2016), 10 cm lower
cut-off for WC among persons of Iraqi origin was shown to correspond with
the WC cut-off of 94 cm and 80 cm among men and women respectively in
the general Swedish origin population. For BMI, the cut-off of 28.5 kg/m2
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for men and 27.5 kg/m2 corresponded with the cut-off of 30 kg/m2 in the
general Swedish population (Bennet et al., 2016).
T2D is a chronic disease caused by insulin resistance and impairment in
pancreatic functioning, leading to disturbances in glucose metabolism (World
Health Organisation, 2006). Persons with T2D have a two to three times
higher risk for CVD (Haffner, Lehto, Ronnemaa, Pyörälä, & Laakso, 1998).
Risk factors for T2D include older age, ethnicity, family history, gestational
diabetes, obesity, poor diet, low levels of physical activity, hypertension,
elevated glucose levels, dyslipidaemia, smoking and psychosocial stress (Kelly
& Ismail, 2015; Murea, Ma, & Freedman, 2012). Abdominal obesity is a
central precursor to glucose impairment and T2D (Eckel, Alberti, Grundy,
& Zimmet, 2010; Krentz, 1996). T2D is determined based on fasting blood
glucose (FG) levels, 2-hour plasma glucose value following administration
of a 75g oral glucose tolerance test or glycated haemoglobin (HbA1c) levels
(American Diabetes Association, 2018; World Health Organisation, 2011a).
Categorisations for normal glucose levels, impaired glucose levels and T2D
are presented in Table 3. Impaired glucose levels, often referred to as pre-diabetes, indicate that the person has an increased risk for developing T2D in
the future (World Health Organisation, 2011a).
Smoking is an independent risk factor for CVD (Ezzati, Henley, Thun,
& Lopez, 2005). Smoking creates oxidative stress that impairs endothelial
functioning essential for a healthy cardiovascular system (Ozguner, Koyu, &
Cesur, 2005). Smoking also increases blood clotting (thrombosis) and chronic
inflammation (Lee, Taneja, & Vassallo, 2012; Pomp, Rosendaal, & Doggen,
2008). The effect of smoking on onset of CVD is also mediated through
other cardiovascular risk factors by lowering HDL-cholesterol levels and
impairing glucose metabolism (Targher et al., 1997; Whitehead, Robinson,
& Allaway, 1996). The risk for CVD is twice as high among smokers and
grows exponentially with the co-occurrence of additional cardiovascular risk
factors (Ezzati et al., 2005).
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Table 3.

WHO and ADA reference categories for glucose levels

Table 3: WHO and ADA reference categories for glucose levels
Glucose level

WHO (World Health Organisation,
2011a)
FG ≤ 6.0 mmol/l and 2-h PG following
OGTT < 7.8 mmol/l and HbA1c < 42
mmol/mol
FG > 6.0 mmol/l or 2-h PG following
OGTT 7.8-11.0 mmol/l
(HbA1c 42-47 mmol/mol*)
FG ≥ 7.0 mmol/l or 2-h PG following
OGTT ≥ 11.1 mmol/l or HbA1c ≥ 48
mmol/mol

ADA (American Diabetes Association,
2018)
Normal
FG < 5.6 mmol/l and 2-h PG following
OGTT < 7.8 mmol/l and HbA1c < 39
mmol/mol
Prediabetes
FG 5.6-6.9 mmol/l or 2-h PG following
OGTT 7.8-11.0 mmol/l or
HbA1c 39-47 mmol/mol
Type 2 diabetes
FG ≥ 7.0 mmol/l or 2-h PG following OGTT
≥ 11.1 mmol/l or HbA1c ≥ 48 mmol/mol or
random plasma glucose ≥ 11.1 mmol/mol
for a person with symptoms of
hyperglycaemia
FG, fasting plasma glucose; 2-h PG following OGTT, 2-hour plasma glucose following oral glucose
FG, fasting plasma glucose; 2-h PG following OGTT, 2-hour plasma glucose following
tolerance test; HbA1c, glycated haemoglobin.
oral glucose tolerance test; HbA1c, glycated haemoglobin.
*There is currently insufficient evidence for the use of HbA1c cut-off ≥ 42 mmol/mol as a diagnostic tool
for pre-diabetes and it is not recommended as a single diagnostic tool.

*There is currently insufficient evidence for the use of HbA1c cut-off ≥ 42 mmol/mol as
a diagnostic tool for pre-diabetes and it is not recommended as a single diagnostic tool.

2.2 MIGRATION AND MIGRANTS

2.2
MIGRATION AND MIGRANTS
There is no universally accepted terminology when talking about migrants.

There
is no universally
accepted for
terminology
talking
about migrants.
The International
Organization
Migration when
defines
a migrant
as an
individual
who
has
moved
from
their
permanent
dwelling,
regardless
The International Organization for Migration defines a migrant as an of
indiwhether
thehas
move
was from
withintheir
a state
or across
international
borders,
and
vidual
who
moved
permanent
dwelling,
regardless
of whether
irrespective
the individual’s
legalinternational
status, reasons
for the
the
move wasofwithin
a state or across
borders,
and movement,
irrespective of
whether the move was voluntary or forced, or duration of stay (Perruchoud &
the individual’s legal status, reasons for the movement, whether the move was
Redpath-Cross, 2011). The United Nations High Commissioner for Refugees,
voluntary
or forced,
duration
of stay (Perruchoud
& Redpath-Cross,
2011).
on the other
hand, or
defines
a migrant
as an individual
who has moved
The
United
Nations
High
Commissioner
for
Refugees,
on
the
other
hand,
voluntarily from their permanent dwelling with the purpose of improving
defines
a migrant
as anwhereas
individual
who has
from
their
their living
conditions,
a refugee
is amoved
personvoluntarily
who has left
their
permanent
dwelling
in
fear
of
persecution
or
fleeing
war
conflict,
violations
permanent dwelling with the purpose of improving their living conditions,
of human
rights is
or a other
of social,
political
or environmental
whereas
a refugee
personkinds
who has
left their
permanent
dwelling in fear
instabilities (United Nations High Commissioner for Refugees, 2018a).
of persecution or fleeing war conflict, violations of human rights or other
Another ambiguous term related to migration is asylum seekers.
kinds
of social, political or environmental instabilities (United Nations High
International Organisation for Migration defines asylum seekers as a subCommissioner
forasRefugees,
group of refugees
persons 2018a).
who have applied for and are waiting for a
Another
term(Perruchoud
related to migration
is asylum 2011).
seekers.InInternadecision
onambiguous
legal asylum
& Redpath-Cross,
the
European
Union on the
hand, adefines
refugeeasylum
is defined
basedason
their legal of
tional
Organisation
forother
Migration
seekers
a sub-group
status asas
a persons
person who
granted
legal asylum,
whereasonanlegal
refugees
whohas
havealready
appliedbeen
for and
are waiting
for a decision
asylum
seeker
is
a
person
who
has
applied
for
and
is
awaiting
decision
on the
asylum (Perruchoud & Redpath-Cross, 2011). In the European Union on
legal asylum. (European Commission, 2018) Quota (resettlement) refugees
other hand, a refugee is defined based on their legal status as a person who has
are a subgroup of refugees who are transferred from the country where they
already
been granted
asylum,
an asylum
seeker istoa person
have initially
applied legal
for asylum
to whereas
a third country
committed
grantingwho
has
applied
and is(United
awaitingNations
decisionHigh
on legal
asylum. (European
Commisthem
legal for
asylum
Commissioner
for Refugees,
sion, 2018) Quota (resettlement) refugees are a subgroup of refugees who are
transferred from the country where they have initially applied for asylum to a
third country committed to granting them
19 legal asylum (United Nations High
Commissioner for Refugees, 2018b). When selecting persons who are granted
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refuge based on quota, Finland gives priority to those who have the most acute
need for humanitarian assistance (Ministry of Interior, 2013).
Race has traditionally been used to characterize a person based on their
physical characteristics, whereas ethnicity is a broader term for a social group
to which a person belongs to based on common physical, cultural, social or
other characteristics (Bhopal, 2004). Comparison of findings across studies
is challenging due to differences in how migrants are identified, study design,
sampling method and sampling size, when the study has been conducted,
reference group, formulation of survey questions and measurement methods
(Agyemang et al., 2009; Bhopal, 2004; Ujcic-Voortman, Baan, Seidell, &
Verhoeff, 2012). While grouping persons into regional groups (for example
African/Sub-Saharan African, Middle-Eastern/Middle-East and North
African/Eastern Mediterranean, Eastern European) may be necessary for
gaining adequate sample size for statistical analyses, the composition of these
broad regional groups often varies across studies (Agyemang et al., 2013;
Modesti et al., 2016; Tu et al., 2015; Ujcic-Voortman et al., 2012).
In this dissertation, persons of Russian, Somali and Kurdish origin have
been identified from the National Population Register based on their country
of birth and mother tongue. These groups are referred to here as “persons of
a Russian, Somali or Kurdish origin” to acknowledge that despite having the
same country of birth and mother tongue, there is substantial diversity within
these groups. The general population of Finland is the reference group. This
term was chosen because information on the country of birth of the reference
group has not been collected.
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3 CONCEPTUAL FRAMEWORK OF THE STUDY
Persons coming from low- and middle-income countries undergo a rapid
epidemiological transition upon migration to high-income countries, with a
substantial reduction in communicable diseases and maternal, neonatal and
child mortality soon after migration (Vandenheede et al., 2012). Decrease in
exposure to health threats common in the country of origin and the lag time for
emergence of new chronic disease risk factors may lead to a health advantage
compared with the general population in the country of migration (Spallek,
Zeeb, & Razum, 2011). Findings of better health among persons of migrant
origin in comparison with the general population in the country of migration
are usually attributed to the “healthy migrant effect” (Fennelly, 2007). However,
the healthy migrant effect that postulates that the healthier ones are more likely
to migrate has been increasingly questioned due to substantial heterogeneity
across persons of migrant origin and depending on the health outcome being
studied (Agyemang et al., 2012a; Norredam et al., 2014).
Furthermore, even in populations that have a health advantage upon
migration, it is unclear whether it persists with a longer length of residence.
Although findings are based on cross-sectional studies that do not allow for
establishment of causality, some studies show poorer cardiovascular health
among persons of migrant origin with longer length of residence in the
country of migration (Commodore-Mensah et al., 2016; Fuller-Thomson,
Noack, & George, 2011). Instead of length of residence per se, it is possible
that cardiovascular risk factors among migrant origin populations are rather
a product of accumulation of adverse exposures throughout the life course
and at different stages of migration, which are mediated through societal
structures and the environment (Ben-Shlomo & Kuh, 2002; Commission on
Social Determinants of Health, 2010; Spallek et al., 2011).
The conceptual framework of this dissertation integrates the Social Determinants of Health framework into the life course perspective (Ben-Shlomo
& Kuh, 2002; Commission on Social Determinants of Health, 2010). Additionally, it draws from the framework on different exposures during the life
course on the health of migrants proposed by Spallek et al. (2011), which adds
a third dimension to the conceptual framework of this dissertation through
migration-related experiences. (Figure 1)
From the life course perspective to chronic disease epidemiology, cumulative physical and social exposures at critical points (fetal development stage,
childhood, adulthood) over the life course are responsible for development of
CVD and T2D (Ben-Shlomo & Kuh, 2002). Poor fetal growth leads to biological programming that alters the metabolism of an individual (Barker, 1990).
However, it appears that cumulative exposure at other critical points during

9

childhood and adulthood may make a significant, if not critical, contribution
to the potential onset of CVD and T2D (Lithell et al., 1996; McKeigue, Lithell,
& Leon, 1998; Perng et al., 2016). The role of the environment is also central
in the development of disease (Ben-Shlomo & Kuh, 2002). Genes predispose
to disease but expression or suppression of gene programming is, to a large
extent, moderated through the environment (Dover, 2009; Nagpal, Gibson, &
Marigorta, 2018). Such gene-environment interaction has been hypothesized
to occur in, for example, South Asian origin populations in the presence
of energy excess, leading to metabolic disorders including obesity, glucose
impairment, and dyslipidaemia at lower adipose tissue masses compared
with reference populations in Europe (Sniderman, Bhopal, Prabhakaran,
Sarrafzadegan, & Tchernof, 2007).
The complexity of pathways through which the environment influences
health is outlined in the WHO’s Commission on Social Determinants of
Health conceptual framework (Commission on Social Determinants of
Health, 2010). According to this framework, health inequalities across
population groups arise from societal structures that are the socioeconomic
and political context within which the individual is immersed. The context
creates social hierarchies which in turn reinforce unequal distribution of
societal resources, such as wealth, status and power, between population
groups. Social class, occupation, education and income condition the socioeconomic position of an individual (Commission on Social Determinants
of Health, 2010). Large-scale studies show that health inequalities between
population groups can be, to a large extent, attributed to socioeconomic
position (Mackenbach et al., 2008; Stirbu et al., 2010). In addition to socioeconomic position, sex and ethnicity have also been identified to contribute
to health inequalities (Commission on Social Determinants of Health, 2010).
Socioeconomic position, sex and ethnicity contribute to health inequalities
through a complex interaction between material, behavioural, psychosocial,
occupational and physical factors (Aldabe et al., 2011; Skalicka, van Lenthe,
Bambra, Krokstad, & Mackenbach, 2009). Societal structures reinforce social
patterning of disease through influencing the likelihood of being subjected
to adverse exposures (Commission on Social Determinants of Health, 2010).
Genetic programming, types and severity of physical and social exposures
experienced by persons of migrant origin prior to migration may be quite
different from those experienced by the general population in the country
of migration (Spallek et al., 2011). Pre-migration exposures may be related
to adverse physical and social conditions, such as poor hygiene and sanitation, infectious diseases, poor nutrition and stressors such as war, terrorism,
political oppression, direct threat to self or family, and environmental hazards
(Agyemang, Goosen, Anujuo, & Ogedegbe, 2012b; Castaneda et al., 2017;
Spallek et al., 2011). The migration process in itself may hold a variety of
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physical and psychosocial hazards that can further contribute to stressors
related to migration (Spallek et al., 2011). Post migration experiences, which
may consist of an adverse environment in the country of migration, lower
socioeconomic position compared with the general population, and/or
structural and internalized discrimination, may further predispose to an
accumulation of negative exposures at vulnerable life phases (Boateng et al.,
2017; Harris et al., 2006; Nazroo, 2003; Rask et al., 2016; Rask et al., 2018). In
Figure 1, physical and social exposures at critical points (fetal development
stage, childhood, adulthood) are marked on the cumulative risk slope. The
effect of migration-related experiences may occur at any point throughout
the life course. The effect of migration-related experiences is likely to be
magnified if migration-related stressors occur at critical stages of the life
course (represented as darker dash lines in Figure 1).

Adapted from (Ben-Shlomo & Kuh, 2002; Commission on Social Determinants of
Health, 2010; Spallek et al., 2011)
Figure 1: Life course perspective on chronic disease epidemiology among persons of
migrant origin
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4 LITERATURE REVIEW
4.1 CARDIOVASCULAR MORTALITY AND RISK FACTORS
IN THE COUNTRIES OF ORIGIN OF THE STUDIED
POPULATIONS
Persons of Russian, Somali and Kurdish origin come from geographically
diverse areas (Figure 2). Following a peak in the late 1940s, a substantial decline
in CVD mortality has been achieved in Finland through reduction of the prevalence of elevated blood pressure, total cholesterol and smoking (Jousilahti et
al., 2016). Instead of a rising and falling trend seen in high-income countries,
CVD mortality has fluctuated in the Russian Federation (henceforth referred
to as Russia), largely reflecting the socioeconomic situation in the country and
expenditures allocated to healthcare (GBD 2016 Russia Collaborators, 2018;
Petrukhin & Lunina, 2012). Over the past decade, declining trends in CVD
mortality have been observed, though CVD mortality remains high compared
with high-income countries (GBD 2016 Russia Collaborators, 2018). Elevated
blood pressure is the leading risk factor for CVD in Russia, followed by smoking
and alcohol intake among men and total cholesterol and obesity among women
(GBD 2016 Russia Collaborators, 2018).
Country-specific data on CVD mortality in Somalia is unavailable due
to lack of intrastructure for monitoring prevalence of disease or causes
of mortality at population level. Current estimates rely on extrapolated
data based on regional trends and probability models with a high degree
of uncertainty (Mensah, 2013; World Health Organisation, 2014). In the
Sub-Saharan region more broadly, communicable diseases remain the leading
cause of death, although CVD mortality has increased as a consequence of
an increase in obesity particularly among women, elevated blood pressure,
and unfavourable lifestyles (Mensah et al., 2015). CVD mortality has nearly
doubled in Iran and Iraq over the past decades, mainly due to an increase
in elevated blood pressure, total cholesterol and obesity (GBD 2015 Eastern
Mediterranean Region Cardiovascular Disease Collaborators, 2018). While
CVD is now the leading cause of death in Iran and Iraq, communicable
diseases and injuries also account for a significant proportion of mortality
(GBD 2015 Eastern Mediterranean Region Intentional Injuries Collaborators,
2018; World Health Organisation, 2014).
Comparison of cardiovascular risk factors across Finland, Russia, Somalia,
Iran and Iraq is challenging due to significant variations in the infrastructure for monitoring the prevalence of disease and underlying risk factors.
Finland has a long-standing tradition in systematic monitoring of the health
of the population through register-based data and repeated interview and
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health examination surveys (Kilpeläinen et al., 2016). While several largescale health examination surveys containing repeated measurements were
conducted in Russia between 1990 and 2007 (Kuulasmaa et al., 2000; Vlasoff
et al., 2015), current population-level data is limited mainly to interview
surveys (Kozyreva, Kosolapov, & Popkin, 2016; Petrukhin & Lunina, 2012).
Health examination surveys following the WHO STEPwise approach to
surveillance (STEPS) have been conducted in 41 countries in the African
region (World Health Organisation, 2017; World Health Organisation, 2018).
A recent study reported data on obesity among the population in Hargeisa
Somaliland using the WHO STEPS protocol (Ahmed et al., 2018), though it
appears that this study was not affiliated with the WHO as it is not mentioned
in the list of WHO STEPS studies conducted in different regions (World
Health Organisation, 2018). Several large-scale health examination surveys
for surveillance of risk factors for non-communicable diseases have been
conducted in Iran and Iraq following the WHO STEPS protocol (Alikhani et
al., 2009; Esteghamati et al., 2016). Additionally, regional large-scale studies
have been conducted at least in Iran (Sarrafzadegan et al., 2018).

Figure 2: Geographic locations of countries of origin of the studied populations
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4.2 CARDIOVASCULAR RISK FACTORS AMONG THE
STUDIED MIGRANT ORIGIN POPULATIONS
The following literature review provides an overview of the current scientific
evidence on cardiovascular risk factors among persons of Russian, Somali
and Kurdish origin, the population groups selected for this study. When
information specific to these population groups is scarce or not available, the
literature review is expanded to larger regional groups described in previous
studies as persons of “Eastern European”, “African” and “Middle-Eastern
origin”. When available, the countries of origin are specified in brackets
following the broader country of origin grouping. Cardiovascular risk factors
included in the literature review are hypertension, dyslipidaemia, obesity,
T2D and smoking. In addition to prevalence data, factors associated with
cardiovascular risk factors among these population groups are reported when
available. The literature review focuses primarily on studies originating from
Europe. If data from European countries is not available, findings from other
high-income countries are reported. Priority is given to summarising results
of studies using objectively measured data. When objectively measured data is
not available, the measurement method is mentioned separately, for example
self-report or register-based data.
The following literature review provides a summary of findings from
previous studies concerning patterns in cardiovascular risk factors among
the studied populations. It should, however, be kept in mind that some of the
results are based on individual small-scale studies, and that there are variations in measurement methods across studies. Furthermore, comparissons are
challenging due to differences across populations used as reference groups.
A majority of previous studies use the general population as the reference
group and there may be large variations in the prevalence of cardiovascular
risk factors between European countries. Additionally, some studies use for
example other migrant origin populations as the reference group.

4.2.1 HYPERTENSION
Objectively measured data on hypertension among persons of Russian origin
is limited. Although the sample size was small, persons of Russian origin
had similar levels of measured hypertension as the general population in
Germany (Haas, Parhofer, & Schwandt, 2010). In another study with a small
sample size, prevalence of self-reported hypertension was similar among
ethnic Germans from the former Soviet Union as among the general German
population (Volodina et al., 2011). Persons of Russian origin had a similar
prevalence of self-reported hypertension as persons of European origin living
in the US (Commodore-Mensah et al., 2018). Persons of Eastern European
origin (specific countries of origin were not specified) in Canada had a lower
14

prevalence of hypertension compared with the general population according
to health register data (Tu et al., 2015).
There is a scarcity of population-based studies reporting the prevalence
of hypertension based on objective measurements among persons of Somali
origin. A further challenge is lack of reference data on the general population
in the country of migration. Based on patient register data, persons of Somali
origin in the US had a similar prevalence of hypertension as the non-Somali
origin reference group (Njeru et al., 2016). It should, however, be noted that the
prevalence of hypertension among persons of Somali origin in this study was
significantly lower than that in, for example, the general population in Finland
(Borodulin et al., 2014). In another study, persons of Somali origin in the US
had a lower prevalence of hypertension based on self-report compared with
persons originating from other African countries (Sewali et al., 2015). Persons
of African-Surinamese, Ghanaian and Moroccan origin in the Netherlands
(Agyemang et al., 2013; Agyemang et al., 2015) and Sub-Saharan African origin
in Italy (Modesti et al., 2016) had a significantly higher prevalence of hypertension compared with the general population in the country of migration. In
addition to higher levels of hypertension, persons of Ghanaian and African
Surinamese origin had poorer hypertension control levels despite having better
hypertension awareness (Agyemang et al., 2018; Fernald et al., 2016). Tentative
findings on lower prevalence of hypertension among persons of Somali origin
compared with some other African origin populations may be partially related
to more favourable lifestyle factors associated with Islamic faith (Modesti et al.,
2016) and low salt intake (Chen et al. 2018).
According to several studies, persons of Middle Eastern origin from Iran
(Glenday, Kumar, Tverdal, & Meyer, 2006; Kumar et al., 2009), Iraq (Bennet,
Groop, Lindblad, Agardh, & Franks, 2014) and Turkey (Glenday et al., 2006;
Haas et al., 2010; Kumar et al., 2009) had a lower prevalence of hypertension
compared with the general population in European countries. (Bennet &
Nilsson, 2014; Glenday et al., 2006; Haas et al., 2010; Kumar et al., 2009).
Underlying mechanisms for a lower degree of hypertension compared with
the general population have been studied more extensively among persons of
Iraqi origin in Sweden, attributing these to differences in biological, genetic,
and environmental pathways to hypertension (Bennet, Agardh, & Lindblad, 2013; Bennet et al., 2014; Nilsson, Christensson, Nilsson, & Bennet,
2017). A lower degree of association between blood pressure and BMI as
well as between blood pressure and glucose levels measured with HbA1c
was found among persons of Iraqi origin in Sweden (Bennet & Nilsson,
2014). Furthermore, while hypertension is an established and significant
risk factor for CVD, the association between hypertension and CVD was
significantly lower among persons of Iraqi origin compared with the general
Swedish population (Bennet et al., 2013). In another study also originating
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from Sweden (Nilsson et al., 2017), persons of Iraqi origin had better renal
functioning compared with the general population in Sweden, which has
been suggested to be a contributing factor to the observed lower prevalence
of hypertension in this group.

4.2.2 DYSLIPIDAEMIA
There is a limited amount of data available on objectively measured lipid
profiles of persons of Russian origin in Europe or other high-income countries. Previous studies report inconsistent findings concerning the prevalence
of dyslipidaemia among persons of Russian origin. In a small-scale study,
Russian origin men and women had a higher prevalence of measured low
HDL-cholesterol and elevated triglycerides compared with the general
population in Germany (Haas et al., 2010). Contrastingly in another study,
prevalence of self-reported dyslipidaemia was lower among persons of
Russian origin compared with persons of European origin living in the US
(Commodore-Mensah et al., 2016).
Based on patient register data, prevalence of dyslipidaemia was lower
among persons of Somali origin in the US compared with the non-Somali
origin reference group (Njeru et al., 2016). According to health examination
survey data, total cholesterol and triglyceride levels were lower, whereas
HDL-cholesterol levels were higher among men and similar among women
of African-Caribbean origin compared with the general population in the
UK (Tillin et al., 2013). In another study, prevalence of low HDL-cholesterol
was higher among African-Caribbean/African-Surinamese origin women
living in the Netherlands and the UK compared to the general populations
in these countries (Agyemang, Kunst et al., 2011). African-Caribbean/African-Surinamese origin men in the Netherlands had a lower prevalence of low
HDL-cholesterol, whereas men in the UK had a similar prevalence, compared
with the general population. Prevalence of elevated triglycerides was lower
among both men and women of African-Caribbean/African-Surinamese
origin compared with the general population. (Agyemang et al., 2011) Generally, similarities in lipid profiles in comparison with the general population
in the country of migration have been attributed to environmental factors
and adaptation of similar lifestyles, whereas differences have been attributed
to genetic and biological mechanisms (Agyemang et al., 2009).
In several studies, persons of Middle-Eastern origin from Iran (Daryani,
Basu, Becker, Larsson, & Riserus, 2007; Kumar et al., 2009), Iraq (Bennet
et al., 2014), and Turkey (Kumar et al., 2009) had similar or slightly lower
total cholesterol, higher prevalence of low HDL-cholesterol and elevated
triglycerides compared with reference European populations. Underlying
risk factors for less favourable lipid profiles among persons of Middle-Eastern
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origin in Europe in comparison with reference populations in the country
of migration have not been a major focus in previous studies. However,
compared with reference European populations, persons of Middle-Eastern
origin have been consistently shown to have lower levels of physical activity,
higher prevalence of type 2 diabetes, higher prevalence of smoking among
men and of obesity especially among women, all of which are known risk
factors for dyslipidaemia (Bennet et al., 2014; Bennet & Nilsson, 2014).

4.2.3 OBESITY
Prevalence of obesity measured with BMI was higher, whereas prevalence of
abdominal obesity measured with WC was lower, among persons of Russian
origin compared with the general population in Germany (Haas et al., 2010).
Based on self-reported weight and height, prevalence of overweight and obesity
was similar among persons of Russian origin and persons of European origin
living in US (Commodore-Mensah, Himmelfarb, Agyemang, & Sumner, 2015).
Prevalence of obesity has been reported to be high among Somali origin
women in Norway (Gele & Mbalilaki, 2013) and the US (Dharod, Croom, &
Sady, 2013). A sedentary lifestyle and longer length of residence was associated with a higher prevalence of overweight and obesity among Somali origin
women, whereas no association was found with respect to dietary factors
(Gele & Mbalilaki, 2013). In a US study (Dharod et al., 2013), food insecurity
was associated with a higher prevalence of overweight and obesity among
Somali origin women. In contrast with women, prevalence of obesity among
Somali origin men has been reportedly low (Ahmed et al., 2018). Studies
examining the prevalence of obesity among persons originating from other
African countries have reported either similar or lower prevalence of obesity
among men, and a significantly higher prevalence of obesity among women,
compared with general populations in European countries (Agyemang, Addo,
Bhopal, Aikins Ade, & Stronks, 2009; Gele & Mbalilaki, 2013; Gele, Pettersen,
Kumar, & Torheim, 2016; Modesti et al., 2016).
There is some variation in the prevalence of obesity among persons of
Middle-Eastern origin depending on the country of origin and how obesity
was measured. Iraqi origin men had a significantly higher prevalence of
obesity according to objectively measured BMI, WHR and WHtR but not WC
compared with men belonging to the general Swedish population (Bennet
et al., 2016). Turkish origin men had a significantly higher prevalence of
obesity measured with BMI but not when measured with WHR compared
with the general population in Norway (Kumar et al., 2009). In contrast with
the findings of a majority of other studies, prevalence of obesity measured
with BMI and WC was lower among Turkish origin men compared with the
general population in Germany (Haas et al., 2010). However, the small sample
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size may compromise the representativeness of this study. Iranian origin men
had a similar prevalence of obesity measured with BMI and WHR as the
general Norwegian population (Kumar et al., 2009).
Iraqi and Turkish origin women have been consistently reported to have a
significantly higher prevalence of obesity compared with the general population in several European countries (Bennet et al., 2016; Haas et al., 2010;
Ujcic-Voortman et al., 2012). Iranian origin women, on the other hand,
had similar or only moderately higher prevalence of obesity compared with
women in the general population in Sweden (Daryani et al., 2007) and
Norway (Kumar et al., 2009).

4.2.4 PRE-DIABETES
Findings on the prevalence of pre-diabetes among the studied populations are
scarce and inconclusive. Available studies have mainly measured pre-diabetes
with fasting glucose with variations in criteria for fasting. Studies including a
measurement of HbA1c and/or glucose tolerance tests are scarce. Comparisons across studies are challenging due also to variations in the cut-offs
for measures used in determining pre-diabetes or glucose impairment. No
previous studies examining the prevalence of pre-diabetes among persons
of Russian origin were identified.
One in ten Somali origin women living in Norway had a history of hyperglycaemia according to self-report (Gele, Pettersen, Kumar, & Torheim, 2016).
As there was no reference group in that study, it is challenging to assess how
the reported prevalence is related to the prevalence of hyperglycaemia in the
general population in Norway. Prevalence of pre-diabetes (5.6-6.9 mmol/l)
was significantly higher among persons of Somali compared with non-Somali
origin reference group in a register-based US study (Njeru et al., 2016). There
is some variability concerning the prevalence of glucose impairment among
persons of African-Caribbean origin across studies conducted in Europe.
Prevalence of raised FG (≥ 5.6 mmol/l) was higher among African-Caribbean
origin women and similar among African-Caribbean origin men compared
with the general Dutch population, whereas it was lower among both men and
women of African-Caribbean origin compared with the general population in
the UK (Agyemang et al. 2011). In a less recent study conducted in the UK,
prevalence of impaired glucose homeostasis was nearly twice as high among
African-Caribbean origin persons compared with the general population
(Tillin et al., 2005). Prevalence of impaired FG (5.6-6.9 mmol/l) varied among
persons of Ghanaian origin living in different European countries, being
highest in the Netherlands (Meeks et al., 2017).
While T2D has been studied quite extensively among persons of Iraqi origin
in Sweden (Bennet et al., 2013; Bennet & Nilsson, 2014; Bennet, Lindblad, &

18

Franks, 2015), less information is available on the prevalence of pre-diabetes
(FG 6.1-6.9 mmol/l or impaired glucose tolerance measured with a 75g oral
glucose tolerance test) among this population group. In a pilot study, persons
of Iraqi origin had a similar prevalence of pre-diabetes as the general Swedish
population (Bennet et al., 2011). In another small-scale study conducted in
Sweden, prevalence of pre-diabetes (FG ≥ 6.1 mmol/l) was low among Iranian
origin women and similar among Turkish origin women compared with women
in the general Swedish population (Daryani et al., 2005).

4.2.5 TYPE 2 DIABETES
Persons of Russian origin had a similar prevalence of T2D as persons of
European origin living in the US (Commodore-Mensah et al., 2016). Persons
of Eastern European origin had a similar or slightly higher prevalence of T2D
compared with the general population in European countries in several other
studies (Fedeli et al., 2015; Wändell, Carlsson, & Steiner, 2010).
There is a scarcity of measured data on the prevalence of T2D among
persons of Somali origin. However, persons of Somali origin had a high
prevalence of T2D in the Netherlands based on register data (Goosen,
Middelkoop, Stronks, Agyemang, & Kunst, 2014). Prevalence of T2D was
reported to be particularly high among psychiatric patients of Somali origin
in the US (Kinzie et al., 2008). A study conducted in Norway (Gele, Torheim,
Pettersen, & Kumar, 2015) found that while women of Somali origin were
aware of the benefits of physical activity and a healthy diet in preventing the
onset of T2D, they nonetheless had a high prevalence of sedentary lifestyles
and unhealthy dietary habits. This was attributed to poor access to tailored
health promotion material and physical activity options (Gele, Torheim,
Pettersen, & Kumar, 2015).
A number of studies have reported a two to three times higher prevalence
of T2D among persons of African origin living in Europe compared with the
general population (Agyemang et al., 2011; Agyemang et al., 2016; Fedeli et
al., 2015; Meeks et al., 2016; Wändell et al., 2010). Additionally, differences in
the prevalence of T2D among persons of Ghanain (Agyemang et al., 2016) and
African-Caribbean origin (Agyemang et al., 2011) living in different European
countries were also observed. This was attributed to differences in the environment across European countries (Agyemang et al., 2011; Agyemang et al.,
2016). T2D was found to be more strongly associated with peripheral insulin
resistance rather than beta cell functioning among persons of Ghanaian origin
living in the UK, Netherlands and Germany, (Meeks et al., 2017).
Similarly high prevalences of T2D have been reported among persons of
Middle-Eastern as well as African origin (Fedeli et al., 2015; Wändell et al.,
2010). Migrant status has been suggested to be an independent risk factor for
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T2D among persons of Middle Eastern origin, reflected through higher prevalence of T2D (Bennet et al., 2014). Differences in biological mechanisms have
also been identified. Persons of Middle-Eastern origin from Lebanon, Iraq, Iran,
Syria and Turkey have been found to have a stronger genetic predisposition to
T2D, on average 10-12 years earlier onset, and reduced beta cell functioning at
similar insulin levels compared with the general Swedish population (Bennet
et al., 2013; Bennet & Nilsson, 2014; Bennet, Lindblad, & Franks, 2015; Glans
et al., 2008). In another study originating from Sweden (Bennet, Groop, &
Franks, 2015), persons of Iraqi origin had a significantly higher prevalence
of non-alcoholic liver disease, which is an independent risk factor for glucose
impairment and T2D, compared with the general population.

4.2.6 SMOKING
Information on the prevalence of smoking among persons of Russian origin in
Europe or other high-income countries is scarce. Russian origin men living in
Germany had similar prevalence of smoking, whereas women had lower prevalence, compared with the general population in Germany (Volodina et al., 2011).
Contradicting findings have been reported on the prevalence of smoking
among Somali origin men, whereas Somali origin women have been consistently reported to have a very low prevalence of smoking (Giuliani et al., 2012;
Sewali et al., 2015). African origin men have been generally reported to have
higher prevalence of smoking, whereas women have been reported to have
lower prevalence, compared with the general population in the Netherlands
(Agyemang et al., 2015) and Italy (Modesti et al., 2016). There are, however,
significant variations in the prevalence of smoking depending on the African
country of origin (Agyemang et al., 2015; Brathwaite et al., 2017; Modesti et
al., 2016). For example, an exceptionally low prevalence of smoking has been
reported among persons of Ghanaian origin living in Europe (Brathwaite
et al., 2017). In this population group, smoking is associated with cultural
assimilation, lower education, and following Muslim religion. More than half
of these current smokers had started smoking only after migration (Brathwaite et al., 2017).
Prevalence of smoking has been reported to be consistently higher among
Middle-Eastern origin men from Iran, Iraq and Turkey living in Europe,
whereas findings have been inconsistent among women (Agyemang et al.,
2015; Bennet et al., 2016; Kumar et al., 2009). Compared with the general
population, prevalence of smoking was lower among Iranian origin women
in Norway (Kumar et al., 2009), while in Sweden it was higher (Daryani et
al., 2005). Iraqi origin women had a lower prevalence of smoking compared
with the general Swedish population (Bennet et al., 2016).
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4.2.7 SUMMARY OF PREVIOUS LITERATURE ON
CARDIOVASCULAR RISK FACTORS AMONG THE STUDIED
POPULATIONS
Summary of the findings of previous literature on the prevalence of cardiovascular risk factors among the studied populations is presented in Table
4. In some cases, only one or two studies examining risk factors among the
studied populations were found. Data on the prevalence of cardiovascular
risk factors among persons of Russian origin is scarce overall. Furthermore,
reliability and comparability of findings of previous studies is hampered by
small sample size. Based on available literature, prevalence of hypertension
(Haas et al., 2010) and T2D (Commodore-Mensah et al., 2016) was similar,
whereas findings have been inconsistent with respect to other risk factors.
Data on the prevalence of cardiovascular risk factors using objective
measures is scarce among persons of Somali origin and some of the data
summarized in Table 4 is based on register data or self-report. According
to previous literature, persons of Somali origin had a lower prevalence of
hypertension (Sewali et al., 2015) but a higher prevalence of T2D (Goosen et
al., 2014) compared with reference populations in the country of migration.
Prevalence of obesity was lower among Somali origin men and higher among
Somali origin women (e.g. Ahmed et al. 2018). Smoking was less common
among Somali origin women, whereas findings on the prevalence of smoking
among Somali origin men compared with reference populations were inconsistent (Giuliani et al. 2012; Sewali et al. 2015). Inconsistent findings were
also reported in previous studies concerning the prevalence of dyslipidaemia
and pre-diabetes among persons of Somali origin.
No studies examining cardiovascular risk factors among persons identified
as of Kurdish origin were found. However, since the Kurdish origin populations that are a focus group in this study originate from Iran and Iraq, studies
focusing on these groups can be tentatively used as a point of reference.
Persons of Iranian and Iraqi origin had lower prevalence of hypertension
(Glenday et al. 2006; Kumar et al. 2009; Bennet et al., 2014) and a higher
prevalence of T2D (Wändell et al., 2010; Fedeli et al., 2015) compared with
reference European populations. The prevalence of smoking was higher
among Iraqi origin men compared with reference populations (Kumar et al.
2009; Bennet et al. 2016). Among women, on the other hand, smoking was
less common among women of Iraqi origin compared with the reference
European populations (Bennet et al. 2016). Findings were inconsistent with
respect to smoking among Iranian origin women (Daryani et al. 2005; Kumar
et al. 2009). Compared with reference European populations, prevalence of
obesity was similar among men and women of Iranian origin (Daryani et al.
2005; Kumar et al. 2009), whereas it was higher among women of Iraqi origin
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lower risk;

N/A

similar risk;

N/A

N/A

higher risk;

N/A

Women

Men

Men

Women

Dyslipidaemia

Hypertension

N/A

Women

N/A

N/A

Men

N/A

N/A

Women

Pre-diabetes

inconsistent findings; N/A, not available

N/A

Men

Obesity

N/A

Men

N/A

Women

Type 2 Diabetes

N/A

Men

N/A

Women

Smoking

*The reference group is mainly the general population in the country of migration, however in some studies the reference group are other migrant
origin populations or other unspecified groups.

Iraqi

Iranian

Kurdish

Somali

Russian

Origin

Table 4: Summary of previous studies findings on cardiovascular risk factors among the studied migrant origin populations*

(Bennet et al. 2016). Findings were inconsistent concerning the prevalence of
obesity among Iraqi origin men. Based on previous literature, no conclusions
can be made whether some of the differences in the prevalence of cardiovascular risk factors are related to actual differences among persons of Iranian
and Iraqi origin or whether these are due to for example differences across
reference populations. Furthermore, studies reporting cardiovascular risk
factors among persons of Iranian origin (Daryani et al. 2005; Kumar et al.
2009) were conducted almost a decade earlier than those among persons of
Iraqi origin (Bennet et al. 2014; Bennet et al. 2016) and some of these studies
have a small sample size.

4.3 PROJECTING FUTURE DISEASE BURDEN
4.3.1 CARDIOVASCULAR RISK ASSESSMENT TOOLS
A number of risk assessment tools have been developed over the past decades
for the identification of persons at an elevated risk for developing CVD within
a certain time frame, usually in the next ten years. These risk assessment tools
have been designed for use among seemingly healthy persons both at the
individual level in clinical practice and at the population level to assess total
population risk (Goff et al., 2014; Piepoli et al., 2016). The most established
of these are the Framingham Risk Score validated among the US population
(D’Agostino et al., 2008) and the Systematic Coronary Risk Evaluation (SCORE)
validated among European populations (Conroy et al., 2003). Both Framingham Risk Score and SCORE include major risk factors for CVD such as
age, total cholesterol, smoking and blood pressure. The Framingham Risk
Score also includes HDL-cholesterol and diabetes. The European Society of
Cardiology recommends the use of SCORE which can be calibrated based
on country-specific mortality data (Conroy et al., 2003) but does not include
ethnicity. Some countries have developed national risk assessment tools based
on country-specific epidemiological data (Hippisley-Cox et al., 2008; Vartiainen
et al., 2007). In the most recent guidelines of the American College of Cardiology and the American Heart Association (Goff et al., 2014), the use of Pooled
Cohort Equations was recommended. In addition to all of the components of
the Framingham Risk Score, Pooled Cohort Equations also includes ethnicity
(White, Black American) (Goff et al., 2014). The WHO has developed CVD
risk prediction charts for low- and middle-income countries in collaboration
with International Society of Hypertension (Mendis et al., 2007).
While some migrant origin populations have a higher prevalence of CVD,
it remains undetermined whether this is attributable to differences in cardiovascular risk profiles, differences in the association between risk factors and
CVD, or whether migration status per se is an individual risk factor for CVD
(Gijsberts et al., 2015; Goff et al., 2014). Although the need for identifying
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ethnicity-specific risk score thresholds or for novel risk assessment tools is
acknowledged, development has been challenging due to scarcity of largescale prospective cohort data on persons of migrant origin (Goff et al., 2014;
Piepoli et al., 2016). Although Pooled Cohort Equations include ethnicity,
the tool has not been validated among persons of African origin in Europe.
In one comparison analysis, Pooled Cohort Equations categorised a lower
proportion of persons of Ghanaian origin living in Amsterdam, Berlin and
London into a high risk category compared with the Framingham Risk Score
(12% vs. 6%, respectively) (Boateng et al., 2017).
Without validation, however, it remains unclear which tool has the best
predictive value In addition to Pooled Cohort Equations, QRISK is one of
the few CVD risk assessment tools to include ethnicity (Hippisley-Cox et
al., 2007; Hippisley-Cox et al., 2008; Hippisley-Cox, Coupland, & Brindle,
2017). To date, three versions of QRISK have been developed based on general
practice electronic health records covering approximately 60% of general
practices in the UK. QRISK is annually calibrated based on national mortality
statistics. Compared with Pooled Cohort Equations, QRISK includes a greater
number of ethnic groups (White, Indian, Pakistani, Bangladeshi, other Asian,
Black Caribbean, Black African, Chinese, other ethnic group). (Hippisley-Cox
et al., 2007; Hippisley-Cox et al., 2008; Hippisley-Cox et al., 2017)
In a prospective cohort study, both QRISK2 and Framingham Risk Score
were shown to perform inconsistently in predicting future CVD events
among persons of South Asian and African Caribbean origin in the UK
(Tillin et al., 2014). QRISK correctly identified 10%, whereas Framingham
Risk Score identified 24% of African Caribbean persons belonging to the
high risk group (Haas et al., 2010; Tillin et al., 2014). The algorithm has been
recently updated to QRISK3, however the tool still needs to be tested with
different population-based datasets (Hippisley-Cox et al., 2017). It has been
suggested that SCORE may have an even higher degree of misclassification
among migrant origin persons than Framingham Risk Score as it does
not include HDL-cholesterol and diabetes, both of which are relevant for
migrant origin populations (Bhopal et al., 2005). Recently, the Cardiovascular Disease Population Risk Tool that includes seven ethnicity categories
among the altogether twelve different variables has been developed and
validated in a Canadian population (Manuel et al., 2018).
There is also some evidence suggesting that the migration process may alter
biological pathways to CVD. Contrary to previously established similar effect
of risk factors to the onset of CVD among Western European and MiddleEastern populations residing in their respective countries of origin, T2D was
found to be a stronger predictor for CVD than hypertension among Iraqi
migrants in Sweden (Bennet et al., 2013; Yusuf et al., 2004). Furthermore,
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T2D was independently associated with CVD in the Iraqi origin population
but not in the Swedish reference population (Bennet et al., 2013).

4.3.2 TYPE 2 DIABETES RISK ASSESSMENT TOOLS
With emergence of the T2D epidemic, efforts have also been put into
developing risk assessment tools for T2D. The Finnish Diabetes Risk Score
(FINDRISC) is the most commonly used diabetes risk assessment tool
that predicts the risk for developing T2D in the next ten years (Lindström
& Tuomilehto, 2003). FINDRISC is a simple, easily understandable and
non-invasive risk assessment tool that is based on Finnish national-level
epidemiological data. The risk tool includes age, BMI, WC, physical activity,
fruit and vegetable intake, history of hypertension, history of elevated blood
glucose and family history of T2D (Lindström & Tuomilehto, 2003). Even
though the original FINDRISC does not include ethnicity, the tool has also
been applied to assess future risk for T2D among persons of Somali origin
population in Norway (Gele et al., 2016) and of Iraqi origin in Sweden (Bennet
et al., 2014). The risk for T2D was twice as high among Somali origin women
who have lived in Norway for more than ten years compared with women who
have lived in Norway for five years or less (Gele et al., 2016). The proportion
of persons of Iraqi origin identified as a high risk group was higher compared
with the Swedish general population and Iraqi origin was an independent
risk factor for T2D (Bennet et al., 2014).
Several countries have adapted the FINDRISC questionnaire to include
ethnicity. However, while ethnicity is included into the Canadian CANRISK
(Robinson, Agarwal, & Nerenberg, 2011) and the UK Leicester Risk Assessment Score (Gray et al., 2010), these tools have been developed based on
cross-sectional data. Therefore, compared with the original FINDRISC
that identifies individuals at risk for developing T2D in the next ten years
(Lindström & Tuomilehto, 2003), CANRISK and Leicester Risk Assessment
Score are limited to identifying those who are currently more likely to have
glucose impairment and T2D (Gray et al., 2010; Robinson et al., 2011). The
Australian AUSDRISK tool has been developed using cross-sectional data
from a population-based study with a five-year follow-up and therefore
has been so far calibrated to predict only five-year risk for developing T2D
(Chen et al., 2010).
Some advances have been made to develop new diabetes risk prediction
tools as well. For example in the UK, electronic health record data collected in
general practice has been used to develop a QDiabetes-2018 risk assessment
tool (Hippisley-Cox & Coupland, 2017). The tool predicts ten-year risk for
developing T2D. QDiabetes-2018 includes age, sex, ethnicity based on nine
categories, postal code as an indication of the deprivation index, smoking,
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family history, learning disabilities, manic depression or schizophrenia, medication (hypertension, steroids, statins), family history of T2D, previously
diagnosed CVD, gestational diabetes, polycystic ovary syndrome, BMI and
if available, FG and HbA1c. QDiabetes-2018 can be used without blood
test data, though the version of the tool that includes FG has been shown to
perform better. However, the tool still needs to be tested using different data
sets with more complete data and standardized measurements with follow-up
(Hippisley-Cox & Coupland, 2017).
In addition to the challenges related to gathering longitudinal population-based data with sufficient sample size also for diverse population groups,
lack of ethnicity-specific cut-off points for BMI and WC pose a significant
challenge in T2D risk assessment (Bennet et al., 2016; Chen et al., 2010). A
strong association between T2D and obesity, particularly abdominal obesity,
has been established in predominantly White US and European populations
including the general Finnish population (Eckel et al., 2010; Krentz, 1996;
Lindström & Tuomilehto, 2003). However, this association appears to be
weaker among persons of South Asian, Middle-Eastern and African origin
(Bennet et al., 2014; Meeks et al., 2015; Tillin et al., 2015). This has led to questioning of applicability of the currently used cut-offs for obesity, established
among European White populations, to diverse migrant origin population
groups (Alberti et al., 2009; Chiu, Austin, Manuel, Shah, & Tu, 2011; Ntuk,
Gill, Mackay, Sattar, & Pell, 2014).
Lower cut-offs for BMI and WC have been suggested to be more appropriate for persons of Iraqi (Bennet et al., 2016) and African origin have
also been suggested to require lower cut-offs for BMI and WC (Chiu et al.,
2011; Ntuk et al., 2014). However, some other studies have suggested that
African origin men may require lower, whereas women may require higher
cut-offs than those in the current WHO recommendations (Alberti et al.,
2009; Sumner & Cowie, 2008; Sumner, 2008). For example FINDRISC and
tools modified from FINDRISC assume a strong association between obesity
measured with BMI and WC (Lindström & Tuomilehto, 2003). If the degree
of the association varies across population groups, these tools are likely to
lead to misclassification of those at a higher risk for T2D.

4.3.3 METABOLIC SYNDROME
In addition to risk assessment algorithms, another commonly used indicator
for future risk of CVD and T2D is the Metabolic syndrome (MetS). MetS
is stronger predictor of cardiovascular outcomes than a single measure of
WC and is associated with a two to three times higher risk for CVD and a
five times higher risk for developing T2D (Ford, 2005). MetS is defined as
clustering of three or more of the following risk factors that are known to
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be independent risk factors for CVD and T2D: abdominal obesity, elevated
blood pressure, low HDL-cholesterol, elevated triglycerides, and elevated
fasting glucose (Alberti et al., 2009) (Figure 3). Although the predictive value
of MetS in CVD outcomes is sometimes disputed, it is generally accepted
as a useful tool for identifying populations at increased risk for negative
cardiovascular outcomes.

Figure 3: Components of the metabolic syndrome

Prevalence of MetS has been reported to be lower among African origin
men and higher among African origin women compared with the general
population in the Netherlands (Agyemang et al., 2010; Agyemang, van
Valkengoed, van den Born, Bhopal, & Stronks, 2012c) and UK (Agyemang
et al., 2013). An educational gradient was found in MetS among the general
population in the Netherlands but not among persons of African-Surinamese
origin, suggesting that the latter may benefit more from health promotion
measures that target this population group as a whole rather than only lower
socioeconomic groups (Agyemang et al., 2010). Depression was positively
associated with MetS among persons of African-Surinamese, Turkish and
Morroccan origin in the Netherlands, whereas post-traumatic stress disorder
was positively associated with MetS among persons of African-Surinamese
origin only (van Leijden et al., 2018). Perceived ethnic discrimination was
positively associated with MetS among persons of African-Surinamese and
Moroccan origin in the Netherlands even after adjusting for socioeconomic
and lifestyle-related factors (Ikram et al., 2017).
Several studies have assessed MetS among persons of Middle-Eastern
origin. Prevalence of MetS was higher among men and women of Iraqi origin
(Bennet & Nilsson, 2014) and Turkish origin women (Daryani et al., 2005)
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compared with the general Swedish population. Despite a higher prevalence
of low HDL-cholesterol and elevated triglycerides, prevalence of MetS was
similar among Iranian origin women as among women belonging to the
general Swedish population (Daryani et al., 2005).

4.4 IDENTIFIED GAPS IN RESEARCH
Reduction of health inequalities across different population groups is the
cornerstone of health and social policies in the Welfare States, including
Finland (Ministry of Social Affairs and Health, 2006). To date, Finland has
taken extensive measures in monitoring the health of the population by
different regions and social groups (Kilpeläinen et al., 2016). The size of
the migrant origin population in Finland has grown exponentially over
the past several decades (Statistics Finland, 2017). However, until recently
information on the health of persons of migrant origin in Finland has been
scarce (Castaneda et al., 2012) and information on objectively measured
cardiovascular risk factors among persons of migrant origin living in Finland
has not been available.
Large-scale objectively measured data on cardiovascular health of persons
of African and Middle-Eastern origin has been reported in several European
countries, including the UK (Bhopal et al., 2005; Tillin et al., 2014), Netherlands (Agyemang et al., 2015; Meeks et al., 2017), Sweden (Bennet et al.,
2016) and Norway (Kumar et al., 2009). These studies highlight significant
heterogeneity in cardiovascular risk profiles among persons of migrant origin
(Agyemang et al., 2016; Kumar et al., 2009; Tillin et al., 2014). However,
large-scale measured data on cardiovascular risk factors specifically among
persons of Russian, Somali and Kurdish origin in Europe and other high-income countries is limited. Identification of persons of Kurdish origin in
national registers and statistics is particularly challenging and no studies of
cardiovascular risk factors for this population group were found. Information
on cardiovascular risk factors among these population groups is needed not
only to guide evidence-based decision-making in Finland, but also to be used
as a reference in other European countries where these population groups
are also prominent.
In addition to the need for epidemiological data on the prevalence of
cardiovascular risk factors, information is needed on factors associated with
possible differences in cardiovascular risk profiles among diverse population
groups (Agyemang et al., 2012a). Persons of Middle-Eastern origin have
been reported to have a particularly disadvantageous metabolic risk profile
compared with reference populations in European countries (Bennet &
Nilsson, 2014; Daryani et al., 2007; Kumar et al., 2009). Prevalence of T2D
has been reported to be high among persons of African and Middle-Eastern
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origin, accompanied by obesity among women but not always among men
(Bennet et al., 2011; Meeks et al., 2015; Meeks et al., 2016). The association
between obesity and glucose impairment and T2D has been reported to be
weaker among persons of African origin (Meeks et al., 2015; Meeks et al.,
2016), however it remains unclear whether these findings are attributable
to differences in biological and genetic mechanisms or to methodological
challenges in how obesity is measured. Strong association between obesity
and T2D is a central assumption in commonly used non-invasive T2D risk
assessment tools (Lindström & Tuomilehto, 2003). If the association between
obesity and T2D differs across population groups, currently used criteria for
identifying persons for further screening or those who would benefit from
targeted health promotion measures needs to be re-examined.
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5 AIMS OF THE STUDY
The general aim of this study was to examine cardiovascular risk profiles
among three significant and diverse migrant origin populations in Finland
(persons of Russian, Somali and Kurdish origin) in comparison with the
general Finnish population.
Specific aims of the study were:
1. To examine the prevalence and distribution of cardiovascular risk
factors among persons of Russian, Somali and Kurdish origin in
comparison with the general population (sub-study I).
2. To assess the prevalence of metabolic syndrome (MetS) among persons
of Russian, Somali and Kurdish origin in comparison with the general
population, and to examine the contribution of sociodemographic and
lifestyle related factors to MetS for each study group (sub-study II).
3. To compare the performance of body mass index, waist circumference,
waist-to-height ratio and waist-to-hip ratio in detecting type 2 diabetes
among persons of Russian, Somali and Kurdish origin and the general
population (sub-study III).
4. To evaluate the association between body mass index, waist circumference, waist-to-height ratio and waist-to-hip ratio with glycated
haemoglobin (HbA1c) and fasting blood glucose among persons of
Russian, Somali and Kurdish origin compared with the general population (sub-study IV).
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6 METHODS
6.1 MIGRANT HEALTH AND WELLBEING STUDY
This study is based on cross-sectional data of the first large-scale migrant
health examination survey in Finland, the Migrant Health and Wellbeing
(Maamu) Study. The data collection phase of the Maamu Study was between
2010 and 2012 (Castaneda et al., 2012). The study was conducted by the
National Institute for Health and Welfare in collaboration with the Finnish
Ministry of Social Affairs and Health, the Finnish Institute of Occupational
Health and the cities where data was collected. It was funded by the Social
Insurance Institution of Finland, the European Social Fund and the Finnish
Work Environment Fund (Castaneda et al., 2012).
First-generation persons of Russian, Somali and Kurdish origin were
invited to participate in the study (Castaneda et al., 2012). Data collection
was conducted in six cities: Helsinki, Espoo, Vantaa, Turku, Tampere and
Vaasa. At the planning stage of the Maamu Study in 2008, 93% of all persons
of Somali, 67% of Kurdish and 47% of Russian origin lived in these six cities.
Persons of Russian origin were included into the Maamu Study because they
were the largest migrant origin population in Finland. The main reasons for
migration are labour, family-ties and having Finnish descent (Ingrian Finns).
Persons of Somali origin were the fourth largest migrant origin population
and the largest population group of Muslim faith. Persons of Kurdish origin
were the sixth largest migrant origin population group and one of the largest
groups of quota refugees in Finland (Castaneda et al., 2012). Information
on the total population size of the studied populations according to the full
sampling criteria is not readily available from the Statistics Finland population
database (Statistics Finland, 2017). However, statistics are available according
to country of birth, giving an indication of the size of the studied populations.
These are presented by sex and age group for 2008 and 2017 in Table 5. The
size of the Kurdish origin population is particularly challenging to estimate
based on the country of origin alone.
A random sample of 3000 persons (1000 per migrant origin group) was
drawn from the National Population Register (Castaneda et al., 2012). This is
an electronically maintained population register that contains information on
all permanent residents in Finland. Persons who have lived in Finland for at
least one year were included in the sample. Additional selection criteria were:
age (18-64 years), country of birth (Russia/Former Soviet Union, Somalia,
Iran/Iraq) and mother tongue (Russian or Finnish for persons born in Russia,
Sorani dialect of Kurdish for persons born in Iran/Iraq). The study sample
was stratified based on all possible combinations of the three study groups
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(Russian, Somali and Kurdish origin populations) and the six study cities
(Helsinki,
Espoo, Vantaa, Turku, Tampere, Vaasa). Somali origin population
population was not recruited in Vaasa due to an overall low population size
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The Maamu Study consisted of a face-to-face interview and a health
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Maamu Study consisted of a face-to-face interview and a health
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examination
(Castaneda et al., 2012). The comprehensive face-to-face interinterview contained questions on sociodemographic factors, physical health
view
contained
sociodemographic
factors,
physical
and
and functionalquestions
capacity, on
lifestyle
habits, mental
health,
socialhealth
capital,
functional
capacity,
lifestyleand
habits,
mental
health, social
employment,
occupation
working
conditions.
The capital,
health employment,
examination
occupation
working standardized
conditions. The
health examination
consisting
consisting and
of objective
anthropometric
measures
includedof
weight, height,
waist and
hip circumference,
measures
of blood
pressure,
objective
standardized
anthropometric
measures
included
weight,
height,
functional
capacity,
dental health
examination
and bloodfunctional
tests. Blood
tests
waist
and hip
circumference,
measures
of blood pressure,
capacity,
included
determination
of
blood
glucose
and
glycated
haemoglobin
levels
dental health examination and blood tests. Blood tests included determination
lipids. All persons were invited to participate in the face-to-face
ofand
blood
glucose and glycated haemoglobin levels and lipids. All persons were
interview, the health examination and the blood tests. A brief interview,
invited
to
participate in the face-to-face interview, the health examination and
administered by post, telephone or face-to-face, was offered to those who
the
blood from
tests.the
A brief
interview, administered
by post, telephone
face-todeclined
full face-to-face
interview. Participation
rate in ator
least
one
face,
offered
those
who
declined
fromofthe
full face-to-face
interview.
part was
of the
studytowas
70%
among
persons
Russian,
51% of Somali,
and
Participation
rateorigin
in at (Castaneda
least one part
of the
study was 70% among persons of
63% of Kurdish
et al.,
2012).
Russian, 51% of Somali, and 63% of Kurdish origin (Castaneda et al., 2012).
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Size of the studied populations according to country of birth in 2008 and 2017.

Table 5: Size of the studied populations according to country of birth in 2008 and 2017
Total Finnish population
Year
Total
Sex
Men
Women
Age, years
-14
15-64
65-

2008
5 326 314

2017
5 513 130

Born in Russia/
Former Soviet
Union
2008
2017
52 501
70 923

Born in Somalia

Born in Iraq/Iran

2008
6 352

2017
11 437

2008
9 097

2017
23 438

2 611 653
2 714 661

2 719 131
2 793 999

19 816
32 685

27 744
43 179

3 346
3 006

5 971
5 466

5 243
3 854

14 477
8 961

891 162
3 543 084
892 068

890 424
3 443 388
1 179 318

3 130
43 119
6 252

3 362
58 728
8 833

741
5 497
114

1 072
10 068
297

784
8 105
208
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Register and consisted of residents of mainland Finland divided into 20 strata:
the 15 largest cities according to population size in the year 2000 and five
university hospital regions. Altogether 8135 persons belonging to the Health
2000 Survey sample, who had not declined from future contacts during the
baseline survey and who were still alive in July 2011, lived in Finland and
had contact information available, were invited to participate in the Health
2011 Survey. The base-line Health 2000 survey sample consisted of adults
aged 18 years or older, therefore upon follow-up participants were aged 29
years or older. To gather information on the health and wellbeing of young
adults, an additional sample of adults aged 18-28 was drawn from the National
Population Register (n=1994). Thus, the total sample for the Health 2011
Survey was 10129 persons. The Health 2011 Survey followed a comparable
standardized study protocol as the Maamu Study. Participation rate in at least
one part of the survey was 73.6% (Lundqvist & Mäki-Opas, 2016). Persons
aged 18-64 and living in the Maamu cities (Helsinki, Espoo, Vantaa, Turku,
Tampere, Vaasa) were selected to the general population reference group for
the Maamu Study (n=2275).

6.3 REGISTER-BASED DATA
All sub-studies included National Population Register data used for sample
selection (age, sex, country of birth, mother tongue and city of residence).
Additionally, survey data were supplemented with register-based data from
the Social Insurance Institution of Finland and the Finnish Care Register for
Health Care in sub-studies II-IV. Record linkage to survey data was conducted
based on the unique personal identification number assigned to all permanent
residents in Finland (Kilpeläinen et al., 2016). In sub-study II, survey data
were supplemented with Social Insurance Institution of Finland data on
reimbursement rights for diabetes and hypertension medication. Reimbursement rights are granted by the Social Insurance Institution of Finland for
medication expenses caused by long-term conditions. The Social Insurance
Institution of Finland register data was available for years between 1998 and
2011. In sub-studies III and IV, survey data were supplemented with Social
Insurance Institution of Finland data on reimbursement rights for diabetes
medication and the Finnish Care Register for Health Care data on inpatient
and outpatient hospital care. The Finnish Care Register for Health Care data
was available for years between 1994 and 2012.

6.4 ETHICAL CONSIDERATIONS
The Maamu Study and the Health 2011 Survey followed the ethical principles
outlined in the Declaration of Helsinki. Both surveys and record linkages
were approved by the Coordinating Ethics Committee of the Helsinki and
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Uusimaa Hospital District. Additionally, each register holder provided a
separate permission for record linkage. Informed written consent, including
agreement for record linkage, was obtained from all the participants. Data
was collected by trained fieldwork personnel bounded by a confidentiality
clause. All study material of the Maamu Study, including information about
the study, consent forms and questionnaires, were translated into Russian,
Somali and Kurdish languages. Fieldwork personnel of the Maamu Study
had good command of Finnish and spoke Russian, Somali or the Sorani
dialect of Kurdish as their mother tongue. Therefore, participants were able
to participate in the study using their own mother tongue.
In both the Maamu Study and the Health 2011 Survey, participants of the
health examination were provided with immediate oral and written feedback
by the research nurse on their health examination measurements. If a need
for health or social services arised either during the interview or the health
examination, participants were advised to contact their local health centre or
other relevant services. Results of the blood tests were mailed to participants
in Finnish and in Russian/Somali/Kurdish, including reference values and
explanatory text for each measurement. All of the blood test results were
reviewed by the research physician. In case of laboratory results indicating
a serious condition requiring medical attention, the research physician
contacted participants by telephone and provided direct medical counselling
and advice on where to seek further treatment.

6.5 SAMPLE OF THE STUDY
Comparable biomarker data was limited for younger participants of the
Health 2011 Survey, therefore this dissertation is based on the data of the
30-64 year-old health examination participants. Participation rate in the
health examination among 30-64 year-olds was 48% among Russian, 40%
among Somali and 59% among Kurdish origin persons, and 56% among the
reference group. A flow chart of the study populations in the four sub-studies
is outlined in Figure 4.
Sub-study I was based on the data of all 30-64 year-old health examination
participants (n=1813). Weight and waist circumference were not measured
if the participant was over 20 weeks pregnant. Biomarker data was missing
for 53 participants. Cholesterol and glycated haemoglobin (HbA1c) are not
affected by fasting and therefore all the samples were included in the analyses.
Fasting glucose and triglyceride data, on the other hand, were included only
if the duration of fasting was within the 4-17 hour fasting range. This led to
exclusion of 135 fasting glucose and triglyceride values in sub-study I. MetS
could not be calculated for 313 health examination participants due to missing
data. Sub-study II was therefore based on data of 1637 health examination
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participants for whom all data on the components of MetS (waist circumference, HDL-cholesterol, triglycerides, fasting glucose and blood pressure)
were available. Following exclusion of persons with type 1 diabetes (n=9),
sub-study III was based on data of 1804 health examination participants.
Persons with type 1 or type 2 diabetes (n=146) were excluded from analysis
in sub-study IV. There were 262 cases of missing data for HbA1c, FG within
the 4-17 hour fasting range, BMI, WC, WHtR or WHR. Therefore, sub-study
IV was based on data of altogether 1405 health examination participants.

Figure 4: Flow chart of the study populations

6.6 CLINICAL MEASUREMENTS
Health examination measures used in the four sub-studies and their categorisations are outlined in Table 6. The included health examination measures
were weight, height, WC, hip circumference (in the Maamu Study only) and
blood pressure. All of the health examination measurements were carried out
following the European Health Examination Survey protocol (Tolonen, 2016).
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Measurement was taken at the widest part of
the hip region on top of light clothing. Hip
circumference was used to calculate waist-tohip ratio by dividing WC in cm with hip
circumference in cm.
In the Maamu Study, measurement was taken
three times with a one minute interval and
twice in the Health 2011 Survey. Mean of the
first and second measurement values was
calculated.

Standing upright and without shoes, looking
directly ahead.
Taken on bare skin or wearing light clothing
half-way between the lowest rib and the top of
the iliac crest. WC was used as a single measure
and to calculate waist-to-height ratio (WHtR)
calculated by dividing WC in cm by height in
cm.

Without shoes, wearing light clothing, pockets
emptied from telephones, keys and other
objects. Body mass idex (BMI) calculated using
weight and height (kg/m2).

Measurement method

Blood pressure (Williams et al., 2018)
1) normotension: SBP < 140 mmHg and
DBP < 90 mmHg
2) hypertension: SBP ≥ 140 mmHg/
DBP ≥ 90 mmHg

Abdominal obesity
(World Health Organisation, 2011b)
1) normal WC < 94 cm (m)/ <80 cm (w)
2) increased WC 94-102 cm (m)/ 80-88 cm (w)
3) abdominally obese > 102 cm (m)/ > 88 cm (w)
In the definition of MetS (Alberti et al., 2009)
1) normal WC < 94cm (m)/ < 80 cm (w)
2) elevated WC ≥ 94cm (m)/ ≥ 80 cm (w)
WHtR categorisations (Ashwell & Gibson, 2016)
1) normal weight < 0.50
2) overweight 0.50-0.59
3) obese ≥ 0.60
Waist-to-hip ratio categorisations
(World Health Organisation, 2011b)
1) normal < 0.90 (m)/ < 0.85 (w)
2) obese ≥ 0.90 (m)/ ≥ 0.85 (w)

BMI Obesity
(World Health Organisation, 2011b)
1) normal weight BMI < 25 kg/m2
2) overweight BMI 25-29.9 kg/m2
3) obese BMI ≥ 30 kg/m2

Categorization

I

III, IV

III, IV

II

I, III, IV

I, II, III, IV

Sub-study

51

WC,
waist
circumference;
w, women;
m, men; HC,
circumference;
BP, blood pressure;
SBP,
systolic
blood pressure;
DBP, diastolic
pressure.
WC,
waist
circumference;
w, women;
m,hip
men;
HC, hip circumference;
BP,
blood
pressure;
SBP, systolic
bloodblood
pressure;
DBP, diastolic blood pressure.

Maamu Study: digital blood pressure
monitor, Omron i-C10. Health 2011 Survey:
standard mercury sphygmomanometer
(Riester Diplomat Presameter Desk Set).

WC

BP

Soft measuring tape

Height

Soft measuring tape

Stand-alone stadiometer (Seca 213)

Weight

HC

Measurement tool

Maamu Study: balanced beam scale (Seca
709)
Health 2011 Survey: bioimpedance analyzer
system (Seca 514)

Variable

Table 6: Health examination measures in the sub-studies
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Table 6.

Summary of the biological measurements used in the sub-studies

Abbott Architect reagents, (Abbott
laboratories, Abbott Park, IL).

Abbott Architect reagents, (Abbott
laboratories, Abbott Park, IL).

Fasting blood
glucose

Glycated
haemoglobin
(HbA1c)

Abbot Architect c 8000 analyzer (Abbott
laboratories, Abbott Park, IL).

Abbot Architect c 8000 analyzer (Abbott
laboratories, Abbott Park, IL)
Abbot Architect c 8000 analyzer (Abbott
laboratories, Abbott Park, IL)

Total
cholesterol
High-density
lipoprotein
(HDL)
cholesterol

Low-density
lipoprotein
(LDL)
cholesterol
Triglycerides

Measurement tool

Variable

53

Immuno-turbidimetric method. Inter-assay
coefficient of variation was 3.9%.

Maamu Study: from fluoride citrate plasma;
Health 2011 Survey: serum. Hexokinase method
used in both studies. Samples were let to rest for
1/2-1 hours before centrifuging at -20°C on site.
Inter-assay coefficients of variation 1.9% for
plasma glucose and 1.6% for serum glucose.

Calculated with the Friedewald’s formula: LDLcholesterol = Total cholesterol – HDL-cholesterol
– (0.456 x triglycerides). LDL was not calculated if
triglyceride concentration was ≥ 4.5 mmol/l.
Enzymatic assays. Inter-assay coefficients of
variation were 1.9%.

Enzymatic assays. Inter-assay coefficient of
variation was 0.9%.
Enzymatic assays, homogenous method. Interassay coefficient of variation was 2.2%.

Measurement method

Table 7: Summary of the biological measurements used in the sub-studies

1) normal: < 42 mmol/mol
2) elevated: 42-47.9 mmol/mol
3) diabetes: ≥ 48 mmol/mol

1) normal: < 1.7 mmol/l
2) elevated: ≥ 1.7 mmol/l
(Alberti et al., 2009; Perk et al., 2012)
1) normal: ≤ 6 mmol/l
2) elevated: > 6 mmol/l
(World Health Organisation, 2006)
In the definition of MetS
(Alberti et al., 2009)
1) normal: < 5.6 mmol/l
2) elevated: ≥ 5.6 mmol/l

1) normal: < 5 mmol/l
2) increased: ≥ 5 mmol/l (Perk et al., 2012)
1) normal: ≥ 1.0 (m)/ ≥ 1.2 (w) mmol/l
2) low: < 1.0 (m)/ < 1.2 (w) mmol/l
(Perk et al. 2012)
In the definition of MetS (Alberti et al., 2009)
1) normal: ≥ 1.03 (m)/ ≥ 1.30 (w) mmol/l
2) low: < 1.03 (m)/ < 1.30 (w) mmol/l
1) normal: < 3 mmol/l
2) elevated: ≥ 3 mmol/l
(Perk et al., 2012)

Categorisation

I, III

II

I

I
II

I

II

I

I

Sub-study
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Interview variables used in the sub-studies

What year did you move to Finland?

On what grounds did you receive your residence permit in Finland?
1) Asylum seeker
2) Refugee
3) Ingrian Finn-repatriate or repatriate with Finnish relatives
4) Finnish-born individual’s spouse or child
5) Spouse or child of a migrant permanently residing in Finland
6) Migrant worker
7) Spouse or child of a migrant worker
8) EU citizen
9) Student
10) Other grounds
What is your basic education, you have:
1) not attended school
2) attended lower primary school or similar or a part of lower primary
school
3) attended higher primary school or similar or a part of higher
primary school

Age at
migration

Grounds for
residence
permit
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What year did you move to Finland?

Length of
residence in
Finland

Education

Question

Variable

Table 8: Interview variables used in the sub-studies

Table 8.

1) high school/vocational school or lower
2) polytechnic degree or higher

Questions on basic education, highest completed education in
Finland or abroad were combined to form a binary variable:

Length of residence was calculated based on year of migration and
the date of participation in the study. Length of residence was
dichotomised as:
1) < 12 years
2) ≥ 12 years
Age at migration was calculated based on year of migration and
date of birth that was obtained from the National Population
Register and verified upon participation in the study. Age at
migration was dichotomised as:
1) < 18 years
2) ≥ 18 years
Categorical grouped variable (five categories):
1) Asylum seeker/refugee (1-2)
2) Family reunification (5)
3) Labour migrant/spouse/child of (6-7)
4) Ingrian Finn (3)
5) Other (4,8,9,10)

Categorisation

II

dissertation
summary

dissertation
summary

II

Sub-study
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Alcohol intake

Economic
activity

53

What is the highest completed education or academic degree in
your home country or some other country?
1) Professional course or on-the-job training
2) Vocational degree or specialist vocational degree
3) Higher vocational degree (polytechnic)
4) Lower university degree
5) Higher university degree
6) Licentiate degree
7) Doctoral degree
Which of the following alternatives best describes your current main
activity:
1) full-time employment
2) part-time employment
3) student
4) retired
5) unemployed or temporarily laid-off
6) management of own children, household or family members
7) other?
How often do you drink beer, wine or other alcoholic beverages?
0) Never
1) Monthly or less (0 points)
2) 2 to 4 times a month (1 point)

What is the highest completed education or academic degree in
Finland?
1) Professional course or on-the-job training
2) Vocational degree or specialist vocational degree
3) Higher vocational degree (polytechnic)
4) Lower university degree
5) Higher university degree
6) Licentiate degree
7) Doctoral degree

4) attended high school, part of high school or similar
5) received some other kind of basic education?

The sum of the points for the three questions regarding alcohol
use were used to calculate Alcohol Use Disorders Identification
Test (AUDIT-C) score (maximum of 12 points) (Bush, Kivlahan,
McDonell, Fihn, & Bradley, 1998). Excess alcohol intake was

1) Employed full-/part-time (1,2)
2) Unemployed (5)
3) Economically inactive (3,4,6,7)

Categorical grouped variable (three categories):

II

II
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Fruit and
vegetable
intake

Leisure-time
physical activity

How often have you eaten vegetables and root vegetables (not
potatoes) during the past week (7 days) as such, grated or in fresh
salads:
1 not at all
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How often do you have six or more drinks on one occasion?
0) Never (0 points)
1) Less than monthly (1 point)
2) Monthly (2 points)
3) Weekly (3 points)
4) Daily or almost daily (4 points)
How much do you exercise and strain yourself physically in your free
time?
1) I read, watch TV and do other activities in which I do not move
much and which do not strain me physically
2) I walk, cycle or do light housework and gardening, etc., several
hours a week
3) I engage in exercise or sport such as running, skiing, swimming or
ball games, several hours a week
How often have you eaten fruits or berries during the past week (7
days):
1) not at all
2) on 1 to 2 days
3) on 3 to 5 days
4) on 6 to 7 days?

3) 2 to 3 times a week (2 points)
4) 4 or more times a week (3 points)
How many drinks containing alcohol do you have on a typical day
when you are drinking?
1) 1 or 2 (0 points)
2) 3 or 4 (1 point)
3) 5 or 6 (2 points)
4) 7 to 9 (3 points)
5) 10 or more (4 points)

Fruit and vegetable intake
1) both fruits and vegetables less than 6 days a week (1,2,3)
2) either fruits or vegetables or both 6 to 7 days a week (4)

Leisure-time physical activity was dichotomised as:
1) physically active (2,3)
2) physically inactive (1)

1) no excess intake <5 points for women and < 6 points for men
2) excess intake ≥ 5 points for women and ≥ 6 points for men

dichotomized as:

II

II
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Use of
hypertension
medications

Self-reported
diabetes
diagnosis by a
physician
Use of diabetes
medications

Daily smoking

Are you using any medicine prescribed by the doctor at the
moment?
0) No
1) Yes à What are the names of these medicines (medications
recorded with product name and coded with the
Anatomical Therapeutic Chemical (ATC) Classification
System)

Do you currently use medication because of hypertension?
0) No
1) Yes
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Are you using any medicine prescribed by the doctor at the
moment?
0) No
1) Yes à What are the names of these medicines (medications
recorded with product name and coded with the
Anatomical Therapeutic Chemical (ATC) Classification
System)

Do you currently use medication because of diabetes?
0) No
1) Yes

2 on 1 to 2 days
3 on 3 to 5 days
4 on 6 to7 days?
Do you smoke nowadays (cigarettes, cigars, pipe):
1) daily
2) occasionally
3) not at all
Has a doctor ever diagnosed you with diabetes?
0) No
1) Yes

If the participant replied “yes” to either that they currently use
hypertension medication or list a medication that is used for
treatment of hypertension in the open-ended question concerning
medicine prescribed by a doctor, the person was categorised as
using hypertension medication.

If the participant replied “yes” to either that they currently use
diabetes medication or list a medication that is used for treatment
of diabetes in the open-ended question concerning medicine
prescribed by a doctor, the person was categorised as using
diabetes medication.

Self-reported diabetes diagnosis
1) yes
2) no

Daily smoking was dichotomized as:
1) yes (1)
2) no (2,3)

II

II

I
III

I
II

Biological measurements and their categorisations are outlined in Table 7.
The included biological measurements were total cholesterol, HDL-cholesterol,
LDL-cholesterol, triglycerides, FG, and glycated haemoglobin (HbA1c). Participants were instructed to fast for at least eight hours in the Maamu Study and for
at least four hours in the Health 2011 Survey. Mean fasting time was 13 hours
for persons of Russian, 12 hours for persons of Somali and Kurdish origin in
the Maamu Study, and eight hours for participants in the Health 2011 Survey.
Biological measurements were taken by trained laboratory personnel. Samples
were centrifuged within an hour, frozen at -20°C on site, and transported in dry
ice to the National Institute for Health and Welfare laboratory at the Disease
Risk Unit, where they were stored at -70°C. Samples were transported once a
week from study cites in Helsinki, Espoo and Vantaa, and once a month from
the study sites in Turku, Tampere and Vaasa. The laboratory conducting the
analyses participated in Lipid Standardisation Programme organised by Centers
for Disease Control and Prevention, Atlanta, Georgia, and External Quality
Assessment Schemes organised by Labquality, Helsinki, Finland.

6.7 INTERVIEW AND REGISTER-BASED DATA
Interview data included in the four sub-studies and their categorisations are
outlined in Table 8. The included interview data were length of residence, age at
migration, grounds for residence permit, education, economic activity, alcohol
intake, leisure-time physical activity, fruit and vegetable intake, daily smoking,
self-reported diabetes diagnosis by a physician, and use of diabetes medications.
Register-based data on inpatient and outpatient hospital care due to diabetes
and hypertension was obtained from the Finnish Care Register for Health Care,
whereas data on higher reimbursement rights for diabetes and hypertension
medications was obtained from the Social Insurance Institution of Finland.
Register-based diabetes was identified using International Classification of
Diseases 10th revision (ICD-10) codes E10 and E11. Hypertension was identified using ICD-10 code I10. A summary of outcome and independent variables
used in the four sub-studies is presented in Table 9. The outcome variables
were smoking, dyslipidaemia, hyperglycaemia, hypertension, obesity, MetS,
T2D, and HbA1c. Independent variables were length of residence in Finland,
education, economic activity, smoking, alcohol consumption, physical activity,
fruit and vegetable intake, BMI, WC, WHtR, and WHR. Categorisations of the
outcome variables are outlined in Table 10.
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Table 8.

Summary of variables and statistical methods used in the substudies

Table 9: Summary of variables and statistical methods used in the sub-studies
Sub-study
I

Outcome variables

II

Smoking
Dyslipidaemia
Hyperglycaemia
Hypertension
Obesity
Metabolic syndrome

III

Type 2 diabetes

IV

Glycated haemoglobin
Fasting blood glucose

Independent variables

Statistical methods
Linear regression
Multinomial logistic regression
Poisson regression

Length of residence in Finland
Education
Economic activity
Smoking
Alcohol consumption
Physical activity
Fruit and vegetable intake
Body mass index
Body mass index
Waist circumference
Waist-to-height ratio
Waist-to-hip ratio
Body mass index
Waist circumference
Waist-to-height ratio
Waist-to-hip ratio

Linear regression
Poisson regression

Linear regression
Logistic regression
Receiver operating characteristics
curves
Linear regression
Logistic regression
Coefficients of determination

6.8 STATISTICAL METHODS
All of the analyses were conducted using SAS 9.3 and SUDAAN 11.0.1
software packages. SAS software was used for constructing group variables
and for calculating crude values, coefficients of determination (R2) and the
receiver operating curve (ROC) analyses. SUDAAN was used for regression
analyses. All analyses accounted for stratified sampling and were conducted
using finite population correction (Lehtonen & Pahkinen, 2004) and inverse
probability weights (Robins, Rotnitzky, & Zhao, 1994). Inverse probability
weights were calculated based on population census data on age, sex, study
group, study location and marital status of the total sample in order to
account for different sampling probabilities and to decrease non-response
bias. Summary of the statistical methods used in the four sub-studies is
outlined in Table 9. Linear regression models were applied to continuous
variables, Poisson regression (sub-studies I and II) and logistic regression
(sub-studies III and IV) models were applied to categorical variables.
Predictive margins based on regression models were applied to calculate
model-adjusted estimates (Lehtonen & Pahkinen, 2004).
Analyses in all of the sub-studies were adjusted for age. All analyses in
sub-study I and sub-study II were
58 conducted by sex and study group. In
sub-study III, age-adjusted anthropometric measures and prevalence of
T2D were calculated by sex and study group. Age-adjusted mean anthropometric measures according to the presence of T2D and ROC analyses
were conducted stratified by study group jointly for men and women.
In sub-study IV, age adjusted descriptive characteristics were calculated
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stratified by sex and study group. R2 and ß-coefficients were calculated
stratified by study group jointly for men and women.
Table 9.

Definition of categorical outcome variables

Table 10: Definition of categorical outcome variables
Variable

Definition

Dyslipidaemia

Total cholesterol ≥5 mmol/l and/or
HDL cholesterol <1.0 mmol/l (men), <1.2 mmol/l (women) and/or LDL
cholesterol ≥3 mmol/l and/or
triglycerides >1.7 mmol/l (Perk et al. 2012)
Fasting blood glucose >6.0 mmol/l or
glycated haemoglobin ≥42 mmol/mol (≥6.0%),
or self-reported diabetes diagnosis
(World Health Organisation, 2006)
Systolic blood pressure ≥140 mm Hg and/or
diastolic blood pressure ≥90 mm Hg and/or
self-reported use of hypertension medication
(Williams et al., 2018)
Body mass index ≥30 kg/m2 or
waist circumference ≥102 cm (men) or ≥88 cm (women)
(World Health Organisation, 2011b)
Prevalence of at least three out of five risk factors:
waist circumference ≥94cm (men) and ≥80cm (women),
triglycerides ≥1.7 mmol/l,
HDL cholesterol <1.03 mmol/l (men) and <1.30 mmol/l (women),
systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85
mmHg or use of hypertension medication (self-report of register-based
special reimbursement rights),
fasting blood glucose ≥5.6 mmol/l or diabetes medication (self-report
or register-based special reimbursement rights)
(Alberti et al., 2009)
Participants were not asked to specify in the self-reported diabetes
question whether a physician has diagnosed type 1 or type 2 diabetes.
Type 1 diabetes was assumed if the age of onset of diabetes was below
25 years and if the person was using insulin as the only medication for
diabetes.
Self-reported diabetes diagnosis by a physician excluding those
regarded as type 1 diabetes (see above), self-reported diabetes
medication use, register-based diabetes (reimbursement rights for
diabetes medication or in-/outpatient healthcare visits due to
diabetes), glycated haemoglobin ≥ 48 mmol/mol.

Hyperglycaemia

Hypertension

Obesity

Metabolic syndrome

Type 1 diabetes

Type 2 diabetes
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7 RESULTS
Characteristics of the study population are presented in Table 11. Somali and
Kurdish origin persons were younger than persons in the general Finnish
population. Approximately half of the migrant origin persons had lived in
Finland for at least 12 years and a substantial majority had arrived aged 18
years or older. Persons of Russian origin mainly came to Finland as labour
migrants, Ingrian Finns or for family reasons; whereas persons of Somali and
Kurdish origin came as refugees, asylum seekers or through family reunification. The proportion of those who have completed at least a polytechnic
degree was highest among persons of Russian origin (54% of men and 55%
of women) and lowest among Somali origin women (4%). Persons of migrant
origin were less likely to be economically active than the general population. Differences were particularly pronounced among women, with 15%
of Somali and 33% of Kurdish origin women reporting being economically
active compared with 78% of women in the general population. Low levels of
physical activity were most prevalent among Kurdish origin persons. Daily
or almost daily fresh fruit and vegetable consumption was very low among
Somali origin persons. Excess alcohol intake was by far more common among
the general population than among persons of migrant origin. None of Somali
origin persons and only 1% of Kurdish origin women reported excess alcohol
intake. The following sections present the main results of the four sub-studies.

7.1 DISTRIBUTION OF CARDIOVASCULAR RISK
FACTORS (SUB-STUDY I)
The cardiovascular risk profile of Russian origin persons most closely
resembled that of the general population, although some differences were
observed (Table 12). Russian origin women had a significantly higher
prevalence of hyperglycaemia. Daily smoking was more common among
Russian origin men (difference not statistically significant) and significantly
less common among Russian origin women compared with the general
population. Prevalence of hypertension was significantly lower among
Somali origin men (20% vs. 36%) and women (14% vs. 24%), whereas
prevalence of hyperglycaemia was significantly higher (men 43% vs. 17%;
women 42% vs. 9%) compared with the general population. Somali origin
men had a significantly lower (10% vs. 27%), whereas Somali origin women
had a significantly higher (65% vs. 39%) prevalence of obesity compared
with the general population. Smoking was rare among Somali origin men,
whereas none of the Somali origin women reported smoking. Kurdish
origin persons had a significantly lower prevalence of hypertension and a
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higher prevalence of hyperglycaemia compared with the general population.
Additionally, Kurdish origin women had a significantly lower prevalence
of daily smoking (4% vs. 18%) but higher prevalence of obesity (54% vs.
39%) compared with women in the general population.
Distribution of clustering of cardiovascular risk factors (co-occurrence
of dyslipidaemia, hypertension, hyperglycaemia, obesity and smoking) was
similar among persons of Russian origin compared with the reference group
(Figure 5). Prevalence of at least two co-occurring cardiovascular risk factors
was significantly higher among Somali (62%, p < 0.05) and Kurdish (62%, p <
0.01) origin women compared with women in the general Finnish population
(45%). The difference was also significant among Kurdish origin men (66%,
p < 0.05) compared with men in the general population (50%).

Clustering of cardiovascular risk factors (co-occurrence of cardiovascular risk factors):
Daily smoking
Dyslipidaemia: total cholesterol ≥5 mmol/l or high-density lipoprotein cholesterol
<1.0 (men)/ <1.2 (women) mmol/l or low-density lipoprotein cholesterol ≥ 3 mmol/l or
triglycerides >1.7 mmol/l
Hypertension: blood pressure ≥140/90 mmHg or self-reported use of hypertension
medication)
Hyperglycaemia: fasting plasma glucose >6.0 mmol/l or glycated haemoglobin ≥ 42
mmol/mol or self-reported diabetes)
Obesity: waist circumference ≥102 cm (men)/ ≥88 cm (women) or body mass index ≥ 30
kg/m2

Figure 5: Clustering of cardiovascular risk factors in the study population
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7.2 METABOLIC SYNDROME AND ASSOCIATED
FACTORS (SUB-STUDY II)
Russian origin men and women had a significantly higher prevalence of elevated
FG (Table 13) and, as a consequence, a higher prevalence of MetS compared with
the general population (Figure 6). Somali origin men had a significantly higher
prevalence of elevated fasting glucose (60% vs. 23%) and low HDL-cholesterol
(32% vs. 9%) but lower prevalence of increased WC (22% vs. 49%) compared with
men in the general population. Somali origin women had a significantly higher
prevalence of elevated FG and low HDL-cholesterol, accompanied by a higher
prevalence of increased WC compared with women in the general population.
Prevalence of elevated blood pressure among Somali origin women was lower
(22%) compared with women in the general population (40%). Kurdish origin
men had a higher prevalence of elevated FG, low HDL-cholesterol and elevated
triglycerides but lower prevalence of hypertension compared with the reference
group. The metabolic profile of Kurdish origin women was similar to that of
Kurdish origin men with the addition of a significantly higher prevalence of
increased WC. Prevalence of MetS was approximately two times higher among
persons of migrant origin, with the exception of Somali origin men.

The reference group in statistical tests is the general Finnish population. *p < 0.05; *p < 0.01;
***p < 0.001.
Metabolic syndrome, presence of at least three out of five risk factors:
Increased waist circumference: waist circumference ≥94 cm (men)/≥80 cm (women),
Elevated triglycerides: triglycerides ≥1.7 mmol/l,
Low high-density lipoprotein cholesterol: <1.03 mmol/l (men)/<1.30 mmol/l (women),
Elevated blood pressure: systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85
mmHg or taking blood pressure medication,
Elevated blood glucose levels: fasting glucose ≥5.6 mmol/l or taking diabetes medication.

Figure 6: Prevalence of metabolic syndrome in the study population
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Characteristics of the study populationa

Kurdish
origin
n=181
% (n)
37.0 (67)
48.0 (83)
93.9 (170)

n=225
% (n)
60.0 (135)
60.5 (135)
96.4 (217)

Russian
origin
n=144
% (n)
38.9 (56)
59.1 (78)
84.7 (122)

Somali origin

n=167
% (n)
32.3 (54)
55.7 (93)
95.8 (160)

Kurdish
origin

63

Excess alcohol consumption: AUDIT-C score was calculated based on four questions on alcohol consumption, with a cut-off ≥ 5 for women and ≥
6 points for men to indicate excess alcohol intake (Bush et al., 1998).

Age ≥ 45 yearsa
Residence length in Finland ≥ 12 years
Age at migration ≥ 18 years
N/A
Grounds for residence permit
asylum seeker/refugee
N/A
1.8 (2)
91.6 (65)
89.8 (149)
N/A
0.9 (2)
51.4 (57)
70.4 (112)
family reunification
N/A
10.7 (12)
8.5 (6)
7.8 (13)
N/A
8.9 (19)
40.5 (45)
26.4 (42)
labour migrant/spouse/child of labor
N/A
31.3 (35)
0 (0)
0 (0)
N/A
15.0 (32)
0.9 (1)
0.6 (1)
migrant
Ingrian Finn
N/A
33.9 (38)
0 (0)
0 (0)
N/A
35.2 (75)
0 (0)
0 (0)
otherb
N/A
22.3 (25)
0 (0)
2.4 (4)
N/A
39.9 (85)
7.2 (8)
2.5 (4)
Education polytechnic degree or higher
42.5 (152)
54.0 (61)
24.6 (16)
15.0 (26)
46.7 (221)
55.3 (120)
3.9 (5)
17.1 (28)
Economic activity
economically active
77.3 (299)
61.5 (72)
38.0 (30)
43.9 (76)
77.6 (382)
53.4 (119)
15.0 (19)
33.1 (55)
unemployed
6.5 (25)
30.8 (36)
36.7 (29)
34.7 (60)
3.7 (18)
28.7 (64)
28.4 (36)
30.1 (50)
economically inactivec
16.3 (63)
7.7 (9)
25.3 (20)
21.4 (37)
18.7 (92)
17.9 (40)
56.7 (72)
36.8 (61)
d
Physically inactive
27.1 (105)
32.5 (38)
20.8 (16)
43.9 (75)
25.1 (122)
35.4 (79)
23.8 (24)
38.9 (64)
Fresh fruits and vegetables < 6 days a week 27.5 (106)
28.1 (32)
100 (71)
33.1 (55)
17.4 (84)
16.1 (35)
99.1 (106)
14.5 (23)
Excess alcohol consumptione
43.9 (216)
21.2 (41)
0 (0)
8.4 (26)
29.0 (193)
7.4 (27)
0 (0)
1.1 (3)
a
Crude values
a
b
Crude
values
Other:
spouse
of a person of Finnish origin, EU citizen, student, other.
c
b
Economically
inactive:
retired,
taking care
of children/family
household or other.
Other: spouse
of student,
a person
of Finnish
origin,
EU citizen, members/own
student, other.
d
c
Physically
inactive: mainly
non-strenuous
free-timetaking
activitiescare
suchof
aschildren/family
reading and watching
TV.
Economically
inactive:
student,
retired,
members/own
household or other.
e
d
Excess
alcohol consumption:
AUDIT-C
score was calculated
based on
four questions
on reading
alcohol consumption,
withTV.
a cut-off ≥ 5 for women and ≥ 6 points for men to
Physically
inactive: mainly
non-strenuous
free-time
activities
such as
and watching
indicate
excess alcohol intake (Bush et al., 1998).
e

n=85
% (n)
34.1 (29)
55.7 (44)
76.5 (65)

n=119
% (n)
47.1 (56)
45.3 (53)
91.6 (109)

General
Finnish
population
n=496
% (n)
62.5 (310)

Somali origin

General
Finnish
population
n=396
% (n)
66.4 (263)
N/A
N/A

Russian
origin

Women

Men

Table 11: Characteristics of the study populationa
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Age-adjusted cardiovascular risk factors among the study population

496
69.5 (65.0-74.3)
23.9 (20.4-27.9)
9.2 (6.6-12.7)
38.6 (34.3-43.5)
17.6 (13.8-22.3)

Men, N
Dyslipidaemiaa
Hypertensionb
Hyperglycaemiac
Obesityd
Daily smoker

Women, N
Dyslipidaemiaa
Hypertensionb
Hyperglycaemiac
Obesityd
Daily smoker

144
77.2 (69.7-85.3)
13.6 (8.2-22.6)*
42.3 (33.1-54.0)***
65.1 (56.4-75.1)***
0

% (95% CI)
85
77.1 (67.6-88.4)
19.9 (11.7-34.0)*
43.4 (32.1-58.7)***
9.5 (4.9-18.7)***
4.0 (1.8-9.0)***

% (95% CI)
119
76.8 (68.9-85.6)
33.6 (26.2-43.3)
22.2 (15.8-31.2)
24.5 (17.4-34.5)
30.3 (22.3-41.2)
225
67.8 (61.9-74.3)
21.3 (16.6-27.4)
17.8 (13.2-24.0)**
35.6 (29.9-42.4)
9.2 (5.9-14.3)**

Somali origin

Russian origin

167
79.5 (72.4-87.3)*
16.5 (11.1-24.5)
27.3 (20.5-36.3)***
54.4 (46.4-63.7)**
4.2 (2.2-8.0)***

% (95% CI)
181
85.2 (79.7-91.0)*
19.9 (14.5-27.5)***
43.9 (36.2-53.3)***
26.3 (20.5-33.7)
27.0 (21.2-34.4)

Kurdish origin

64

reference
group
in statistical tests is the general Finnish population. *p < 0.05; *p < 0.01; ***p < 0.001. 95% CI, 95% Confidence interval;
95%The
CI, 95%
Confidence
interval;
a
Dyslipidaemia:
total cholesterol
≥5or mmol/l
or high-density
lipoprotein
cholesterolmmol/l
<1.0(M)/<1.2(F)
or cholesterol
low-density
lipoprotein
cholesterol
Dyslipidaemia:
total cholesterol
≥5 mmol/l
high-density
lipoprotein cholesterol
<1.0(M)/<1.2(F)
or low-density mmol/l
lipoprotein
≥3 mmol/l
or triglycerides
mmol/l or triglycerides >1.7 mmol/l;
>1.7≥3
mmol/l;
b
b
Hypertension:
bloodblood
pressure
≥140/90≥140/90
mm Hg ormm
self-reported
hypertensionhypertension
medication; medication;
Hypertension:
pressure
Hg or self-reported
c
c
Hyperglycaemia:
fastingfasting
blood glucose
>6.0 mmol/l
ormmol/l
glycosylated
haemoglobinhaemoglobin
≥42 mmol/mol≥42
or self-reported
;
Hyperglycaemia:
blood
glucose
>6.0
or
glycosylated
mmol/moldiabetes
or self-reported
diabetes ;
d
2
d
Obesity:
waistwaist
circumference
≥102 cm(M)/
cm(F) or≥88
BMI≥
30 kg/m
Obesity:
circumference
≥102≥88
cm(M)/
cm(F)
or .BMI≥ 30 kg/m2.
The reference group in statistical tests is the general Finnish population. *p < 0.05; *p < 0.01; ***p < 0.001

a

General Finnish
population
% (95% CI)
396
75.9 (71.0-81.3)
36.0 (31.0-41.8)
16.8 (13.0-21.7)
27.3 (22.1-33.7)
21.6 (16.4-28.6)

Table 12: Age-adjusted cardiovascular risk factors among the study population
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Age-adjusted prevalence of metabolic syndrome components

n=446
58.7 (54.0-63.7)
12.0 (9.2-15.8)
16.3 (12.8-20.6)
11.3 (8.2-15.5)
39.5 (35.2-44.4)

Men
Increased WCa
Elevated FGb
Low HDL-Cc
Elevated TGd
Elevated BPe

Women
Increased WCa
Elevated FGb
Low HDL-Cc
Elevated TGd
Elevated BPe
n=133
81.8 (74.5-89.8)***
54.4 (45.8-64.5)***
55.4 (47.0-65.2)***
5.4 (2.8-10.6)
22.1 (15.4-31.6)**

% (95% CI)
n=79
21.5 (13.8-33.5)**
60.4 (48.1-75.9)***
31.7 (22.1-45.5)***
12.4 (6.5-23.4)
37.2 (26.1-53.0)

% (95% CI)
n=108
49.7 (40.7-60.6)
62.1 (53.4-77.2)***
15.1 (9.4-24.1)
21.5 (14.7-31.5)
47.5 (39.5-57.1)
n=210
63.0 (57.0-69.6)
42.4 (35.9-50.0)***
14.7 (10.4-20.7)
11.3 (7.7-16.7)
32.7 (27.1-39.5)

Somali origin

Russian origin

n=156
82.6 (75.6-90.3)***
40.4 (33.2-49.0)***
59.2 (52.0-67.4)***
22.1 (16.5-29.7)**
18.8 (13.7-25.8)***

% (95% CI)
n=165
52.7 (45.7-60.8)
66.1 (58.8-74.3)***
38.5 (32.1-46.2)***
45.9 (38.8-54.4)***
34.9 (28.3-42.9)**

Kurdish origin

66

95%
CI,reference
95% confidence
WC,iswaist
circumference;
FG, fasting blood
glucose;
high-density
lipoprotein
triglycerides;
The
group ininterval;
statistical
the general
Finnish population.
*p < 0.05;
*p <HDL-C,
0.01; ***p
< 0.001.95%
CI, 95%cholesterol;
confidence TG,
interval;
WC, waist
BO,circumference;
blood pressure.
FG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; BP, blood pressure.
a
a
Waist
circumference:
≥ 94cm
(men),
≥ 80cm
(women);
Waist
circumference:
≥ 94cm
(men),
≥ 80cm
(women);
b b
Fasting
glucose:
≥5.6
mmol/l
or diabetes
medication;
Fasting
glucose:
≥5.6
mmol/l
or diabetes
medication;
c
c
HDL-cholesterol:
<1.03
mmol/l
(men),
mmol/l
(women);
HDL-cholesterol:
<1.03
mmol/l
(men),
<1.30<1.30
mmol/l
(women);
d dTriglycerides: ≥1.7 mmol/l;
Triglycerides: ≥1.7 mmol/l;
e
e
Systolic
blood
pressure:
≥130
mmHg
or diastolic
blood
pressure
≥85
mmHg
or use
of hypertension
medication.
Systolic
blood
pressure:
≥130
mmHg
or diastolic
blood
pressure
≥85
mmHg
or use
of hypertension
medication.
The reference group in statistical is the general Finnish population. *p < 0.05; *p < 0.01; ***p < 0.001.

General Finnish
population
% (95% CI)
n=340
48.7 (42.7-55.5)
22.6 (18.3-27.9)
8.8 (5.9-13.1)
17.4 (12.6-24.2)
51.4 (45.4-58.1)

Table 13: Age-adjusted prevalence of metabolic syndrome components
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Higher prevalence of MetS among Russian origin women in comparison
with women in the general population was attenuated following adjustment
for age, education, employment, smoking, physical activity and fruit and
vegetable intake (Table 14). Among Somali and Kurdish origin women, the
difference was attenuated after an additional adjustment for BMI. While
adjustment for sociodemographic and lifestyle-related factors explained
some of the differences in the prevalence of MetS among Russian and Kurdish
origin men, the difference remained statistically significant compared with
men in the general population.
Table 13. Adjusted prevalence ratios and their 95% confidence interval (CI) for the
syndrome
with the
general
population
as the reference
Table 14:metabolic
Adjusted
prevalence
ratios
andFinnish
their 95%
confidence
interval group
(CI) for

metabolic syndrome with the general Finnish population as the reference group
Men
Model 1
Model 2
Model 3

Russian origin

Somali origin

Kurdish origin

1.83 (1.26-2.65)**
1.66 (1.14-2.42)**
1.63 (1.19-2.25)**

1.11 (0.62-1.98)
1.06 (0.57-1.98)
1.34 (0.72-2.49)

2.06 (1.49-2.84)***
1.92 (1.40-2.63)***
1.60 (1.20-2.15)**

the

Women
Model 1
1.37 (1.00-1.87)*
1.71 (1.20-2.43)**
1.83 (1.34-2.49)***
Model 2
1.30 (0.96-1.77)
1.71 (1.10-2.64)*
1.81 (1.32-2.48)***
Model 3
1.24 (0.93-1.65)
1.02 (0.68-1.53)
1.35 (0.99-1.84)
Model 1: adjusted for age, education, and employment;
Model
1: adjusted
age, education,
and
employment;
Model
2: adjusted
for age,for
education,
employment,
smoking,
physical activity, fruit and vegetable
intake;
Model 2: adjusted for age, education, employment, smoking, physical activity, fruit and
Model
3: adjusted
for age, education, employment, smoking, physical activity, fruit and vegetable
vegetable
intake;
intake, and body mass index.
3:group
adjusted
for age,
education,
employment,
smoking,
activity,
fruit and
The Model
reference
in statistical
tests
is the general
Finnish population.
*p < physical
0.05; *p < 0.01;
***p <
vegetable intake, and body mass index.
0.001.

The reference group in statistical tests is the general Finnish population. *p < 0.05;
*p < 0.01; ***p < 0.001.

7.3 BEST ANTHROPOMETRIC MEASURES FOR
DETECTING TYPE 2 DIABETES (SUB-STUDY III)

7.3 BEST ANTHROPOMETRIC MEASURES FOR
No
statistically significant
differences
in the (SUB-STUDY
prevalence of T2D were
DETECTING
TYPE 2
DIABETES
III) observed

among persons of Russian origin and the general population (Figure 7).
No statistically significant differences in the prevalence of T2D were observed
Prevalence of T2D was more than twice as high among Somali origin men
among persons
ofinRussian
origin
and theSomali
general
population
compared
with men
the general
population.
origin
women had(Figure
a four 7).
Prevalence
T2D was of
more
as high
times
higherofprevalence
T2D,than
andtwice
Kurdish
originamong
womenSomali
a threeorigin
timesmen
higher
prevalence,
compared
women
in the general
population.
compared
with men
in thewith
general
population.
Somali
origin women had
No interactions
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found for sex
and anthropometric
with T2D
a four
times higher
prevalence
of T2D,
and Kurdish measures
origin women
a three
in
any
of
the
study
groups.
Age-adjusted
mean
anthropometric
measures
times higher prevalence, compared with women in the general population.
according to the presence of T2D are presented in Table 15. Statistically
No interactions were found for sex and anthropometric measures with
significant differences in mean anthropometric measures according to T2D
T2D
any found
of the in
study
groups.
Age-adjusted
mean anthropometric
statusinwere
all of
the study
groups. However,
differences weremeasures
less
according to
the presence
T2D and
are Kurdish
presented
in Table
15. with
Statistically
pronounced
among
persons ofof
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higher among the general population (AUC 0.81, 95% CI 0.75-0.87 for WHtR;
AUC 0.81, 95% CI 0.74-0.87 for WC) and persons of Russian origin (AUC 0.80,
95% CI 0.66-0.93 for WHtR; AUC 0.79, 95% CI 0.67-0.91 for WC) compared
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Table 14.

Age-adjusted mean anthropometric measures and HbA1c according to the prevalence of type 2 diabetes

Russian origin
Type 2 diabetesa
No (n=326)
Yes (n=18)
mean
mean
26.3
32.8**
87.9
105.8***
0.52
0.62***
0.86
0.93***

Somali origin
Type 2 diabetesa
No (n=195)
Yes (n=30)
mean
mean
27.6
29.7*
86.9
92.7**
0.52
0.56**
0.82
0.88**

Kurdish origin
Type 2 diabetesa
No (n=312)
Yes (n=36)
mean
mean
27.8
30.0**
89.9
96.5***
0.55
0.59**
0.91
0.93*

95% CI, 95% Confidence interval;
WHtR,
waist-to-height
ratio; WHR, waist-to-hip ratio.
BMI,
Body mass
index;
a
2 diabetes: self-reported diagnosis by a physician and/or self-reported diabetes medications and/or register-based diabetes and/or glycated
WC, Type
waist circumference;
haemoglobin
≥ 48
mmol/mol.
WHtR,
waist-to-height
ratio;
WHR, waist-to-hip ratio.
a
Type 2 diabetes: self-reported diagnosis by a physician and/or self-reported diabetes medications and/or register-based diabetes and/or glycated haemoglobin ≥ 48
mmol/mol.
The reference group in statistical tests is the general Finnish population. *p < 0.05; *p < 0.01; ***p < 0.001.

The reference group in statistical tests is the general Finnish population. 95% Confidence interval; BMI, Body mass index; WC, waist circumference;

BMI, kg/m2
WC, cm
WHtR
WHR

General Finnish population
Type 2 diabetesa
No (n=834)
Yes (n=53)
mean
mean
26.3
30.7***
90.3
104.9***
0.53
0.62***
N/A
N/A

Table 15: Age-adjusted mean anthropometric measures and HbA1c according to the prevalence of type 2 diabetes.

mean WC was 12 cm lower among persons of Somali and 8 cm lower among
persons of Kurdish origin compared with the general population.
While WHtR and WC were the best anthropometric indicators for T2D
across all study groups, tentative differences in accuracy of detection were
observed. However, these differences were not significant due to restrictions
in sample size and widened confidence intervals. Accuracy of detection
was higher among the general population (AUC 0.81, 95% CI 0.75-0.87 for
WHtR; AUC 0.81, 95% CI 0.74-0.87 for WC) and persons of Russian origin
(AUC 0.80, 95% CI 0.66-0.93 for WHtR; AUC 0.79, 95% CI 0.67-0.91 for
WC) compared with persons of Somali (AUC 0.75, 95% CI 0.65-0.85 for
WHtR; AUC 0.74, 95% CI 0.64-0.84 for WC) and Kurdish origin (AUC 0.70,
95% CI 0.59-0.80 for WHtR; AUC 0.71, 95% CI 0.61-0.81 for WC). WHR
was available for Maamu Study participants only and had the poorest test
performance compared with other anthropometric measures in all migrant
origin study groups.

Type 2 diabetes: self-reported diabetes diagnosis, self-reported diabetes medication use,
register-based diabetes or HbA1c ≥ 48 mmol/mol. *p < 0.05; **p < 0.01; ***p < 0.001

Figure 7: Prevalence of type 2 diabetes in the study population

7.4 ANTHROPOMETRIC MEASURES AND GLUCOSE
LEVELS (SUB-STUDY IV)
Coefficients of determination (R2) for the association between HbA1c
with continuous and categorical anthropometric measures are presented
in Table 16. Age and sex explained 7% of the variation in HbA1c among
the general Finnish population, 10% among persons of Russian, 4% among
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persons of Somali and <1% among persons of Kurdish origin. Generally,
continuous anthropometric measures performed similarly well or slightly
better in explaining variation in HbA1c in all of the study groups compared
with categorical measures. Continuous anthropometric measures explained
an additional 5-6% of variation in HbA1c among the general population,
3-8% among persons of Russian, 2-5% among persons of Somali and 0-2%
among persons of Kurdish origin after the effect of age and sex was taken into
account. Respective proportions for categorical measures were 4-5% among
the general population, 4-8% among persons of Russian, 1-6% among persons
of Somali and 0-2% among persons of Kurdish origin.
Coefficients of determination (R2) for the association between FG with
continuous and categorical anthropometric measures are presented in Table
17. Age and sex explained 10% of variation in FG among persons of Russian
and Somali origin and 12% of variation among the general population and
persons of Kurdish origin. Continuous anthropometric measures generally
performed similarly well or slightly better than categorical anthropometric
measures in explaining variation in FG in all of the study groups. Continuous
anthropometric measures explained an additional 4-5% of variation in FG
among the general population, 3-9% among persons of Russian, 5-10% among
persons of Somali and 1-5% among persons of Kurdish origin after the effect
of age and sex was taken into account. Respective proportions for categorical
measures were 3-4% among the general population, 4-12% among persons
of Russian, 3-10% among persons of Somali and 1-5% among persons of
Kurdish origin. More pronounced differences were found with respect to
the performance of continuous WC compared with categorical WC among
persons of Somali origin. In this study group, continuous WC explained an
additional 9%, whereas categorical WC alone explained only an additional 3%
of variation in fasting glucose compared with the effect of age and sex alone.
No positive interactions were found in the models: HbA1c = sex + anthropometric measure + age + sex*anthropometric measure; or HbA1c = sex
+ anthropometric measure + age + age*anthropometric measure. Positive
interactions were found for age and anthropometric measures in relation
to HbA1c among Russian origin women (p < 0.05) and Somali origin men
(p < 0.5) in the interaction model: HbA1c = anthropometric measure + age
+age*anthropometric measure. Among Russian origin women, the association between anthropometrics and HbA1c was significant only in the older
age grop (45-64 years vs. 30-44 years), whereas the association was significant
only in the younger age group among Somali origin men.
Interaction tests were repeated with FG as the outcome variable. No
positive interactions were found in the model: FG = sex + anthropometric
measure + age + sex*anthropometric measure. A positive interaction was
found for BMI and WC in the model: FG = sex + anthropometric measure +
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Table 15.

Coefficients of determination for the association between HbA1c with continuous and categorical anthropometric measures

Russian origin
(n=293)
R2
R2
cont.
categ.
0.1003
0.1003
0.1769
0.1778
0.1755
0.1637
0.1705
0.1575
0.1340
0.1401
0.1606
0.1510
0.1597
0.1509
0.1639
0.1470

Somali origin
(n=184)
R2
cont.
0.0387
0.0860
0.0732
0.0707
0.0555
0.0705
0.0727
0.0768
R2
categ.
0.0387
0.0976
0.0974
0.0706
0.0559
0.0627
0.0802
0.0482

Kurdish origin
(n=275)
R2
R2
cont.
categ.
0.0079
0.0079
0.0335
0.0325
0.0247
0.0283
0.0195
0.0271
0.0118
0.0206
0.0079
0.0080
0.0088
0.0095
0.0094
0.0111

Russian origin (n=293)
R2
R2
cont.
categ.
0.1027
0.1027
0.1936
0.2211
0.1631
0.1901
0.1495
0.1486
0.1280
0.1434
0.1447
0.1208
0.1503
0.1655
0.1894
0.1715

Somali origin (n=184)
R2
R2
cont.
categ.
0.0972
0.0972
0.2022
0.1970
0.1975
0.1956
0.1873
0.1705
0.1510
0.1659
0.1873
0.1341
0.1633
0.1758
0.1470
0.1317

Kurdish origin (n=275)
R2
R2
cont.
categ.
0.1237
0.1237
0.1657
0.1716
0.1652
0.1715
0.1639
0.1709
0.1618
0.1672
0.1590
0.1572
0.1606
0.1539
0.1313
0.1314
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could not be calculated because hip circumference was not measured in the Health 2011 Survey.

of determination;
continuous
anthropometric
measures; categ.,
categorical
anthropometric
measures;
BMI, body mass
index; WC,
waist
circumference;
WtHR,
R2, coefficient
R2, coefficient
of determination;
continuous
anthropometric
measures;
categ.,
categorical
anthropometric
measures;
BMI,
body
mass index;
WC,
waist-to-height ratio; WHR, waist-to-hip ratio.
waist circumference; WtHR, waist-to-height ratio; WHR, waist-to-hip ratio.
a
could
a not be calculated because hip circumference was not measured in the Health 2011 Survey.

Age + sex
Age + sex + BMI + WC + WHtR + WHR
Age + sex + BMI + WC + WHtR
Age + sex + BMI + WC
Age + sex + BMI
Age + sex + WC
Age + sex + WHtR
Age + sex + WHR

ref. group (n=653)
R2
R2
cont.
categ.
0.1174
0.1174
N/Aa
N/Aa
0.1683
0.1618
0.1670
0.1580
0.1642
0.1543
0.1651
0.1493
0.1675
0.1554
N/Aa
N/Aa

Table 17: Coefficients of determination for the association between fasting glucose with continuous and categorical anthropometric measures

R2, coefficient
of determination;
HbA1c,
glycated haemoglobin;
cont.,
continuous
anthropometric
measures;
categ., categorical
anthropometric
R2, coefficient
of determination;
HbA1c, glycated
haemoglobin;
cont., continuous
anthropometric
measures;
categ., categorical
anthropometric
measures; BMI,
body mass
index;
WC, waistBMI,
circumference;
WtHR,
waist-to-height
WHR, waist-to-hip
ratio.
measures;
body mass
index;
WC, waistratio;
circumference;
WtHR,
waist-to-height ratio; WHR, waist-to-hip ratio.
a
a not be calculated because hip circumference was not measured in the Health 2011 Survey.
could
Table not
16. be calculated because
Coefficients
determinationwas
for the
fasting2011
glucose
with continuous and categorical anthropometric
could
hipof
circumference
notassociation
measured between
in the Health
Survey.
measures

Age + sex
Age + sex + BMI + WC + WHtR + WHR
Age + sex + BMI + WC + WHtR
Age + sex + BMI + WC
Age + sex + BMI
Age + sex + WC
Age + sex + WHtR
Age + sex + WHR

General Finnish
population (n=653)
R2
R2
cont.
categ.
0.0660
0.0660
N/Aa
N/Aa
0.1321
0.1196
0.1244
0.1168
0.1164
0.1053
0.1243
0.1129
0.1314
0.1123
N/Aa
N/Aa

Table 16: Coefficients of determination for the association between HbA1c with continuous and categorical anthropometric measures

age + age*anthropometric measure among the general population (p < 0.05).
Positive interactions were found in the interaction model: fasting glucose
= anthropometric measure + age +age*anthropometric measure for WC
and WHR among Somali origin men (p < 0.05), for BMI and WC among
Kurdish origin men (p < 0.05) and for WC among women in the general
population (p-value < 0.05). Among Kurdish origin men and women in the
general population, the association between anthopometrics and fasting
glucose were more pronounced in the older compared with the younger
age group (45-64 years vs. 30-44 years), whereas the opposite was the case
among Somali origin men. Despite these interactions, the overall association
between anthropometric measures and HbA1c as well as FG was similar in
all of the study groups. Therefore, analyses were conducted jointly for men
and women with age and sex as confounding variables.
The strength of the association between anthropometrics and HbA1c
was low among persons of Kurdish origin, whereas it was mainly of similar
strength among persons of Russian and Somali origin compared with the
general population. HbA1c (%) increased by 0.005 units with each one unit
increase in BMI among persons of Kurdish origin, whereas the respective
increase was 0.010-0.012 units among persons of Russian and Somali origin,
and 0.013 units among the general population. HbA1c did not appear to
increase with an increase in WC among persons of Kurdish origin, whereas
HbA1c increased 0.006 units for each one unit increase in WC among persons
of Russian and Somali origin and by 0.005 units among the general population. With each one unit increase in WHtR, HbA1c increased by 0.115
units among persons of Kurdish origin, 0.981-1.007 units among persons of
Russian and Somali origin and 0.889 units among the general population.
HbA1c increased by 0.191 units with each one unit increase in WHR among
persons of Kurdish, 0.756 units among persons of Somali and 1.248 units
among persons of Russian origin.
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8 DISCUSSION
8.1 KEY FINDINGS
A summary of the key findings is presented in Figure 8. Differences in
cardiovascular risk profiles were particularly pronounced among persons
of Somali and Kurdish origin compared with the general population. The
high risk group varied depending on the specific risk factor examined and
also by sex. Somali and Kurdish origin men and women had a particularly
high prevalence of hyperglycaemia and T2D, whereas prevalence of obesity
was very high among Somali and Kurdish origin women only. With the
exception of Somali origin men, prevalence of MetS was significantly higher
among persons of migrant origin compared with the general population.
Socioeconomic and lifestyle-related factors attenuated the differences in MetS
among migrant origin women, but not among men. The best anthropometric
measures for detecting T2D were examined. While WHtR and WC were the
best indicators of T2D across all study groups, accuracy of detection was
higher among the general population and persons of Russian origin compared
with persons of Somali and Kurdish origin. The association between age, sex
and anthropometric measures and FG was similar among migrant origin
study groups to that among the general population. However, a higher degree
of variation in the association between age, sex and anthropometric measures
with HbA1c was observed among the study groups. Applicability of HbA1c as
an indicator of glucose levels appeared to be low among persons of Kurdish
origin.

8.2 DISCUSSION OF KEY FINDINGS
8.2.1 CARDIOVASCULAR RISK FACTORS
Information on cardiovascular risk profiles among the Russian origin population in Europe and other high-income countries is limited. In this study,
prevalence of dyslipidaemia, hypertension and obesity were similar among
persons of Russian origin compared with the general population. Prevalence
of hyperglycaemia, but not T2D, was higher among Russian origin women
compared with women in the general population. Prevalence of smoking
was, on the other hand, lower among Russian origin women compared with
women in the general population. Previous studies from Germany (Haas et
al., 2010; Volodina et al., 2011), Italy (Fedeli et al., 2015; Modesti et al., 2016),
and the US (Commodore-Mensah et al., 2016) have reported rather similar
cardiovascular risk profiles among persons of Russian origin and the general
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population in the countries of migration, which is mainly in line with the
findings of this study.
There is a scarcity of previous studies on cardiovascular risk factors among
persons of Somali origin. In consistency with the findings of this study using
objective measures, self-reported (Sewali et al., 2015) and register-based (Njeru
et al., 2016) prevalence of hypertension was low (17%) among persons of Somali
origin living in the US. This has been suggested to be related to lifestyles associated with following Islam, such as abstinence from alcohol (Modesti et al.,
2016) or with dietary factors such as low salt-intake (Chen, Dahl, Meyer, &
Madar, 2018). Nearly all (99%) of persons of Somali origin who took part in the
Maamu Study reported following Islam (Castaneda et al., 2012), and almost all
of them (men 98%, women 100%) reported abstaining from alcohol use during
the previous year (Salama et al. 2018). Therefore behavioural habits associated
with Islam religion may at least partially contribute to a lower prevalence of
hypertension within the Somali origin study group.
While a low prevalence of smoking has been reported among Somali origin
women in the US (Giuliani et al., 2012; Sewali et al., 2015), it is nonetheless
surprising that none of the Somali origin women reported smoking in this
study. This may be related to underreporting due to negative cultural attitudes
towards smoking among women in the Somali diaspora, especially in the age
group included in this study (30-64 year-olds). A recent study also based on
the Maamu Study data but including participants aged 18-64 years, reported
a 5% smoking prevalence among Somali origin women (Salama et al., 2018).
While the prevalence of smoking was low among Somali origin men in the
current study, a several times higher prevalence of smoking was reported
among Somali origin men living in the metropolitan area in Finland based
on data collected approximately ten years prior to the Maamu Study data
(Garbrah, 2011). There are inconsistent findings on the prevalence of smoking
among Somali origin men in previous studies from the US (Giuliani et al.,
2012; Sewali et al., 2015).
Persons of Somali origin have been reported to have a lower prevalence of
dyslipidaemia compared with persons of non-Somali origin based on register
data in the US (Njeru et al., 2016). In this study, prevalence of dyslipidemia
was similar among persons of Somali origin and the general population,
however, differences in lipid profiles emerged when individual components
of dyslipidaemia were examined. Prevalence of elevated HDL-cholesterol was
significantly higher among persons of Somali origin population compared
with the general population. No previous studies reporting objectively measured lipid profiles among persons of Somali origin were found. Studies on
the prevalence of T2D among persons of Somali origin are also limited.
Findings of this study on a high prevalence of T2D among Somali origin
participants of the Maamu Study are consistent with findings of a previous

58

register-based study in the Netherlands (Goosen et al., 2014). High prevalence
of obesity among Somali origin women but not men observed in this study is
in consistency with previous studies from Norway (Gele & Mbalilaki, 2013;
Gele et al., 2015) and the US (Dharod et al., 2013).
This study highlighted some similarities but also differences in cardiovascular risk profiles among persons of Somali origin compared with
persons of African-Caribbean/African-Surinamese, Ghanaian, and other,
sometimes only broadly defined as persons of “African origin”, in previous
studies conducted in Europe (Agyemang et al., 2013; Agyemang et al., 2018;
Modesti et al., 2016; Tillin et al., 2014). In line with this study, high prevalence
of T2D and differences in the prevalence of obesity by sex have also been
reported concerning other African origin populations in Europe (Meeks
et al., 2015; Meeks et al., 2016; Tillin et al., 2013). In this study, persons of
Somali origin had a higher prevalence of low HDL-cholesterol, whereas findings concerning persons of African-Caribbean/African-Surinamese origin
in previous studies are mixed (Agyemang et al., 2013; Tillin et al., 2014).
Triglyceride levels often correlate with insulin resistance, however several
studies have reported similar or lower triglyceride levels among persons
of African origin populations despite higher prevalence of hyperglycaemia
and T2D (Agyemang et al., 2013; Sumner & Cowie, 2008; Tillin et al., 2014).
This observation was also made concerning persons of Somali origin in the
current study. It has been previously suggested, that the efficacy of removal
of triglyceride-rich particles is not affected to the same extent in the presence
of insulin resistance among African origin populations as among general
populations in Europe and the US (Sumner & Cowie, 2008).
No previous studies on cardiovascular risk factors specifically among
persons of Kurdish origin were found, however studies in several European
countries have been conducted among Iraqi, Iranian, and Turkish origin
populations (Bennet et al., 2014; Daryani et al., 2007; Glenday et al., 2006;
Haas et al., 2010). Taking into account that persons of Kurdish origin constitute significant population groups in many European countries (Bahar, 2013;
Russell-Johnson, 2006), it is likely that these previous studies also included at
least some proportion of persons of Kurdish origin. Therefore, although not
fully comparable, findings of these previous studies may be a tentative point
of reference for this study. Findings on the lower prevalence of hypertension
but higher prevalence of elevated triglycerides, low HDL-cholesterol, and
T2D among persons of Kurdish origin in the current study are consistent
with findings of previous studies among persons of Iraqi, Iranian and Kurdish
origin (Bennet et al., 2014; Daryani et al., 2007; Glenday et al., 2006; Haas
et al., 2010). Lower prevalence of hypertension among persons of Kurdish
origin may be at least partially attributable to behavioural habits related to
religious practices. Of the Kurdish origin Maamu Study participants, 75%
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reported following Islamic faith (Castaneda et al., 2012). A relatively high
proportion of the Kurdish origin population also abstained from alcohol (51
% men, 85 % women) (Salama et al. 2018).
Prevalence of smoking was high among men and low among women of
Kurdish origin, which is also consistent with findings of previous studies
(Bennet et al., 2016; Kumar et al., 2009). Compared with general populations
in other European countries, prevalence of obesity has been reported to be
lower among Turkish origin men in Germany (Haas et al., 2010), similar
among Iranian origin men in Norway (Kumar et al., 2009) and higher among
Iraqi origin men in Sweden (Bennet et al., 2016). Here, Kurdish origin men
had a similar prevalence of obesity compared with the general population.
In agreement with findings of previous studies conducted among women of
Iraqi and Turkish origin (Bennet et al., 2016; Ujcic-Voortman et al., 2012),
prevalence of obesity was significantly higher among Kurdish origin women
compared with women in the general population.

8.2.2 PREDICTING DISEASE RISK
In the present study, Somali origin men had similar, whereas Somali origin
women had higher prevalence of MetS. Sex differences in the prevalence of
MetS have also been reported among persons of African-Caribbean/African-Surinamese origin in the Netherlands (Agyemang et al., 2012a) and
the UK (Agyemang et al., 2013). Higher prevalence of MetS among Kurdish
origin men and women in the current study is consistent with findings among
persons of Iraqi origin in Sweden (Bennet & Nilsson, 2014). In contrast with
the findings of this study, Iranian origin women have been reported to have
a similar prevalence of MetS as the general population in Sweden (Daryani
et al., 2005). In line with the findings of a Dutch study (Agyemang et al.,
2010), an educational gradient was found in the current study among the
general population but not among persons of migrant origin. Inconsistencies
in the association between socioeconomic position and health outcomes
among persons of migrant origin have also been reported in other studies
(Fischbacher et al., 2014).
While obesity, and particularly abdominal obesity, are central precursors
to insulin resistance and other metabolic risk factors, MetS is an indicator for
the presence of several co-occuring risk factors for CVD and T2D (Alberti et
al., 2009). No previous studies have assessed the clinical significance of MetS
as opposed to a single measure of WC or BMI among persons of migrant
origin. However, there is some indication that higher prevalence of T2D is
not fully explained by overweight and obesity among persons of African and
Middle-Eastern origin (Commodore-Mensah et al., 2018). Methodological
challenges related to measurement of obesity among diverse populations may
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also lead to inconsistencies in the association between obesity and T2D. The
suitability of the currently used WC and BMI cut-offs for persons of African
and Middle-Eastern origin has been increasingly questioned (Chiu et al.,
2011; Ntuk et al., 2014; Bennet et al., 2016). Therefore, it is possible that at
least among these population groups, a single measure of WC or BMI may
not be as precise an indicator of increased risk for glucose impairment and
other metabolic complications as for the general Finnish population. This is
an important issue that should be explored in future research.
In an effort do distinguish between methodological issues related to the
applicability of currently used cut-offs and actual differences across populations of diverse origin, both categorical and continuous anthropometric
measures were applied to examine the association between these measures
and T2D in this study. While WHtR and WC were the best predictive measures for detecting T2D, accuracy of detection was lower among persons of
Somali and Kurdish origin compared with persons of Russian origin and the
general population.
T2D risk prediction tools assume a high degree of association between
overweight and obesity with glucose impairment (Lindström & Tuomilehto,
2003). Findings of this study suggest that current T2D risk assessment tools
may misclassify persons with increased risk for developing diabetes when the
test is administered among diverse populations. Overall, it is apparent that
T2D risk prediction tools need to be validated among persons of migrant
origin. Additionally, CVD risk prediction tools also need to be validated
among diverse populations. Currently used T2D (FINDRISC) and CVD
(FINRISK) risk assessment tools in Finland have been developed based on
national epidemiological data (Lindström & Tuomilehto, 2003; Vartiainen et
al., 2007). Since the proportion of migrant origin populations participating
in national health examination surveys in Finland has been low in the past
(Castaneda et al., 2012), migrant origin populations were also underrepresented in the national surveys that the FINDRISC and FINRISK tools have
been based on. A weaker association between hypertension and a stronger
association between T2D and CVD has been reported among persons of Iraqi
origin compared with the general Swedish population (Bennet et al., 2013).
Hypertension and T2D are also included in the FINRISK tool (Vartiainen
et al., 2007). Differences in the strength of association between known risk
factors and CVD as well as T2D across diverse population groups need to
be further explored.
Differences in the degree of association between anthropometric measures and HbA1c were found across the study groups. Persons of Somali and
particularly Kurdish origin had a lower degree of association (R2) between
both continuous and categorical anthropometric measures and HbA1c than
the general population. When the strength of the association was tested with
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ß-coefficients, differences between persons of Somali origin and the general
population were no longer pronounced. Therefore, the initially observed
lower degree of association between anthropometrics and HbA1c may be
due to restrictions in sample size. Differences in the association between
anthropometrics and HbA1c were also reflected in ß-coefficients among
persons of Kurdish origin. A similar degree of association between age, sex
and anthropometric measures with FG was found across all study groups. It
appears that caution is warranted for the use of HbA1c as a screening tool
to indicate glucose levels in a diverse population.
Higher prevalence of smoking among Russian and Kurdish origin men
compared with women belonging to these groups resembles sex differences
in smoking prevalence in Finland several decades ago (Borodulin et al., 2014).
Over the past decades, smoking prevalence has evened out between men and
women in Finland (Borodulin et al. 2014). Similar changes in patterns of
smoking may also occur among migrant origin populations in the upcoming
decades. A convergence pattern towards smoking rates of the general German
population has been observed among persons of Russian origin in Germany
(Reiss, Spallek, Razum 2011).
In this study, differences in the degree of association between anthropometric measures and T2D were found across study groups. This raises
concerns regarding applicability of current T2D risk assessment tools that
assume a strong correlation between anthropometrics and T2D for risk
prediction among the studied populations. Estimation of future risk for
cardiovascular outcomes and T2D using risk prediction tools was included in
the original study plan. However, the literature review revealed high variation
in risk score performance among persons of migrant origin (Tillin et al.,
2014; Boateng et al., 2017). It was therefore concluded that validation and
calibration of such risk assessment tools is necessary before they are applied
to the studied populations.
The impact of the observed differences in cardiovascular risk profiles among
the studied populations on differences in CVD morbidity and mortality
remains to be seen. After chronic disease risk factors emerge, it generally
takes some decades until they lead to chronic conditions and several decades
more until these are reflected in mortality statistics (Spallek et al., 2011).
It is possible that cohort differences in cardiovascular risk factors among
persons migrating from low- and middle-income countries to high-income
countries will be observed in the future. Therefore, the health of diverse
population groups needs to be continuously monitored at the population
level and studies with longitudinal design are also needed. The potential role
of migration-related factors also needs to be explored.
In this study, no association between MetS or any of its components
were observed in relation to length of residence in Finland. The association
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between length of residence and health outcomes is inconsistent in previous
studies (Bos & Agyemang, 2013; Commodore-Mensah et al., 2016). Length
of residence may be limited in its ability to reflect the rate and extent of
accumulation of exposures that influence cardiovascular health of migrant
origin populations. Pre-migration and migration-related factors may condition different types of exposures and hence different types of accumulated
risk factors throughout the life course (Spallek et al., 2011). The influence of
pre-migration and migration-related factors on cardiovascular risk profiles
could not be examined within the scope of the current study and can be only
discussed. Patterns in CVD mortality differ significantly in the counties of
origin of the studied populations compared with Finland (GBD 2015 Eastern
Mediterranean Region Cardiovascular Disease Collaborators, 2018; GBD
2015 Eastern Mediterranean Region Intentional Injuries Collaborators, 2018;
Jousilahti et al., 2016). Therefore, it is likely that the types of environmental
and social exposures among persons of migrant origin included in this study
also differ from those of persons born and raised in Finland. Nearly all of the
migrant origin persons in this study had migrated to Finland aged 18 years
or older. Hence, critical points in the development of CVD, including fetal
development and childhood, have occured prior to migration.
Including reference populations in the country of origin can provide
invaluable information on pathways to cardiovascular diseases as well as on
the effect of migration-related processes on health outcomes (Agyemang et
al., 2012a). However, there is a limited amount of studies comparing migrant
origin populations living in high-income countries with populations in the
country of origin due to lack of comparative data. Recent data on cardiovascular risk factors in Russia is limited (Petrukhin & Lunina, 2012; Vlasoff et
al., 2015). However, taking into account the significantly higher prevalence
of CVD mortality in Russia compared with high-income countries such as
Finland (GBD 2016 Russia Collaborators, 2018), it may be assumed that
prevalence of cardiovascular risk factors is also higher in Russia than in
Finland. To a large extent, cardiovascular risk profiles of persons of Russian
origin were similar to those of the general population. Therefore, it appears
that cardiovascular risk profiles of persons of Russian origin living in Finland
may be more favourable compared with those of the population in the country
of origin. It is possible that a selection process occurred upon migration as
persons of Russian origin in this study are highly educated and the main
reasons for migration were labor, family ties and Ingrian Finnish roots.
Ingrian Finns have Finnish ancestry and this may also contribute to the
commonalities in cardiovascular risk profiles of persons of Russian origin
and the general population in the current study.
Until recently, data on the prevalence of obesity in Somalia has been
unavailable and estimates are based on extrapolated data with a high degree
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of uncertainty (Mensah, 2013). According to extrapolated results, prevalence
of obesity is 3% among men and 6% among women in Somalia (World Health
Organisation, 2015). High prevalence of obesity among persons of Somali
origin in high-income countries compared with low estimates of the prevalence of obesity in the country of origin have been attribiuted to rapid changes
in the environment and respective changes in diet and physical activity
(Dharod et al., 2013; Gele & Mbalilaki, 2013; Gele et al., 2016). However, a
recent study comparing the prevalence of obesity among persons of Somali
origin in Norway with the population in Somalia (Ahmed et al., 2018) found
a significantly higher prevalence of objectively measured obesity particularly
among women in Hargeisa, Somaliland than previous estimates based on
extrapolated data. Despite a significantly narrower gap in the prevalence of
obesity between the migrated population and the population in the country of
origin, prevalence of obesity was nonetheless higher among persons of Somali
origin in Norway compared with the population in Hargeisa, Somaliland
(Ahmed et al., 2018).
The overall less favourable cardiovascular risk profiles among persons of
Kurdish origin in the current study in comparison with the general population
appears to be in line with the high prevalence of CVD mortality in the country
of origin (GBD 2015 Eastern Mediterranean Region Cardiovascular Disease
Collaborators, 2018). However, the lack of currently available data limits
possibilities to assess to what extent there are similarities or differences in the
prevalence of cardiovascular risk factors among persons of Kurdish origin in
Finland compared with the population in the country of origin. In a previous
study, prevalence of T2D has been reported to be nearly twice higher among
Turkish origin population in Sweden compared with the reference group in
Turkey (Hjörleifsdottir-Steiner, Satman, Sundquist, Kaya, & Wändell, 2011).
The risk for accumulation of social disadvantage may be higher particularly
among persons of Somali and Kurdish origin compared with the general
Finnish population. Nearly all of Somali and Kurdish origin persons included
in this study came as asylum seekers or through family reunification. Prevalence of traumatic events has been previously reported to be high among
Somali and Kurdish origin participants in the Maamu Study (Castaneda
et al., 2017). A depressed mood (van Leijden et al., 2018) and perceived
ethnic discrimination (Ikram et al., 2017) have been shown to be associated
with MetS among persons of African and Middle-Eastern origin in previous
studies conducted in other European countries. Experiences of discrimination
have been reported to be common among participants in the Maamu Study
(Rask et al., 2018). Furthermore, depressive and anxiety symptoms have been
reported to be particularly high among persons of Kurdish origin (Rask et al.,
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2016). These factors may contribute to the disadvantageous metabolic risk
profiles among Somali and particularly Kurdish origin populations.
The effect of the current environment on cardiovascular health of persons
of migrant origin can be examined also by comparing populations from the
same country of origin living in different European countries (Agyemang
et al., 2012a). Studies that have compared cardiovascular risk profiles of
migrant origin populations with a common country of origin but living in
different European countries are scarce. However, there is some evidence for
differences in cardiovascular risk profiles among African-Caribbean origin
persons in the UK and in the Netherlands (Agyemang et al., 2011; Agyemang
et al., 2013) and Ghanaian origin persons living in Germany, Netherlands
and the UK (Agyemang et al., 2018).

8.3 METHODOLOGICAL ASPECTS
This study serves as a novel and significant contribution to the limited body
of epidemiological research on cardiovascular risk factors among persons
of Russian, Somali and Kurdish origin in Europe and within Finland in
particular. These are large population groups in Finland as well as other
high-income countries (Bahar, 2013; Kaucher et al., 2017; United Nations,
2015). The major strengths of this study include the availability of comparable data on the general Finnish population, randomized population-based
sampling and the availability of objective health examination data. Cardiovascular risk factors were examined using standardised objective measures
following the European Health Examination Study protocol (Tolonen, 2016).
The laboratory responsible for the analysis of blood samples has participated
in standardization and quality assessment schemes. Objective measures were
supplemented with self-report and register-based data. Fieldwork personnel
received extensive training in following the standardised study protocol.
Importantly, data in the Maamu Study were collected by bilingual fieldwork
personnel who spoke Russian/Somali/Kurdish language as their mother
tongue and had a good command of Finnish. This enabled conduct of the
study in the mother tongue of the participants. All of the Maamu Study questionnaires were translated into the mother tongue of the study populations
by a professional translator and checked for coherency by native speakers.
Some limitations need to be taken into account. There is a chance for selectivity of the sample due to non-response. This issue was addressed by using
inverse probability weights (Robins et al., 1994). Inverse probability weights
took into account differences in the distribution of age, sex, marital status
and morbidity (register-based data from the Finnish Care Register for Health
Care) between those who have participated in the health examination of the
Maamu Study and Health 2011 Survey as opposed to those who declined
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from participation or were not reached. However, the weighted analysis can’t
rule out all effects of non-response and the differences in response rates in
the studied populations may cause some bias in the results.
There is also a minor possibility of misclassification of participants as
belonging to a certain group. This issue was addressed by confirming the
country of origin and the mother tongue of the participants of the Maamu
Study during the interview. Data on the country of birth was not collected in
the Health 2011 Survey. Even though data on mother tongue is available in the
Health 2011 Survey, it is not a reliable identifier of persons of migrant origin.
Exclusion of persons speaking other languages than Finnish or Swedish, the
two official languages in Finland, may also exclude for example second-generation migrants. However, the proportion of those speaking other languages
than Finnish or Swedish among Health 2011 Survey participants was very
low (3%). Out of the 25 participants of the Health 2011 Survey who spoke
a language other than Finnish or Swedish as their mother tongue, six spoke
Russian, one spoke Somali and one spoke Kurdish. Therefore, it is highly
unlikely that this had significant influence on the findings concerning the
general Finnish population in this study.
Although data collection was mainly conducted following fully comparable
study protocols in the Maamu Study and the Health 2011 Survey, there were
some differences in measurement protocols. Blood pressure was measured
with a digital blood pressure monitor in the Maamu Study, whereas a standard
mercury sphygmomanometer was used in the Health 2011 Survey. While
some variations have been reported between these two methods (Coleman,
Steel, Freeman, de Greeff, & Shennan, 2008), it is unlikely to have influenced
the main findings of this study. Differences in methods for measuring weight
in the Maamu Study and the Health 2011 Survey (balanced beam scale and
the bioimpedance body composition analysis, respectively) may have had a
slight influence on comparability of data in the two surveys.
Differences in fasting glucose measurements (fluoride citrate plasma in the
Maamu Study and serum in the Health 2011 Study) may have led to slightly
lower FG levels among the Health 2011 Survey participants compared with
Maamu Study participants (Uchida, Matuse 1988). In 2017, the laboratory
of the National Institute for Health and Welfare compared glucose levels
measured with plasma vs. serum and found that plasma glucose samples
produced values 8% higher than serum (unpublished data). Following these
recent analyses, it is possible that some of the differences in the prevalence of
elevated FG among participants of the Maamu Study compared with participants in the Health 2011 Survey may be partially attributable to differences
in measurement methodology. However, findings on the high prevalence of
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MetS, metabolic syndrome; BMI, body mass index; WC, waist circumference; WHtR,
waist-to-height ratio; WHR, waist-to-hip ratio; T2D, type 2 diabetes; HbA1c, glycated
haemoglobin; FG, fasting blood glucose.

Figure 8: Summary of the key findings of the four sub-studies
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glucose impairment and T2D among Somali and Kurdish origin populations
are unlikely to result from differences in glucose measurements alone.
The main advantages of HbA1c are that it is an indicator of glucose levels
over the past several weeks and is not affected by fasting (World Health
Organisation, 2011a). It is widely used as an indicator of glucose control
among persons with diabetes; however, findings on its use as an indicator of
glucose levels among persons without diabetes are mixed (Hare et al., 2013;
Herman & Cohen, 2012; World Health Organisation, 2011a). HbA1c results
can be influenced by disturbances in red cell functioning and glycation,
haemoglobinopathies (genetic diseases of haemoglobin) and laboratory measurement methods (World Health Organisation, 2011a). In this study, HbA1c
was measured with immune-turbidimetric method, which may produce
lowered HbA1c values in the presence of haemoglobinopathies (Manley,
Round, & Smith, 2006). While haemoglobinopathies have been previously
reported to be more common among some African (Derebail et al., 2010)
and Middle-Eastern (Hamamy & Al-Allawi, 2013) origin populations, HbA1c
levels among the Somali and Kurdish origin populations in this study did not
appear to be particularly low. These findings need to be confirmed within a
larger sample.
The cross-sectional data used in this study did not allow for testing causality
between anthropometric measures and T2D due to the unavailablity of
follow-up data for the study participants. Analyses examining the association
between anthropometrics with T2D and glucose levels were performed jointly
for men and women because of sample size restrictions. However, T2D risk
assessment tools do not differentiate by sex (Lindström & Tuomilehto, 2003)
and thus it was feasible to conduct the analyses here for men and women
jointly. Furthermore, preliminary analyses did not show significant differences
in the findings when examined by sex. Causality between anthropometric
measures and T2D should be confirmed using longitudinal health outcome
data, preferably also including measured biological data and self-report in
addition to register-based data. Due to sample size restrictions that have led
to widened confidence intervals, results on the differences in the degree of
association between anthropometric measures by study group can only be
viewed as indicative and need to be confirmed on a larger sample.
In the current study, register-based data was used to supplement self-reported interviews and objectively measured health examination data. Though
utilising such varied sources improves data quality overall, some limitations
related to register-based data should be accounted for. Register-based data
on medication use from the Social Insurance Institution of Finland was
based on higher reimbursement rights for diabetes and hypertension medication, whereas data on total medicine purchases was not available. Higher
reimbursement rights are granted upon a personal application to the Social
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Insurance Institution of Finland and must be supplemented with a physician’s
statement concerning the severity of the condition. Persons of migrant origin
may encounter more challenges in the application process. Therefore, it is
possible that register-based data on reimbursement rights has a higher degree
of uncertainty for migrant origin populations than among the general Finnish
population. Furthermore, persons of migrant origin may face more difficulties
in seeking health care services at early stages of onset of chronic conditions,
and may therefore be underrepresented in the register-based data on patient
health care of the Finnish Register for Health Care. Further studies should
assess the reliability of register-based data among persons of migrant origin.

8.4 IMPLICATIONS
8.4.1 IMPLICATIONS FOR FUTURE RESEARCH
Health examination surveys are crucial for monitoring noncommunicable
disease risk factors at the population level. Objectively measured health data,
including blood samples, cannot be collected in a primary healthcare setting
in a reliable manner due to the stringent standardization protocol required in
national population-based surveys. This assures that the differences between
population groups are not influenced by differences in health care practices,
instruments used and measurement protocols. It should also be taken into
account that not everyone uses the public primary care services and that
the coverage of national administrative registers is not yet comprehensive
regarding private services. While self-report or register-based data cannot
substitute objectively measured data, a combination of these datasets provides
valuable information on different aspects of health. Regularly collected population-based health examination data has informed public health decision
making for reducing regional and socioeconomic inequalities in health in
Finland since the 1950s (Kilpeläinen et al., 2016). However, it was only in 2010
that the first health examination survey among migrant origin populations
was launched (Castaneda et al., 2012). Allocating substantial public resources
into conducting a large-scale study on the health and wellbeing of migrant
origin populations was a turning point in public health decision-making in
Finland. It led to increasing awareness for the need to address issues related
to migration and health in an increasingly diverse population.
This dissertation is a first step towards gaining insight on cardiovascular
risk profiles among diverse population groups in Finland. Future studies
should further examine the underlying factors related to the observed differences in cardiovascular risk profiles. In particular, underlying risk factors for
the higher prevalence of MetS, obesity, hyperglycaemia and T2D particularly
among persons of Somali and Kurdish origin should be explored. Lifestyle-related factors commonly found to be strongly associated with cardiovascular
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risk factors among the general populations in European countries (O’Flaherty
et al., 2016) showed inconsistent associations among migrant origin populations in this dissertation, suggesting a need to identify additional risk factors.
Future studies should also examine the role of migration-related factors and
the current environment on cardiovascular profiles of persons of migrant
origin. Association between accumulation of negative life events, including
exposure to discrimination and the role of mental health on cardiovascular
outcomes should be explored.
Further studies should also focus on examining the importance of cardiovascular health and other health issues for integration and adaptation of persons
of migrant origin. Longitudinal studies among persons of migrant origin are
needed to establish causality and to determine pathways to cardiovascular and
other major chronic disease risk factors and health outcomes. Possibilities of
cross-country comparison of the cardiovascular health of the studied populations and inclusion of populations in the country of origin should be explored.
Efforts should be put into establishing ethnicity-specific cut-offs for obesity.
Meanwhile, continuous anthropometric measures in addition to categorical
measures can be used to avoid methodological bias due to lack of established
cut-offs for persons of African and Middle-Eastern origin. Administrators of
diabetes risk assessment tools need to be aware that current tools in Finland
were developed for a rather homogenous population and applying these to
populations with diverse countries of origin may lead to higher degrees of
misclassification of persons at risk for future T2D. Future studies should
focus on validating risk assessment tools among diverse population groups
in Finland. Other significant migrant origin population groups in addition to
persons of Russian, Somali and Kurdish origin should be included in future
studies to reflect the increasing diversity of the Finnish population.

8.4.2 IMPLICATIONS FOR POLICY
The size of the foreign-born population in Europe has nearly doubled over
the past decade from 44 million in 2005 to 78 million in 2017 (International
Organization for Migration, 2008; United Nations, 2017). Concerns regarding
the economic costs of migration have led to a strong emphasis on designing
policies aiming at increasing labor force participation among persons of
migrant origin (Ministry of Interior, 2018; Organisation for Economic
Co-operation and Development, 2014). Health is often not addressed in
these discussions, yet health is the prerequisite for successful adaptation and
integration of migrants (Jervelund et al., 2017). Adequate health is needed
to secure sufficient physical, psychological and social functional capacity of
the individual to function as an active and reciprocative member of society
(Puchner et al., 2018). Cardiovascular risk factors examined in this study are
not only significant risk factors for CVD but are also risk factors for other
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noncommunicable diseases such as cancer and memory disorders (Calle &
Thun, 2004; Kivipelto et al., 2005; Solomon et al., 2007). Presence of these risk
factors limits functional capacity and hence thus labour force participation.
At the population level, findings of this study highlight the significant heterogeneity in cardiovascular risk factors among the increasingly diverse population
in Finland. Although migration to Finland accelerated already in the 1990s, it
was only in 2010 that the first and only population-based health examination
survey has been conducted among persons of migrant origin permanently living
in Finland (Castaneda et al., 2012). The findings of this dissertation call for an
acute need to include persons of migrant origin into systematic monitoring of
cardiovascular and other major chronic disease risk factors in Finland. Persons
of Russian, Somali, and Kurdish origin included into the Maamu Study jointly
constitute approximately a quarter of foreign-born persons in Finland (Statistics
Finland, 2017). Population-level data on cardiovascular and and other major
chronic disease risk factors among diverse migrant origin groups in Finland
is needed to inform decision-making concerning allocation of public health
resources and planning of health promotion strategies (Laatikainen et al., 2016).
Projection of future population risk can be used for planning allocation of
public resources (Jurgensen, 2006). However, currently used CVD and T2D risk
assessment tools have been designed using national population-based data that
predominantly included the population born and raised in Finland (Lindström
& Tuomilehto, 2003; Vartiainen et al., 2007). Findings of this dissertation on
a lower degree of association between anthropometric measures with T2D
and overall differences in cardiovascular profiles among diverse population
groups call for a need to validate risk assessment tools also among persons of
migrant origin. Meanwhile, awareness of misclassification potential for persons
at increased risk for CVD when using current risk assessment tools is needed.
At the individual level, it should be noted that there is significant heterogeneity among persons coming from the same region (Commodore-Mensah
et al., 2015) and even the same country. Hence, particularly in the health
care setting, all persons, including those of migrant origin should be viewed
as individuals with a unique life course and unique social and physical
exposures rather than as an aggregate group (Ben-Shlomo & Kuh, 2002).
Migration-related experiences need to be taken into account when designing
an individual health care plan in primary care or an intervention targeting
specific cardiovascular risk factors such as obesity or T2D (Spallek et al.,
2011). Differences in social and physical exposures are likely to be particularly
pronounced when comparing pre-migration exposures of persons coming
from low- or middle-income countries to high-income countries (Agyemang
et al., 2012a). The importance of correctly identifying persons at increased
risk for CVD and T2D carries obvious consequences at the individual level
(Jurgensen, 2006).
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Finally, policy decisions should be designed to break down societal structures that reinforce the unequal distribution of societal resources and power
across different populations. Improving knowledge is crucial for breaking
down existing societal structures (Limaye, Sullivan, Dalessandro, & Jenkins,
2017). This should involve gathering data on the health of persons of migrant
origin through conducting population-based health examination surveys to
guide evidence-based decision-making (Laatikainen et al., 2016). It is also
crucial that persons of migrant origin are empowered with knowledge by
improving their access to policy-making documents as well as facilitating
their contributions to planning and developing services and programmes
aimed at improving the health of diverse population groups.
Health care professionals should be provided with training to raise awareness
on differences in cardiovascular risk profiles across population groups. Additionally, health care professionals should be made aware of the importance of
life course events and migration-related factors on individual health outcomes
among migrant origin populations. Public health promotion campaigns are
carried out to raise awareness on risk factors for chronic diseases at the population level in Finland, and health promotion materials are handed out in the
health care setting. However, this information may not reach migrant origin
populations as effectively as the general Finnish population. This may result in
a higher degree of gaps in knowledge on health and health behaviour among
migrant origin populations compared with the general Finnish population.
Higher prevalence of MetS was attenuated by socioeconomic and lifestyle-related factors among migrant origin women but not men, suggesting
that particularly women would benefit from lifestyle-related interventions.
Emphasis should also be placed on improving health literacy among persons
of migrant origin (Gele, Pettersen, Torheim, & Kumar, 2016). This may
facilitate uptake of healthier lifestyle habits, including physical activity and
a healthy diet. Persons of migrant origin, particularly those coming from
low- and middle-income countries need knowledge on what constitutes a
healthy lifestyle, risk factors for health and on available health services (Gele
et al., 2015). Developing health education material not only builds knowledge
of migrant origin populations but provides tools for communication between
the healthcare personnel and persons of migrant origin (Martin, Butters, &
Phuong, 2018). Health education should be provided as soon as possible
following migration, in integration training and in primary care, to facilitate
adaptation to the new environment, uptake and maintenance of healthy
lifestyles as well as to strengthen help-seeking behaviours (Lionis et al., 2018).
Information on health should be presented in an understandable manner.
Merely translating text into different languages may not be sufficient to reach
all population groups. In Finland, a limited amount of health education
material has been adapted for persons of migrant origin, which acts as an
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obvious barrier to disseminating knowledge on health equally across all
population groups. Addressing this issue is particularly important in light
of the current health and social care reform that places increasing emphasis
on the individual’s own responsibility for their health and on the individual’s
own ability to assess their service needs (Finnish Government, 2018).
However, improving health literacy is only part of the solution. Following
an unhealthy lifestyle is not necessarily a personal choice but may result from
a complex interaction between the physical environment and individual and
cultural characteristics. On one hand, certain restrictions related to religion and
culture may influence uptake of healthier lifestyles, as is for example seen in the
low prevalence of smoking and alcohol intake particularly among Somali and
Kurdish origin women. On the other hand, these same religious and cultural
factors may contribute to creating greater barriers to uptake of physical activity,
which is likely to be a contributing factor to the high prevalence of obesity
among women of Somali and Kurdish origin. In a previous study, Somali origin
women reported environmental factors as barriers to engaging in physical
activity; therefore efforts should also be put into facilitating a safe, supportive
environment to engage in physical activity (Persson, Mahmud, Hansson, &
Strandberg, 2014). Barriers and motivators for following healthy lifestyles need
to be explored among different population groups in order to design effective
strategies for health promotion among the population as a whole. Implications
of the study for policy is summarised in Figure 9.

Figure 9: Policy implications of the study
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9 CONCLUSIONS
The main observation of this study is the substantial heterogeneity in cardiovascular risk profiles across diverse population groups. The group with the
highest prevalence of a certain risk factor is dependent on the risk factor
examined. Of particular concern is the high prevalence of hyperglycaemia
and T2D among Somali and Kurdish origin persons, accompanied by a high
prevalence of obesity among women belonging to these groups. Commonly
used obesity indices that have been established to have a strong correlation with future risk for T2D among the general Finnish population had
a weaker degree of association among persons of Somali and particularly
among persons of Kurdish origin. There is a clear need for validation of CVD
and T2D risk assessment tools among diverse populations in Finland. New
risk assessment tools need to be developed to better suit the population as a
whole. Additionally, possibilities of increasing the use of risk prediction tools
that are based on continuous anthropometric measures should be explored.
Lifestyle-related factors accounted for the higher prevalence of clustering of
metabolic risk factors among migrant origin women but not men. The influence of additional risk factors on differences in cardiovascular risk profiles
need to be explored.
The findings of this study can be generalized to persons of Russian, Somali,
and Kurdish origin in Finland. Findings concerning persons of Kurdish and
Russian origin were consistent with findings of previous studies concerning
Middle-Eastern and Eastern European origin populations. Findings
concerning persons of Somali origin, on the other hand, differed to some
extent from those concerning other African origin populations in Europe.
Generalisation of findings to populations in Finland originating from the
same geographical regions as the study groups should be done with caution.
Furthermore, there is a limited amount of data on cardiovascular risk profiles
of persons of Russian, Somali, and Kurdish origin in other high-income countries. Taking into account that contextual factors in the country of migration
influence the health of the population, findings are not necessarily generalizable to persons of Russian, Somali, and Kurdish origin in other countries.
Policy decisions should address health inequalities across population
groups through building the knowledge base. At the population level, this
can be achieved through gathering repeated data on all large population
sub-groups to support evidence-based decision making. At an individual
level, this can be achieved through improving health literacy and access
to knowledge on health and health services across all population groups.
More emphasis should be put on involving persons of migrant origin at
different stages of decision-making processes and in the development of

health promotion measures. Health care professionals should receive training
to raise awareness on the heterogeneity in health across migrant origin populations, and the need for taking migration-related factors into account as
part of the holistic assessment of an individual’s resources and risk factors
for health. The heterogeneity of persons of migrant origin coming from
the same geographical regions or even the same countries should be taken
into account in health care. As with the general population, cardiovascular
outcomes are the product of an accumulation of adverse events throughout
the life course also among persons of migrant origin. However, it should
be taken into account that among persons of migrant origin, pre- and post
migration exposures may differ from life course exposures of the general
population. Migration-related factors should be included as an additional
dimension influencing health outcomes of persons of migrant origin.
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