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GENERAL INTRODUCTION

Ethnicity, migration and health

Europe is ethnically diversifying due to the increasing flow of international 
migration. Migration, by definition, is a movement of a person or a group 
of persons, either across an international border or within a country. 

The number of international migrants worldwide has continued to grow 

considerably over the past few decades, reaching 244 million in 2015, up 

from 173 million in 20001. High-income countries host more than two-

thirds of all international migrants. In Europe, according to Eurostat, there 

were 53.1 million foreign-born residents in the European Union in 2014, 

about 10% of the total population. The majority, 63%, were born outside the 

European Union2. In European cities such as London and Amsterdam about 

one third of the population are of migrant descent3.

International migration is inextricably linked with ethnicity. With time, 

migrants who arrive in a host country eventually become an ethnic minority 

group in that country. There is not one single indicator for ethnicity or 

migrant status4. Ethnicity encompasses among others someone’s culture, 

customs, language and/or religious heritage5. Self-identification or country of 
birth are regularly used as indicators for ethnicity. The definition of ethnicity 
that is commonly used in the Netherlands and in several other European 

countries defines ethnicity based on country of birth of the individual and 
country of birth of the parents4. An individual is considered a first generation 
migrant when they themselves as well as their parents are born in the country 

of origin. Second generation migrants are born in the country of settlement 

while both their parents were born in the country of origin.

While recently Europe’s attention has focused on irregular migrants such as 

refugees and asylum seekers, the large majority of migrants, either internal 

or international, has migrated due to economic reasons6. Migration to an 

economically better prospective is an ancient phenomenon. John Kenneth 

Galbraith, one of the most well-known economists of the 20th century, 

once said: “Migration is the oldest action against poverty. It selects those 

who most want help. It is good for the country to which they go; it helps 

break the equilibrium of poverty in the country from which they come. 

What is the perversity in the human soul that causes people to resist so 

obvious a good?”7. The reasons for which people migrate can be categorised 

into “push” and “pull” factors. Push factors compel people to migrate, for 

example drought, famine or political instability. Examples of pull factors are 

schooling, healthcare or employment at the place of destination that entice 

people to migrate.
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Migrants differ from the host population of the country in which they settle, 
not only in terms of the challenges they face in society, but also in terms of 

lifestyle, behaviour and health. Similarly, migrants differ in health-related 
behaviour from non-migrants in the country of origin due to changes after 

migration. These changes often include changes in physical activity (or 

sedentariness), diet and psycho-social stress. Several important health 

challenges often accompany these changes, notably obesity, hypertension 

and type 2 diabetes (T2D)which is  the theme of this thesis8. 

The increased burden of type 2 diabetes among 
African migrants

Millions of people worldwide are affected by T2D and the numbers are 
increasing rapidly9. While in 1980 about 153 million people had T2D, 

415 million people across the globe were diabetic in 20159,10 (Figure 1). 

T2D contributes to mortality and reduces quality of life. Poorly managed 

diabetes can lead to cardiovascular disease and blood vessel damage 

related complications such as poor vision, kidney malfunction, neuropathy 

and (skin) infections11. T2D is a preventive, and in some cases reversible, 

condition12. Prevention and timely treatment are crucial in improving quality 

of life, reducing mortality and reducing health care costs10.

Figure 1. Estimated number of people with diabetes worldwide and per region in 

2015 and 2040 (20-79 years). Adapted from IDF Diabetes atlas 7th Edition10
.
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While perceived as a disease of the affluent, T2D no longer affects only high 
income countries. Eighty per cent of diabetes cases live in low- and middle 

income countries13. The International Diabetes Federation (IDF) estimated 

the T2D prevalence to be around 3.8% in 2015 for the Sub-Saharan African 

region along with the highest projected increase of all world regions for 

204010. Other studies have shown that the prevalence of T2D varies greatly 

between countries and settings in this region; from 0.6% in rural Uganda 

to 12% in urban Kenya14. The large variation in prevalence may suggest 

important differences between geographical contexts and between different 
sub-Saharan African populations. It suggests an influence of environment 
on the epidemiology of T2D. 

Rapid rising levels of adiposity, defined as an excess fat mass, are believed 
to underlie the high burden of T2D among sub-Saharan Africans15,16. In 1975 

about one in four countries worldwide had an overweight (BMI ≥ 25 kg/m2) 

prevalence of over 40%, in 2014 this had expanded to more than half of the 

world’s countries. In the sub-Saharan African region the obesity (BMI ≥ 30 
kg/m2) prevalence is increasing, leading to a dual burden of disease in many 

African countries17; i.e. one source being the well-known infectious diseases 

and the other being non-communicable disorders such as cardio-metabolic 

disease. 

Among African migrants in Europe the prevalence of T2D seems excessively 

high. Among African Caribbean residents in the Netherlands a prevalence 

as high as 14.7% has been reported18. This is far higher compared with 6.2% 

reported among Dutch origin populations18 and compared with the IDF 

estimated prevalence reported for the African region13. However, the extent 

of the inequalities in T2D between African migrants and Europeans, as well 

as compared with non-migrants in Africa, has not yet been systematically 

quantified.

In addition to differences between African migrants and European host 
populations and between African migrants and non-migrants in Africa, 

there are also geographical differences in T2D prevalence between European 
countries that are reflected in differences in prevalence between migrants 
resident in these countries. A previous study has shown that a higher 

prevalence of T2D in the Netherlands compared with the UK was reflected 
in a higher prevalence of T2D among African migrants in the Netherlands 

compared with African migrants in the UK18. A limitation of that study was 

the inclusion of a heterogeneous African population, i.e. African Caribbean 

populations. African Caribbean populations, of African descent who migrated 

to Europe via the Americas, experience a large degree of admixture19. They 

are in genetic background in between European and African populations. 

Given a contribution of genetics to T2D, it is hypothesised that sub-Saharan 
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Africans who migrated directly to Europe deviate even stronger from 

Europeans compared with African Caribbean populations. However, data 

on T2D among sub-Saharan African migrants are lacking.

Large genetic differences do not only occur between African Caribbean and 
sub-Saharan African populations, they are also visible between different 
sub-Saharan African populations20. For example, Biaka Africans in the 

Central African republic cluster substantially different from Yoruba Africans 
in Nigeria20. Given these substantial differences between sub-Saharan 
Africans, it is essential in assessing the role of migration and geographic 

context in T2D to study a homogenous African population; i.e. a sub-Saharan 

African population with a similar genetic background. However, data on a 

homogenous African population resident in multiple geographical locations 

is lacking. A sub-Saharan African population suited for this type of study 

because of their homogeneity are Ghanaians. The majority of Ghanaian 

migrants in Europe are of Akan origin; a Ghanaian ethnic group originating 

from the Ashanti region in Ghana (Figure 2). This thesis will use data on 

Ghanaian populations to study the role of migration and geographical 

context in T2D among sub-Saharan Africans.

Figure 2. Regions in Ghana.  

Adapted from DHS Ghana 201421
.
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Underlying mechanisms for the increased risk of type 
2 diabetes among African migrants

The causes and underlying mechanisms for the increased risk for T2D 

among sub-Saharan African migrants are complex. A main driver of T2D risk 

among Europeans is adiposity. Sixty-five to 80 per cent of new T2D cases are 
thought to be accounted for by obesity22,23. On the reverse, weight loss and 

increased physical activity have been shown to prevent or delay the onset of 

T2D among Europeans24. Similarly to T2D, obesity prevalence is higher in 

most ethnic minority groups compared with Europeans25. However, little is 

known on the contribution of adiposity to the increased risk of T2D among 

sub-Saharan African migrants compared with Europeans. Furthermore, 

previous studies have shown that the known environmental risk factors, 

such as socio-economic position and overweight do not fully explain ethnic 

inequalities in T2D26. 

There are indications that different physiological mechanisms may 
contribute to the higher risk for T2D among African migrants. The direct 

underlying mechanism of T2D is an elevated blood glucose as the result 

of an imbalance between insulin sensitivity and insulin production by the 

beta-cells of the pancreas27. Previous studies indicate that insulin resistance 

may be more important than beta-cell dysfunction in T2D among African 

descent populations differing from European populations28,29. However, 

studies among sub-Saharan African migrants are lacking as most of these 

studies have been performed in African Americans29,30 or were of limited 

sample size28,31. The mechanisms among direct sub-Saharan African descent 

populations are still poorly understood.

Apart from environmental, lifestyle and health-related behavioural factors, 

other possible explanations for the increased burden of T2D among sub-

Saharan African migrants include genetics and epigenetics. In this context, 

genetic risk factors refer to changes in DNA sequence variation that increase 

the risk of T2D. More than 100 genetic variants have been found to be 

associated with T2D in studies that consist mostly of Europeans and/or 

Asians32. However, the proportion of variance of T2D that is attributable to 

genetic variants is low33. 

Epigenetics refers to potentially heritable changes in the genome that may 

influence genetic regulation. Epigenetics is the study of mechanisms that 
enforce the activation and inactivation of parts of the genome (Box 1). While an 

individual’s DNA sequence variation cannot change over time, epigenetics can 

change. There are three main epigenetic mechanisms; histone modifications, 
DNA methylation and chromatin remodeling, of which methylation is up 
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to date the most studied mechanism. Health-related behaviour can affect 
DNA methylation. For example, a change in diet or quitting smoking can 

increase or decrease the methylation level of different parts of the genome34. 

These differences in health-related behaviours, such as diet, physical activity 
and smoking, may influence epigenetic modifications and directly or via 
epigenetic mechanisms may lead to obesity, an imbalance between insulin 

resistance and beta-cell function and ultimately elevated blood glucose 

levels defined as impaired fasting glucose (5.6 – 7.0 mmol/L) or T2D (≥ 7.0 
mmol/L). Differences in DNA methylation have been associated with T2D 
and adiposity among European populations35,36. Despite the high burden 

of T2D among sub-Saharan African migrants, epigenome-wide association 

studies on adiposity and T2D in African populations are still lacking.

Figure 3 presents a conceptual model for the here discussed factors 

that may underlie the increased risk of T2D among sub-Saharan African 

migrants. It shows that following migration, sub-Saharan African migrants 

may have different health-related behaviours compared with the Europeans 
host population as well as compared with their compatriots in Africa due 

to exposure to different geographical contexts. Potentially these health-
related behaviour changes lead to changes in epigenetic mechanisms that 

contribute to a higher risk for adiposity, higher insulin resistance and/or 

beta-cell dysfunction and ultimately T2D.

1
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Double helix                                          Three basepairs

Box 1. Epigenetics and EWAS in a nutshell

The term “epigenetics”, means literally “above genetics” and is a means by 

which genetics and environment can interact. Before we explain epigenetics 

we will briefly recap some basic genetics.

The nucleus of all cells (except for red blood cells) contains DNA. DNA is the 

blueprint that determines characteristics and functioning of all living things. 

DNA is composed of nucleotides: adenine (A), thymine (T), cytosine (C) and 

guanine (G). These nucleotides form two chains that are complementary and 

twisted into what is called a “double helix”. An adenine nucleotide always 

pairs with a thymine (A-T) and a cytosine nucleotide always pairs with a 

guanine (C-G). These are called basepairs. A sequence of basepairs that code 

for the production of a specific type of protein is called a gene. The “genome” 
usually refers to all genes in an individual (estimated to be around 25,000).

Two steps are undertaken for a gene to produce a protein. First, a sequence 

of basepairs that code for a gene are copied into what is called RNA. Whereas 

DNA cannot travel outside the nucleus,  RNA can. The process of copying 

a part of DNA sequence into RNA is called “transcription”. Second, the 

RNA provides the code for protein synthesis, this is called “translation”. 

Epigenetics is a mechanism for regulating gene activity that determines 

which genes are turned “on” or “off”; i.e. which genes are transcribed. The 
“epigenome” usually refers to all potential gene activity changes on the DNA.
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There are several epigenetic mechanisms that can regulate transcription. In 

this thesis we focus on one epigenetic mechanism called “DNA methylation” 

in which methyl groups (carbon atom bonded to three hydrogen atoms – 

CH
3
) are bound to the DNA at C-G basepairs, also called “CpG sites”. A 

methyl group at a CpG site can be either bound or unbound (“off” or “on”). 
The number of cells that have a methyl group bound at a specific CpG site 
on the genome (i.e. the degree of methylation) can differ between cell types, 
individuals, and according to disease status. Binding of methyl groups can 

be affected by environment and health-related behaviour. 

Epigenome-wide association studies (EWAS) study the association between 

the degree of methylation on many CpG sites across the genome with a 

(disease) outcome. When the degree of methylation for a specific CpG site 
differs significantly between those with and without the disease in question, 
we speak of a “Differentially Methylated Position”. This epigenetic mechanism 
of DNA methylation is most studied due to technical developments in the 

field. Current platforms allow measurement of methylation degree for a 
large number of CpG sites across the whole genome at relatively low cost.

Methylated                                             Unmethylated

Differentially Methylated Position. For example: hyper-methylation in T2D 

cases (left) versus controls (right).

1
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Figure 3. Conceptual model for underlying mechanisms of type 2 diabetes among 

sub-Saharan African migrants in Europe.  
Adapted from Agyemang et al. (2014)37

. 
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AIM AND OBJECTIVES OF THIS THESIS

The overall aim of this thesis is to gain insight into the burden and underlying 

mechanisms of T2D among sub-Saharan African migrants. This aim can be 

broken down into the following objectives:

1. To quantify the increased burden of T2D among sub-Saharan African 

migrants in Europe.

2. To explore the potential role of migration and geographical context in 

the increased risk for T2D among sub-Saharan Africans migrants.

3. To study adiposity, insulin resistance and beta-cell dysfunction as 

underlying pathophysiological factors for the increased risk for T2D 

among sub-Saharan Africans migrants.

4. To identify novel and known epigenetic loci that can contribute to the 

high risk for T2D and adiposity, as its main determinant, in sub-Saharan 

Africans.

These aims will be addressed in three parts. Each part has the following 

specific hypotheses:

PART 1: Quantification of the burden
 - T2D risk is increased in sub-Saharan African migrants living in Europe 

compared with Europeans.

 - T2D risk is increased in sub-Saharan African migrants living in Europe 

compared with non-migrants in urban Africa and rural Africa.

 - T2D risk differs between African migrants resident in different European 
host countries following a similar gradient as in the host populations.

PART 2: Underlying pathophysiological factors
 - The higher risk of T2D among sub-Saharan African migrants compared 

with Europeans and admixed African descent populations cannot be 

fully explained by ethnic differences in adiposity.
 - The higher risk for T2D among sub-Saharan African migrants is driven 

by insulin resistance as opposed to beta-cell dysfunction.

PART 3: Underlying epigenetic factors
 - The higher risk for T2D among sub-Saharan African migrants is partly 

driven by epigenetic loci that contribute to T2D across populations as 

well as by epigenetic loci that are specific for African populations.
 - Adiposity, the main determinant of T2D, is also partly driven by 

epigenetic loci that contribute to T2D across populations as well as by 

epigenetic loci that are specific for African populations.

1
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Study designs

An overview of the studies presented in this thesis is shown in Table 1. These 

studies are largely based on data from two studies: the HELIUS study and 

RODAM study. Traditionally migrant health is studied by comparing the 

migrant population with the host population. An example of such a study is 

the Healthy Life in an Urban Setting (HELIUS) study38. The HELIUS study 

examines the health of adults resident in Amsterdam of Dutch, African 

Surinamese, South Asian Surinamese, Moroccan, Turkish and Ghanaian 

origin. This type of study can provide insight into ethnic differences in 
health and their determinants. Data from the HELIUS study was used for 

Chapter four. Other ways of studying migrant health that are still relatively 

unexplored entail comparing one migrant population between multiple host 

countries or comparing a migrant population with their counterparts in 

their country of origin39. These types of studies are required for improved 

understanding of how migration and contextual factors might affect health. 
The Research on Obesity and Diabetes among African Migrants (RODAM) 

study includes Ghanaians resident in five geographical locations, both 
multiple countries of settlement (Netherlands, UK, Germany) as well as the 

country of origin (rural and urban Ghana)37. A detailed description of the 

design of the RODAM study is given in the Appendix. Data from the RODAM 

study were used for Chapter three and five to seven.

OUTLINE OF THIS THESIS

This thesis consists of three parts. In the first part we quantify the increased 
burden of T2D among sub-Saharan African migrants. We do this by comparing 

sub-Saharan African migrants with Europeans by means of a meta-analysis 

on published literature (Chapter two). In order to test the hypotheses on 

difference in risk in T2D between sub-Saharan African migrants and non-
migrants and between European host countries, we compared sub-Saharan 

Africans resident in three Europeans cities and in rural and urban Africa 

(Chapter three). The second part of the thesis studies adiposity (Chapter 

four), and insulin resistance and beta-cell dysfunction (Chapter five) 
as potential underlying pathophysiological mechanisms of T2D in sub-

Saharan Africans. The third part of the thesis addresses epigenetic factors as 

potentially underlying T2D in sub-Saharan Africans. Chapter six and seven 

study the association between DNA methylation with T2D and adiposity, 

respectively. A comparison of epigenetic loci found in sub-Saharan Africans 

with epigenetic loci reported in Europeans is used to identify epigenetic 

loci that potentially explain the increased T2D risk in sub-Saharan African 

migrants compared with Europeans.
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Table 1. Overview of chapters presented in this thesis

Chapter Outcome Ethnic group(s) Design Data source

Part 1: Quantification of the burden

2 Type 2 

diabetes

Sub-Saharan African, 

South Asian, South 

and Central American, 

Middle Eastern 

and North African, 

Western Pacific, 
European

Comparison 

with host 

population

Published 

literature

3 Type 2 

diabetes, 

impaired 

fasting 

glucose, 

obesity

Ghanaian Geographical 

comparison

RODAM study

Part 2: Underlying pathophysiological factors

4 Type 2 

diabetes

Ghanaian, African 

Surinamese, Dutch

Comparison 

with host 

population

HELIUS study

5 Impaired 

fasting 

glucose

Ghanaian Geographical 

comparison

RODAM study

Part 2: Underlying epigenetic factors

6 Type 2 

diabetes

Ghanaian Case-control 

comparison

RODAM study

7 Adiposity Ghanaian Case-control 

comparison

RODAM study

1
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