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General introduction

This thesis is about ethnic differences in physical activity and the association between 
physical activity and cardiovascular disease (CVD) and CVD-related risk factors across 
ethnic groups. The general introduction is divided into four main sections. Part 1 describes 
the background information of two large ethnic minority groups from Suriname of South 
Asian and African descent living in the Netherlands, as well as some key concepts of 
studying health and ethnicity. Part 2 describes ethnic differences in CVD, with a focus on 
these two large ethnic minority groups from South Asian and African origin compared to 
European-origin populations. Part 3 describes ethnic differences in physical activity and 
the relationship between physical activity and CVD. The final section, part 4, describes the 
conceptual model that guided the analyses as well as the aim and objectives of this thesis, 
and also gives an overview of the subsequent chapters. 

Part 1 - Ethnic minority groups in the Netherlands

About 11% of the total population of the Netherlands has a non-Western background, which 
is approximately 1.9 million people in absolute numbers.1 This definition includes people 
living in the Netherlands who were born in Turkey or in a country in Africa, Latin America, 
or Asia (with the exception of the former Dutch East Indies (present-day Indonesia) and 
Japan). The second generation (i.e., children born in the Netherlands but with at least one 
parent from one of these countries) is also included in this definition of non-Western. The 
number of people with non-Western backgrounds is expected to increase in the coming 
years due to continuing immigration.2 
About one-fifth of the non-Western population in the Netherlands is made up of people 
from the Republic of Suriname (the former Dutch Guyana in South America), which makes 
them one of the largest non-Western groups living in the Netherlands.1 More than half 
the Surinamese population in the Netherlands lives in one of the four largest Dutch cities: 
Amsterdam, Rotterdam, The Hague, and Utrecht.3 In contrast to other large ethnic minority 
groups in the Netherlands (e.g., people from Turkey or Morocco who originally came to the 
Netherlands as labor migrants), the people from Suriname came to the Netherlands because 
of the colonial history. Aside from the steady flow of people from Surinamese ethnic groups 
who settle in the Netherlands every year, two large waves can be identified. The first wave 
(consisting of about 40,000 people) was around 1975, when Suriname became independent 
from the Netherlands; this was followed by a second wave around 1980 due to the political 
situation in Suriname.4

In the Netherlands, country of birth is the primary operationalization of ethnicity. For 
Suriname, however, country of birth does not capture the heterogeneity in ethnicity in 
the population in this country. Therefore, for the population from Suriname, additional 
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indicators are necessary to distinguish between the ethnic groups, which include people 
from Hindustani, Creole, Javanese, and Chinese backgrounds. Most definitions of 
ethnicity include that ethnic groups should share at least a combination of the following 
characteristics: similar ancestry, migration history, language, religion, culture, traditions 
that are passed down from generation to generation, and a feeling of identity. The two 
largest ethnic groups from Suriname currently living in the Netherlands have ancestral 
migration histories from West Africa and the Indian subcontinent. More specifically, the 
Surinamese of African origin are mainly descendants of West Africans who were taken to 
Suriname during the slave trade era. The Surinamese of Indian origin are descendants of 
people from northern India (Uttar Pradesh, Uttaranchal, and West Bihar) who were taken 
to Suriname as indentured laborers between 1873 and 1917.5

In the Netherlands, these ethnic groups are commonly referred to by their self-assigned 
ethnicity as Creole or Hindustani. Although this captures the ethnic diversity between 
the groups, these “labels” are not very common in the international study of ethnicity and 
health. In this thesis, therefore, these populations will be referred to as African-Surinamese 
or South Asian-Surinamese ethnic minority groups to better reflect their ancestral origins 
and more recent migration history as well as for international comparability with equivalent 
ethnic minority groups. 

Part 2 - Ethnic differences in CVD

CVD is currently a major public health burden affecting many people in the general 
population.6 However, CVD risk is not similar across population groups. Compared to the 
European-Dutch, the African-Surinamese and South Asian-Surinamese ethnic minority 
groups in the Netherlands are characterized by higher levels of CVD, CVD-related hospital 
admission, and CVD-related mortality.7-9 The higher level of CVD-related mortality seems 
more apparent in men than in women.10

Additionally, higher rates of CVD risk factors such as hypertension and diabetes mellitus 
have been observed in both the African-Surinamese and South Asian-Surinamese ethnic 
groups compared to the European-Dutch.11;12 Furthermore, compared to the European-
Dutch, African-Surinamese women and South Asian-Surinamese men and women 
have been found to have raised levels of low HDL (high-density lipoprotein) and fasting 
blood glucose.7 Metabolic syndrome (defined according to both the National Cholesterol 
Education Program and the International Diabetes Federation criteria) was also observed 
at higher levels in South Asian-Surinamese and African-Surinamese women compared to 
the European-Dutch.12 In other industrialized countries, higher levels of CVD and CVD 
risk factors have also been observed in African- and South Asian-descent ethnic minority 
populations compared to the majority populations.13-15

12



The risk transition of CVD

Higher levels of CVD in the general population were first indicated by a sharp increase 
in the prevalence of heart attack at the start of the twentieth century.16 Major societal 
and medical breakthroughs have led to a decreased burden of infectious diseases in the 
population by lowering the traditional risk factors for these diseases (such as poor sanitation), 
resulting in a longer life expectancy and a relatively higher burden of noncommunicable 
diseases.17 Additionally, continuing industrialization changed society through a wide 
range of interconnecting technological, professional, and cultural shifts that introduced 
various modern risk factors (e.g., low physical activity), shaping an increased risk for 
noncommunicable diseases such as CVD. These processes of a changing environment 
within society that lead to shifts in behavior and disease risks can be described by the 
epidemiological risk transition (Figure 1).

Figure 1. The risk transition. Over time, the traditional risk factors (e.g., poor sanitation, indoor air pollution) 
are being substituted by more modern risk factors (e.g., tobacco, low physical activity) in society. Modern 
risks can vary between countries, depending on the risk and context (source: World Health Organization, 
Global Health Risks, 200918).

Traditional risks

Risk
size

Time

Modern risks

Tobacco

Low physical activity
Overweight

Urban air quality
Road traffic safety
Occupational risks

Undernutrition
Indoor air pollution
Water, sanitation, and hygiene

This risk transition as indicated in the figure above also provides some indications about 
the high risk of CVD in migrant populations living in high-income countries. Many 
migrants who migrated from low- and middle-income countries are still in an earlier phase 
of the epidemiological transition, which means that, as a result of migration, they are 
living in countries with different risk profiles. Migration introduces a variety of challenges 
regarding the new social, socioeconomic and structural environment potentially resulting 
in acculturation stress.19 One of the mechanisms by which stress affects health is through 
unhealthy behavior.20 Migrants often seem to adopt health-damaging behaviors such as 
smoking and low physical activity in leisure time,21-23 which can potentially explain some 
of the ethnic differences in disease risk. Variations in ethnicity-specific disease risk and 
risk factors have previously been conceptualized as being due to specific characteristics 
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of the ethnic group under study, such as genetics, but also specific cultural traditions, 
ethnic identity, socioeconomic factors, discrimination, social participation, and migration 
history.24 

Part 3 - Ethnic differences in physical activity and 
relationship with CVD

This thesis will focus on physical activity as one of the possible explanations for the higher 
CVD risk observed in the South Asian-Surinamese and African-Surinamese ethnic minority 
groups compared to the European-Dutch. This section will present a short overview of the 
current evidence regarding physical activity and CVD in ethnic groups.

Physical activity and CVD

The amount of physical activity that is beneficial for health (i.e., the minimum amount 
of activity necessary to observe positive effects on health) has been researched quite 
extensively in populations from industrialized countries. Please see Box 1 for the 
definition and measurement of physical activity. Most recent international public health 
recommendations for adult physical activity state that individuals should be active on at 
least 5 days per week (preferably all days of the week) in a moderate-intensity activity for at 
least 30 minutes per day.25-27 The additional benefit of more strenous or vigorous intense 
physical activity is also mentioned in these recommendations. The duration of the activity 
can be gathered in shorter bouts throughout the day, and further benefits on health are 
observed in individuals who are more physically active than the recommendation.25

Low physical activity is estimated to be the principal cause in 27% of the diabetes and 
30% of the ischemic heart disease burden.18 Additionally, low physical activity is the fourth 
largest risk factor for mortality in middle- and high-income countries.18 The beneficial 
effect of physical activity on CVD is complex, and interrelated with various biological 
mechanisms. The most important mechanism is energy expenditure, and when this is 
balanced with energy intake it results in weight control.28 Basically, low physical activity 
in an environment with plenty of nutrition causes individuals to store energy and become 
overweight or obese. Underlying this is the association between physical activity and 
a more healthy blood lipids balance.29 Low physical activity, in turn, is associated with 
development of atherosclerosis,30 and impaired glucose regulation and the development 
of type 2 diabetes.31;32 The aforementioned higher level of CVD in the African-Surinamese 
and South Asian-Surinamese ethnic minority groups means that physical activity, due to 
its potential to lower CVD risk, is an important modifiable risk factor to study within these 
populations compared to the general population. 
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Physical activity and CVD in ethnic groups

Previous evidence indicates that participation in sports is lower in a population sample 
of Surinamese groups living in Rotterdam compared to the European-Dutch living in the 
same city.38 In another population study including a sample of South Asian-Surinamese and 
African-Surinamese groups compared to the European-Dutch sample living in Amsterdam, 
adherence to at least the recommended level of physical activity (30 minutes, 5 times per 
week) was found to be higher in European-Dutch women, though no differences were 

Box 1. Definition and measurement of physical activity
Physical activity is a complex behavior to study, and can easily lead to confusion if not first 

properly defined. The term physical activity includes all bodily movements that contract 

skeletal muscles as a result of a wide range of activities (including work, leisure time, 

commuting, and other everyday activities such as household activities and child care).33 

The term exercise describes the planned, structured, and repetitive activities undertaken 

in leisure time that have the primary function of increasing physical fitness.33 From this 

definition it is clear that while all exercise is physical activity, not all physical activity is 

exercise. The term physical fitness can be seen as something achieved by physical activity 

and exercise, and is therefore more appropriate as a measurement of recent physical 

activity (e.g., in intervention studies). This thesis will focus on physical activity only.

The most accurate way to assess an individual’s level of physical activity is by measuring 

energy expenditure. In addition to body composition (fat-free mass), physical activity 

is the most important factor relating to differences in energy expenditure between 

individuals.34-36 Total energy expenditure can be measured either directly (by measuring 

body heat) or indirectly (estimated by gas exchange or isotope turnover rate). Both of 

these methods require specific laboratory conditions or expensive field methods, which 

make them less practical in a large epidemiological setting.37 Another method of obtaining 

objective physical activity levels is by using electronic monitors. Some disadvantages 

of electronic monitors include the inability to register specific upper- or lower-body 

movements and some specific types of activities, such as water-related activities.37

Another method frequently used in epidemiological research is obtaining level of physical 

activity through a structured physical activity questionnaire. Questionnaires can differ 

in complexity, period of inquiry, and type of activity. Earlier questionnaires investigated 

physical activity within a certain domain (e.g., measuring work-related or leisure-time 

physical activity). The more recent physical activity questionnaires try to assess activities 

from a wide range of domains (i.e., work, leisure time, household, and commuting) in 

which individuals can be active. These detailed questionnaires often incorporate multiple 

dimensions of physical activity, and include frequency (e.g., times/day, days/week), 

duration (e.g., minutes/day, hours/week), and intensity (e.g., type of activity and/or self-

reported intensity of activity) of the activity.37
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found in men.7 Furthermore, in a qualitative study, culturally specific inhibitors of physical 
activity were identified for cycling and swimming in African-Surinamese hypertensive 
patients compared to the European-Dutch.39 
While the relationship between physical activity and CVD and CVD risk factors has 
been well-researched in European-origin groups,40-43 there have been no comprehensive 
population studies that present the relationship between physical activity and CVD and 
CVD risk factors in the Dutch ethnic minority groups of South Asian-Surinamese and 
African-Surinamese origin. Previous population studies in these ethnic minority groups 
presented mainly summary statistics for all-cause or CVD-related mortality gathered from 
the Dutch national hospital registries and cause of death registry.9;10 Another study among 
South Asian-Surinamese and African-Surinamese sampled from the city of Amsterdam 
assessed ethnic differences in hypertension and adjusted, among other factors, for the 
confounding influence of recommended level of physical activity, which resulted in little 
effect on ethnic differences in blood pressure.44 One important limitation from these earlier 
studies is that the African and South Asian ethnic groups were combined into one group 
based on country of origin, which might hide important clues about ethnic differences in 
CVD risk. Another limitation of previous studies is the use of only a summary measure of 
physical activity to adjust for ethnic differences in physical activity, which might not identify 
specific ethnic differences in physical activity, and can underestimate the true potential of 
physical activity.17

As described in Box 1, physical activity is a broad concept with several important dimensions. 
There may very well be ethnic differences in specific dimensions of physical activity that 
could result in ethnic differences in the association between physical activity and CVD 
or CVD risk factors. For example, in England some favorable correlations were found 
between a physical activity score and body mass index (BMI) and two-hour blood glucose 
and insulin in ethnic groups of South Asian descent, while these correlations seemed less 
strong in the European sample and not significant for two-hour insulin.45 In the United 
States, quintiles of energy expenditure from recreational activities were associated with 
lower CVD risk in both white and black women, while quintiles of energy expenditure 
from walking were only related to lower CVD in white people.43 However, data on a wide 
range of domains are limited, including on the specific dimensions of physical activity in 
ethnic groups. Additionally, it should be noted that African-Americans in the US differ 
in many respects from those of the African-descent populations in Europe in terms of 
socioeconomic position, migration history, and geographical location. Few epidemiological 
data are available on South Asian populations in Europe.46-48 It is therefore unclear how 
measures of physical activity are associated with CVD and risk factors in the Dutch South 
Asian-Surinamese and African-Surinamese ethnic minority groups compared to the 
European-Dutch, and whether the strength of these associations are similar in the different 
ethnic groups. Further insight into these levels of physical activity and relationship with 
CVD is also necessary to guide public health efforts and policy measures. 
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Part 4 - This thesis

Figure 2 presents the conceptual model that guided the studies presented in this thesis. 
It takes an ecological perspective on the general factors that influence physical activity 
at the individual level. This model is adapted from the one developed by Dahlgren and 
Whitehead.49 
In this thesis we focus on the three parts that can be identified from the model. The first 
part of the thesis focuses on the arrow leading from ethnicity to individual lifestyle factors, 
in this case, the large rectangular block that encompasses the broad domains of physical 
activity from which we can identify summary scores. This part is used to identify ethnic 
differences in the measurement and operationalization of physical activity, and whether 
ethnic minority groups have an excess risk of a certain type or domain of physical activity 
compared to the majority population. It may well be that ethnic minority groups have 
different physical activity patterns compared to the majority population that may lead to 
ethnic differences in physical activity depending on the operationalization of the physical 
activity measure. 
The second part of the thesis focuses on the relationship between physical activity and 
CVD and CVD risk factors across ethnic groups and compared to the European-Dutch 
population. As a consequence of the operationalization of physical activity described above, 
there might be ethnic differences in the relationship between physical activity and CVD 
or CVD risk factors compared to the majority population. In this thesis we will explore 
a total score of physical activity, and identify whether there are ethnic differences in the 
relationship between low levels of physical activity and CVD-related hospital discharge. 
Similarly, we will explore whether this is observed for type 2 diabetes. Furthermore, when 
there are ethnic differences in physical activity, ethnic groups might differ in an underlying 
dimension (duration, intensity). We will explore this in this thesis by investigating ethnic 
differences in the relationship between blood lipids and a total score of physical activity and 
underlying dimensions (duration and intensity) of activity.
The third part of this thesis focuses on the outer layer, which contains the general 
socioeconomic and environmental factors that influence the individual level of physical 
activity. Socioeconomic position has been found to be positively related to leisure-time 
physical activity in European-origin populations.50 Earlier we explained that migration 
is challenging, especially when countries are in a different phase of the epidemiological 
transition. It is known that the socioeconomic pattern of risk factors and related diseases 
might differ between phases in the epidemiological transition.51 Therefore, we have to 
investigate whether socioeconomic position is similarly related to physical activity in ethnic 
minority groups of South Asian-Surinamese and African-Surinamese origin compared to 
European-origin populations. Risk factors for CVD in particular (including smoking and low 
physical activity) are in general more prevalent in the higher socioeconomic groups in the 
phase in which these diseases are on their rise. When the incidence of these diseases starts 
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to decrease the socioeconomic gradient in general reverses, resulting in a higher prevalence 
of risk factors in lower socioeconomic groups. We will explore the socioeconomic gradient 
in physical activity in the Surinamese ethnic groups as compared to that in the European-
Dutch population.
In addition, we will also explore the influence of the context of the country migrants are 
migrating to.52 It is hypothesized that the host country plays an important role in ethnic 
inequalities in health- and lifestyle-related factors. If this is true, one would expect the 
physical activity pattern of migrants to reflect the pattern more closely of the majority 
population in the host country than migrants with similar ancestry in another country (i.e., 
we can observe convergence of health-related behavior towards the majority population). 
Therefore, in this thesis a comparison of physical activity level will be made between two 
European countries with ethnic minority groups with similar ancestral origins, from Africa 

Figure 2. The conceptual model. The outer layer contains the general factors (socioeconomic, ethnicity, 
environmental) that influence the individual lifestyle factors, while the focus of all studies in this thesis is on 
ethnic differences in physical activity and the relationship between physical activity and CVD. Black arrows 
indicate the studied associations covered in this thesis. (Adapted from: Dahlgren and Whitehead.53)
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and the Indian subcontinent to their current host countries, namely the Netherlands and 
England. More specifically, we will explore differences in the prevalence of leisure-time 
physical activity between the countries’ majority populations, and identify whether this 
difference in prevalence is reflected between the countries in the ethnic minority groups 
with similar ancestral origins.
The intermediate layers in this conceptual model (which include working and living 
conditions and social and community networks) are conceptually interrelated with the 
described general factors, but are not the focus of a detailed assessment in this thesis. 

Aim and objectives

The main aim of this thesis is to investigate ethnic differences in physical activity and its 
association with CVD and cardiovascular risk factors. More specifically, this thesis will 
assess ethnic differences in physical activity, as well as the association between physical 
activity and CVD and CVD risk factors in South Asian-Surinamese, African-Surinamese, 
and European-Dutch ethnic groups. The considered CVD risk factors are blood lipids (HDL 
cholesterol and triglycerides) and blood glucose across the ethnic groups. We also consider 
the association between physical activity and contextual factors in terms of socioeconomic 
position and environment. The thesis is structured in three parts, and has the following 
objectives:

 1. To describe ethnic differences in the prevalence of physical activity across domains and 
culturally specific types of physical activity as well as to assess the ethnic differences in 
the association between domains and types of physical activity, and recommended level 
of physical activity.

 2. To assess the relationship between physical activity and CVD and CVD-related 
biomedical risk factors in South Asian-Surinamese and African-Surinamese populations 
compared to European-Dutch populations.

 3. To assess the influence of two contextual factors (i.e., national context and socioeconomic 
factors) on physical activity in South Asian-Surinamese and African-Surinamese 
populations compared to European-Dutch populations.

Subsequently, the main research questions that will be addressed and correspond to the 
above objectives are:

 1. How are physical activity domains and culturally specific types of physical activity 
related to differences in recommended levels of physical activity in the South Asian-
Surinamese and African-Surinamese compared to the European-Dutch?
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 2. a)  Are there differences in the association between low physical activity and CVD-related 
hospital discharge in the South Asian-Surinamese or African-Surinamese compared 
to the European-Dutch? 

  b) Are there differences in the association between low physical activity and type 2 
diabetes in the South Asian-Surinamese or African-Surinamese compared to the 
European-Dutch?

  c) Are dimensions of physical activity (intensity, duration) more consistently associated 
with HDL cholesterol and triglycerides than a total score of physical activity in the 
South Asian-Surinamese, African-Surinamese, and European-Dutch?

 3. a)  Are there differences in the association between socioeconomic position and active 
commuting and leisure-time physical activity in the South Asian-Surinamese and 
African-Surinamese compared to the European-Dutch?

  b) Do differences in leisure-time physical activity between the European-Dutch 
population living in the Netherlands and the European-English population living 
in England reflect similar differences in the South Asian- and African-descent 
populations living in these two countries?

Table 1. Overview of the studies covered in this thesis

Ch. Title Variable of interest Outcome Data source

2 Large ethnic variations in recommended 
physical activity according to activity domains 
in Amsterdam, the Netherlands

ethnic groups recommended PA SUNSET

men

women

3 Association of physical activity, smoking, 
and alcohol intake with CVD-related hospital 
discharge in people of European, South Asian, 
or African descent

low physical activity CVD-related SUNSET 

smoking hospital discharge follow-up

alcohol intake

4 The association of physical inactivity with type 
2 diabetes among different ethnic groups

low physical activity type 2 diabetes SUNSET

5 Total physical activity might not be a good 
measure in assessing relationship with HDL 
cholesterol and triglycerides in a multi-ethnic 
population

physical activity score HDL cholesterol SUNSET

intensity score triglycerides

duration score

6 The association of leisure-time physical 
activity and active commuting with measures 
of socioeconomic position in a multi-ethnic 
population living in the Netherlands: results 
from the cross-sectional SUNSET study

socioeconomic position active commuting SUNSET

ethnic groups LTPA

men

women

7 Cross-national study of leisure-time physical 
activity in Dutch and English populations with 
ethnic group comparisons

national environment LTPA SUNSET

Dutch HSE

English

ethnic groups

PA: physical activity. LTPA: leisure time physical activity.
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Data and methods

Table 1 gives a brief summary of the studies covered in this thesis. We used three sources of 
datasets. Our main source of information was the SUNSET (Surinamese in the Netherlands: 
Study on Health and Ethnicity) study, which used an extensive questionnaire to describe 
physical activity levels in the different ethnic groups. Another source of information was 
the “SUNSET follow-up.” After the baseline period, SUNSET participants were followed 
administratively in the Dutch central hospital registry to identify CVD-related hospital 
discharge. To assess whether national context in the two countries similarly influences 
levels of leisure-time physical activity in the ethnic minority groups, we compared data 
from the SUNSET study with the Health Survey for England (HSE). For this comparison 
we included ethnic groups living in England from the HSE: Indian, African-Caribbean, and 
European-English groups.

Outline

In the next chapters we will provide the results from our studies. Chapter 2 (research 
question 1), the first part, will present physical activity patterns in South Asian- and 
African-descent ethnic minorities and the European-Dutch. Prevalence, intensity, and 
duration of different types of physical activity in the ethnic groups are presented for each of 
the domains of physical activity. The influence of each domain on the recommended level 
of physical activity is calculated for each ethnic group in relation to the European-Dutch. 
The second part (research questions 2a, 2b, and 2c) will present the relationship between 
physical activity and CVD and cardiovascular risk factors. Associations between physical 
activity and CVD-related hospital discharge are presented in Chapter 3. The relationship 
between low physical activity and type 2 diabetes is presented in Chapter 4. Whether 
dimensions of physical activity are more consistently related to blood lipids than a total 
score of physical activity is presented in Chapter 5. 
The third part (research questions 3a and 3b) will present the association between physical 
activity and contextual factors. The relationship between active commuting and leisure-
time physical activity and socioeconomic position is presented for each ethnic group 
in Chapter 6. In Chapter 7 we present the influence of national context on leisure-time 
physical activity in ethnic minority groups with similar ancestral origins in two countries 
and compare the differences between countries with the differences in leisure-time physical 
activity in the European-origin majority populations in these countries. 
Finally, Chapter 8 will summarize the main findings from these studies. It will also contain 
a general discussion together with a main conclusion, and implications for further research.
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Abstract

Purpose: The level of recommended physical activity (PA) is met less frequently by people from 

some ethnic minorities than others. We explored whether these differences in recommended 

PA between ethnic minority groups and the general population varied by domain and type of 

culturally-specific activity. 

Methods: Participants were sampled from the population based SUNSET study and were 

from ethnic Dutch (n=567), Hindustani-Surinamese (n=370) and African-Surinamese (n=689) 

descent. The validated SQUASH-questionnaire measured PA for the following domains: 

commuting, occupation, household, leisure time. Culturally-specific activities were added 

as extra question within the leisure time domain. The effect of each domain on ethnic 

differences in recommended PA prevalence was examined by odds-ratio (OR) analysis through 

recalculating recommended PA, while, in turn, excluding the contribution of each domain.

Results: In the ethnic Dutch population, more vigorous PA in commuting and leisure 

time was reported compared to the Surinamese groups. The Hindustani-Surinamese and 

African-Surinamese reported more walking as commuting activity, while the Dutch group 

reported cycling more frequently. Ethnic differences in recommended PA became smaller in 

both Surinamese groups compared with the Dutch after removing commuting activity, for 

example, in Hindustani-Surinamese men (OR=0.92, 95%CI: 0.62-1.37 vs. OR=1.33, 0.89-2.00) 

and women (OR=1.61, 1.12-2.32 vs. OR=2.03, 1.41-2.92). Removing occupational activity 

resulted in larger ethnic differences in both groups compared with the Dutch. Smaller effects 

were found for yoga and dancing, leisure time and household activities.

Conclusion: This study shows that differences in PA between ethnic minority groups and 

the general population vary according to the activity domain. The results indicate that 

including all relevant domains and activities is essential for assessment of ethnic differences 

in recommended PA.
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Introduction

Physical activity (PA) levels are known to differ between ethnic groups. Several studies 
from West European and North American countries show that people from ethnic 
minorities are less active than the general population.1-3 For example, African Americans 
report higher levels of physical inactivity during leisure time compared to their White-
American counterparts in a similar social class.4 Moreover, South Asians living in the 
UK report lower levels of PA and are less likely to meet the PA guideline compared with 
the general population.5 In contrast, African Caribbeans living in the UK showed similar 
levels of adherence to the PA recommendation but reported lower levels of brisk walking 
compared with the general population.6

There is evidence that shows that the level of PA in people from ethnic minorities varies 
between domains, e.g. higher levels of PA have been reported in some of these groups 
for the domain of occupational PA compared with the general population.7;8 In contrast, 
the gap in PA seems to be relatively large for leisure time PA which puts some ethnic 
minority groups at a disadvantage.9 These lower levels of leisure time physical activity in 
ethnic minority compared to general population are not only explained by differences in 
socioeconomic position.1 Differences may also be related to socio-cultural factors, such as 
preferences for specific types of activities.10;11 This raises the question of how this variation 
in ethnic differences across domains relates to the total level of PA in a particular group. If, 
for example, the level of activity among some ethnic minority populations is higher in the 
occupational domain, and relatively low in leisure time, what does this mean for the level of 
recommended PA (the level at which we see a beneficial effect on health)? And, vice versa, 
if ethnic minorities score lower on the recommended level of PA, whereas the amount of 
occupational PA is relatively high, how large are the ethnic differences in PA outside of the 
occupational domain? So far, the pattern underlying the ethnic differences in recommended 
PA, i.e. the specific differences between activity domains and the activities within those 
domains that influence the level of recommended PA, have not been studied extensively. 
Therefore, the aim of this study is to identify how much each activity domain contributes to 
the recommended level of PA and to observe the extent to which these domains influence 
the ethnic differences in recommended PA.
Using data from the Dutch SUNSET study on Hindustani-Surinamese, African-Surinamese 
and ethnic Dutch populations, we first describe ethnic differences in the various domains 
of PA (commuting, occupational, household and leisure time) and the frequency, intensity, 
and duration of activities within each domain. Subsequently, we calculate the prevalence 
of recommended PA and the ethnic differences between the population groups. Finally, we 
assess how the specific domains and the culturally-specific activities have contributed to 
the ethnic differences found in recommended PA. 
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Methods

Study population & data collection

We used data from the population based SUNSET (Surinamese in the Netherlands: Study 
on health and Ethnicity) study, which was set up to gain insight into the cardiovascular risk 
profile in people aged 35-60 years in three ethnic groups (Hindustani-Surinamese, African-
Surinamese and Dutch). The recruitment and design of the study have been described 
elsewhere 12;13. In brief, potential participants were randomly sampled (n=2,975) from the 
population register of Amsterdam, the Netherlands. Between 2001 and 2003, potential 
participants - matched by sex and presumed ethnicity - were approached at home for a 
structured face-to-face interview with a trained interviewer. The interview contained 
questions on lifestyle, migration history, demographic variables, and general health status. 
After the interview, participants of Hindustani-Surinamese, African Surinamese and Dutch 
descent were invited for a physical examination at a local health center. The response to 
the interview was 60% in the Surinamese and 61% in the Dutch populations. Resulting 
in a total of n=1,626 eligible participants from Dutch (n=567), Hindustani-Surinamese 
(n=370) and African-Surinamese (n=689) descent that were included in this study. The 
Dutch population was older than the Surinamese; the mean age of the Dutch participants 
was 47.6 years, while the mean age of the Hindustani-Surinamese and African-Surinamese 
was 44.5 and 43.6 years, respectively. The study was approved by the Institutional Review 
Board of the Academic Medical Centre of the University of Amsterdam. All participants 
provided a written informed consent.

Migration history & ethnicity
Many people from the Surinamese population migrated to the Netherlands in 1975, when 
Suriname gained its independence. The official language of the republic of Suriname is 
Dutch. Approximately 80% of the Surinamese population living in the Netherlands is either 
from African or South Asian/Hindustani descent. In this study, the populations are called 
African-Surinamese and Hindustani-Surinamese, respectively.
For the sampling procedure, those people born in the Netherlands and whose parents were 
both born in the Netherlands were presumed to be of Dutch origin. Those people whose 
parents were both born in Suriname and those who were born in Suriname and who had 
at least one parent who was born in Suriname were considered to be of Surinamese origin. 
Subsequently, ethnicity was determined during the interview according to self-identified 
ethnicity (Hindustani-Surinamese, African-Surinamese, Dutch or other). 
In those cases where information on the self-identified ethnicity of the individual was 
lacking or unclear, then information on the ethnic group of the mother, the father and the 
mother’s ancestry was used to classify participants.
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Physical activity questionnaire
The SQUASH questionnaire was used to measure the participants’ level of PA. The 
questionnaire covers questions similar to those in the long-format International Physical 
Activity Questionnaire (IPAQ) and has been validated for the Dutch population.14 The 
SQUASH was not translated or simplified as the Surinamese population in the Netherlands 
has a good understanding of the Dutch language; less than 2% of participants reported having 
trouble with the Dutch language [unpublished]. In addition, most participants have lived in the 
Netherlands for more than 20 years and migrated directly from Suriname, where the official 
language is Dutch. The SQUASH questionnaire requires participants to recall their normal 
pattern of PA during an average week and drawn from the past few months. It covers PA for 
four ‘domains’ as follows: 1) commuting, 2) occupational or school-related, 3) household, 
and 4) leisure time. Participants were asked to indicate the frequency (times per week), self-
reported intensity (light, moderate or vigorous) and average duration of the activity per day for 
each domain. In the SQUASH questionnaire the commuting PA was measured by questions 
about walking and/or cycling to and from work. The questions concerning occupational and 
household related physical activities were divided into light and vigorous intensity categories 
due to possible cognitive difficulties when people self-report their level of intensity for these 
activities.14 As light intensity household and occupational tasks do not add much to the 
recommended level of PA, we show only the frequency of these tasks at vigorous intensity in 
the tables. For leisure time PA, participants were asked about four physical activities (walking, 
cycling, gardening and do-it-yourself ) that are common in the Netherlands. For the purpose 
of this study, two extra types of leisure time activity (yoga and dancing) were added because 
they are commonly practiced in the study population. We also supplemented the SQUASH 
questionnaire with an open-ended question on the practice of other leisure time activities (no 
sports), to enable activities not covered by the questionnaire to be reported. Finally, in the 
last section, participants could report up to four leisure time sports, either organized or non-
organized with accompanying frequency, intensity and duration.

Calculating prevalence of recommended physical activity

The SQUASH questionnaire comes with a standard analysis syntax to calculate the 
prevalence of recommended PA according to the Dutch guideline (or “combinorm”).14 
The Dutch guideline is similar with the international guideline for recommended PA, 
which states that all adults should be physically active at a moderate intensity for at least 
30 minutes each day for a minimum of 5 days per week or at a vigorous intensity for a 
minimum of 20 minutes on at least three days per week.15;16 
Reported physical activities were coded using the Compendium of Ainsworth and 
subsequently divided into three intensity categories based on their metabolic equivalents 
(MET) depending on age; for younger people (<55: light <4.0, moderate 4.0 to <6.5 and 
vigorous ≥6.5) and older people (≥55, light <3.0 , moderate 3.0 to <5.0 and vigorous 
≥5.0).17;18 This MET category was combined with self-reported intensity for each activity, 
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resulting in a combined intensity score ranging from 1 to 9, with 1 being light MET and 
light self-reported intensity to 9 being vigorous MET and vigorous self-reported intensity.14

Finally, participants were scored as meeting the recommended level of physical activity 
when the combined intensity score was at least moderate (≥3) and the combined duration 
of all activities was at least 30 minutes per day on at least 5 days per week or when the 
combined intensity score was vigorous (≥6) and the combined duration of vigorous activity 
was at least 20 minutes on at least 3 days per week. Reported average duration of activity 
that was less than 10 minutes per day was not included in this calculation.

Other variables

Education level was determined by the highest education achieved and was grouped 
as: secondary school and below i.e. ≤ 12 years of education (low), and vocational school 
and above i.e. ≥ 13 years of education (high). Educational level has proven to be the best 
indicator of socio-economic status in the Netherlands.19 

Analyses

The PA characteristics of participants and the prevalence of recommended PA are presented 
and are age-standardized to the total Amsterdam population in 2001. Results are stratified 
by gender. For the presentation of leisure time sports, self-reported intensity and duration 
were averaged for those participants who reported more than one sport. 
Chi-square was used to test differences between ethnic groups for the categorical variables 
(frequency and intensity). Differences in skewed continuous variables were analyzed by 
means of the Kruskall-Wallis rank test. 
We used multivariate logistic regression models to calculate age-adjusted odds ratios (OR) 
with robust variance and accompanying 95% confidence intervals to examine the group 
differences regarding the prevalence of recommended PA. 

Table 1. Frequencya, intensitya and duration of physical activity in commuting

Men Women

Dutch
n=276

Hindustani-
Surinamese

n=162

African-
Surinamese

n=231

Dutch
n=291

Hindustani-
Surinamese

n=208

African-
Surinamese

n=458

Walking frequency 24.8 16.0 37.1** 19.7 35.0 41.1**

intensity (% moderate) 14.2 11.6 22.0 11.8 28.6 27.8**

(% vigorous) 8.5 1.7 6.8 7.2 3.8 10.0

duration (median, min/week) 100 100 90 100 100 100

Cycling frequency 32.4 6.3 13.2** 31.3 8.2 17.3**

intensity (% moderate) 15.8 4.6 9.4* 23.1 6.4 11.6

(% vigorous) 14.2 1.7 2.5 6.7 1.6 4.4

duration (median, min/week) 150 60 120* 120 100 120
aAge-standardized to Amsterdam population. Duration is given for both medium and vigorous intensity 
physical activity. Difference in duration: Kruskall-Wallis rank test for difference. Difference in frequency and 
intensity: Chi-square test of independence between groups. *p<0.05. **p<0.01.
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Furthermore, the contribution of each activity domain to the level of recommended PA 
was assessed by recalculating the recommended level of PA. We excluded, one by one, the 
contribution of physical activity from one of the four domains (commuting, occupational, 
household, leisure time) in the calculation for recommended physical activity. This resulted 
in four ‘variants’ of recommended physical activity; each one of these variants lacking 
information from one specific domain. These variants of recommended physical activity 
were subsequently put in the multivariate model, adjusted by age. Which enabled us to 
determine the size of the ethnic differences in terms of ORs for recommended PA in the 
ethnic groups, compared to the Dutch group. By comparing the determined ORs for the 
variants with the OR based on the original level of recommended PA (i.e. including all 
domains and activities) we could assess the change in the association due to the specific 
domains or activities. Finally, we added education as covariate to our models to identify 
how much of the ethnic differences in meeting the recommended level of physical activity 
could be explained by differences in education. All analyses were computed with STATA 9.2 
(Stata Corp. College Station, Texas). P values <0.05 were considered statistically significant.

Results

1. Domains and types of physical activity

Commuting
Table 1 shows the frequency, intensity and duration of reported physical activities within 
the domain of commuting. African-Surinamese participants reported a higher frequency 
of walking to work, while the Dutch reported more cycling to work. The reported intensity 
levels for the activity in the various ethnic groups differed regarding walking in women and 
cycling in men. In general, Dutch participants reported a higher prevalence of vigorous 

Table 1. Frequencya, intensitya and duration of physical activity in commuting

Men Women

Dutch
n=276

Hindustani-
Surinamese

n=162

African-
Surinamese

n=231

Dutch
n=291

Hindustani-
Surinamese

n=208

African-
Surinamese

n=458

Walking frequency 24.8 16.0 37.1** 19.7 35.0 41.1**

intensity (% moderate) 14.2 11.6 22.0 11.8 28.6 27.8**

(% vigorous) 8.5 1.7 6.8 7.2 3.8 10.0

duration (median, min/week) 100 100 90 100 100 100

Cycling frequency 32.4 6.3 13.2** 31.3 8.2 17.3**

intensity (% moderate) 15.8 4.6 9.4* 23.1 6.4 11.6

(% vigorous) 14.2 1.7 2.5 6.7 1.6 4.4

duration (median, min/week) 150 60 120* 120 100 120
aAge-standardized to Amsterdam population. Duration is given for both medium and vigorous intensity 
physical activity. Difference in duration: Kruskall-Wallis rank test for difference. Difference in frequency and 
intensity: Chi-square test of independence between groups. *p<0.05. **p<0.01.

33

C
h

a
p

te
r 

2



Table 2. Intensitya and duration of physical activity in occupational and household physical activity

Men Women

Dutch Hindustani-
Surinamese

African-
Surinamese

Dutch Hindustani-
Surinamese

African-
Surinamese

Occupational intensity (% vigorous) 32.2 39.1 34.2 23.7 24.9 26.7

duration (median, hours/week) 20 36 36* 18 30 28.5*
Household intensity (% vigorous) 48.4 59.9 55.8 58.6 59.3 60.9

duration (median, hours/week) 2 2 2* 3 3 3
aAge-standardized to Amsterdam population. Difference in intensity: Chi-square test of independence 
between groups. Difference in duration: Kruskal-Wallis rank test for difference. *p<0.05. 

Table 3. Frequencya, intensitya and duration of physical activity in leisure time physical activity

Men Women

Dutch Hindustani-
Surinamese

African-
Surinamese

Dutch Hindustani-
Surinamese

African-
Surinamese

Sports frequency 41.3 28.9 36.3* 45.1 25.1 25.6**

intensity (% moderate) 11.5 19.5 24.2** 20.1 19.1 18.1**

(% vigorous) 26.2 4.9 7.8 19.6 1.6 6.2

duration (median, min/week) 180 180 240 137.5 120 180*

Walking frequency 54.8 60.2 57.0 64.4 69.1 63.3

intensity (% moderate) 33.0 46.4 40.5** 42.5 58.1 38.7

(% vigorous) 8.8 3.2 3.9 8.7 4.3 6.3

duration (median, min/week) 180 210 180 210 240 180

Cycling frequency 48.8 28.7 38.8** 51.8 23.3 30.5**

intensity (% moderate) 30.6 24.3 26.4** 42.7 19.3 24.3

(% vigorous) 14.4 1.5 5.2 7.5 2.6 2.5

duration (median, min/week) 120 135 150 120 120 120

Gardening frequency 18.1 9.3 13.4* 26.7 11.8 11.2**

intensity (% moderate) 8.7 7.1 8.4 15.8 8.1 5.6

(% vigorous) 4.4 0 1.3 4.0 0.4 0.5

duration (median, min/week) 60 60 60 60 105 60

DIY frequency 37.2 22.5 26.4* 20.3 10.2 8.9**

intensity (% moderate) 28.8 13.4 19.6 14.1 5.7 6.0

(% vigorous) 2.2 1.0 0 2.5 1.3 0.2

duration (median, min/week) 180 120 90 120 60 60

Yoga frequency 3.3 9.1 3.9* 4.0 4.7 4.3

intensity (% moderate) 2.0 8.0 2.8 1.7 4.2 2.7

(% vigorous) 0.5 0.6 0.3 1.2 0 0.9

duration (median, min/week) 75 100 180 90 120 90

Dancing frequency 11.9 7.0 27.6** 15.3 12.2 29.4**

intensity (% moderate) 6.9 5.9 20.2** 7.7 9.7 20.0**

(% vigorous) 4.7 1.2 2.6 7.4 1.6 6.0

duration (median, min/week) 120 120 120 82.5 120 120*
aAge-standardized to Amsterdam population. Duration is given for both medium and vigorous intensity 
physical activity. Difference in duration: Kruskall-Wallis rank test for difference. Difference in frequency 
and intensity: Chi-square test of independence between any vs. none and medium vs. vigorous groups. 
*p<0.05. **p<0.01. DIY: Do-it-yourself

34



Table 2. Intensitya and duration of physical activity in occupational and household physical activity

Men Women

Dutch Hindustani-
Surinamese

African-
Surinamese

Dutch Hindustani-
Surinamese

African-
Surinamese

Occupational intensity (% vigorous) 32.2 39.1 34.2 23.7 24.9 26.7
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between groups. Difference in duration: Kruskal-Wallis rank test for difference. *p<0.05. 

Table 3. Frequencya, intensitya and duration of physical activity in leisure time physical activity

Men Women

Dutch Hindustani-
Surinamese

African-
Surinamese

Dutch Hindustani-
Surinamese

African-
Surinamese

Sports frequency 41.3 28.9 36.3* 45.1 25.1 25.6**

intensity (% moderate) 11.5 19.5 24.2** 20.1 19.1 18.1**

(% vigorous) 26.2 4.9 7.8 19.6 1.6 6.2

duration (median, min/week) 180 180 240 137.5 120 180*

Walking frequency 54.8 60.2 57.0 64.4 69.1 63.3

intensity (% moderate) 33.0 46.4 40.5** 42.5 58.1 38.7

(% vigorous) 8.8 3.2 3.9 8.7 4.3 6.3

duration (median, min/week) 180 210 180 210 240 180

Cycling frequency 48.8 28.7 38.8** 51.8 23.3 30.5**

intensity (% moderate) 30.6 24.3 26.4** 42.7 19.3 24.3

(% vigorous) 14.4 1.5 5.2 7.5 2.6 2.5

duration (median, min/week) 120 135 150 120 120 120

Gardening frequency 18.1 9.3 13.4* 26.7 11.8 11.2**

intensity (% moderate) 8.7 7.1 8.4 15.8 8.1 5.6

(% vigorous) 4.4 0 1.3 4.0 0.4 0.5

duration (median, min/week) 60 60 60 60 105 60

DIY frequency 37.2 22.5 26.4* 20.3 10.2 8.9**

intensity (% moderate) 28.8 13.4 19.6 14.1 5.7 6.0

(% vigorous) 2.2 1.0 0 2.5 1.3 0.2

duration (median, min/week) 180 120 90 120 60 60

Yoga frequency 3.3 9.1 3.9* 4.0 4.7 4.3

intensity (% moderate) 2.0 8.0 2.8 1.7 4.2 2.7

(% vigorous) 0.5 0.6 0.3 1.2 0 0.9

duration (median, min/week) 75 100 180 90 120 90

Dancing frequency 11.9 7.0 27.6** 15.3 12.2 29.4**

intensity (% moderate) 6.9 5.9 20.2** 7.7 9.7 20.0**

(% vigorous) 4.7 1.2 2.6 7.4 1.6 6.0

duration (median, min/week) 120 120 120 82.5 120 120*
aAge-standardized to Amsterdam population. Duration is given for both medium and vigorous intensity 
physical activity. Difference in duration: Kruskall-Wallis rank test for difference. Difference in frequency 
and intensity: Chi-square test of independence between any vs. none and medium vs. vigorous groups. 
*p<0.05. **p<0.01. DIY: Do-it-yourself
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activity compared to the ethnic minority groups. Differences in duration were only found 
for cycling and only for men: Dutch men reported a longer duration in cycling to work 
compared to African-Surinamese and Hindustani-Surinamese men.

Occupational and household
No differences were observed between the Dutch and the African-Surinamese and 
Hindustani-Surinamese groups for the frequency of vigorous occupational and household 
PA (table 2). However, both Surinamese groups reported a longer duration of vigorous 
occupational PA compared to the Dutch group.

Leisure time
In general, the reported frequency of leisure time PA was higher in the Dutch participants 
compared to the Surinamese groups (table 3). Yoga, however, was more frequently reported 
by Hindustani-Surinamese men than other men and dancing was more frequently reported 
by African-Surinamese men and women than in the other groups. The proportion of 
vigorous PA was highest in Dutch men and women for sports, walking, cycling and dancing. 
Regarding the duration of activities, African-Surinamese women reported longer duration 
for leisure time sport and dancing compared with Dutch women.

Table 4. Ethnic differences in the prevalence and association (odds ratio) for the recommended level of 
physical activity between the Surinamese and the Dutch population, before and after excluding physical 
activity from specific domains or culturally-specific types of physical activity

Prevalence (95% CI) a Odds ratio (95% CI) b

Dutch Hindustani-
Surinamese

African-
Surinamese

Dutch Hindustani-
Surinamese

African-
Surinamese

Hindustani-
Surinamese

African-
Surinamese

Men model 1 model 1 model 2 model 2

Recommended physical activity 66.2 (60.0-71.9) 58.2 (50.3-65.8) 58.0 (51.1-64.6) 1.00 1.33 (0.89-2.00) 1.43 (0.99-2.07) 1.36 (0.88-2.09) 1.46 (0.99-2.15)

Excl. Commuting activity 54.7 (48.3-61.0) 56.1 (48.2-63.7) 55.4 (48.4-62.1) 1.00 0.92 (0.62-1.37) 1.01 (0.71-1.45) 1.00 (0.66-1.53) 1.08 (0.74-1.58)

Excl. Occupational activity 52.8 (46.4-59.0) 33.1 (26.2-40.8) 41.3 (34.6-48.3) 1.00 2.02 (1.34-3.04) 1.56 (1.09-2.25) 1.86 (1.20-2.88) 1.49 (1.02-2.17)

Excl. Household activity 62.7 (56.3-68.6) 51.3 (43.4-59.1) 56.2 (49.3-62.9) 1.00 1.52 (1.02-2.27) 1.35 (0.94-1.95) 1.50 (0.98-2.30) 1.34 (0.92-1.97)

Excl. Leisure time activity 45.6 (39.3-52.0) 38.6 (31.3-46.5) 40.7 (34.1-47.6) 1.00 1.30 (0.87-1.94) 1.27 (0.88-1.82) 1.54 (1.00-2.39) 1.46 (1.00-2.14)

Excl. Yoga, dancing activity 65.5 (59.3-71.2) 54.9 (47.0-62.6) 55.0 (48.0-61.7) 1.00 1.48 (0.99-2.21) 1.55 (1.07-2.23) 1.55 (1.01-2.39) 1.61 (1.09-2.36)

Women

Recommended physical activity 61.7 (55.5-67.5) 42.9 (36.2-49.8) 55.2 (50.3-60.0) 1.00 2.03 (1.41-2.92) 1.28 (0.94-1.74) 1.84 (1.26-2.67) 1.25 (0.92-1.70)

Excl. Commuting activity 52.2 (46.0-58.3) 40.3 (33.7-47.3) 51.4 (46.5-56.3) 1.00 1.61 (1.12-2.32) 1.04 (0.77-1.40) 1.56 (1.07-2.26) 1.04 (0.77-1.40)

Excl. Occupational activity 53.6 (47.4-59.7) 27.5 (21.8-34.0) 39.8 (35.1-44.7) 1.00 2.82 (1.93-4.14) 1.77 (1.31-2.40) 2.60 (1.75-3.85) 1.71 (1.26-2.32)

Excl. Household activity 55.2 (48.9-61.2) 39.1 (32.6-46.0) 48.6 (43.7-53.5) 1.00 1.88 (1.30-2.70) 1.33 (0.98-1.79) 1.65 (1.13-2.39) 1.28 (0.95-1.74)

Excl. Leisure time activity 41.0 (35.0-47.2) 28.0 (22.2-34.6) 34.4 (29.9-39.1) 1.00 1.63 (1.11-2.40) 1.23 (0.90-1.68) 1.48 (0.99-2.20) 1.20 (0.88-1.64)

Excl. Yoga, dancing activity 60.3 (54.2-66.2) 42.0 (35.3-48.9) 51.7 (46.8-56.6) 1.00 1.94 (1.35-2.79) 1.38 (1.02-1.87) 1.74 (1.20-2.53) 1.34 (0.99-1.82)
a Prevalence is age-standardized to Amsterdam total population. b Odds ratio is determined by age-adjusted 
logistic regression, the odds ratio is given for not-adhering to the recommended level of physical activity. 
CI confidence interval. Model 1 adjusted for age. Model 2. Model 1 plus further adjustment for level of 
education (high vs. low).
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2. Prevalence of recommended physical activity

We observed a lower prevalence of recommended PA in Hindustani-Surinamese women 
(42.9%) compared to Dutch women (61.7%, table 4). In African-Surinamese women, the 
prevalence of recommended PA was 55.2%. A similar pattern was observed in men, i.e. the 
estimates were lower in Hindustani-Surinamese (58.2%) and African-Surinamese (58.0%) 
compared to Dutch men (66.2%). The ethnic difference in terms of odds ratios for not 
meeting the PA recommendation, compared to Dutch participants, was 1.33 (0.89-2.00) 
in Hindustani-Surinamese men and 2.03 (1.41-2.92) in Hindustani-Surinamese women. In 
African-Surinamese men, the odds ratio was 1.43 (0.99-2.07) and in African-Surinamese 
women 1.28 (0.94-1.74) compared with Dutch participants.

3. Effect of domains and culturally-specific activities

The difference between the ethnic minority and the Dutch population regarding the 
prevalence of recommended PA was smaller after the domain of commuting was excluded 
(table 4). Activity in the domain of commuting contributed more towards recommended 
PA in the Dutch participants compared to the Surinamese. In Dutch men, commuting 
contributed to recommended PA prevalence by 11.5% and in Dutch women by 9.5% (table 
4), whereas in Hindustani-Surinamese men this was 2.1% and in Hindustani-Surinamese 

Table 4. Ethnic differences in the prevalence and association (odds ratio) for the recommended level of 
physical activity between the Surinamese and the Dutch population, before and after excluding physical 
activity from specific domains or culturally-specific types of physical activity

Prevalence (95% CI) a Odds ratio (95% CI) b

Dutch Hindustani-
Surinamese

African-
Surinamese

Dutch Hindustani-
Surinamese

African-
Surinamese

Hindustani-
Surinamese

African-
Surinamese

Men model 1 model 1 model 2 model 2

Recommended physical activity 66.2 (60.0-71.9) 58.2 (50.3-65.8) 58.0 (51.1-64.6) 1.00 1.33 (0.89-2.00) 1.43 (0.99-2.07) 1.36 (0.88-2.09) 1.46 (0.99-2.15)

Excl. Commuting activity 54.7 (48.3-61.0) 56.1 (48.2-63.7) 55.4 (48.4-62.1) 1.00 0.92 (0.62-1.37) 1.01 (0.71-1.45) 1.00 (0.66-1.53) 1.08 (0.74-1.58)

Excl. Occupational activity 52.8 (46.4-59.0) 33.1 (26.2-40.8) 41.3 (34.6-48.3) 1.00 2.02 (1.34-3.04) 1.56 (1.09-2.25) 1.86 (1.20-2.88) 1.49 (1.02-2.17)

Excl. Household activity 62.7 (56.3-68.6) 51.3 (43.4-59.1) 56.2 (49.3-62.9) 1.00 1.52 (1.02-2.27) 1.35 (0.94-1.95) 1.50 (0.98-2.30) 1.34 (0.92-1.97)

Excl. Leisure time activity 45.6 (39.3-52.0) 38.6 (31.3-46.5) 40.7 (34.1-47.6) 1.00 1.30 (0.87-1.94) 1.27 (0.88-1.82) 1.54 (1.00-2.39) 1.46 (1.00-2.14)

Excl. Yoga, dancing activity 65.5 (59.3-71.2) 54.9 (47.0-62.6) 55.0 (48.0-61.7) 1.00 1.48 (0.99-2.21) 1.55 (1.07-2.23) 1.55 (1.01-2.39) 1.61 (1.09-2.36)

Women

Recommended physical activity 61.7 (55.5-67.5) 42.9 (36.2-49.8) 55.2 (50.3-60.0) 1.00 2.03 (1.41-2.92) 1.28 (0.94-1.74) 1.84 (1.26-2.67) 1.25 (0.92-1.70)

Excl. Commuting activity 52.2 (46.0-58.3) 40.3 (33.7-47.3) 51.4 (46.5-56.3) 1.00 1.61 (1.12-2.32) 1.04 (0.77-1.40) 1.56 (1.07-2.26) 1.04 (0.77-1.40)

Excl. Occupational activity 53.6 (47.4-59.7) 27.5 (21.8-34.0) 39.8 (35.1-44.7) 1.00 2.82 (1.93-4.14) 1.77 (1.31-2.40) 2.60 (1.75-3.85) 1.71 (1.26-2.32)

Excl. Household activity 55.2 (48.9-61.2) 39.1 (32.6-46.0) 48.6 (43.7-53.5) 1.00 1.88 (1.30-2.70) 1.33 (0.98-1.79) 1.65 (1.13-2.39) 1.28 (0.95-1.74)

Excl. Leisure time activity 41.0 (35.0-47.2) 28.0 (22.2-34.6) 34.4 (29.9-39.1) 1.00 1.63 (1.11-2.40) 1.23 (0.90-1.68) 1.48 (0.99-2.20) 1.20 (0.88-1.64)

Excl. Yoga, dancing activity 60.3 (54.2-66.2) 42.0 (35.3-48.9) 51.7 (46.8-56.6) 1.00 1.94 (1.35-2.79) 1.38 (1.02-1.87) 1.74 (1.20-2.53) 1.34 (0.99-1.82)
a Prevalence is age-standardized to Amsterdam total population. b Odds ratio is determined by age-adjusted 
logistic regression, the odds ratio is given for not-adhering to the recommended level of physical activity. 
CI confidence interval. Model 1 adjusted for age. Model 2. Model 1 plus further adjustment for level of 
education (high vs. low).
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women 2.6%. In the African-Surinamese population the contribution for commuting was 
2.6% in men and 3.8% in women. The odds ratio for ethnic differences in not meeting the 
recommended level of PA was smaller for the Hindustani-Surinamese men (OR 0.92, 95% 
CI 0.62-1.37) and women (1.61, 1.12-2.32) and for the African-Surinamese men (1.01, 0.71-
1.45) and women (1.04, 0.77-1.40) after the contribution of commuting PA was removed.
In contrast, ethnic differences in the prevalence of recommended PA increased (compared 
with the Dutch group) after occupational PA for men and women in both Surinamese 
groups was excluded (table 4). This reflects the relatively high levels of occupational PA in 
the Surinamese group. The odds ratio for not meeting the PA recommendation increased 
from 1.33 to 2.02 in Hindustani-Surinamese men and 2.03 to 2.82 in Hindustani-Surinamese 
women after excluding PA in the occupational domain (table 4).
The effect of excluding yoga and dancing differed per ethnic group. Compared with the 
Dutch participants, this difference decreased in Hindustani-Surinamese women but 
increased in the other groups (table 4). The ethnic difference in recommended PA after 
excluding yoga and dancing was 1.55 (1.07-2.23) in African-Surinamese men and 1.38 
(1.02-1.87) in women and 1.48 (0.99-2.21) for Hindustani-Surinamese men and 1.94 (1.35-
2.79) for women compared to the Dutch participants (table 4).
The pattern of ethnic differences for meeting the recommended physical activity remained 
similar after adjustment for education (table 4, model 2).

Discussion

Key findings

Our study explored the ethnic variation in PA according to the domains and types of PA that 
are at the base of the recommendations for PA in the Hindustani-Surinamese and African-
Surinamese populations living in the Netherlands. Marked differences were observed 
between these populations for the various domains. In addition, ethnic differences were 
observed regarding frequency, intensity and duration within the domains. Hindustani-
Surinamese women reported lower levels of PA in all domains (with the exception of 
occupational PA), although the magnitude of the differences varied between the considered 
domains and activities. Lower levels of recommended PA for the other Surinamese groups 
were also observed although these were not statistically significant.
The domain of commuting PA was found to be popular in the Dutch participants, therefore 
contributing to the ethnic differences. In contrast, the longer duration of vigorous 
occupational PA in the Surinamese groups did mitigate ethnic differences in recommended 
PA to some extent. Finally, culturally-specific types of physical activities, such as yoga and 
dancing, also mitigated ethnic differences in recommended PA, although this was only 
slight. The ethnic differences were not accounted for by differences in level of education.
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Discussion of key findings

Recommended physical activity
The levels of recommended PA in the Dutch participants of this study are similar to levels 
found in previous reports.20;21 The ethnic differences observed between Hindustani-
Surinamese and Dutch women and the lack of significant differences between the 
African-Surinamese and Dutch women are comparable to the differences in PA observed 
between groups of similar origin in the UK.6;22 Among others, the Health Survey for England 
(HSE) found that women of South Asian descent were less active compared with their 
white British counterparts and with the general UK population.5 This suggests that women 
of South Asian descent, such as the Hindustani-Surinamese women in the Netherlands 
may need extra attention regarding PA stimulation and intervention. 
Furthermore, the overall levels of recommended PA were also found to be lower in the 
African-Surinamese population when compared with the Dutch. This is in contrast with 
the HSE findings for both men and women of African-Caribbean descent; the HSE data 
from 2004 found that African-Caribbean people had slightly higher levels of recommended 
PA compared with the general population. 

Contribution of domains and activities on recommended physical activity
The effect of some individual PA domains, such as active commuting and leisure time 
to achieve recommended levels of PA has been previously described.23-25 For example, 
in a large Californian telephone survey, Berrigan et al. showed that the added question 
about non leisure time walking and cycling (e.g. active transportation) was responsible for 
reducing ethnic differences in the adherence to the PA recommendation.23 Our study also 
shows how much the effect of PA in multiple domains - in relation to the recommended 
level of PA in a multiethnic population – can contribute. Given the large variations we 
found between domains, our results suggest that a valid estimation of the total level of PA 
requires the inclusion of a broad range of domains in order to measure PA.
Some authors recommend culturally adapting the PA questionnaire by adding new or 
additional activities or by replacing population-specific activities with similar intensity 
substitute activities.26;27 In our study, we added the questions on specific activities for all 
participants without the substitution of similar intensity activities for the various ethnic 
groups and studied the simultaneous effect of these culturally-specific activities on the 
recommendation. The results confirm the importance of making cultural adaptations in 
PA questionnaires.

Some limitations of this study do need to be mentioned. Firstly, this study was based on 
self-reported levels of PA, which may be subject to response bias – due both to recall bias 
and social desirability.28 Respondents may therefore have been more inclined to report 
their desired level of PA or highest level of PA instead of the actual level they performed. 
In addition, previous studies have shown that the amount of bias resulting from social 
desirability may differ between population groups; although we suspect this bias to be 
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small, some studies found that ethnic minorities tend to answer in a more socially desirable 
way.29;30 This then implies that the reported levels of PA and recommended PA may have 
been overestimated to a larger extent in the ethnic minority groups compared to the 
ethnic Dutch group. However, we do not think that this has affected the main conclusions 
regarding the variations between domains and specific activities.
Secondly, we added two culturally-specific activities (yoga and dancing) that are known to 
be popular in the Surinamese population. While there is a risk of missing other culturally-
specific physical activities, we did include an open-ended question, which did not identify 
any other major culturally-specific PA. This finding suggests that yoga and dancing cover 
most of the cultural differences in leisure time PA in this population group. 
Thirdly, our study focussed on specific ethnic minority groups living in the Netherlands. The 
exact patterns of PA we identified in the general population and in the ethnic groups could 
possibly be different in other population groups or in other locations. Further research, 
similar to this study, is necessary in order to identify patterns in PA among ethnic groups 
who are either not living in their native country or living under other circumstances.

Conclusion and recommendations

Our results suggest that estimates of the size or extent of ethnic differences in the prevalence 
of recommended PA are dependent on the domains and activities included in the relevant 
questionnaire. Consequently, studies on differences in PA levels between ethnic groups 
should include multiple domains of PA. In particular, including the domain of occupational 
PA appears to be important here, as well as including household PA and culturally-specific 
activities like yoga and dancing in ethnic minority populations.
A comprehensive description of the different domains and activities would provide a 
broader evidence base so that tailored PA interventions for specific ethnic groups could 
be made.
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Abstract 

Background: It is unclear whether the beneficial effects of certain lifestyle factors are equally 

strong in ethnic minority populations in Europe. This study explores whether this association 

of physical activity, smoking, and alcohol intake with cardiovascular disease (CVD)-related 

hospital discharge differs among South-Asian Surinamese, African Surinamese, or Dutch 

descent living in the Netherlands.

Design: Prospective cohort

Methods: We obtained baseline data from 370 South-Asian, 689 African, and 567 Dutch 

participants (aged 35–60 years) of the SUNSET study (2001–2003). Follow-up ended in 

December 2007. We used Cox proportional hazards models to study the associations of 

lifestyle factors with CVD-related hospital discharge. 

Results: In the overall study population, low amount of physical activity (Hazard Ratio, 

HR=1.88, 95%CI: 1.23–2.86), current smoking (1.63, 1.20–2.22) and nondrinking (1.52, 

1.04–2.23) were associated with CVD-related hospital admission. There was no statistically 

significant effect of ethnicity on these associations. For instance, the adjusted HR for CVD-

related hospital discharge regarding a low amount of physical activity was: 2.77 (95%CI: 

1.31–5.87) for Africans, 1.53 (0.76–3.05) for South-Asians, and 1.55 (0.73–3.30) for the 

Dutch. The p-value for ethnicity by lifestyle interaction was 0.41.

Conclusion: We did not find a different association across ethnic groups of South-Asian 

Surinamese, African Surinamese, or Dutch descent between physical activity, smoking and 

alcohol intake and 5-year hazard of a CVD-related hospital discharge. We recommend 

confirmation in multi-ethnic studies in other contexts.
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Introduction

The risk of cardiovascular disease (CVD) in the general population can be ascribed 
directly or indirectly to differences in modifiable lifestyle factors, including smoking, low 
levels of physical activity, and nonmoderate alcohol drinking.1-5 The importance of these 
modifiable lifestyle factors is apparent in the latest update of the European guideline for 
CVD prevention.6

Ethnicity may affect the CVD risk.7;8 A differential distribution of unfavorable lifestyle 
factors partly explains the high rate of mortality due to CVD in some ethnic minority 
groups. However, whether the strength of the association of lifestyle factors with CVD 
risk in European descent populations is similar to that of other ethnic populations living 
in Europe remains unknown.9;10 There is some evidence, originating mainly in the United 
States, that certain lifestyle factors are not similarly related to CVD risk factors in ethnic 
minority groups.11-13 For example, physical activity appears more beneficial to blood lipids 
in the white American population than in the American population of African descent.13 
Such evidence for the populations of South-Asian and African descent living in Europe is 
scarce because most European studies do not include these populations.14

This raises the question whether we can assume that smoking, low levels of physical 
activity, and nonmoderate alcohol intake are as strongly related to CVD in South-Asian 
and African ethnic minority populations as they are to populations of European descent. 
In this paper, we explore whether the strength of the association between these lifestyle 
factors (physical activity, smoking, and alcohol drinking) and the incidence of CVD-related 
hospital discharge is similar in three ethnic groups living in Amsterdam, the Netherlands. 

Methods

Study participants

We have used baseline data from the SUNSET study, which was set up to gain insight 
into the cardiovascular risk profile of men and women (aged 35–60 years) of South-Asian 
Surinamese, African Surinamese, and European Dutch origins. Please note that, for the sake 
of brevity, we refer to the groups in this study as populations of South-Asian, African, and 
Dutch descent. The baseline data were gathered between 2001 and 2003. The study details 
have already been published.15 In brief, the study consisted of a random population-based 
sample from the municipal registry of the City of Amsterdam. During the first part of the 
SUNSET study, the participants were invited to take part in an interviewer-administered 
questionnaire at home. The topics assessed in the questionnaire were socio-demographic 
factors, lifestyle, migration history, and general health. The second part consisted of a visit 
to a local health clinic for a physical examination, including anthropometric measurements 
and collection of fasting blood samples. 
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Ethnicity was based on self-identification. The response to the interview was 60% in the 
South-Asian and African populations and 61% in the Dutch population. We included all 
participants of Dutch (n = 567), South-Asian (n = 370) and African (n = 689) descent for 
whom we had complete questionnaire data at baseline. All participants provided written 
informed consent. The consent included explicit permission for registry-based data linkage.

Follow-up and data linkage

For the follow-up, all participants were first traced through the municipal database of the 
City of Amsterdam. If the participant had moved away from Amsterdam, we contacted the 
new municipality for the new address. We repeated this procedure until we had identified all 
current addresses. Of the 1626 participants, 1040 (64.0%) still lived at the same address, 367 
(22.6%) had moved within Amsterdam, and 149 (9.2%) had moved to another municipality. 
In addition, 29 (1.8%) of the participants had left the Netherlands permanently, and 36 
(2.2%) of the participants had died. 
We used the list of original and updated address information for linkage to the national 
medical registration database. The deterministic linkage was based on the combination 
of date, postal code, sex, and date of birth. The combination has been proven to be an 
acceptable way of linking individuals from different databases.16 
Because some cities could not provide intermediate address files for the respondents 
who had moved, we conducted a propensity score analysis to determine whether the 
completeness of the address history could have influenced our analyses. The results of this 
analysis suggested that there was no difference of participant characteristics (sex, education, 
job status, income, and metabolic syndrome) between the population who moved away and 
the population who remained at the same address with respect to CVD-related hospital 
discharge during the period of follow-up (unpublished). 

Measures

Cardiovascular disease-related hospital discharge
Our main outcome was CVD-related hospital discharge, for which we used the ICD-9 codes 
401–459. The CVD-related hospital discharges based on data from the national hospital 
registry can be used as an indicator of CVD incidence. Nevertheless, we do acknowledge 
the underestimation of CVD incidence caused by using these data.17 We considered only 
the first CVD-related hospital discharge occurring between the date of the interview and 
31 December 2007. We took both the primary and secondary diagnoses into account. The 
date of hospital admission was considered the date of the event.

Lifestyle factors

Physical activity
We assessed the level of physical activity with the SQUASH questionnaire. The participant 
was asked to report the frequency, duration, and intensity of physical activity for an average 
week in the previous months. The questionnaire is prestructured in specific domains of 
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activity (work, commuting, household, and leisure time). We used an adapted version in 
which we added some questions about the culturally specific leisure time activities as well 
as an open-ended question. We calculated a physical activity score for our analyses. This 
score is based on the type of activity, frequency, duration, self-reported intensity, and age 
of the participant. Basically, we multiplied the total activity time in minutes (frequency x 
duration) by a calculated intensity category (ranging from 1 to 9) that was based on the 
type of activity (divided into three categories of metabolic equivalent of task), age of the 
participant, and self-reported intensity of each activity.18 We divided the physical activity 
score into equal quartiles and compared the lowest three quartiles with the highest quartile 
of the physical activity score. For the results presented in this study, we refer to participants 
that are in the highest quartile of the physical activity score as ’very active‘ and those that 
are in the lowest three quartiles as ‘not very active’.

Alcohol drinking

Alcohol drinking was assessed in categories of intake (units of alcohol) consumed daily 
during the week and in the weekend ( “1”, “2”, “3”, “4 to 5”, “6”, “7 to 10”, and “11 or more” 
drinks per day on either weekdays or the weekend). This categorization was collapsed into 
fewer categories because of the low number of observations in each category. To model the 
J-shape between alcohol and health that is often observed in industrialized populations,19 
the categories of alcohol intake were defined as no drinking, moderate drinking, and heavy 
drinking. Moderate drinking was defined as drinking at least 1 to 3 units of alcohol daily 
either during the week, the weekend, or both week and weekend. Heavy drinking was 
defined as consumption of at least 4 or more units of alcohol daily during the week, the 
weekend, or both. We defined non-moderate alcohol intake as either no drinking or heavy 
drinking.

Smoking 

Smoking was originally assessed in categories (never, ex, current). Because we wished 
to study the effect of current smoking, we analysed the participants’ smoking status as 
nonsmoking versus current smoking. To provide an indication of the amount of tobacco 
intake among current smokers, we presented the average number of cigarettes (including 
rolling tobacco) and cigars smoked daily in Table 1. For rolling tobacco, which is sold in 
packages of ±40 g, we estimated an average of 40 cigarettes per package.

Other variables

Metabolic syndrome at baseline
We defined metabolic syndrome (MetSyn) according to the International Diabetes 
Federation criteria.20 We considered participants to have MetSyn if they presented with an 
increased waist circumference (for European and African descent, men: ≥94 cm, women: 
≥80 cm; and for South-Asian descent, men: ≥90 cm, women: ≥80 cm), plus any two of 
the following: triglycerides greater than 1.7 mmol/l or treatment for elevated triglycerides; 
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high density lipoprotein (HDL) cholesterol less than 1.03 mmol/l for men or less than 1.29 
mmol/l for women, or treatment for a low concentration of HDL; systolic blood pressure 
greater than 130 mm Hg, diastolic blood pressure greater than 85 mm Hg or treatment for 
hypertension; fasting plasma glucose greater than 5.6 mmol/l or previously diagnosed type 
2 diabetes.
MetSyn could only be determined for participants who visited the health center. We used 
a multiple imputation method with chained equations for the participants who did not 
undergo the physical examination (n = 222 or 12.5%). We assumed that the missing data was 
‘missing at random’ and estimated the missing values for MetSyn with known observations 
for age, sex, ethnicity, MetSyn, alcohol drinking, smoking status, physical activity, body 
mass index, level of triglycerides, cholesterol, systolic and diastolic blood pressure, HDL, 
and waist circumference. We used the ICE command (version 1.9.5, 15 Apr 2011) in STATA 
for this estimation and obtained five multiply imputed datasets. We estimated all models 
with the MIM command prefix (version 2.1.6, 17 Nov 2010).

Cardiovascular disease at baseline

We assessed CVD at baseline with the Rose questionnaire to which we had added questions 
about previous diagnoses of angina pectoris, myocardial infarction, cerebrovascular 
accidents, and intermittent claudication.

Mortality

We used the date of death as registered in the municipal database. 

Analysis

To compare the baseline differences in age, sex, physical activity, smoking status, alcohol 
drinking, and MetSyn across ethnic groups, we used a one-way analysis of variance for 
continuous variables (Kruskal-Wallis in the case of unequal variance between groups), and 
the chi-square test for categorical variables. Posthoc tests with Bonferroni adjustment for 
multiple testing (three comparisons) were used to describe differences in characteristics.
We used age- and sex-adjusted Cox proportional hazards regression to evaluate the 
associations of physical activity, smoking, and alcohol drinking at baseline with CVD-
related hospital discharge in our multi-ethnic study population (Table 2, model 1). Since 
we expected MetSyn and known CVD at baseline to confound the relationships between 
lifestyle factors and CVD-related hospital admission, we adjusted for the occurrence of 
these factors at baseline in model 2. In all analyses, we calculated person-years of follow-up 
in days from the baseline questionnaire to the first CVD event. Observations were censored 
in the case of death without a previously registered CVD-related hospital discharge or end 
of study 31 December 2007. We inspected the proportional hazards assumption by testing 
Schoenfeld residuals (stphtest) and producing Kaplan Meier plots (stcoxkm) based on the 
Cox proportional hazards models. 
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To examine the possibility of a differential association between lifestyle factors and CVD-
related hospital discharge across ethnic groups, we calculated stratified analyses and 
presented the association by ethnic group (Table 3). Furthermore, we presented both the 
models with and without interaction terms in the overall multi-ethnic study population 
(Table 4).21 We presented the results for the multiplicative interaction models according to 
recent recommendations.22 We repeated the analysis for the restricted dataset without the 
multiple imputation method for missing values. Moreover, we repeated the analysis with 
the assumption that all deaths were related to CVD, to account for potential informative 
censoring (data not shown). The effect of physical activity was also analysed as a continuous 
variable (data supplement 1). The results of these analyses did not change our conclusions. 
We performed all analyses in STATA 11.0. We considered p values less than 0.05 statistically 
significant. 

Results

The Dutch participants were older than the South-Asian and African participants, and a 
larger proportion of the Dutch participants were men compared to African participants 
(Table 1 and data supplement 2). More South-Asians and Africans than Dutch were in 
the highest quartile of the physical activity score (very active). The percentage of current 
smoking was higher among the Dutch than the South Asian. The proportions of moderate 
and heavy alcohol drinking were greater among the Dutch participants than among the 
South-Asian and African participants. South-Asians smoked less and reported the most 
non smokers and nondrinkers compared to Dutch. MetSyn and CVD at baseline were more 
prevalent among South-Asians than among the Africans and the Dutch. 
The median follow-up time in the total study population was 5.5 years. We documented 
178 CVD-related hospital discharges during 8622.5 person-years of follow-up. The CVD-
related hospital discharge was greatest for the South-Asian group. 
The models in Table 2 show that being not very active, current smoking, and nonmoderate 
alcohol drinking were all associated with a greater hazard for CVD-related hospital 
discharge. Furthermore, the associations between the lifestyle factors and greater hazard 
for CVD-related hospital discharge persisted after adjustment for differences in MetSyn or 
CVD at baseline (model 2a,b). Similar differences were observed when physical activity was 
modeled as a continuous measure (data supplement 1).

In all ethnic groups, those who were not very active at baseline had a greater estimated 
hazard for CVD-related hospital discharge than their very active counterparts, although 
the 95% confidence intervals (CIs) for the South-Asian and Dutch groups were wide and 
included 1 (Table 3). For current smoking versus nonsmoking, the adjusted hazard of a 
CVD-related hospital discharge was higher in the Dutch group (HR = 2.28, 95% CI: 1.30–
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4.00) and African group (HR = 1.70, 95% CI: 1.01–2.85), but not in the South-Asian group 
(HR = 1.12, 95% CI: 0.63–1.98). The hazard of a CVD-related hospital discharge in the none 
and heavy alcohol drinking group was not significantly higher compared to the moderate 
drinking group. For example, in the none drinking group compared to moderate drinking 
the hazards ratio was 1.29 (95% CI: 0.60–2.78) in South Asian group, 1.47 (95% CI: 0.84–
2.58) in the African group and 2.08 (95% CI: 0.98–4.41) in the Dutch.

Table 1. Characteristics of the South-Asian Surinamese, African Surinamese and Dutch participants

Dutch South-Asian 
Surinamese

African 
Surinamese

Total
population

Number 567 370 689 1626

Mean age (SD) 47.6 (6.7) 44.5 (6.6)* 43.6 (6.0)* 45.2 (6.6)

Number of women (%) 291 (51.3) 208 (56.2) 458 (66.5)*† 957 (58.9)

Lifestyle factors

Physical activity

Number who were very active (%) 104 (18.5) 97 (26.2)* 205 (29.8)* 406 (25.0)

Median activity score 7400
(5340-10170)

7040
(4290-11250)

8040*†

(5700-12090)
7560

(5310-11010)

Occupational activity, min/week (SD) 320 (714) 525 (887)* 505 (870)*

Commuting in min/week (SD) 74 (123) 40 (77)* 72 (109)†

Leisure time in min/week (SD) 425 (432) 342 (400)* 399 (594)

Household chores in min/week (SD) 839 (902) 1123 (917)* 1107 (867)*

Smoking

Nonsmokers (%) 313 (55.4) 236 (64.3)* 304 (58.5) 946 (58.7)

Current smokers (%) 252 (44.6) 131 (35.7)* 282 (41.5) 665 (41.3)

Median intake/day in current smokers 
(IQR)

15 (8-23) 10 (6-16)* 9 (3-15)* 10 (5-20)

Current alcohol use§

Nondrinkers (% ) 75 (13.6) 182 (54.3)* 226 (38.4)*† 483 (32.8)

Moderate drinkers: 1–3 units/day (%) 325 (59.0) 96 (28.7)* 273 (46.4)*† 694 (47.1)

Heavy drinkers ≥4 units/day (%) 151 (27.4) 57 (17.0)* 90 (15.3)*† 298 (20.2)

Participants with disease at baseline:

with metabolic syndrome (%) 144 (28.4) 170 (50.2)* 178 (29.9)† 492 (34.1)

with CVD 30 (5.3) 53 (14.3)* 45 (6.5)† 128 (7.9)

with metabolic syndrome or CVD 161 (28.4) 190 (51.4)* 205 (29.8)† 556 (34.2)

Follow-up

CVD–related hospital discharge 57 (10.1) 57 (15.4) 64 (9.3)† 178 (11.0)

Deaths without CVD-related hospital 
discharge

11 (2.2) 8 (2.6) 7 (1.1) 26 (1.8)

Person-years 2924.0 1952.9 3745.6 8622.5

CVD, Cardiovascular disease. SD, standard deviation. CVD at baseline was defined as doctor’s diagnosis 
with stroke, heart attack. and/or angina. Metabolic syndrome was defined according to International 
Diabetes Federation criteria (2005).20 §There were 1475 respondents with data about alcohol use. Values 
in bold indicate overall group difference (p<0.05) * indicate a statistical significant posthoc test compared 
to Dutch (Bonferroni adjusted for three comparisons, p<0.05). † Indicate a statistical significant posthoc 
test compared to South Asian (Bonferroni adjusted for three comparisons, p<0.05)
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Table 2. Cox proportional hazard ratios for cardiovascular disease-related hospital discharge with different 
lifestyle factors and ethnicity

Model 1 Model 2a Model 2b

Physical activity

Not very active vs. very active 1.98 (1.30–3.02) 1.92 (1.26–2.92) 1.88 (1.23–2.86)

Smoking

Current smokers vs. nonsmokers 1.63 (1.19–2.23) 1.62 (1.19–2.21) 1.63 (1.20–2.22)

Current alcohol usea

None vs. moderate intake 1.74 (1.21–2.51) 1.65 (1.14–2.39) 1.52 (1.04–2.23)

Heavy vs. moderate intake 1.31 (0.84–2.05) 1.28 (0.82–2.00) 1.19 (0.77–1.86)

Ethnic group

South-Asian Surinamese vs. Dutch 1.54 (1.03–2.32) 1.41 (0.93–2.13) 1.36 (0.90–2.06)

African Surinamese vs. Dutch 1.01 (0.69–1.49) 0.98 (0.67–1.44) 0.97 (0.66–1.44)

Values are hazard ratio (95% confidence interval). aModerate, 1–3 units of alcohol/day; heavy ≥4 units 
of alcohol/day. Model 1: simultaneous estimation of all variables adjusted for age and sex. Model 2a: 
including additional adjustment for metabolic syndrome at baseline (International Diabetes Federation 
criteria).20 Model 2b: including additional adjustment for both metabolic syndrome and cardiovascular 
disease at baseline.

Besides these stratified observations, we also analyzed the presence of formal interactions 
in the overall multi-ethnic study population. No statistically significant interactions 
between lifestyle and ethnic group were observed in the overall multi-ethnic study 
population (Table 4). 

Discussion

Key findings

We found that a low amount of physical activity, current smoking, and nonmoderate 
alcohol drinking were associated with CVD-related hospital discharge in our multi-ethnic 
study population. Despite some ethnic differences in estimated hazard of CVD-related 
hospital discharge in the stratified models, there was no evidence of statistically significant 
differences in associations of the lifestyle factors with CVD-related hospital discharge by 
ethnicity. 

Discussion of the key findings

Overall multi-ethnic associations
The direction of the associations between CVD and physical activity, smoking, and alcohol 
intake in our overall study population was in agreement with previous multi-ethnic studies, 
even though these studies differed in design and outcome and were limited mainly to ethnic 
minority groups in the United States and the United Kingdom.11;23;24 
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Table 3. Cox proportional hazard ratios (HR) for cardiovascular disease-related hospital discharge with 
various lifestyle factors per ethnic group

Dutch South-Asian African

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Physical activity

Not very active vs. very active 1.35 (0.64–2.86) 1.55 (0.73–3.30) 1.72 (0.87–3.41) 1.53 (0.76–3.05) 2.80 (1.33–5.90) 2.77 (1.31–5.87)

Smoking

Current vs. none 2.15 (1.25–3.68) 2.28 (1.30–4.00) 1.11 (0.63–1.95) 1.12 (0.63–1.98) 1.58 (0.95–2.64) 1.70 (1.01–2.85)

Current alcohol usea

None vs. moderate 2.02 (0.98–4.15) 2.08 (0.98–4.41) 1.63 (0.81–3.26) 1.29 (0.60–2.78) 1.62 (0.91–2.90) 1.47 (0.84–2.58)

Heavy vs. moderate 1.67 (0.91–3.07) 1.40 (0.75–2.62) 1.29 (0.53–3.15) 1.07 (0.44–2.61) 1.04 (0.40–2.69) 0.96 (0.37–2.49)

Values are hazard ratio (95% confidence interval). aModerate, 1–3 units/day; heavy, ≥4 units/day. Model 
1: univariate association for each lifestyle factor adjusted for age and sex. Model 2: adjusted for age and 
sex; simultaneous adjustment for the other lifestyle factors and metabolic syndrome (International Diabetes 
Federation criteria).20

Table 4. Differences in the associations of physical activity, smoking, and alcohol use with cardiovascular 
disease-related hospital discharge across ethnic groups

Lifestyle factor Coefficient Model 1 Model 2 p value

Physical activity Not very active vs. very active 1.90 (1.24–2.89) 1.47 (0.70–3.12)

South Asian 1.41 (0.93–2.13) 1.33 (0.52–3.43)

African 0.99 (0.67–1.45) 0.57 (0.21–1.53)

Dutch 1.00 1.00

Not very active

South Asian – 1.06 (0.38–2.91) 0.41

African – 1.90 (0.66–5.45)

Smoking Current versus nonsmoking 1.63 (1.20–2.22) 2.27 (1.31–3.91)

South Asian 1.41 (0.93–2.13) 1.92 (1.08–3.41)

African 0.99 (0.67–1.45) 1.24 (0.70–2.19)

Dutch 1.00 1.00

Smoking

South Asian – 0.55 (0.25–1.18) 0.29

African – 0.68 (0.33–1.42)

Current alcohol usea Non versus moderate 1.55 (1.06–2.27) 1.85 (0.90–3.79)

Heavy versus moderate 1.20 (0.77–1.86) 1.52 (0.84–2.76)

South Asian 1.41 (0.93–2.13) 1.78 (0.86–3.68)

African 0.99 (0.67–1.45) 1.17 (0.66–2.08)

Dutch 1.00 1.00

None

South Asian – 0.71 (0.25–2.00) 0.77

African – 0.81 (0.33–2.02)

Heavy

South Asian – 0.69 (0.24–2.00)

African – 0.56 (0.19–1.65)

Values are hazard ratio (95% confidence interval). aModerate: 1–3 units/day; heavy ≥4 units/day. Model 
1: Adjusted for age, sex, other lifestyle factors and metabolic syndrome at baseline (International Diabetes 
Federation criteria).20 Model 2: including interaction terms for reported lifestyle. The p value is derived 
from the multivariate Wald test comparing model 2 with model 1. The results are presented as recently 
recommended.22
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Individual ethnic groups

Our finding of a lack of significant differences in the association between physical activity 
and CVD-related hospital discharge across ethnic groups seems in contrast with previous 
evidence. Previous studies have found different associations of physical activity and various 
outcomes in African and European descent populations and a stronger correlation between 
physical activity and cardiovascular risk markers in a South Asian population as compared 
to a European descent population.12;25;26 
One of the explanations for difference in results between those studies and ours could 
be that the studies were carried out in different contexts. It may well be that there are 
no differences between ethnic groups residing in the Netherlands, while there are actual 
differences between ethnic groups in other countries. An alternative explanation is that 
there is a difference between the groups, but we were unable to show this difference due 
to the relatively low numbers of CVD-related hospital discharges, the follow-up in our 
study or the way we measured physical activity. Physical activity is a complex measure 
that encompasses different domains, types of activity, frequency, duration, and intensity, 
and these factors vary between ethnic groups.27 We included all these components in our 
measure of physical activity. Nevertheless, it is possible that different measures of physical 
activity may lead to different results. For instance, cardiorespiratory fitness, as Carnethon 
et al. (2009) report, may have the advantage of being less prone to cross-cultural validity or 
unmeasured ethnic differences.28

For current smoking and non-moderate alcohol intake, we did not find a statistically 
different association with CVD-related hospital discharge across ethnic groups, although 
in the stratified analyses the association between current smoking or alcohol intake and 
CVD-related hospital discharge appeared more pronounced in some groups than in others. 
The relative similar association in the African and Dutch populations in our study seems 
in line with previous published evidence of associations between current smoking with 
coronary heart disease and subclinical vascular disease in black and white Americans.29;30 
Opposite to this finding, another study found that current smoking was associated with 
greater risk of coronary artery calcification in white Americans than in black Americans.31 

Table 3. Cox proportional hazard ratios (HR) for cardiovascular disease-related hospital discharge with 
various lifestyle factors per ethnic group

Dutch South-Asian African

Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Physical activity

Not very active vs. very active 1.35 (0.64–2.86) 1.55 (0.73–3.30) 1.72 (0.87–3.41) 1.53 (0.76–3.05) 2.80 (1.33–5.90) 2.77 (1.31–5.87)

Smoking

Current vs. none 2.15 (1.25–3.68) 2.28 (1.30–4.00) 1.11 (0.63–1.95) 1.12 (0.63–1.98) 1.58 (0.95–2.64) 1.70 (1.01–2.85)

Current alcohol usea

None vs. moderate 2.02 (0.98–4.15) 2.08 (0.98–4.41) 1.63 (0.81–3.26) 1.29 (0.60–2.78) 1.62 (0.91–2.90) 1.47 (0.84–2.58)

Heavy vs. moderate 1.67 (0.91–3.07) 1.40 (0.75–2.62) 1.29 (0.53–3.15) 1.07 (0.44–2.61) 1.04 (0.40–2.69) 0.96 (0.37–2.49)

Values are hazard ratio (95% confidence interval). aModerate, 1–3 units/day; heavy, ≥4 units/day. Model 
1: univariate association for each lifestyle factor adjusted for age and sex. Model 2: adjusted for age and 
sex; simultaneous adjustment for the other lifestyle factors and metabolic syndrome (International Diabetes 
Federation criteria).20
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For alcohol intake, higher risks at lower amounts of alcohol intake have been observed 
for: Asian (Chinese and Japanese origin) men compared with Caucasian men,32 African 
Americans,33 and African Americans compared with White Americans.34 Specific data on 
the relationship between risk factors and coronary heart disease in South Asian descent 
ethnic minority populations is needed.35;36 
Differences between studies may be related to differences in the measurement of the 
exposure and (intermediary) outcomes, and differences in confounding factors in different 
contexts. For example, ethnic differences in association of current smoking with (subclinical) 
CVD may be related to differences in the amount of smoking between the current smokers 
from ethnic groups.11;29;37 Similarly, for persons of different ethnic origin within the same 
category of alcohol intake, the type of alcoholic beverage (strong liquor and beer versus 
wine) consumed and the pattern of intake (regular versus binge drinking) may differ.34 
Drinking patterns have also been suggested as an explanation for finding that the J-shaped 
curve for alcohol consumption and mortality, which is known to exist in observational 
cohorts including European descent populations, are not always observed as clearly in 
populations of other descent.33;34;38 It might also be that these alcohol categories are a 
proxy for other unmeasured risk factors.39 This emphasizes the importance of studies with 
sufficient follow-up in these ethnic groups, that are able to study the association between 
lifestyle and cardiovascular outcomes using more specific measures of exposure.

Strengths and limitations

One strength of this study is that it is a population-based follow-up study, which means 
that it reports incidence rather than prevalence for each ethnic group. Another strength of 
this study is that we used in-depth data gathered from an extensive questionnaire including 
lifestyle, CVD risk factors, and a physical examination at a health center.
There are also some limitations to this type of data analysis that should be mentioned. This 
study used self-reported data about the participants’ health behavior, which were gathered 
at baseline only. Self-reported data are prone to both recall bias and social desirable 
answering, which might differ between ethnic groups. Moreover, behavior could have 
changed during follow-up. We could not take this into account in our study.
Further, we did not focus on multiple events or disease severity, which might differ between 
the ethnic groups. Details about these factors will only become available with continuing 
follow-up. 
The main outcome of this study is based on registry data, which is inherently connected 
to the following limitations. Deterministic linkage between the address database and the 
hospital database might link ‘administrative twins’, that is, people who are born on the 
same day, have the same sex, and live in the same neighborhood. Another limitation of 
using registry data is the validity and completeness of the hospital registrations, especially 
for CVD. The quality of the hospital registrations, determined by the number of missing 
hospital discharges (discharges that have not been registered) is relatively good for the years 
2001–2005 (0.9%–3.3% missing records). There were missing records in 2006 (10.5%) and 
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2007 (12.0%) due to a decrease in the number of participating hospitals. There might be 
differential missing records for ethnicity, but data are unavailable. Additionally, members 
of ethnic minority groups with cardiovascular disease may remain unnoticed longer 
than members of the general population,40 or there may be difficulty finding access to 
healthcare,41;42 which would influence the reported differences in the analyses.
The study population was carried out among specific ethnic groups residing in the 
Netherlands. The generalisability of the observed results to other ethnic minority groups 
may be limited and should, therefore, be repeated in other contexts. 

Conclusion

Our 5-year follow-up study shows that low amount physical activity, current smoking, 
and nonmoderate drinking were associated with a higher hazard of CVD-related hospital 
discharge in a multi-ethnic study population in the Netherlands. In addition, we found that 
these associations did not differ significantly across ethnic groups of European Dutch, South 
Asian-Surinamese and African-Surinamese origin, but recommend that this is confirmed 
in multi-ethnic studies with sufficient follow-up that are able to analyse the exposures in 
more detail.
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Data supplement 1. Cox proportional hazard ratios for cardiovascular disease-related hospital discharge 
with different lifestyle factors including continuous measurement for physical activity

Model 1 Model 2 Model 2b

Physical activity score continuous

per 1SD decrease in physical activity 1.36 (1.14-1.62) 1.33 (1.12-1.58) 1.32 (1.11-1.57)

Smoking

Current smokers vs. nonsmokers 1.59 (1.17-2.16) 1.57 (1.16-2.14) 1.57 (1.16-2.14)

Current alcohol usea

None vs. moderate intake 1.63 (1.13-2.36) 1.55 (1.07-2.24) 1.54 (1.07-2.23)

Heavy vs. moderate intake 1.23 (0.79-1.89) 1.20 (0.78-1.85) 1.19 (0.77-1.84)

Ethnic group

South-Asian Surinamese vs. Dutch 1.46 (0.97-2.19) 1.33 (0.88-2.01) 1.29 (0.85-1.95)

African Surinamese vs. Dutch 0.97 (0.66-1.43) 0.93 (0.63-1.38) 0.94 (0.63-1.38)

Values are hazard ratio (95% confidence interval). aModerate: 1–3 units/day; heavy ≥4 units/day. Model 
1: simultaneous estimation of all variables adjusted for age and sex. Model 2a: including additional 
adjustment for metabolic syndrome at baseline (International Diabetes Federation criteria)20 Model 2b: 
including additional adjustment for both metabolic syndrome and cardiovascular disease at baseline.
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Data supplement 2. Characteristics of the South-Asian Surinamese, African Surinamese and Dutch 
participants

Dutch South-Asian Surinamese African Surinamese Total population

Number 567 370 689 1626

Age, mean 47.6 (47.1-48.2) 44.5 (43.9-45.2)* 43.6 (43.1-44.0)* 45.2 (44.9-45.5)

Women, percentage 51.3 (47.2-55.4) 56.2 (51.1-61.3) 66.5 (62.9-70.0)*† 58.9 (56.5-61.3)

Lifestyle factors

Physical activity

Very active, percentage 18.3 (15.1-21.5) 26.2 (21.7-30.7)* 29.8 (26.3-33.2)* 25.0 (22.9-27.1)

Median activity score (IQR) 7400 (5340-10170) 7040 (4290-11250) 8040*† (5700-12090) 7560 (5310-11010)

Occupational activity, min/week (SD) 320 (714) 525 (887)* 505 (870)*

Commuting in min/week (SD) 74 (123) 40 (77)* 72 (109)†

Leisure time in min/week (SD) 425 (432) 342 (400)* 399 (594)

Household chores in min/week (SD) 839 (902) 1123 (917)* 1107 (867)*

Smoking

Nonsmokers, percentage 55.4 (51.3-59.5) 64.3 (59.4-69.2)* 58.5 (54.8-62.2) 58.7 (56.3-61.1)

Current smokers, percentage 44.6 (40.5-48.7) 35.7 (30.8-40.6)* 41.5 (37.8-45.2) 41.3 (38.9-43.7)

Median intake/day in current smokers, (IQR) 15 (8-23) 10 (6-16)* 9 (3-15)* 10 (5-20)

Current alcohol use

Nondrinkers, percentage 13.6 (10.7-16.5) 54.3 (49.0-59.7)* 38.4 (34.4-42.3) *† 32.7 (30.3-35.1)

Moderate drinkers: 1–3 units/day, percentage 59.0 (54.9-63.1) 28.7 (23.8-33.5)* 46.3 (42.3-50.4)*† 47.1 (44.5-49.6)

Heavy drinkers ≥4 units/day, percentage 27.4 (23.7-31.1) 17.0 (13.0-21.1)* 15.3 (12.4-18.2)*† 20.2 (18.2-22.3)

Participants with disease at baseline:

with metabolic syndrome, percentage 28.3 (24.4-32.3) 50.1 (44.8-55.5)* 29.9 (26.2-33.6)† 34.1 (31.6-36.5)

with CVD, percentage 5.3 (3.4-7.1) 14.3 (10.7-17.9)* 6.5 (4.7-8.4)† 7.9 (6.6-9.2)

with metabolic syndrome or CVD, percentage 28.4 (24.7-32.1) 51.4 (46.2-56.5)* 29.8 (26.3-33.2)† 34.2 (31.9-36.5)

Follow-up

CVD–related hospital discharge, percentage 10.1 (7.6-12.5) 15.4 (11.7-19.1) 9.3 (7.1-11.5)† 10.9 (9.4-12.5)

Deaths without CVD-related 2.1 (0.9-3.4) 2.6 (0.8-4.3) 1.1 (0.3-1.9) 1.8 (1.1-2.5)

hospital discharge, percentage

Person-years 2924.0 1952.9 3745.6 8622.5

Values in parentheses are 95% confidence interval, unless otherwise stated. CVD, Cardiovascular disease. 
SD, standard deviation. CVD at baseline was defined as doctor’s diagnosis with stroke, heart attack. and/or 
angina. Metabolic syndrome was defined according to International Diabetes Federation criteria.20 Values 
in bold indicate overall group difference (p<0.05). * indicate a statistical significant posthoc test compared 
to Dutch (Bonferroni adjusted for three comparisons, p<0.05). † Indicate a statistical significant posthoc 
test compared to South Asian (Bonferroni adjusted for three comparisons, p<0.05).
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Data supplement 2. Characteristics of the South-Asian Surinamese, African Surinamese and Dutch 
participants
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angina. Metabolic syndrome was defined according to International Diabetes Federation criteria.20 Values 
in bold indicate overall group difference (p<0.05). * indicate a statistical significant posthoc test compared 
to Dutch (Bonferroni adjusted for three comparisons, p<0.05). † Indicate a statistical significant posthoc 
test compared to South Asian (Bonferroni adjusted for three comparisons, p<0.05).
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Abstract

Aims: To study differences in the association between physical inactivity and Type 2 diabetes 

among subjects from different ethnic groups.

Methods: We analysed data on 508 Caucasian, 596 African-Surinamese and 339 Hindustani-

Surinamese participants, aged 35–60 years, in the population-based, cross-sectional 

Surinamese in the Netherlands Study on Health and Ethnicity (SUNSET) study. Physical 

inactivity was defined as the lowest quartile of reported activity, measured with the validated 

Short Questionnaire to Assess Health-Enhancing Physical Activity. Type 2 diabetes was defined 

as fasting plasma glucose levels ≥ 7.0 mmol/l or self-reported diagnosis.

Results: Physical inactivity was associated with Type 2 diabetes (OR 1.63, 95% CI 1.12–

2.38) in the total group after adjustment for sex, age, BMI, ethnicity, resting heart rate, 

hypertension, smoking, history of cardiovascular disease, having a first-degree relative with 

Type 2 diabetes and educational level. However, this association was only significant in 

Caucasians (OR 3.17, 95% CI 1.37–7.30). Moreover, it appeared stronger in Caucasians than 

in Hindustani-Surinamese (OR 1.43, 95% CI 0.78–2.63) and African-Surinamese (OR 1.13, 

95% CI 0.58–2.19), although the P-value for interaction was not significant.

Conclusions: Physical inactivity was associated with Type 2 diabetes in the total group after 

adjustment for multiple risk factors, but this association was only significant in Caucasians. 

Also, it appeared stronger in Caucasians than in Hindustani and African-Surinamese, but formal 

testing for interaction provided no further evidence. These findings confirm the importance of 

exercise, but suggest that potential health gain may differ between ethnic groups. However, 

it should be noted that, in general, promotion of physical activity in populations with an 

increased a priori risk of Type 2 diabetes, remains of the utmost importance.
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Introduction

In several studies that have shown an independent relationship between physical inactivity 
and Type 2 diabetes, the focus has mainly been on Caucasians.1-3 It is well known that the 
prevalence of Type 2 diabetes varies among ethnic groups.4-7 Also, level of physical activity 
differs between ethnic groups; it has been reported that South Asians in particular are less 
physically active than Caucasians in the UK.8-10 Our aim was to study differences in the 
association between physical inactivity and Type 2 diabetes among individuals of South 
Asian, African and European origin.

Patients and methods

Study population

The study population consisted of participants in the Surinamese in the Netherlands Study 
on Health and Ethnicity (SUNSET) study. Around the year 1975, almost half the population 
of the former Dutch colony of Surinam migrated to the Netherlands. It is estimated that 
approximately 36% of these immigrants were Hindustani-Surinamese (originally from the 
Indian subcontinent) and 41% African-Surinamese (predominantly of African origin).11 
Currently, approximately 340 000 Surinamese are living in the Netherlands.12

The study was based on a random sample of 35- to 60-year-old, non-institutionalized people 
in Amsterdam, as previously described.13 Ethnicity was classified based on self-identification. 
In the present study, we included 339 Hindustani-Surinamese, 596 African-Surinamese and 
508 Dutch-Caucasians who completed an interview and underwent a medical examination. 
All participants signed an informed-consent form. The Medical Ethical Committee of the 
Amsterdam Academic Medical Centre approved the study protocols.

Measurements

Type 2 diabetes was defined as fasting glucose ≥ 7.0 mmol/l (HK/Glucose-6-P dehydrogenase 
test; Roche Diagnostics, Basel, Switzerland) and/or self-reported Type 2 diabetes, excluding 
gestational diabetes. Blood pressure and resting heart rate measurements were obtained 
using an Omron M4 semi-automatic sphygmomanometer. Hypertension was defined as 
a systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg or being 
on anti-hypertensive therapy. Educational level was determined by the highest education 
achieved and was grouped as: secondary school and below, i.e. ≤ 12 years of education 
(low); and vocational school and above, i.e. ≥ 13 years of education (high). Educational level 
has proven to be the best indicator of socio-economic status in the Netherlands.14 Physical 
activity level was measured using the Short Questionnaire to Assess Health-Enhancing 
Physical Activity (SQUASH), which has been validated for the Dutch population and 
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requires participants to recall their habitual physical activity in an average week from the 
past few months.15 It covers physical activity for four ‘domains’: commuting, occupational/
school related, household and leisure-time. For the purpose of this study, we also took 
into account other types of activity (such as yoga and dancing), because these activities 
are considered habitual in the study population. Participants were asked to indicate the 
frequency, self-reported intensity (light, moderate, vigorous) and average duration of the 
activity per day for each domain. The Short Questionnaire to Assess Health-Enhancing 
Physical Activity was not translated or simplified, as the Surinamese population in the 
Netherlands has good understanding of the Dutch language and most participants had lived 
in the Netherlands for more than 20 years. In order to minimize interpretation problems, 
the questionnaire was interviewer administered. Furthermore, interviewers were matched 
by ethnicity.

A total physical activity score was calculated based on type of activity, frequency, duration, 
self-reported intensity and age. We classified participants in quartiles of the calculated 
physical activity score. The lowest quartile was defined as ‘physical inactivity’.

Statistical analysis

Baseline data were expressed as percentages, means and standard deviations (sd) or medians 
and interquartile range (IQR). Differences were determined using the χ2-test, one-way 
ANOVA or the Kruskal–Wallis test. We calculated odds ratios with corresponding 95% 
confidence intervals for the association between physical inactivity and Type 2 diabetes, 
stratified by ethnicity. We adjusted for sex, age, obesity, resting heart rate, first-degree 
relative with Type 2 diabetes, hypertension and history of cardiovascular disease, as these 
factors were previously associated with Type 2 diabetes in the SUNSET study.13 We also 
took into account smoking and education level, as these factors are known to be associated 
with Type 2 diabetes.16;17 Subsequently, we tested formally for (multiplicative) interaction 
between physical inactivity and ethnicity. After adjusting for BMI as an indicator of 
obesity first, we adjusted for waist circumference in a second analysis. P-values < 0.05 were 
considered statistically significant. All analyses were performed using SPSS 16.0 (SPSS Inc., 
Chicago, IL, USA).

Results

Caucasians were older than Hindustani-Surinamese and African-Surinamese (47.8, 44.7 and 
43.7 years, P < 0.05) (Table 1). Hindustani-Surinamese were more frequently inactive than 
Caucasians and African-Surinamese (31.6, 25.2 and 20.5%, P < 0.05). Median total physical 
activity score was highest in African-Surinamese, followed by Caucasians and Hindustani-
Surinamese (P < 0.05). Among the physically inactive, there was no significant difference in 
median physical activity score between ethnic groups, but the contrast of median physical 
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activity scores between the physically inactive and all others was lower among Caucasians. 
The prevalence of Type 2 diabetes was highest in Hindustani-Surinamese followed by 
African-Surinamese and Caucasians (25.4, 12.4 and 6.7%, P < 0.05).

The association of physical inactivity and Type 2 diabetes in the total group and stratified 
by ethnicity is shown in Fig. 1. Physical inactivity was associated with Type 2 diabetes in 
the total group, both after adjustment for sex and age only (model 1: OR 2.15, 95% CI 1.56–
2.98), and after adjustment for sex, age, obesity, ethnicity, resting heart rate, hypertension, 
current smoking, history of cardiovascular disease, having a first-degree relative with Type 
2 diabetes and education level (model 2: OR 1.63, 95% CI 1.12–2.38).

After stratification by ethnicity, a significant association between physical inactivity 
and Type 2 diabetes was only seen in Caucasians (model 2: OR 3.17, 95% CI 1.37–7.30) 
Furthermore, the association appeared stronger in Caucasians than in Hindustani (OR 
1.43, 95% CI 0.78–2.63) and African-Surinamese (OR 1.13, 95% CI 0.58–2.19). However, 
the P-value for interaction was not significant.

Similar results were obtained when adjusting for waist circumference instead of BMI (data 
not shown).

Table 1 Characteristics of the study population stratified by ethnicity

Hindustani-
Surinamese

(n = 339)

African-
Surinamese

(n = 596)

Caucasians
(n = 508)

Mean age (years) 44.7 (6.7) 43.7 (5.9) 47.8 (6.8)*

Mean BMI (kg /m2) 27.7 (5.2) 28.4 (5.4) 26.1 (4.8)*

Mean waist cirumference (cm) 94.4 (12.5) 93.5 (14.5) 91.7 (14.1)*

Mean resting heart rate (b min)1) 74 (11) 73 (11) 69 (11)*

Hypertension (yes)† 33.9 37.6 25.6*

Current smoking (yes) 35.7 39.9 44.3*

History of cardiovascular disease (yes)‡ 15.6 9.4 8.1*

First-degree relative with Type 2 diabetes (yes) 81.1 62.5 42.2*

Education (high)§ 30.6 51.4 65.9*

Median physical activity score¶ 7020 (4530–11 290) 8130 (5820–12 078) 7425 (5284–10 204)*

Physically inactive (yes)** 31.6 20.5 25.2*

Diabetes (yes) 25.4 12.4 6.7*

Physically inactive group: median physical 
activity score¶

3540 (2520–4290) 3350 (2259–4560) 3657 (2220–4740)

Others††: median physical activity score¶ 9240 (6900–13 046) 9365 (7193–13 268) 8565 (6926–11 239)*

Data are given as mean (standard deviation), median (interquartile range) or percentages. *P < 0.05 
in Kruskal–Wallis for comparison between the ethnic groups. †Systolic blood pressure ≥ 140 mmHg 
or diastolic blood pressure ≥ 90 mmHg or being on anti-hypertensive therapy. ‡History of myocardial 
infarction and / or stroke. §Vocational school and above, i.e. ≥ 13 years of education (high). ¶Calculation 
based on reported activity, measured with the Short Questionnaire to Assess Health-Enhancing Physical 
Activity, using type of activity, frequency, duration, intensity and age (intensity × min).15 **Lowest quartile 
of reported activity. ††Those who are not physically inactive.
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Discussion

Physical inactivity was associated with Type 2 diabetes after adjustment for multiple risk 
factors in the total group. However, this association was only significant in Caucasians 
and appeared stronger than in African and Hindustani-Surinamese individuals. Our 
results underscore the importance of exercise, but suggest a potentially differential effect of 
physical inactivity between ethnic groups.

There are limitations to this study. First, there is a discrepancy between self-reported and 
actual physical activity.18 Furthermore, the discrepancy might differ between ethnic groups. 
This might have affected the association between physical inactivity and Type 2 diabetes in 
the ethnic groups. Second, the Short Questionnaire to Assess Health-Enhancing Physical 
Activity has been validated for the Dutch population, but not for Surinamese populations 
specifically. Although the Surinamese population has good understanding of the Dutch 
language, and we tried to minimize interpretation problems by matching interviewers and 
participants by ethnicity, this could still have influenced our outcomes. Furthermore, as 
an unhealthy diet is associated with Type 2 diabetes and diet behaviours vary between 
ethnic groups,19;20 we regret not being able to adjust for diet in our analyses, because of 
limited data on diet in the SUNSET study. Last, this study is based on cross-sectional 

=
=
=
=

Total group
African-Surinamese
Hindustani-Surinamese
Caucasian

1010.1
Odds ratio

Model 1

Model 2

2.15 (1.56–2.98)

1.59 (0.91–2.79)

1.81 (1.06–3.11)

3.05 (1.48–6.27)

1.63 (1.12–2.38)

1.13 (0.58–2.19)

1.43 (0.78–2.63)

3.17 (1.37–7.30)

Figure 1. Odds ratios (95% confidence intervals) for the association between physical inactivity* and Type 
2 diabetes. *Defined as the lowest quartile of reported activity, measured with the Short Questionnaire 
to Assess Health-Enhancing Physical Activity. †Model 1, adjusted for age and sex; model 2, as model 1 + 
adjusted for BMI, resting heart rate, hypertension, history of cardiovascular disease, having a first-degree 
relative with Type 2 diabetes, current smoking and education level.
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data. This could have biased the results through behavioural factors if persons with Type 
2 diabetes changed their lifestyle as a part of treatment. However, this is likely to result in 
underestimation of the contribution of physical inactivity to Type 2 diabetes.

The finding of an association between physical inactivity and Type 2 diabetes after 
adjustment for multiple risk factors is consistent with findings of other studies.1-3 Although 
observational in nature, this study underscores the importance of physical activity for 
preventing Type 2 diabetes and related diseases.

To our knowledge, there is scarcely any evidence for a differential effect of physical 
inactivity on the development of Type 2 diabetes between ethnic groups. Consistent with 
our findings, Hsia et al. reported that physical activity predicts a lower risk for Type 2 
diabetes in Caucasian women, but found no significant relationship between Type 2 
diabetes risk and physical activity in African-American, Hispanic or Asian women. 
However, the magnitude of the association between physical activity and Type 2 diabetes 
was not dramatically different among the ethnic groups.21 Our finding that the association 
between physical inactivity and Type 2 diabetes was only significant in Caucasians, and 
appeared stronger in Caucasians than in Hindustani and African-Surinamese, could not 
be explained by differences in median activity score between ethnic groups. This finding 
is difficult to interpret because of the cross-sectional nature of our study, but suggest a 
potential difference in pathophysiology. For example, insulin resistance might be more 
determined by environmental factors in Caucasians and by genetic factors in Hindustani 
and African-Surinamese. Misra et al. stated that progressive resistance-exercise training 
may be more effective on insulin sensitivity in Asian-Indians than in Caucasians, although 
they did not focus on any other form of physical activity.22 This suggests that, apart from 
activity-level itself, different types of activity might have differential effects among ethnic 
groups as well.

In conclusion, physical inactivity was associated with Type 2 diabetes after adjustment for 
multiple risk factors. This confirms the importance of regular exercise for all. However, the 
results suggest that potential health gain may differ between ethnic groups. Longitudinal 
studies may bring more clarity regarding this matter. However, it should be noted that, in 
general, promotion of physical activity in populations with an increased a priori risk of 
Type 2 diabetes for whatever reason, remains of the utmost importance.
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Abstract

Background: Evidence suggests that physical activity (PA) has a beneficial effect on high-

density lipoprotein cholesterol (HDL) and triglycerides. However, observational studies show 

contrasting results for this association between different ethnic groups. It is unclear whether 

this is due to differences in the PA composition. The aim of this study was to assess the 

relationship of the total PA, along with its intensity and duration, with HDL and triglycerides 

in a multi-ethnic population.

Methods: The study population was sampled from the SUNSET study and included: 502 

European- Dutch, 338 Hindustani-Surinamese, and 596 African-Surinamese participants 

living in Amsterdam, the Netherlands. We assessed PA with the SQUASH questionnaire. We 

calculated age-sex-adjusted betas, geometric mean ratios (GMRs), and prevalence ratios (PRs) 

to assess the relationship of PA with HDL and triglycerides.

Results: In the adjusted models, the highest total PA tertile compared to the lowest tertile was 

beneficially associated with HDL (beta: 0.08, 95% CI: 0.00, 0.16 and PR low HDL 0.59, 95% 

CI: 0.39, 0.88) and triglycerides (GMR: 0.93, 95% CI: 0.83, 1.03 and PR: 0.56, 95% CI: 0.29, 

1.08) for the African-Surinamese. No statistically significant associations appeared for total 

PA among the European-Dutch and Hindustani-Surinamese. The adjusted models with the 

intensity score and HDL showed beneficial associations for the European-Dutch (beta: 0.06, 

95% CI: 0.03, 0.10) and African-Surinamese (beta: 0.06, 0.02, 0.10), for log triglycerides for 

the European-Dutch (beta: -0.08, 95% CI: -0.12, 0.03), Hindustani-Surinamese (beta: -0.06, 

95% CI: -0.16, 0.03), and African-Surinamese (beta: -0.04, 95% CI: -0.10, 0.01). Excepting 

HDL in African-Surinamese, the duration score was unrelated to HDL and triglycerides in any 

group.

Conclusions: Activity intensity related beneficially to blood lipids in almost every ethnic group. 

The activity duration was unrelated to blood lipids, while the total PA ‘summary score’ was 

associated only with blood lipids for African-Surinamese. The difference in total PA composition 

is the most probable explanation for ethnic differences in the total PA association with blood 

lipids. Multi-ethnic observational studies should include not only a measure of the total PA, 

but other measures of PA as well, particularly the intensity of activity.
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Background

Physical activity (PA) is beneficially associated with blood lipids in European populations, 
especially HDL cholesterol and triglycerides.1-4 Furthermore, this beneficial association 
appears as a clear dose-response association with blood lipids in controlled trials of European 
populations.5 There is inconsistent evidence that this is the case in the few observational 
studies that include ethnic minority groups. For example, two recent multi-ethnic studies 
that looked into PA and blood lipids found associations that were different from previous 
evidence.6;7 Black and white American participants from the ARIC study showed increases 
in PA that were associated with increases in HDL cholesterol for all participants, but 
decreases in triglycerides only for white participants. There was no correlation of HDL 
cholesterol levels with a PA index for either South Asian or white European adults in 
Newcastle, UK. 
Explanations for these different patterns are unclear, but may be related to differences in the 
composition of PA between ethnic groups. Most habitual physical activities are of relative 
light intensity and long duration, such as light household activity, walking to work, walking 
in leisure time, or light occupational activity, which can differ between population groups.8 
These kinds of activities might weaken the effect of more intense activities that are known 
to be more beneficial in relation to HDL cholesterol and triglycerides especially when we 
try to incorporate all of them (including both vigorous and light activity) in one variable 
which we call ‘total PA’. When patterns of PA differ between ethnic groups, such a measure 
of total PA might give differences in association with HDL cholesterol and triglycerides 
between ethnic groups.
The aim of this study was therefore to assess the relationship of total PA and the intensity 
and duration of PA with HDL cholesterol and triglycerides in a multi-ethnic study 
population living in Amsterdam, The Netherlands. More specifically, we tested whether 
the associations of intensity and duration of PA with HDL cholesterol and triglycerides in 
these ethnic groups lead to a more consistent pattern than the association of total PA with 
blood lipids.

Methods

Study population

We used data from the SUNSET study, which was set up to gain insight into the 
cardiovascular risk profiles of people aged 35-60 years in three ethnic groups living in 
Amsterdam, the Netherlands: Hindustani-Surinamese (South Asian descent), African-
Surinamese (African descent) and European-Dutch origin. The recruitment and design 
of the study are described elsewhere.9;10 In brief, potential participants were randomly 
sampled (n = 2975) from the population register of Amsterdam, The Netherlands. Potential 
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participants – matched by sex and presumed ethnicity – were approached at home for a 
structured face-to-face interview with a trained interviewer between 2001 and 2003. The 
interview contained questions about lifestyle, migration history, demographic variables, 
and general health status. After the interview, the participants were invited for a physical 
examination at a local health centre. The response to the interview was 60% in the ethnic 
minority groups and 61% in the Dutch group. Only participants with complete information 
about blood lipids and ethnicity were included in this study, which resulted in a total of 
1446 eligible participants, of whom there were 502 European-Dutch, 338 Hindustani-
Surinamese, and 596 African-Surinamese. The Institutional Review Board of the Academic 
Medical Center of the University of Amsterdam approved the study. All participants 
provided written informed consent.

Measurements

Main outcomes
We measured HDL cholesterol (homogenous enzymatic colorimetric test; Roche 
Diagnostics Basel, Switzerland) and triglycerides (GPO-PAP enzymatic test; Roche 
Diagnostics, Basel, Switzerland) in serum at the time of the physical examination. We 
defined low HDL cholesterol as less than 1.04 mmol/L (<40.1 mg/dL) for men and less than 
1.29 mmol/L (<49.8 mg/dL) for women. We defined high triglyceride as 1.7 mmol/L (≥150 
mg/dL) or more, or using cholesterol- or triglyceride-reducing medication.11

Main predictor
We assessed the total habitual PA with a slightly modified SQUASH questionnaire.12 These 
modifications have been described previously.13 In short, the modifications included two 
extra leisure-time activities together with an open-ended question about any additional 
leisure-time PA. The SQUASH identifies types of activity grouped in domains of activities 
(transportation, work, household, and leisure time). For each activity, the respondent 
recalls the component frequency (days/week), duration (minutes/day), and intensity (low, 
moderate, or vigorous). We coded the type of activity in metabolic equivalents (METs) 
based on the Ainsworth compendium of PA.14 The standard syntax calculates an overall PA 
score (total PA) and is based on frequency, duration, and intensity (including MET, age of 
respondent, and self-reported intensity) of the reported PA.12 Additionally, we calculated 
MET-hours based on the MET and reported duration of activity. For this analysis, we also 
calculated the individual component sum scores for intensity and duration. We extracted 
these component scores exactly as they were used in calculating the total PA. Basically, for 
every reported activity, the intensity is calculated and summed to give the intensity score, 
and for every reported activity, the duration is summed to give the duration score.

Other covariates
The level of education was defined as primary school or less, secondary school, college 
or further education, and polytechnic or academic education. The smoking status was 
defined as never, ex, or current. Social class was defined on the Erikson et al. scale,15 and 
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for the purpose of this study, condensed to six categories (I, II, IIIa, IIIb, IVa-c, and V-VI-
VII combined into the sixth category). Alcohol intake was classed as never, ex, or current.

Analyses

We plotted the age-standardised levels (mean and median) and prevalence ratios (PRs) of 
HDL cholesterol and triglycerides in tertiles of the total PA score. We applied direct age 
standardisation, using the age distribution of the total study population. The triglyceride 
level was skewed, so we modelled log-transformed triglycerides in the adjusted models 
and presented back-transformed estimates (geometric mean ratios, GMRs). For the 
linear models of PA with HDL cholesterol and triglycerides, we excluded participants 
who reported lipid lowering medication use or any previous doctors’ diagnoses of high 
cholesterol or raised levels of triglycerides. 
We calculated age- and sex-adjusted models and further adjusted for education, smoking, 
alcohol intake, and social class to model the independent association of the total PA score 
on HDL cholesterol and triglycerides. To further verify the findings from the association 
of total PA with HDL cholesterol and triglycerides, we assessed the relationship of MET-
hours and blood lipids across ethnic groups. We considered body weight an intermediate 
in the pathway from PA to HDL cholesterol and triglycerides. Since we were interested 
in the overall association between PA and blood lipids, but not the relative contribution 
of body mass index (BMI) on blood lipids, we excluded BMI in the models. Attempts to 
decompose the indirect association of BMI as an intermediate requires the absence of 
other confounding variables and homogeneity of these associations across the strata of the 
intermediate,16 which was beyond the scope of this paper.
We calculated age- and sex-adjusted models for the intensity score and duration score in 
association with HDL cholesterol and triglycerides. We presented this association as the 
difference in HDL cholesterol and triglycerides for one standard deviation increase in the 
intensity score and duration score. We took sex and ethnicity interactions into account. We 
used R (R: A Language and Environment for Statistical Computing, version 2.12.2) for all 
analyses. We considered values of p less than 0.05 to be statistically significant.

Results

Table 1 presents the characteristics of the study population by ethnic group. The Hindustani-
Surinamese and African-Surinamese people were younger, had a lower prevalence of 
smoking, and a lower level of education than the European-Dutch participants.
The African-Surinamese had the highest total PA score. African-Surinamese were most 
often in the highest tertile of the total PA score and had higher duration scores. The 
European-Dutch had the highest intensity score. Hindustani-Surinamese participants 
had both lower intensity scores and lower duration scores than the African-Surinamese 
and European-Dutch participants. The Hindustani-Surinamese had lower levels of HDL 
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cholesterol and higher levels of triglycerides than the European-Dutch. Hindustani-
Surinamese participants were also most often receiving medication for high cholesterol 
and triglycerides. The African-Surinamese had the lowest level of triglycerides.
We first examined the patterns between tertiles of total PA with levels of HDL cholesterol 
and triglycerides in each of the ethnic groups (Figure 1). For the African-Surinamese group, 

Table 1. Characteristics of 34 to 60-year-old Hindustani-Surinamese, African-Surinamese, and European-
Dutch participants

European-Dutch
n = 502

Hindustani-
Surinamese

n = 338

African-Surinamese
n = 596

Mean age (SD) 47.8 (6.8) 44.7 (6.7) 43.7 (5.9)

Women, n (%) 254 (50.6) 188 (55.6) 403 (67.6)

Never smokers, n (%) 128 (25.7) 167 (50.6) 250 (43.4)

   Ex-smokers, n (%) 148 (29.7) 42 (12.7) 89 (15.5)

   Current smokers, n (%) 223 (44.7) 121 (36.7) 237 (41.1)

Primary or lower education, n (%) 42 (8.5) 87 (26.2) 42 (7.1)

   Secondary education, n (%) 129 (26.0) 144 (43.4) 244 (41.4)

   College/further education, n (%) 141 (28.4) 67 (20.2) 186 (31.6)

   Academic/polytechnic education, n (%) 184 (37.1) 34 (10.2) 117 (19.9)

Social class, I, n (%) 75 (15.2) 14 (4.7) 47 (8.9)

   II, n (%) 134 (27.2) 37 (12.3) 99 (18.7)

   IIIa, n (%) 78 (15.9) 49 (16.3) 114 (21.6)

   IIIb, n (%) 35 (7.1) 43 (14.3) 109 (20.6)

   IVa-c, n (%) 38 (7.7) 13 (4.3) 13 (2.5)

   V-VI-VII, n (%) 132 (26.8) 144 (48.0) 147 (27.8)

Physical activity

Median total score (IQR) 7440 (5400, 10316) 7082 (4575,11318) 8160 (5878, 12158)

   T1 (0, 6180), n (%) 170 (33.9) 139 (41.1) 172 (28.9)

   T2 (6180, 9690), n (%) 187 (37.3) 87 (25.7) 202 (33.9)

   T3 (9690, 38600), n (%) 145 (28.9) 112 (33.1) 222 (37.2)

Mean intensity score (SD) 27.91 (10.0) 21.14 (7.2) 23.69 (8.1)

Mean duration score (SD) 709.57 (303.8) 640.43 (300.9) 779.97 (349.5)

Blood lipids

Mean HDL, mmol/L (SD) 1.50 (0.4) 1.28 (0.4) 1.46 (0.4)

Low HDL, n (%)a 96 (19.1) 148 (43.8) 154 (25.8)

Median triglycerides, mmol/L (IQR) 1.08 (0.75, 1.64) 1.24 (0.88, 1.83) 0.84 (0.58, 1.20)

Raised triglycerides, n (%)b 125 (24.9) 106 (31.4) 70 (11.7)

Currently receiving cholesterol/triglyceride 
medication, n (%)

16 (3.2) 23 (6.8) 8 (1.3)

Known high cholesterol and/or 
triglycerides, n (%)

56 (11.2) 55 (16.3) 37 (6.2)

IQR, interquartile range; HDL, high-density lipoprotein; SD, standard deviation. Social class categories 
adapted from Erikson et al.15 Blood lipid values are presented in mmol/L. aLow HDL cholesterol <1.04 
mmol/L (<40 mg/dL) for men and <1.29 mmol/L (<50 mg/dL) for women. bRaised triglycerides ≥1.7 
mmol/L (≥150 mg/dL) or receiving cholesterol/triglycerides lowering medication. Triglycerides can be 
converted to mg/dL by multiplying with a factor 88.5. HDL cholesterol levels can be converted to mg/dL 
by multiplying with a factor 38.6.
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we observed a higher mean HDL cholesterol level in the highest tertile of total PA than in 
the lowest tertile of total PA (beta: 0.07, 95% CI: -0.01, 0.14). We also observed a similar 
beneficial pattern for median triglycerides in the highest tertile of total PA compared with 
lowest tertile of total PA (GMR: 0.90, 95% CI: 0.80, 1.00). The prevalence of low HDL 
cholesterol in the highest tertile of total PA compared to the lowest tertile of total PA 
(PR: 0.60, 95% CI: 0.41, 0.89) and the prevalence of raised triglycerides (PR: 0.52, 95% CI: 
0.28, 0.97) showed similar occurrences. The European-Dutch and Hindustani-Surinamese 
groups did not show such a pattern except for the prevalence of raised triglycerides in 
Hindustani-Surinamese, although this was not statistically significant (PR: 0.68, 95% CI: 
0.43, 1.07).

Figure 1: Age-sex standardised mean HDL-C, median TG, the prevalence of low HDL-C, and the prevalence 
of high TG in three ethnic groups by tertiles of a total physical activity score. Participants with known raised 
cholesterol or TG levels or receiving cholesterol/TG lowering medication were excluded from mean HDL-C 
and median TG plots. Low HDL-C was defined as <1.04 mmol/L (<40 mg/dL) for men and <1.29 mmol/L 
(<50 mg/dL) for women. Raised TG was defined as ≥1.7 mmol/L (≥150 mg/dL) or receiving cholesterol/TG 
lowering medication. TG: Triglycerides.
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The age- and sex-adjusted models for total PA showed patterns similar to those just 
described (Table 2). For the African-Surinamese group, the highest tertile of total PA was 
associated with more beneficial levels of HDL cholesterol and triglycerides, while this was 
not so for the European-Dutch and Hindustani-Surinamese. These patterns in the ethnic 
groups persisted after further adjustment for level of education, smoking, alcohol intake 
or social class (data available on request). Similar results were found when total PA was 
substituted with MET-hours (data not shown).

Table 2. Association of total physical activity with high-density lipoprotein cholesterol and triglyceride levels

European-Dutch Hindustani-Surinamese African-Surinamese

Mean HDL β (95% CI) β (95% CI) β (95% CI)

   T1 Reference Reference Reference

   T2 0.01 (-0.08, 0.09) -0.14 (-0.25, -0.03) 0.04 (-0.04, 0.12)

   T3 0.04 (-0.05, 0.13) 0.01 (-0.09, 0.12) 0.08 (0.01, 0.16)

Low HDL in percentage PR (95% CI) PR (95% CI) PR (95% CI)

   T1 Reference=1 Reference=1 Reference=1

   T2 0.94 (0.57, 1.55) 1.45 (0.98, 2.14) 0.73 (0.50, 1.07)

   T3 1.25 (0.76, 2.07) 1.06 (0.71, 1.58) 0.59 (0.40, 0.88)

Triglyceridesa GMR (95% CI) GMR (95% CI) GMR (95% CI)

   T1 Reference=1 Reference=1 Reference=1

   T2 1.07 (0.95, 1.20) 1.12 (0.95, 1.33) 0.98 (0.88, 1.10)

   T3 1.07 (0.94, 1.21) 1.01 (0.86, 1.19) 0.91 (0.82, 1.02)

High triglycerides in percentage PR (95% CI) PR (95% CI) PR (95% CI)

   T1 Reference=1 Reference=1 Reference=1

   T2 0.83 (0.54, 1.28) 0.95 (0.59, 1.54) 0.87 (0.49, 1.53)

   T3 1.06 (0.69, 1.61) 0.74 (0.46, 1.18) 0.54 (0.29, 1.02)

CI, confidence interval; GMR, geometric mean ratio; HDL, high-density lipoprotein; PR, prevalence 
ratio(estimated with robust Poisson regression); T1–T3, tertiles of the total physical activity score. The 
estimates for β and the GMR are based on a restricted dataset excluding participants with known raised 
cholesterol and/or triglyceride levels. Estimates are adjusted for age and sex.
aTriglyceride levels were skewed and therefore log-transformed in the model. The values represent the 
GMRs compared to each reference group. Low HDL cholesterol <1.04 mmol/L (<40 mg/dL) for men 
and <1.29 mmol/L (<50 mg/dL) for women. Raised triglycerides ≥1.7 mmol/L (≥150 mg/dL) or receiving 
cholesterol/triglycerides lowering medication.

As the second step, we examined the association of the intensity score and the duration 
score for HDL cholesterol and triglycerides in each ethnic group. Intensity of activity was 
associated with HDL cholesterol and triglycerides (Table 3). One standard deviation increase 
in intensity score was associated with a higher HDL cholesterol level in the European-Dutch 
group (beta: 0.06, 95% CI 0.03, 0.10), which we also observed in the African-Surinamese 
group (beta: 0.06, 95% CI: 0.02, 0.10), but not in the Hindustani-Surinamese group (beta: 
-0.03, 95% CI: -0.09, 0.04). We observed lower levels for triglycerides, which were associated 
with one standard deviation increase in intensity in all ethnic groups.
The duration score was not associated with HDL cholesterol levels for the European-Dutch 
and Hindustani-Surinamese. The pattern of the duration score and HDL cholesterol level 
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appeared to differ in the African-Surinamese group, although a likelihood test for ethnicity 
interaction did not confirm this. There was also a lack of association of the duration score 
with triglycerides in all ethnic groups.

Table 3. Association of physical activity intensity and duration scores with high-density lipoprotein 
cholesterol and triglyceride levels

European-Dutch Hindustani-Surinamese African-Surinamese

Physical activity Intensity score

HDL-C, β (95% CI) 0.06 (0.03, 0.10) -0.03 (-0.09, 0.04) 0.06 (0.02, 0.10)

TG, GMR (95%CI) 0.93 (0.88 0.97) 0.94 (0.86 1.04) 0.96 (0.91 1.01) 

Physical activity Duration score

HDL-C, β (95% CI)  0.00 (-0.05, 0.06) -0.01 (-0.09, 0.07) -0.05 (-0.09, -0.00)

TG, GMR (95%CI) 0.96 (0.89 1.04) 1.04 (0.92 1.18) 1.01 (0.95 1.08)

The estimates are based on a restricted dataset excluding participants with known raised cholesterol and/
or triglyceride levels or on lipid lowering medication. The models are adjusted for age, sex and mutual 
adjustment for the intensity, duration, and frequency scores. Triglyceride levels were skewed and therefore 
log transformed in the model; the estimates are back transformed to obtain the GMR. GMR: Geometric 
Mean Ratio. TG: Triglycerides

Discussion

Main findings

The association of total PA with HDL cholesterol and triglyceride levels only occurred in 
the African-Surinamese group. The intensity component of PA was consistently associated 
with the triglyceride levels in all ethnic groups and with HDL cholesterol levels in the 
European-Dutch and African-Surinamese groups. The duration of PA was not associated 
with any outcome measure except the HDL cholesterol level in the African-Surinamese 
group.

Limitations

Many multi-ethnic studies encounter language difficulties. The Surinamese groups of 
South Asian and African descent living in the Netherlands that were included in this study 
originate from the former Dutch colony of Suriname, where the official language is Dutch. 
These groups therefore understand the Dutch language well, which can be considered a 
strength of this study. However, as in many observational studies, our PA measures were 
based on self-reported data, which might be influenced by a cross-cultural difference in 
reporting of PA. 
The additional influence of diet on blood lipids may play a role in our multi-ethnic study 
population. We were unable to look further into this relationship because the necessary 
data for this study population was unavailable. Future studies should take this into account.
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Discussion of main findings

In our study, total PA was associated with HDL cholesterol and triglyceride levels in the 
African-Surinamese group, but not in the European-Dutch and Hindustani-Surinamese 
groups. This lack of association with total PA in the European-Dutch group was particularly 
surprising. Total PA (from multiple domains) has been associated with more beneficial levels 
of HDL cholesterol and triglycerides in other study populations of European descent.17;18 
Nevertheless, there are other patterns, for example, a lack of association of PA with HDL 
cholesterol levels in the European population in Newcastle upon Tyne.7

The explanations for these different findings are unclear. However, it is very likely that 
differences in study methods may contribute to differences in the findings. For example, 
Fransson et al.’s study used a single-scale PA self-report measurement (with either 15 
categories or 3 categories) for each domain that did not identify the components of duration, 
frequency, and intensity separately.17 Hayes et al. measured sports and exercises by duration 
in moderate or vigorous intensity (based on METs), while categorising walking and cycling 
by distance only.19 Therefore, intense walking and cycling might have been missed, which 
could possibly diminish the association in the study sample. In our study, however, the 
participants could report every component (duration, frequency, and intensity) for every 
activity, and we also found a lack of association of our total PA score with HDL levels. 
Alternatively, it might be that the absolute level of PA was too low to adequately model 
the variation in blood lipids (resulting in wider confidence limits) in this study sample, 
particularly in the European-Dutch and Hindustani-Surinamese ethnic groups.
Therefore, we also focussed on the contributions of the components of PA. Because we 
took the intensity and duration of PA into account, associations that were more similar 
across the ethnic groups became visible. This is in line with other multi-ethnic studies 
that found beneficial associations of the HDL cholesterol level with intensity of activity, 
although most evidence comes from studies including only sports and exercise in leisure 
time PA and not total PA.6 Triglyceride levels were not associated with intensity of activity 
in African Americans in the study by Monda et al..20 The explanation given was the more 
favourable lipid profile of the African participants. We also observed a more favourable 
triglyceride level among the African-Surinamese in our study; however, there was also an 
association between intensity of activity and triglyceride level in this population. Other 
lifestyle factors, for instance the influence of diet on triglyceride level, could be responsible 
for this different association of physical activity between these groups. 
The only instance where we were unable to see an association with intensity of activity 
was in the HDL cholesterol level of the Hindustani-Surinamese group. We believe this was 
more likely due to the low levels of reported PA in this group, resulting in less precise 
estimates and wider confidence intervals. Low levels of PA in populations of South Asian 
descent have been reported before.21 Even though we did not observe an association, there 
is no reason to doubt the beneficial effect of intense PA on the blood lipids of South Asians. 
For example, Misra et al. found a relationship between heavy activity and HDL cholesterol 
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in Asian Indian men.22 In another example, a 6-week training programme for female Indian 
boxers showed a favourable effect on their HDL cholesterol levels.23

The intensity of the activity contributed more to the association in the HDL cholesterol 
and triglyceride levels in our multi-ethnic study population than the duration of activity. 
We observed this lack of beneficial association of duration of activity with blood lipids 
for the whole study population (there was an indication of an opposite association in the 
African-Surinamese group, although it was not statistically significant in an overall test 
for interaction). One explanation for this lack of association is that most of the duration 
of activity in our study population comes from less intense activities, which have a weaker 
relationship with blood lipids. For example, Westerterp and Plasqui’s work show that 
vigorous PA is often of short duration and, therefore, most of the duration of total activity 
comes in the form of less intense activities.24 The observation that duration of activity seems 
inversely related to HDL in African-Surinamese, might be related to this explanation. While 
intensity contributed more to the association with blood lipids in our study population 
than duration, there is evidence in randomized controlled trials that, besides an effect of 
intensity on blood lipids, the amount of activity (distance) and duration is positively related 
to the blood lipid profile.25;26 While the amount is closely related to duration, the duration 
and intensity of activity in these trials were generally greater than in our study population 
(for example, brisk walking or jogging a distance of 10 or 15 km three times a week).
The results of this study suggest that the inconsistent association with the total PA measure 
might be due to the varying composition of the PA between ethnic groups, and thus 
might relate to the measurement of PA. These findings are very relevant to other multi-
ethnic populations living in a different context, especially when patterns of PA (in terms of 
duration and intensity) are markedly different between population groups. In addition to a 
measure of total PA or energy expenditure, separate presentations of the composition of the 
PA, especially intensity of activity, is needed in PA research. 
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Abstract 

Background:  Low levels of active commuting and leisure-time physical activity (LTPA) are 

modifiable risk factors of cardiovascular disease. Although measures of socioeconomic 

position are positively associated with LTPA, the association is unclear for active commuting. 

In addition, these associations have scarcely been studied in ethnic minority groups. We 

assessed the relationship of active commuting and LTPA with measures of socioeconomic 

position across two large ethnic minority groups of South Asian and African origin living in 

the Netherlands as compared to the European-Dutch population. 

Methods:  We included South Asian-Surinamese (n=370), African-Surinamese (n=689), and 

European-Dutch (n=567) from the cross-sectional population-based SUNSET (Surinamese 

in the Netherlands: Study on Health and Ethnicity) study (2001-2003). Physical activity was 

assessed by the Short Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH). 

Socioeconomic position was indicated by level of education (low/high) and occupation 

(manual/non-manual). For active commuting and LTPA, we calculated physical activity in 

square-root-transformed metabolic equivalents of task (MET) hours/week. We used age-

adjusted linear regression models to assess the association between physical activity and 

socioeconomic position.

Results:  Ethnic differences in the socioeconomic gradient for active commuting were 

observed for education, but not for occupation in European-Dutch men (beta education: 

0.93, 95% CI: 0.45 1.40), South Asian-Surinamese men (beta 0.56, 0.19 0.92), and African-

Surinamese men (beta -0.06, -0.45 0.33, p for interaction = 0.002). For women, although the 

gradient was in a similar direction across groups, we observed ethnicity interaction for active 

commuting and occupation (p for interaction = 0.002) but not for education. For LTPA and 

socioeconomic position, we observed no statistically significant interaction by ethnicity. 

Conclusions:  We found a positive association between socioeconomic position and active 

commuting. However, this association was less strong among the South Asian-Surinamese 

and even less so among the African-Surinamese when compared to the European-Dutch. This 

pattern was not observed for LTPA. Our findings indicate that although the recommendation 

to stimulate active commuting in high-risk groups could work for European-Dutch populations 

(particularly the lower socioeconomic groups), this strategy may not be applicable in the 

ethnic minority groups. 
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Background

Previous studies have found that higher levels of physical activity from active commuting 
(such as walking) and leisure-time physical activity (LTPA) are inversely associated with 
the risk of cardiovascular disease.1;2 In addition, several studies have reported that an 
increase in activity is associated with a risk reduction, both in the general population and 
in high-risk groups.3;4 Therefore, physical activity has become an important element of 
cardiovascular disease prevention, in particular LTPA.4;5 Although less evidence is available 
for active commuting, this form of activity is also acknowledged in the physical activity 
recommendations.6;7

In European-origin populations, preventive interventions often target groups in lower 
socioeconomic positions,8 as these groups are at relatively high risk of cardiovascular 
disease and often report lower levels of LTPA compared to the higher socioeconomic 
position groups.9-11 Whether this focus on persons in lower socioeconomic positions is 
also relevant among high-risk ethnic minority groups is less clear. 
Few studies have been carried out on this topic, and they show conflicting results: some 
have reported that the patterns within ethnic groups were similar to those in groups of 
European origin, while others found a lack of statistically significant differences in LTPA 
between those with low and high socioeconomic positions.12-16 In addition, the studies 
were mainly carried out among African-Americans in the United States. The situation 
in the European ethnic population groups may be different, as differences in national 
context may affect health behavior.17 In the Netherlands, we previously found that low 
socioeconomic position was associated with increased risk of metabolic syndrome among 
European-Dutch people, but not among ethnic minority groups. It is uncertain whether 
such a difference in association also exists between socioeconomic position and important 
health behavioral factors such as physical activity.18

The aim of this study, therefore, was to assess the relationship of active commuting and 
LTPA with measures of socioeconomic position across two large ethnic minority groups 
of South Asian and African origin living in the Netherlands as compared to the European-
Dutch population. 

Methods

Study population

We used data from the population-based SUNSET (Surinamese in the Netherlands: Study 
on Health and Ethnicity) study, which was set up to gain insight into the cardiovascular 
risk profile in people 35 to 60 years of age in three ethnic groups (South Asian-Surinamese, 
African-Surinamese, and European-Dutch). The recruitment and design of the study have 
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been described elsewhere.19;20 In brief, potential participants were randomly sampled 
(n=2,975) from the population register of Amsterdam, the Netherlands. Between 2001 
and 2003, potential participants were approached at home for a structured face-to-face 
interview with a trained interviewer. The interview contained questions on lifestyle, 
migration history, socioeconomic position, and general health status. Ethnicity was 
confirmed by self-report during the interview. After the interview, participants of South 
Asian-Surinamese, African-Surinamese, and European-Dutch ethnicity were invited for a 
physical examination at a local health center. The response to the interview was 60% in 
the Surinamese groups and 61% in the European-Dutch group. All participants from the 
SUNSET study who provided information on ethnicity and physical activity were included 
in the present analysis: n=1,626 eligible participants from the European-Dutch (n=567), 
South Asian-Surinamese (n=370), and African-Surinamese (n=689) groups. The study 
was approved by the Institutional Review Board of the Academic Medical Center of the 
University of Amsterdam. All participants provided written informed consent.

Physical activity

For the current analysis we focused on easily modifiable domains of activity (i.e., active 
commuting and LTPA). These were assessed with an adapted Short Questionnaire to 
Assess Health-Enhancing Physical Activity (SQUASH). The original questionnaire has been 
validated in European-Dutch populations, but not in ethnic minority groups.21;22 We adapted 
the questionnaire by adding some extra activities and an open-ended question identifying 
additional physical activity in leisure time.23 In brief, we identified frequency, duration, and 
intensity of different types of major activities in the domains of active commuting (cycling 
and walking) and LTPA (cycling, walking, gardening, do-it-yourself activities, dancing, 
yoga, any other physical activity, and up to four sports). Metabolic equivalents of task 
(MET) values were determined based on the compendium of Ainsworth.24 MET hours 
per week were calculated for active commuting and LTPA separately. Only moderate to 
vigorous activities (MET >3, non-age-specific) were included in this study, because light-
intensity physical activity may be more susceptible to measurement error and response bias 
in subjective physical activity assessment.25

Socioeconomic position

Socioeconomic position was assessed in the questionnaire by self-reported highest level of 
education attained and occupation. Due to the relatively low number of persons in some 
of the original categories, we categorized level of education as low (secondary school and 
below) and high (college, polytechnic, or university). Occupation was defined as manual 
(either for an employer or self-employed in small-scale industry or agriculture, highly 
skilled and semiskilled manual workers, and unskilled manual workers) and non-manual 
(lower- and higher-level professionals and routine non-manual employees). 
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Analysis

To assess differences in characteristics between ethnic groups, we used one-way analysis of 
variance for continuous variables (Kruskal-Wallis in the case of unequal variance between 
groups) and the chi-square test for categorical variables. Post-hoc tests with Bonferroni 
adjustment for multiple testing (three comparisons) were used to assess differences in 
characteristics.
We plotted absolute levels of physical activity in each ethnic group by socioeconomic 
position; this was done separately for men and for women. These figures were age-sex 
standardized in the ethnic groups to the age-sex distribution in the total study population 
(direct standardization). Linear regression models were used to assess the association 
between MET hours per week, education, and occupation. These analyses were adjusted 
for age and stratified by sex and ethnicity. MET hours per week were skewed and therefore 
square-root-transformed. Moreover, to calculate formal ethnicity interaction in the 
relationship with physical activity and socioeconomic position, we ran additional sex-
stratified models, including interaction terms for ethnicity and socioeconomic position. An 
overall p-value for interaction was calculated based on the likelihood ratio test, comparing 
the model with and without interaction terms for socioeconomic position by ethnicity. 
Values of p<0.05 were considered significant. Additionally, an ordinal regression analysis 
in categories of physical activity was considered to verify our findings from the linear 
regression analyses. Finally, because missing data for occupation occurred more often in 
the ethnic minority groups and these cases were more likely to report lower levels of active 
commuting and lower levels of education, we performed additional sensitivity analyses in 
which two extremes were considered: a situation in which all missing data for occupation 
was manual occupation, and a situation in which all missing data for occupation was non-
manual occupation. All analyses were performed in R version 2.13.1 (A Language and 
Environment for Statistical Computing, Vienna, Austria).

Results

The European-Dutch population was older than the South Asian-Surinamese and African-
Surinamese populations (Table 1). This was the case for both men and women. Level of 
education was higher and occupation more often non-manual in European-Dutch men 
compared to South Asian-Surinamese and African-Surinamese men. In women, level of 
education was also highest in European-Dutch women, while occupation was more often 
non-manual in African-Surinamese women compared to European-Dutch and South 
Asian-Surinamese women.
European-Dutch and African-Surinamese men engaged more in active commuting and 
LTPA compared to South Asian-Surinamese men. African-Surinamese women engaged 
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Table 1. Characteristics of the European-Dutch, South Asian-Surinamese, and African-Surinamese men and 
women included in this study

Men Women

European-Dutch South Asian-
Surinamese

African-Surinamese European-Dutch South Asian-
Surinamese

African-Surinamese

n (%) 276 (41.3) 162 (24.2) 231 (34.5) 291 (30.4) 208 (21.7) 458 (47.9)

Age, mean (SD) 47.8 (6.7) 44.3 (6.6)* 43.8 (6.3)* 47.4 (6.8) 44.8 (6.6)* 43.5 (5.8)*†

Education

Low, n (%) 80 (29.5) 112 (70.0) 136 (59.6) 111 (38.3) 139 (68.1) 207 (45.8)

High, n (%) 191 (70.5) 48 (30.0)* 92 (40.4)* 179 (61.7) 65 (31.9)* 245 (54.2)†

Occupation

Manual, n (%) 93 (34.3) 95 (65.0) 96 (47.8) 94 (33.4) 74 (41.1) 93 (23.2)

Non-manual, n (%) 178 (65.7) 51 (34.9)* 105 (52.2)*† 187 (66.5) 106 (58.9) 308 (76.8)*†

Physical activity (MET hours/week)

in active commuting, median (IQR) 0.0 (0.0-10.0) 0.0 (0.0-0.0)* 0.0 (0.0-5.8)† 0.0 (0.0-7.4) 0.0 (0.0-5.4) 2.4 (0.0-8.2)† 

transformed mean (SD) 1.6 (1.9) 0.5 (1.1)* 1.2 (1.5)† 1.4 (1.8) 1.1 (1.5) 1.6 (1.7)†

in LTPA, median (IQR) 25.5 (10.5-47.6) 20.5 (5.1-39.2) 24.5 (9.4-51.2) 24.5 (11.7-38.5) 16.6 (5.2-30.6)* 19.1 (6.6-42.0) 

transformed mean (SD) 5.2 (3.0) 4.4 (3.1)* 5.4 (3.9)† 4.8 (2.5) 4.0 (2.7)* 4.5 (3.0)

MET: metabolic equivalent of task. IQR: interquartile range. SD: standard deviation. LTPA: leisure-time 
physical activity. Bold values represent an overall group difference (chi-square or rank-sum p<0.05). 

Figure 1. Mean absolute levels of active commuting and leisure-time physical activity (square-root-
transformed and age-sex standardized MET hours/week) in European-Dutch, South Asian-Surinamese, and 
African-Surinamese ethnic groups by level of education (low/high). Statistical significance of the difference 
of the high compared to the low level of education group is indicated by: *** ( p<0.001), ** (p<0.01), * 
(p<0.05).
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Table 1. Characteristics of the European-Dutch, South Asian-Surinamese, and African-Surinamese men and 
women included in this study

Men Women

European-Dutch South Asian-
Surinamese

African-Surinamese European-Dutch South Asian-
Surinamese

African-Surinamese

n (%) 276 (41.3) 162 (24.2) 231 (34.5) 291 (30.4) 208 (21.7) 458 (47.9)

Age, mean (SD) 47.8 (6.7) 44.3 (6.6)* 43.8 (6.3)* 47.4 (6.8) 44.8 (6.6)* 43.5 (5.8)*†

Education

Low, n (%) 80 (29.5) 112 (70.0) 136 (59.6) 111 (38.3) 139 (68.1) 207 (45.8)

High, n (%) 191 (70.5) 48 (30.0)* 92 (40.4)* 179 (61.7) 65 (31.9)* 245 (54.2)†

Occupation

Manual, n (%) 93 (34.3) 95 (65.0) 96 (47.8) 94 (33.4) 74 (41.1) 93 (23.2)

Non-manual, n (%) 178 (65.7) 51 (34.9)* 105 (52.2)*† 187 (66.5) 106 (58.9) 308 (76.8)*†

Physical activity (MET hours/week)

in active commuting, median (IQR) 0.0 (0.0-10.0) 0.0 (0.0-0.0)* 0.0 (0.0-5.8)† 0.0 (0.0-7.4) 0.0 (0.0-5.4) 2.4 (0.0-8.2)† 

transformed mean (SD) 1.6 (1.9) 0.5 (1.1)* 1.2 (1.5)† 1.4 (1.8) 1.1 (1.5) 1.6 (1.7)†

in LTPA, median (IQR) 25.5 (10.5-47.6) 20.5 (5.1-39.2) 24.5 (9.4-51.2) 24.5 (11.7-38.5) 16.6 (5.2-30.6)* 19.1 (6.6-42.0) 

transformed mean (SD) 5.2 (3.0) 4.4 (3.1)* 5.4 (3.9)† 4.8 (2.5) 4.0 (2.7)* 4.5 (3.0)

MET: metabolic equivalent of task. IQR: interquartile range. SD: standard deviation. LTPA: leisure-time 
physical activity. Bold values represent an overall group difference (chi-square or rank-sum p<0.05). 
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Figure 2. Mean absolute levels of active commuting and leisure-time physical activity (square-root-
transformed and age-sex standardized MET hours/week) in European-Dutch, South Asian-Surinamese, 
and African-Surinamese ethnic groups by occupational status (manual/non-manual). Statistical significance 
of the difference of the non-manual and manual group is indicated by: *** ( p<0.001), ** (p<0.01), * 
(p<0.05).

Bonferroni adjusted group differences (3 comparisons): * different from European-Dutch (p<0.05).
† different from South Asian-Surinamese (p<0.05).
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more in active commuting than South Asian-Surinamese women. European-Dutch women 
engaged more in LTPA compared to South Asian-Surinamese women. 
Figures 1 and 2 illustrate the differences in absolute level of physical activity by measure of 
socioeconomic position in the ethnicity-sex groups (absolute values available in Additional 
files 1 and 2). For active commuting, higher level of education was positively associated 
with MET hours/week in European-Dutch men (beta: 0.93, 95% CI: 0.45 1.40), and South 
Asian-Surinamese men (0.56, 0.19 0.92) but not in African-Surinamese men (-0.06, 
-0.45 0.33, p for interaction = 0.002, Table 2). For occupation, the pattern of differences 
in active commuting across ethnic groups was similar compared to education in men, 
although the interaction between active commuting and ethnicity was not significant. 
In women, we observed the reverse for the socioeconomic position measures: there was 
no ethnicity interaction for active commuting by level of education, whereas we found a 
statistically significant differential association by ethnicity for occupation. The gradient for 
active commuting and occupation was less profound in ethnic minority women than in 

Table 3. Association of LTPA in MET hours/week with education and occupation in men and women

Men Women

European-Dutch South Asian-
Surinamese

African-Surinamese p for interaction European-Dutch South Asian-Surinamese African-Surinamese p for interaction

Education

Low ref=0 ref=0 ref=0 ref=0 ref=0 ref=0

High, β 0.41 1.03 -0.01 0.377 0.13 0.72 0.20 0.536

(95% CI) (-0.35 1.17) (-0.00 2.06) (-1.04 1.02) (-0.48 0.73) (-0.08 1.51) (-0.35 0.75)

Occupation 

Manual ref=0 ref=0 ref=0 ref=0 ref=0 ref=0

Non-manual, β -0.82 0.83 -0.15 0.058 0.18 0.14 0.27 0.975

(95% CI) (-1.58 -0.06) (-0.22 1.88) (-1.19 0.90) (-0.43 0.79) (-0.68 0.96) (-0.42 0.97)

LTPA: leisure-time physical activity. MET: metabolic equivalent of task. Presented betas are based on square-
root-transformed MET hours/week from moderate- and vigorous-intensity physical activity.

Table 2. Association of active commuting in MET hours/week with education and occupation in men and 
women

Men Women

European-Dutch South Asian-
Surinamese

African-Surinamese p for interaction European-Dutch South Asian-Surinamese African-Surinamese p for interaction 

Education

Low ref=0 ref=0 ref=0 ref=0 ref=0 ref=0

High, β 0.93 0.56 -0.06 0.002 0.53 0.22 0.43 0.593

(95% CI) (0.45 1.40) (0.19 0.92) (-0.45 0.33) (0.09 0.96) (-0.22 0.65) (0.12 0.73)

Occupation 

Manual ref=0 ref=0 ref=0 ref=0 ref ref=0

Non-manual, β 0.75 0.56 0.17 0.108 1.09 0.11 0.23 0.002

(95% CI) (0.28 1.22) (0.18 0.94) (-0.24 0.59) (0.66 1.52) (-0.34 0.55) (-0.15 0.62)

MET: metabolic equivalent of task. Presented betas are based on square-root-transformed MET hours/week 
from moderate- and vigorous-intensity physical activity. 
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European-Dutch women. In European-Dutch women, active commuting was associated 
positively with occupation (beta: 1.09, 95% CI: 0.66 1.52), but this was not observed in 
South Asian-Surinamese women (0.11, -0.34 0.55) or in African-Surinamese women (0.23, 
-0.15 0.62, p for interaction = 0.002, Table 2). The additional sensitivity analyses showed that 
this interaction for occupation remained when all missing data were considered manual 
occupation (p for interaction = 0.012) or non-manual occupation (p for interaction = 0.002, 
data available on request). 
For LTPA, the association with education did not appear to significantly differ across ethnic 
groups among men. For occupation, we observed a negative association with LTPA in ethnic 
Dutch men (-0.82, 95% CI: -1.58 -0.06) but not among the other groups (Table 3). However, 
the interaction for occupation did not reach statistical significance (p for interaction = 
0.058, Table 3). For women, we found no differences in the association between LTPA and 
the measures of socioeconomic position across the ethnic groups. 
The results from the ordinal regression analysis were consistent with the associations and 
interactions presented above (data not shown).

Table 3. Association of LTPA in MET hours/week with education and occupation in men and women

Men Women

European-Dutch South Asian-
Surinamese

African-Surinamese p for interaction European-Dutch South Asian-Surinamese African-Surinamese p for interaction

Education

Low ref=0 ref=0 ref=0 ref=0 ref=0 ref=0

High, β 0.41 1.03 -0.01 0.377 0.13 0.72 0.20 0.536

(95% CI) (-0.35 1.17) (-0.00 2.06) (-1.04 1.02) (-0.48 0.73) (-0.08 1.51) (-0.35 0.75)

Occupation 

Manual ref=0 ref=0 ref=0 ref=0 ref=0 ref=0

Non-manual, β -0.82 0.83 -0.15 0.058 0.18 0.14 0.27 0.975

(95% CI) (-1.58 -0.06) (-0.22 1.88) (-1.19 0.90) (-0.43 0.79) (-0.68 0.96) (-0.42 0.97)

LTPA: leisure-time physical activity. MET: metabolic equivalent of task. Presented betas are based on square-
root-transformed MET hours/week from moderate- and vigorous-intensity physical activity.

Estimates are modeled separately for education and occupation and adjusted for age. The overall test for 
interaction is a likelihood ratio test comparing the models with and without interaction terms.

Table 2. Association of active commuting in MET hours/week with education and occupation in men and 
women

Men Women

European-Dutch South Asian-
Surinamese

African-Surinamese p for interaction European-Dutch South Asian-Surinamese African-Surinamese p for interaction 

Education

Low ref=0 ref=0 ref=0 ref=0 ref=0 ref=0

High, β 0.93 0.56 -0.06 0.002 0.53 0.22 0.43 0.593

(95% CI) (0.45 1.40) (0.19 0.92) (-0.45 0.33) (0.09 0.96) (-0.22 0.65) (0.12 0.73)

Occupation 

Manual ref=0 ref=0 ref=0 ref=0 ref ref=0

Non-manual, β 0.75 0.56 0.17 0.108 1.09 0.11 0.23 0.002

(95% CI) (0.28 1.22) (0.18 0.94) (-0.24 0.59) (0.66 1.52) (-0.34 0.55) (-0.15 0.62)

MET: metabolic equivalent of task. Presented betas are based on square-root-transformed MET hours/week 
from moderate- and vigorous-intensity physical activity. 

Estimates are modeled separately for education and occupation and adjusted for age. The overall test for 
interaction is a likelihood ratio test comparing the models with and without interaction terms.
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Discussion

Main findings

We found an association between higher socioeconomic position and active commuting and 
LTPA. However, the association between socioeconomic position and active commuting 
differed across ethnic groups. In men, we found a positive association with socioeconomic 
position (in particular for high level of education) in the European-Dutch, which was 
less strong in South Asian-Surinamese and African-Surinamese men. Among women we 
observed a similar pattern of interaction for socioeconomic position (but then for non-
manual occupation), with a positive association in the European-Dutch women and less 
strong associations in the South Asian-Surinamese and African-Surinamese women. 

For LTPA, among both men and women, we were unable to observe a clear pattern of 
differences in the association with socioeconomic position between the ethnic groups. 

Limitations

Socioeconomic position is a complex social construct for which various indicators have 
been shown to capture different aspects of importance in relation to the outcome under 
study.26 We used two different measures of socioeconomic position, namely occupation 
and education. However, we did not include other measures of socioeconomic position 
(such as income), which could have provided additional insights into the association of 
socioeconomic position and physical activity across ethnic minority groups. For example, 
higher income could enable easier access to facilities.26 Additionally, because of the small 
numbers per group in some of the original categories, we were limited to a relatively crude 
high-low comparison. As a result we might have missed subgroup patterns. 
Another limitation was that occupation was more likely to be missing in the ethnic minority 
groups than in the European-Dutch group. However, sensitivity analyses showed that this 
could not have significantly affected our conclusions.
Furthermore, self-reported levels of physical activity are prone to reporting bias or cognitive 
bias,27 resulting in measurement error that could have influenced the presented findings. 
Additionally, there might be cross-cultural differences in reporting levels of physical 
activity.28 Since we were mainly interested in the association of physical activity within 
each ethnic minority group, we believe that cross-cultural differences in reporting might 
be less of a problem in this study. 
Finally, we acknowledge that the generalizability of the findings presented in this study may 
be limited to the included ethnic groups and context. Other patterns in active commuting 
or LTPA by socioeconomic position might exist in those from ethnic minority groups of 
similar descent who live elsewhere.
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Discussion of main findings

Our study shows that active commuting appears to be less strongly related to socioeconomic 
position across ethnic minority groups compared to the positive association in the 
European-Dutch. This was most apparent among the African-Surinamese. We are unaware 
of any earlier population studies that focused specifically on the relationship of active 
commuting and measures of socioeconomic position across multiple ethnic groups. 
The weaker socioeconomic gradient with active commuting in the Surinamese compared 
to the European-Dutch could be related to the relatively higher number of European-Dutch 
with high levels of education,29 which was not captured by our measure of socioeconomic 
position. 
Another possible explanation for the observed differential association between active 
commuting and socioeconomic position across ethnic minority groups is a difference in 
preferred mode of transportation. We speculate that the higher level of active commuting 
in the high socioeconomic position European-Dutch compared to their low socioeconomic 
position counterparts may be related to the frequency of bicycle use in this population 
compared to other groups,23;30 while the observation of a lack of association between 
low and high socioeconomic position for active commuting with African-Surinamese 
groups might be related to a preference for walking or using public transportation for their 
commutes.23;30;31 

For LTPA, we observed no clear differential association with socioeconomic position 
across ethnic minority groups. Although the estimates for LTPA in most of the higher 
socioeconomic position groups seemed to be in a positive direction, there was a lack 
of statistical significance in all groups. Such a lack of association between LTPA and 
socioeconomic position has also been reported before.32 
Other studies have found an ethnicity interaction in the relationship between LTPA and 
socioeconomic position33 or associations of LTPA and socioeconomic position, also in 
ethnic minority groups.13;14 The difference between these studies and our own might be 
related to the socioeconomic context in which the studies were carried out. In our study, 
the low socioeconomic position groups engaged in relatively high levels of LTPA (compared 
to their high socioeconomic position counterparts), which diminishes the likelihood of 
a socioeconomic gradient. There may have also been differences in the methods used. 
For instance, we may have also been unable to statistically detect significant differences 
between ethnic groups in our study because of the way we measured LTPA. The focus of our 
questionnaire was to measure habitual activity in leisure time, in addition to participation 
in sports and exercise in leisure time. Habitual activity (e.g., walking, cycling, gardening, 
dancing, exercising at home) could be less constrained by barriers (e.g., financial, or 
facilities within range) often reported in low socioeconomic position groups. Additionally, 
results from qualitative studies indicate that those in low socioeconomic position groups 
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and ethnic minority groups are aware of the beneficial health aspects of LTPA and exercise, 
which could also have mitigated the socioeconomic gradient in our study population.34-36

It is interesting to note that while strictly speaking there was no formal interaction, we 
observed an opposite association for LTPA and occupation in European-Dutch men 
compared to the other groups. One possible explanation for this might be related to our 
crude measure of occupation: the non-manual occupations in the European-Dutch could 
be of a relatively higher level than the non-manual occupations in ethnic minority groups 
(i.e., differences in higher- and lower-level professionals), which seems to be the case in 
this study population.29 Differences in occupation might be associated to LTPA through, 
for example, job strain.37 However, before saying more about these underlying patterns 
in socioeconomic position and the association with physical activity, further research 
with larger groups is necessary to be able to take a more detailed range of socioeconomic 
patterns into account. 

Finally, we wish to point out that, although not as strong as the European-Dutch gradient, 
the positive gradient in active commuting for the South Asian-Surinamese and the lack of 
ethnicity interaction in the relationship between socioeconomic position and LTPA fits with 
the convergence hypothesis that the socioeconomic gradient in the South Asian-Surinamese 
and African-Surinamese ethnic minority groups may change in the direction of European-
Dutch levels. This is in line with the observation by Bos et al. that the overall mortality 
pattern in Surinamese men and women and cardiovascular mortality in Surinamese 
women compared to the European-Dutch may indicate convergence of health-behavior 
with increasing duration of residence.38 Additionally, Nierkens et al. suggested that the 
Dutch Surinamese population, especially men, have already reversed the socioeconomic 
gradient in smoking behavior that would normally be expected according to the stages of 
the tobacco epidemic.39 In the Indian ethnic minority group living in the United Kingdom 
(UK), convervenge towards the majority population of a wide range of health behaviors is 
also observed,40;41 this group can be characterized with an even longer average duration of 
residence compared to other South Asian ethnic minority groups in the UK, and the South 
Asian- and African-Surinamese in the Netherlands.42

Given these examples, it seems probable that in the long term the physical activity patterns 
(also for active commuting) observed in the South Asian-Surinamese and African-
Surinamese populations will converge towards European averages. Especially in the case 
of socioeconomic advancement in the Surinamese groups, this balance is expected to tip 
in favor of a more European pattern of socioeconomic gradient. To be able to observe such 
trends, though, longitudinal data on physical activity and socioeconomic position within 
the ethnic groups is a prerequisite. 
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Conclusion

Our study suggests that the positive socioeconomic gradient in active commuting observed 
in the European-Dutch may be less strong in the South Asian- and African-Surinamese 
ethnic groups. This was not observed for LTPA. The independent effect of ethnicity on 
active commuting was observed for men and women, but this was dependent on the 
measure of socioeconomic position used. 
Our findings imply that, contrary to the low socioeconomic position approach often 
currently used in European-origin populations, a broader focus may be needed for activities 
or recommendations for physical activity among African- and South Asian-origin groups. 
Specifically, public health workers should be aware that recommendations for stimulating 
physical activity through active commuting among the African-Surinamese and South 
Asian-Surinamese in the Netherlands should be aimed at both low and high socioeconomic 
position groups.
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Additional file 1
Active commuting and LTPA in MET hours/week by level of education in men and women

European-Dutch South Asian-Surinamese African-Surinamese

Low High Low High Low High

Men

  Active commuting 0.88 (0.48-1.28) 1.91 (1.65-2.17) 0.30 (0.12-0.49) 0.92 (0.63-1.21) 1.38 (1.12-1.63) 1.23 (0.91-1.56)

  Leisure time 4.85 (4.21-5.50) 5.26 (4.85-5.67) 4.24 (3.70-4.77) 4.99 (4.15-5.84) 5.22 (4.58-5.86) 5.41 (4.61-6.22)

Women

  Active commuting 1.00 (0.66-1.33) 1.62 (1.36-1.88) 0.94 (0.70-1.18) 1.35 (1.00-1.70) 1.09 (0.87-1.31) 1.75 (1.54-1.96)

  Leisure time 4.72 (4.25-5.18) 4.87 (4.51-5.23) 3.82 (3.38-4.26) 4.39 (3.75-5.02) 4.28 (3.89-4.68) 4.73 (4.36-5.11)

Presented values are mean MET hours/week and are square-root-transformed and age-sex standardized (direct 
standardization) to total study population. Values in bold indicate statistical significant difference compared to 
low group (p<0.05). LTPA: leisure-time physical activity. MET: metabolic equivalent of task.

Additional file 2

Active commuting and LTPA in MET hours/week by occupation in men and women

European-Dutch South Asian-Surinamese African-Surinamese

Manual Non-Manual Manual Non-Manual Manual Non-Manual

Men

  Active Commuting 1.03 (0.66-1.41) 1.89 (1.62-2.16) 0.35 (0.14-0.55) 0.95 (0.65-1.24) 1.35 (1.04-1.66) 1.44 (1.14-1.75)

  Leisure time 5.81 (5.21-6.41) 4.91 (4.48-5.34) 4.23 (3.65-4.81) 5.10 (4.27-5.93) 5.15 (4.40-5.89) 5.22 (4.49-5.95)

Women

  Active Commuting 0.70 (0.35-1.05) 1.80 (1.55-2.05) 0.95 (0.62-1.28) 1.31 (1.03-1.59) 1.20 (0.86-1.53) 1.63 (1.44-1.83)

  Leisure time 4.79 (4.31-5.28) 4.89 (4.54-5.24) 3.75 (3.16-4.35) 4.05 (3.54-4.56) 4.32 (3.73-4.92) 4.66 (4.31-5.00)

Presented values are mean MET hours/week and are square-root-transformed and age-sex standardized (direct 
standardization) to total study population. Values in bold indicate statistical significant difference compared to 
low group (p<0.05). LTPA: leisure-time physical activity. MET: metabolic equivalent of task.
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Abstract

Background:  Variations between countries in leisure-time physical activity (LTPA) can be 

used to test the convergence thesis, which states that ethnic minority groups change towards 

the LTPA levels of the native population of host countries. The aim of this study was to test 

whether differences between England and the Netherlands in LTPA are reflected among the 

Indian and African descent groups living in these countries.

Methods:  We used English and Dutch population-based health surveys that included 

participants of European, South-Asian (Indian) and African-Caribbean descent. Levels of 

LTPA (30-minute walking, any reported cycling, gardening, dancing and playing sports) were 

estimated with age-sex-standardised prevalence rates. Comparisons among groups were 

made by means of adjusted Prevalence Ratios (PRs).

Results:  Within both countries and compared to the European descent, Indian and African 

groups had lower levels of gardening and cycling, while African descent groups had higher 

levels of dancing. Differences between both countries were also observed among the ethnic 

minority groups. For cycling, among European descent, the Netherlands showed higher 

prevalence than England (PR=2.26, 95% CI: 2.06-2.48), and this was 2.85 (1.94-4.19) among 

Indian descent, and 2.77 (2.05-3.73) among African descent. For playing sports this was 

PR=1.30 (1.23-1.38), 1.43 (1.24-1.66) and 1.22 (1.10-1.34), while for gardening this was 

PR=0.71 (0.65-0.78), 0.65 (0.52-0.81) and 0.75 (0.62-0.90), respectively. Walking and dancing 

showed inconsistent differences between the countries and ethnic groups.

Conclusion:  This cross-national comparison supports the expectation that LTPA of Indian and 

African descent groups converge towards the national levels of England and the Netherlands 

respectively. 
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Introduction

Recent studies show large differences in the level of physical activity of people between 
countries.1;2 For instance, the Eurobarometer study showed higher levels of recommended 
physical activity in the Netherlands compared to other EU countries like Sweden and 
Great Britain.1 These differences between countries have also been identified regarding 
specific activities. For example, walking seems more prevalent in Great Britain than in the 
Netherlands, and Dutch people cycle more than the British.
The variation in levels of physical activity between countries can be used to test the 
convergence hypothesis, i.e. that ethnic minority groups change their behaviour towards 
the general population. According to the convergence hypothesis, the ethnic minority 
groups would gradually adopt a level of leisure time physical activity more similar to the 
general population. However, studies within country do not always observe convergence 
towards the level found in the general population.3-6 In a cross-national comparison, this 
would mean that the differences in LTPA between general populations of various countries 
would be reflected in similar international differences found in ethnic minority groups, 
which is a novel way of studying convergence.
In this study we tested the convergence hypothesis for LTPA in ethnic minority groups 
and the European descent population by comparing levels of physical activity between the 
Netherlands and England. The aim of this study was to test whether differences between 
England and the Netherlands in levels of walking, cycling, gardening, dancing and playing 
sports are also reflected among the Indian and African descent groups living in these 
countries. Furthermore, we explored whether the level of LTPA converges towards the 
European descent population with longer duration of residence. 

Methods

This study is part of a developmental project to work out approaches towards cross national 
comparisons as a grounding for future multination comparisons.7;8

Study population

Cross sectional population based data came from two studies that collected data on 
cardiovascular disease (CVD) and risk factors across ethnic groups (data supplement 1, 
“Note on ethnicity”). For this study we used data from; the SUNSET study for the Dutch 
population groups (henceforth, the Dutch study) and the Health Survey for England (HSE) 
for the English population groups (henceforth, the English study). Both health surveys 
covered similar topics and targeted both European English and European Dutch populations 
as well as the Indian and African Caribbean descent ethnic minority groups living in these 
countries. The original design, sampling, data collection and response information for the 
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Dutch and English studies are available in data supplement 2. The age range in the English 
study was ≥16 years. In the Dutch study this was 35 to 60 years. For comparability we only 
included English participants aged 35 to 60.

Measurements

Cross-standardisation was undertaken to ensure that the questionnaires were as 
comparable as possible between the studies. To achieve this, two workshops composed of all 
collaborators and a methodologist were held in the Academic Medical Center, Amsterdam 
to discuss methodological issues including standardisation of content, formatting and 
analysis programs. After creating a standardisation protocol (data supplement 3), the 
individual datasets were combined into one dataset. 

Physical activity

The physical activity questionnaire (SQUASH) that was used in the Dutch study has been 
validated for the Dutch population.9 An adapted version of the SQUASH was used to 
measure the participants’ level of physical activity; two extra questions were added (about 
yoga and dancing) to the fixed list of major physical activities, and an ‘open-ended’ question 
was included to report any additional physical activity. The time frame covered by the 
physical activity questionnaire was an average week in the past months.9

In the English study, the physical activity questions were originally based on the Allied 
Dunbar National Fitness Survey (ADNFS). The core elements remained similar for the 
years included in our study. Besides a fixed list of major physical activities, the questionnaire 
included an additional list of open-ended physical activity questions. The participants 
reported physical activity from the last four weeks.
Prevalence of LTPA was calculated for 30-minute walking, any cycling, any gardening 
and/or do-it-yourself, any dancing and any sport-activity (data supplement 3). Because of 
differences in time frame we presented prevalence of LTPA only. The time frame for both 
studies was at least one week, which captures most intra-individual differences in physical 
activity.10 Because walking was reported at very high frequency in every ethnic group, we 
defined walking prevalence as a total of at least 30 minutes per day. Any gardening and 
do-it-yourself activities were combined in the English study. Therefore, we also combined 
the response from gardening and do-it-yourself activity in the Dutch study. Cycling and 
dancing activity were identified similar in both studies (data supplement 3).

Duration of residence

In both studies the duration of residence was based on the number of years lived in the 
residing country. Tertiles were created for a duration of residence shorter than 24 years, 24 
to 33 years and longer than 33 years.
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Other variables

In both studies the educational level of the participant was based on the highest qualification 
and classified as ‘those with less than secondary school or an A-level certificate’, ‘those 
with A-level or Dutch A-level equivalent (VWO) graduation certificate’ and ‘those with 
polytechnic or university degrees’. Employment status was classified as ‘employed or in 
fulltime education’, ‘unemployed’ and ‘other economic activity or retired’.

Data analysis

The English study used a complex survey design with unequal probabilities, for which 
we used a correction weight to correct for the unequal selection of different classes of 
participants and for non-response. Prevalence rates were age-standardised to remove the 
effect of age differences between groups. Direct standardisation was applied expressing the 
different ethnic groups to the age-distribution of the total population.
We structured the analyses into three parts: firstly, within country, we calculated adjusted 
prevalence ratios (PRs) to express the difference in prevalence of LTPA in the ethnic 
minority groups compared to the European descent in each country. Secondly, between 
countries, we calculated adjusted PRs to express the difference in level of LTPA between the 
European English population (the reference group) and the European Dutch population. 
This was also done for the English and Dutch based Indian and African descent ethnic 
minority groups to compare the between country difference in the prevalence of LTPA 
with the European English and European Dutch populations. Since LTPA prevalence might 
differ by sex, we also stratified by sex. Lastly, we stratified the analysis by the duration of 
residence tertiles. This was done to identify differences in the prevalence in the duration of 
residence tertiles compared to the prevalence of LTPA observed in the European descent 
host population. Additionally, we modelled duration of residence as a continuous variable 
to identify a change of prevalence for each type of LTPA and within each ethnic minority 
group. 
The PRs were calculated using Poisson regression with robust 95% confidence intervals.11 
All analyses were done using STATA 9.2 (Stata Corp. College Station, Texas).

Results

In both countries, the European English and European Dutch populations were on average 
older compared with the African and Indian descent minority groups (table 1). The English 
African and Indian populations had higher levels of education compared to the Dutch 
African and Indian populations. In the Netherlands, the European Dutch population had 
higher levels of education compared to the Dutch Indian and African population groups. 
Unemployment rates were higher in the minority groups compared to the European descent 
population, whereas the Dutch Indian population was less likely to be employed than 
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the English Indian population. The Dutch African and Indian populations had a shorter 
duration of residence in the Netherlands than the English African and Indian in England.

Within countries

The ethnic minority groups engaged in lower prevalence of physical activity for cycling and 
gardening compared with the European descent population in each country (table 2). In 
both countries, the Indian descent populations report lower prevalence of playing sports 
compared to people of European descent. English Indians were less likely than European 
English to engage in 30-minute walking. In contrast, levels of 30-minute walking were 
similar in the other ethnic minority groups compared to the level observed in the national 
European descent population. Also similar was the prevalence of playing sports in African 
descent compared to European descent populations. For dancing, both Dutch African and 
English African groups showed higher prevalence than their European descent population 
counterparts. After adjusting for differences in education and job status (table 2, model 2) 
the differences in prevalence attenuated for some activities (cycling, gardening and playing 

Table 1: Age-standardised study characteristics from English and Dutch based populations from European 
and Indian and African descent

English populations Dutch populations

English European English African English Indian P Dutch European Dutch African Dutch Indian P

n=14723 n=1112 n=1264 n=567 n=689 n=370

Age, mean 46.5 43.9 45.0 <0.001 47.6 43.5 44.5 <0.001

Sex, % female 54.6 64.1 53.0 <0.001 51.3 66.5 56.2 <0.001

Education level:

-poly/university 30.2 33.2 31.7 0.08 37.3 18.7 9.4 <0.001

-college 10.3 8.6 10.1 27.6 26.8 18.3

-£secondary 55.6 55.4 55.1 32.7 51.1 67.5

-other 3.9 2.9 3.1 2.4 3.4 4.8

Job status:

-employed 75.8 67.4 69.0 <0.001 79.8 74.3 58.8 <0.001

-unemployed 3.0 7.2 4.1 3.0 7.9 12.3

-retired 3.3 1.9 3.1 0.1 0 0

-other 17.9 23.4 23.8 17.1 17.8 29.0

Religion:

-Christian NA 83.0 7.3 <0.001 NA 95.5 15.9 <0.001

-Hindu 0.1 48.0 0.4 53.4

-Muslim 0.6 12.7 0.1 29.9

-other 16.3 32.0 4.0 0.9

Duration of residence

-less than 24 yrs NA 13.4 31.9 <0.001 NA 48.3 49.3 0.009

-between 24 yrs and 33yrs 16.5 38.7 38.0 44.1

-more than 33 yrs 70.1 29.4 13.6 6.6

Main figures are percentages. NA: Not Applicable. Yrs: years. English African population is from African 
Caribbean descent. Dutch African is from African Surinamese descent. Dutch Indian is from Indian 
Surinamese descent. The p value represents chi-square test for independence.
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sports). However, this attenuation was more often observed in the Dutch ethnic minority 
groups than in the English for whom most of the differences persisted.

Between countries

The prevalence for cycling and playing sports was higher in the European Dutch group, 
whereas gardening was higher in the European English group (figure 1). For cycling, 
gardening and playing sports, the prevalence in the ethnic minority groups followed the 
same difference in prevalence as observed for the European descent populations between 
countries: the prevalence of cycling, and playing sports was higher in the Dutch ethnic 
minority groups, whereas gardening was higher in English ethnic minority groups. The 
same direction was observed among English and Dutch African descent, although to a 
lesser extent. Dancing and walking, however, did not follow a similar pattern between the 
countries as observed in the European descent populations. The identified patterns remained 
similar even after further adjustment for education and job status (data supplement 4) and 
after stratification by sex (data supplement 5 and 6).

Table 1: Age-standardised study characteristics from English and Dutch based populations from European 
and Indian and African descent

English populations Dutch populations

English European English African English Indian P Dutch European Dutch African Dutch Indian P

n=14723 n=1112 n=1264 n=567 n=689 n=370

Age, mean 46.5 43.9 45.0 <0.001 47.6 43.5 44.5 <0.001

Sex, % female 54.6 64.1 53.0 <0.001 51.3 66.5 56.2 <0.001

Education level:

-poly/university 30.2 33.2 31.7 0.08 37.3 18.7 9.4 <0.001

-college 10.3 8.6 10.1 27.6 26.8 18.3

-£secondary 55.6 55.4 55.1 32.7 51.1 67.5

-other 3.9 2.9 3.1 2.4 3.4 4.8

Job status:

-employed 75.8 67.4 69.0 <0.001 79.8 74.3 58.8 <0.001

-unemployed 3.0 7.2 4.1 3.0 7.9 12.3

-retired 3.3 1.9 3.1 0.1 0 0

-other 17.9 23.4 23.8 17.1 17.8 29.0

Religion:

-Christian NA 83.0 7.3 <0.001 NA 95.5 15.9 <0.001

-Hindu 0.1 48.0 0.4 53.4

-Muslim 0.6 12.7 0.1 29.9

-other 16.3 32.0 4.0 0.9

Duration of residence

-less than 24 yrs NA 13.4 31.9 <0.001 NA 48.3 49.3 0.009

-between 24 yrs and 33yrs 16.5 38.7 38.0 44.1

-more than 33 yrs 70.1 29.4 13.6 6.6

Main figures are percentages. NA: Not Applicable. Yrs: years. English African population is from African 
Caribbean descent. Dutch African is from African Surinamese descent. Dutch Indian is from Indian 
Surinamese descent. The p value represents chi-square test for independence.

115

C
h

a
p

te
r 

7



Duration of residence

Although there was some variation in prevalence of LTPA between the duration of stay tertiles 
for the English African and Dutch African groups, no clear differences were observed (table 
3). This was also observed for the English Indian group. The Dutch Indian group, however, 
showed a more similar prevalence towards the European descent population for cycling, 
playing sports and dancing in the longer duration of residence group compared to the shorter 
duration of residence group. When we modelled duration of stay continuously, this higher 
prevalence was only observed for dancing in Dutch Indians (data available upon request). 

Discussion

Key findings

We assessed whether the prevalence of different types of LTPA in the Netherlands compared 
to England is reflected in the ethnic minority groups residing in these countries. Our 
findings indicate that the Dutch ethnic groups, both European Dutch and ethnic minority 
groups, reported more frequently cycling and playing sports activity than their English 

Table 2: Age and sex-adjusted prevalence ratios of different types of leisure time physical activity in English 
and Dutch based populations from Indian and African descent ethnic minority groups, before (model 1) 
and after adjusting for differences in education and job status (model 2) 

Model 1 Model 2

Walking 30 mins. UK English Indian 0.89 (0.83-0.95) 0.89 (0.83-0.95)

English African 0.99 (0.93-1.06) 0.98 (0.92-1.05)

NL Dutch Indian 1.05 (0.95-1.16) 1.03 (0.93-1.15)

Dutch African 1.04 (0.95-1.14) 1.02 (0.93-1.12)

Any cycling UK English Indian 0.38 (0.27-0.53) 0.38 (0.27-0.53)

English African 0.58 (0.44-0.75) 0.55 (0.42-0.73)

NL Dutch Indian 0.51 (0.43-0.60) 0.57 (0.47-0.68)

Dutch African 0.65 (0.57-0.73) 0.68 (0.60-0.77)

Any gardening UK English Indian 0.59 (0.54-0.65) 0.60 (0.54-0.66)

English African 0.58 (0.52-0.65) 0.59 (0.53-0.66)

NL Dutch Indian 0.52 (0.42-0.64) 0.60 (0.48-0.75)

Dutch African 0.55 (0.46-0.65) 0.59 (0.50-0.71)

Any dancing UK English Indian 0.56 (0.38-0.81) 0.57 (0.39-0.83)

English African 1.43 (1.16-1.77) 1.51 (1.22-1.86)

NL Dutch Indian 0.73 (0.51-1.07) 0.76 (0.52-1.12)

Dutch African 2.10 (1.63-2.71) 2.15 (1.66-2.78)

Any sports UK English Indian 0.72 (0.66-0.79) 0.72 (0.66-0.79)

English African 1.01 (0.93-1.08) 1.00 (0.93-1.08)

NL Dutch Indian 0.69 (0.61-0.78) 0.76 (0.67-0.86)

Dutch African 0.89 (0.82-0.97) 0.94 (0.87-1.03)

Values are prevalence ratio (95% confidence interval). Age and sex-adjusted. Model 2: Further adjusted for 
education and job status. The within country European descent population is used as reference (English 
European or Dutch European).
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Figure 1. Age-standardized prevalence of different types of leisure time physical activity among English and 
Dutch based ethnic groups from European, Indian, and African descent.
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counterparts. The English groups, both European English and English ethnic minorities, 
reported gardening as activity more frequently than the Dutch groups. Within each country 
we observed that the prevalence of LTPA was: lower for gardening and cycling in Indian 
and African descent, and lower for 30-minute walking in English Indians, but higher for 
dancing in African descent compared to the European descent populations. Differences by 
duration of residence were small and less consistent.
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Strengths and limitations

A key strength of this study was that we compared two population based studies which were 
designed for a similar purpose: to measure the (cardiovascular) health in ethnic minority 
groups compared with the European descent population. This means that similar themes 
such as physical activity were covered in-depth in both ethnic majority and minority groups.
A limitation of our analysis is that data collection for both studies was designed independently. 
Different questionnaires were used, which could result in bias in the estimates presented in 
this study. However when we compare the levels of physical activity identified in our study 
with the identified levels of physical activity from the Eurobarometer study, which is cross-
national but uses a similar-questionnaire, the difference in physical activity between the 
Netherlands and England showed similar trends to those found in our study – with higher 
prevalence of activity in the Netherlands compared to England.1 Moreover, there is an 
ongoing discussion about cross-cultural comparability of questionnaire data.12 Language 
and interpretation of questions could differ between populations of different descent, 
which might have influenced the reported levels and observed differences. 

Table 3: Adjusted prevalence ratios (95% CI) within country of level of physical activity in English and 
Dutch based populations from Indian and African descent ethnic minority groups, stratified by duration of 
residence in host country

Duration of residence (tertiles of years lived in host country)

Longer than 33 yrs between 24 and 33yrs shorter than 24yrs

Walking 30 mins. English Indian 0.87 (0.76-0.99) 0.90 (0.8-1.01) 0.88 (0.78-0.99)

English African 0.96 (0.85-1.08) 1.08 (0.92-1.27) 1.18 (0.99-1.40)

Dutch Indian 1.23 (0.99-1.52) 1.01 (0.87-1.17) 1.06 (0.92-1.21)

Dutch African 1.06 (0.88-1.26) 1.01 (0.89-1.13) 1.03 (0.92-1.16)

Any cycling English Indian 0.31 (0.16-0.61) 0.50 (0.29-0.84) 0.27 (0.12-0.57)

English African 0.50 (0.27-0.92) 0.27 (0.09-0.77) 0.57 (0.23-1.45)

Dutch Indian 0.73 (0.39-1.35) 0.63 (0.49-0.80) 0.46 (0.35-0.61)

Dutch African 0.70 (0.52-0.96) 0.75 (0.63-0.89) 0.62 (0.52-0.73)

Any gardening English Indian 0.59 (0.49-0.71) 0.61 (0.53-0.72) 0.54 (0.45-0.65)

English African 0.58 (0.49-0.70) 0.53 (0.38-0.74) 0.47 (0.29-0.76)

Dutch Indian 0.38 (0.13-1.10) 0.57 (0.41-0.79) 0.68 (0.51-0.92)

Dutch African 0.47 (0.29-0.77) 0.67 (0.53-0.85) 0.55 (0.44-0.70)

Any dancing English Indian 0.38 (0.15-0.96) 0.78 (0.44-1.38) 0.57 (0.3-1.10)

English African 1.57 (1.10-2.24) 1.05 (0.56-1.95) 0.87 (0.35-2.18)

Dutch Indian 2.25 (1.02-4.96) 0.69 (0.39-1.21) 0.74 (0.44-1.27)

Dutch African 2.12 (1.41-3.19) 2.09 (1.52-2.88) 2.31 (1.72-3.10)

Any sport English Indian 0.83 (0.71-0.97) 0.62 (0.52-0.73) 0.68 (0.57-0.80)

English African 0.85 (0.73-1.01) 1.04 (0.85-1.27) 1.04 (0.78-1.38)

Dutch Indian 1.13 (0.85-1.49) 0.79 (0.67-0.93) 0.67 (0.56-0.81)

Dutch African 0.88 (0.73-1.07) 0.98 (0.87-1.09) 0.91 (0.82-1.01)

Values are prevalence ratio (95% confidence interval). Adjusted for age, sex, education and job status. The 
within country European descent population is used as reference (European English or European Dutch).
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As in many epidemiologic studies with self-reported data, data in our study could be prone 
to imprecise recall.13 Imprecise recall appears to be highest for low-intensity unstructured 
physical activity such as walking and housework compared to higher intensity and more 
planned activities such as sports.14 Although both 30-day and 7-day time frames are 
considered short, imprecise recall might be larger for infrequent physical activity in the 
English study because of the longer time frame.
Cross-sectional data were used in this study, which means that no formal causal relationships 
in level of physical activity and convergence towards the European descent population can 
be tested using duration of residence in the host country; the potential for reverse causality 
might be larger in our study design compared to, for example, a cohort design. Finally, 
the Dutch data were sampled from one city, whereas the English data were a population 
sample from the whole of England. This might have influenced the observed estimates. 
However, the Netherlands is characterized by a high level of urbanicity. And most English 
and Dutch ethnic minority groups reside in cities.15 Therefore, we believe this would not 
have influenced the conclusions to a significant extent.

Discussion of the key findings

Most differences in prevalence for LTPA between European English and European Dutch 
populations reflected similarly in the English and Dutch ethnic minority groups. One of 
the explanations for the observed patterns in this study may relate to differences in context 
between the countries. For instance, the physical environment differs between the countries: 
the Netherlands is a small, flat and relatively dense country. There is a vast network of 
separate-lane cycle paths that facilitate safe cycling and cycling is very much an accepted 
mode of transportation in Dutch society. Moreover, the financial environment differed 
between the countries: companies in the Netherlands offered their employees financial 
benefits as an incentive to commute by bike or become a member of a sports club. England 
is, on the other hand, relatively large and less dense, which might be more unfavourable for 
cycling and more favourable for gardening. In addition, at the time of the study there was 
no incentive for cycling. Such types of structural resources and facilities within a country 
are influenced by national policy and related to LTPA.16-18 The presence of these resources 
and facilities in a country may also encourage the ethnic minority groups to engage in, 
context-specific, LTPA. Not all types of LTPA in the European descent reflected similarly 
in the ethnic minority groups between the countries. This was clearly seen in leisure time 
dancing, which showed opposite patterns from the European descent populations between 
the countries. These findings suggest that specific (cultural) preferences and traditions in 
leisure time physical activity do not always converge to the national context. Cultural values 
have been noted before as an important factor in physical activity participation.19 
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Our current findings of higher levels of LTPA in Dutch Indian and African minority 
groups are in direct contrast with the higher levels of obesity and diabetes reported among 
these groups as compared to their English counterparts.20 Given the beneficial effect of 
physical activity on health, we would expect these patterns of obesity and diabetes to be 
opposite. The explanations for these discrepancies are unclear. However, it is possible that 
other factors may play a more important role than LTPA or the beneficial effect of LTPA is 
being outshined by other unfavourable lifestyles among the Dutch ethnic minority groups. 
Evidence suggests that Dutch Indian and African minority groups smoked substantial more 
than their English counterparts.7;21 More work is needed on this topic.
Duration of residence has been used widely in other studies to identify change in behaviour 
or to observe or explain differences in morbidity and mortality.22-26 Compared to those 
studies, the ethnic minority groups included in our study had already been living in the 
host country for a relatively long period. This could be a reason for the small differences 
in behaviour between the duration of residence groups and explain why we were unable 
to observe a more general pattern of a more similar prevalence to the European descent 
population in the groups with a longer duration of residence compared to those migrants 
who arrived more recently. One possible, and hypothetical, explanation for this could be 
that convergence of behaviour towards the European descent had already happened at an 
earlier date. Changes in behaviour are more expected to occur within the first 5-10 years 
after migration. Another alternative explanation for why we observed small differences for 
some specific activities with duration of residence could be that, there is no convergence in 
LTPA, because people hold on to specific types of physical activity.

This cross-national comparison in types of LTPA between various English and Dutch 
population groups shows that ethnic minority groups adopt specific types of LTPA that 
are prevalent in the host country. Duration of residence gave inconsistent results in this 
study and was less suitable for the studied populations. Differences in national context 
between countries seem to be the most plausible explanation for the observed patterns. 
The importance of the ethnic minority groups’ cultures and traditions was visible in leisure 
time dancing, which did not reflect similar levels to the host population. The present results 
indicate that we cannot assume that ethnic minority groups converge every type of LTPA to 
the level that is apparent in the host population; national context helps to a certain extent 
and for certain leisure time activities.
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Key-points

l	 Levels of leisure time physical activity differ between countries.
l	 Ethnic minority groups participate often in lower levels of leisure time physical activity 

compared to the general population in a country.
l	 This study presents evidence in line with the convergence thesis: ethnic minority groups 

seem to adopt levels of leisure time physical activity that are more favourable in the 
national context.

l	 Leisure time dancing was not much influenced by national context, which shows that 
convergence towards national context works only for certain activities.

l	 Raising awareness among policy makers for the importance of national context and 
levels of physical activity among ethnic minority groups and for ethnic specific physical 
activity patterns, which should result in effective physical activity interventions and an 
increase in physical activity levels in the population as a whole.
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Data supplements

Data supplement 1. Note on ethnicity

Appropriate terms for the scientific study of health by ethnicity are under discussion. 
Different terms are used to refer to populations of South-Asian origin and African 
origin living in different European countries.27 In the UK, the term South-Asian refers 
to populations originating from the Indian Sub-continent, effectively, India, Pakistan and 
Bangladesh. African-Caribbean refers to people and their offspring with African ancestral 
origin, but who migrated to the UK via the Caribbean islands. Sub-Saharan African refers 
to people and their offspring with African ancestral origin who migrated via Sub-Saharan 
Africa. The migration of the populations of African descent from the Caribbean and Africa, 
and South Asian from the sub-continent to the UK in the mid-20th century was mainly 
due to the need to rebuild the UK following World War II. The demands of an expanding 
economy and the development of the welfare state required labour on a scale that could 
not be provided locally. Consequently, British Commonwealth citizens were encouraged to 
come to Great Britain.
In the Netherlands, the term African-Surinamese is used to refer to people with African 
ancestral origins and their offspring who migrated to the Netherlands via Suriname.15 
African-Surinamese are mainly the descendants of West Africans who were taken to 
Suriname during the slave trade era. The term Hindustani-Surinamese is used to refer 
to people with South-Asian ancestral origin and their offspring who migrated to the 
Netherlands via Suriname. The Hindustani-Surinamese are descendants of the indentured 
labourers from North India - Uttar Pradesh, Uttaranchal and West-Bihar. After the abolition 
of slavery in 1863, the emancipated Africans were unwilling to continue working on the 
plantations because of poor labour conditions. To guarantee a constant supply of labour, 
the planters imported indentured labourers from North India between 1873 and 1917. The 
migration of the African-Surinamese and Hindustani-Surinamese to the Netherlands was 
mainly due to the political situation in Suriname. There were two large migration waves. 
The first was around the independence of Suriname in 1975 and the second wave was 
around the revolution coup of Desi Bouterse in February 1980. For the purposes of this 
paper, based on populations in the Netherlands (Amsterdam) and England we use the 
following terminology:
for England-based South Asians from India only  → English Indian
Dutch-based Hindustani Surinamese  →	 Dutch Indian
England-based African Caribbean  →	 English African 
Dutch-based African Surinamese  →	 Dutch African
England-based people of English European origin  →	 European English
Dutch-based people of European origin  →	 European Dutch
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Data supplement 2. Sampling, data collection & 
response

Dutch study

The recruitment and design of the Dutch study have been described elsewhere.28 In brief, 
the study was carried out to assess the cardiovascular risk profiles in Dutch African, Dutch 
Indian and European Dutch participants. Participants were randomly sampled from the 
population register of Amsterdam, the Netherlands and were approached at home for a 
structured face-to-face interview by trained interviewers between 2001 and 2003. The 
interviewers were matched for sex and ethnicity. The response to the interview was 60% 
among Surinamese and 61% among the Dutch. Ethnicity was determined according to 
the self-reported ethnic origin of the respondent and/or the parental ethnic origin. The 
Medical Ethical Committee of the Amsterdam Academic Medical Center approved the 
study protocols. Informed written consent was signed by all respondents.

English study

In the years 1999 and 2004, the English study focused on the health of people from ethnic 
minority groups and not the general population. Therefore, data from the years 1998 and 
2003 were combined in order to make comparisons with the general population.29 Sampling 
methods and weights for have been described earlier.30;31 The individual response rate for 
the ethnic minority sample was 60% for surveys in 1999 and 63% for 2004; the equivalent 
figures for the individual response rate in the general population were 69% in 1998 and 66% 
in 2003. Ethnicity was determined using name analyses and confirmed by self-reported 
ethnic origin of the respondent. Ethical approval for the 1999 survey was obtained from 
the North Thames Multi-centre Research Ethics Committee (MREC) and from all Local 
Research Ethics Committees (LRECs) in England. Ethical approval for the 2004 survey was 
obtained from the London Multi-centre Research Ethics Committee (MREC). Informed 
written consent was signed by all participants.
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Data supplement 3. Physical activity standardization 
protocol

Variable English populations
HSE

Dutch populations
SUNSET

Standardized

Education 1.00    NVQ4/NVQ5/Degree or 
equiv

1 Primary school [lager 
onderwijs]

1    polytechnic/University 

2.00    Higher ed below degree 2 Lower secondary [lager 
beroepsonderwij]

2    college of further 
education/GCE A-level

3.00    NVQ3/GCE A Level equiv 3 Higher secondary school 
[MAO]

3    secondary school and 
below

4.00    NVQ2/GCE O Level equiv 4 college [MBO] 4    Other
5.00    NVQ1/CSE other grade 

equiv
5 Further education [VAO] Note:

6.00    Foreign/other 6 Polytechnic [HBO] HSE 1&2; SS 6&7 =1
7.00    No qualification 7 University [wetenschappelijk 

onderwijs]
HSE 3; SS 4&5 =2

8 Other [anders, nl...] HSE 4,5&7; SS 1,2,3 =3
HSE 6; SS 8&5 =4

Job status 1.00    In employment 1   Employed [ik heb een 
betaalde werkkring]

1    In employment

2.00    ILO unemployed 2   Unemployed [ik ben 
werkloos]

2    Unemployed

3.00    Retired 3   disabled [ ik ben 
arbeidsongeschikt]

3    Retired

4.00    Other economically 
inactive

4   Retired [ik ben rentenier] 4    Other economically 
inactive

5   Pension [ik ben 
gepensioneerd/vervroegd 
pensioen]

Note:

6   Houseman/wife [ik ben 
huisman/huisvrouw]

HSE: 1=1, 2=2, 3=3, 4=4

7   Student [ik ben scholier/
student]

SS: 1=1, 2=2, 3=4, 4=4, 5=3, 
6=4, 7=4

Start of 
physical activity 
questionnaire

I ’d like to ask you about some 
of the things you have done in 
the past four weeks that involve 
physical activity […]

Think of a regular week given 
the past couple of months. 
Could you report on how many 
days per week you were active, 
the average duration per day 
and how intense the activity 
was.

Walking In the past four weeks, have you 
done a continuous walk that 
lasted at least 30 minutes?

Have you done any walking Walking at least 30min.

While commuting? 
(WWLMDG)

1 ‘yes ’

1 ‘yes ’ Duration in minutes per day 0 ‘no ’
2 ‘no ’ Note:

During leisure time? 
(WANMDG)

HSE: 1=1,2=0

Duration in minutes per day SS: WANMDG >=30 ==1, 
<30=0 WWLMD>=30 =1, 
<30=0
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cont.
Variable English populations

HSE
Dutch populations
SUNSET

Standardized

Cycling Whether done any cycling Have you done any cycling? Cycling
1 ’yes ’ While commuting? (WWFBIN) 1 ’yes ’
0 ’no ’ 1 ’yes ’ 0 ’no ’

0 ’no ’ Note:
During leisure time? (FIETBIN) HSE: WHTACT02 1=1,0=0
1 ’yes ’ SS: FIETBIN==1 | 

WWFBIN==1 =1
0 ’no ’ FIETBIN==0 | WWFBIN==0 

=0
Gardening/DIY Have you done any gardening, 

DIY or building work in the past 
four weeks, that is since (date 
four weeks ago)

Have you done any gardening? 
(TUINBIN)

Gardening or DIY

1 ’yes ’
1 ’yes ’ 1 ’yes ’ 0 ’no ’
2 ’no ’ 0 ’no ’ Note:

HSE 1=1,0=0
Do-It-Yourself jobs (KLUSBIN) SS: KLUSBIN==1 | 

TUINBIN==1 =1
1 ‘yes SS KLUSBIN==0 & 

TUINBIN==0 =0
0 ’no ’

Dancing Whether done any other type 
of dancing, other than [previous 
question] Aerobics/Keep fit/
Gymnastics/Dance for fitness?

Have you done any dancing? Dancing

1 ’yes ’
1 ’yes ’ 1 ’yes ’ 0 ’no ’
0 ’no ’ 2 ’no ’ Note:

HSE: 1=1, 0=0
SS: 1=1, 0=0

Playing sports Whether done any activities 
on this card during the last 
four weeks, that is since (date 
four weeks ago)? On card: 
swimming, cycling, workout at 
gym, aerobics, dancing, running, 
football, rugby, badminton, 
tennis, squash (ACTPHY)

Have you done any sports? 
(open ended question: 
maximum report of 4 sports 
possible)

SPORT incl. cycling/dancing

1 ’yes ’
1 ’yes ’ 1 ‘ja ’ 0 ’no ’
2 ’no ’ 0 ’nee ’ Note:

HSE: ACTPHY==1 | ACT11x-
ACT16x==1 =1

Have you done any other sport or 
exercise not listed on the card? 
(probe for name of sport or 
exercise) (ACTPHY11x-16x)

ACTPHY==2 & ACT11x-
ACT16x==2 =0

SS: SPBIN==1 | FIETBIN==1 | 
DANSBIN==1 =1

1 ’yes ’ SPBIN==0 &FIETBIN==0 & 
DANSBIN==0 =0

2 ’no ’
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Data Supplement 5. 

Age-standardized prevalence of different types of leisure time physical activity among 
English and Dutch based ethnic groups from European, Indian, and African descent, men 
only.
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Data supplement 6. 

Age-standardized prevalence of different types of leisure time physical activity among 
English and Dutch based ethnic groups from European, Indian, and African descent, 
women only.
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General discussion

In this chapter we will discuss the main findings of our studies. This general discussion 
consists of five parts. Part 1 contains a brief summary of the main findings. Part 2 raises 
some general methodological considerations concerning the data and analyses that were 
used. Part 3 offers a general reflection on some of the main findings. In light of these 
findings, Part 4 contains a reflection on some general recommendations for ethnicity and 
health research. Finally, Part 5 of this chapter will contain the main conclusions of this 
thesis.

Part 1 - Summary of the main findings

This summary of the main findings describes the results from our studies, and is structured by 
the original research questions described in the general introduction of this thesis (Chapter 
1). In short, the first objective was to describe ethnic differences in domains and types of 
physical activity, and to assess ethnic differences in the relationship between these domains 
and types of physical activity and the recommended level of physical activity in the South 
Asian-Surinamese and African-Surinamese compared to the European-Dutch (research 
question 1). The second objective was to assess the ethnic differences in the relationship 
between physical activity and cardiovascular disease (CVD) and CVD-related risk factors 
in the South Asian-Surinamese and African-Surinamese compared to the European-Dutch 
(research question 2a, 2b, 2c). The third objective was to assess the relationship between 
environmental and socioeconomic factors and physical activity in the Surinamese ethnic 
groups compared to the European-Dutch (research question 3a-b). A summary of the main 
findings for each of the questions posed in the introduction is given below.

1. How are physical activity domains and culturally specific types of physical 
activity related to differences in recommended levels of physical activity in the 
South Asian-Surinamese and African-Surinamese compared to the European-
Dutch?

We observed marked differences in types of physical activity between the ethnic groups 
included in the SUNSET (Surinamese in the Netherlands: Study on Health and Ethnicity) 
study population for the various domains of activity (Chapter 2). In addition, ethnic 
differences were observed regarding frequency, intensity, and duration (volume measures) 
within the domains. Ethnic differences in attaining recommended levels of physical activity 
were related to the included domain of activity.
South Asian-Surinamese women had lower levels of recommended physical activity in all 
domains compared to European-Dutch women. Lower levels of recommended physical 
activity were also observed among the South Asian-Surinamese men and the African-
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Surinamese groups, although these were not statistically significant. The magnitude of the 
contribution of ethnic differences in recommended physical activity varied between the 
considered domains of physical activity. For example, commuting physical activity was 
found to be popular among the European-Dutch participants, and therefore contributed 
to the ethnic differences. In contrast, the longer duration of vigorous occupational physical 
activity in the Surinamese groups did mitigate ethnic differences in recommended physical 
activity to some extent. Finally, we observed that culturally specific types of physical 
activities (such as yoga and dancing) also mitigated ethnic differences in recommended 
physical activity, although this was only slight. 

2a. Are there differences in the association between low physical activity and 
CVD-related hospital discharge in the South Asian-Surinamese or African-
Surinamese compared to the European-Dutch?

There were some ethnic differences in the individual ethnic groups in the estimated hazard 
of a low level of physical activity and CVD-related hospital discharge, although these did 
not reach statistical significance in an overall test for interaction. After a median of 5 years 
of follow-up, the hazard ratios for the ethnic groups regarding low physical activity and 
CVD-related hospital admission were 1.55 (95% CI: 0.73–3.30) in the European-Dutch, 
1.53, (0.76–3.05) in the South Asian-Surinamese, and 2.77 (1.31–5.87) in the African-
Surinamese (Chapter 3). 

2b. Are there differences in the association between low physical activity and type 
2 diabetes in the South Asian-Surinamese or African-Surinamese compared to 
the European-Dutch?

There was no statistically significant ethnic difference (interaction) in the association 
between low physical activity and type 2 diabetes, although the estimated odds ratio (OR) 
was significant in the European-Dutch (OR 3.17, 95% CI: 1.37–7.30) compared to the 
weaker associations in the African-Surinamese (OR 1.13, 95% CI: 0.58–2.19) and South 
Asian-Surinamese (OR 1.43, 95% CI: 0.78–2.63) individuals (Chapter 4). 

2c. Are dimensions of physical activity (intensity, duration) more consistently 
associated with HDL cholesterol and triglycerides than a total score of physical 
activity in the South Asian-Surinamese, African-Surinamese, and European-
Dutch? 

Total physical activity was associated with HDL cholesterol and triglyceride levels only 
in the African-Surinamese group (Chapter 5). Further investigation into the intensity and 
duration components of the total score revealed that the intensity component of physical 
activity was consistently associated with triglyceride levels in all ethnic groups, and with 
HDL cholesterol levels in the European-Dutch and African-Surinamese groups. The 
duration of physical activity was not associated with any outcome measure except HDL 
cholesterol level in the African-Surinamese group. These results suggest that as a measure, 
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total physical activity is not as good for assessing the relationship between physical activity 
and HDL cholesterol and triglycerides in this multiethnic population as the more consistent 
association between intensity of physical activity and HDL cholesterol and triglycerides 
across ethnic groups. 

3a. Are there differences in the association between socioeconomic position 
and active commuting and leisure-time physical activity in the South Asian-
Surinamese and African-Surinamese compared to the European-Dutch?

We found a differential association between active commuting and socioeconomic position 
across ethnic groups (Chapter 6). The positive association we found between active 
commuting and level of education was strongest in European-Dutch men compared to the 
South Asian-Surinamese men and there was lack of association in African-Surinamese men; 
although the pattern appeared similar, this was not the case for occupation (non-manual 
compared to manual). Among women, a similar pattern of ethnic differences was observed 
across the ethnic groups, but for occupation only. For leisure-time physical activity, we 
were unable to observe a clear pattern of differences in the association with socioeconomic 
position between the ethnic groups in either men or women.

3b. Do differences in leisure-time physical activity between the European-Dutch 
population living in the Netherlands and the European-English population 
living in England reflect similar differences in the South Asian- and African-
descent populations living in these two countries? 

We observed that the Dutch ethnic groups (both the European-Dutch and the ethnic 
minority groups) reported cycling and sports participation more frequently than their 
English counterparts (Chapter 7). The English groups (both European-English and English 
ethnic minorities) reported gardening as an activity more frequently than the Dutch 
groups. This finding provides indications suggesting that differences between countries in 
some of the major types of leisure-time physical activities reflect similar differences in the 
ethnic minority groups. Additionally, within each country we observed that the prevalence 
of leisure-time physical activity was lower for gardening and cycling among those of South 
Asian and African descent and lower for 30-minute walking among English South Asians, 
but higher for dancing among those of African descent compared to the European-descent 
populations. Although differences by duration of residence were observed, these were small 
and not as consistent. 

Part 2 - Methodological considerations

Each individual study in this thesis includes a section that discusses the specific limitations 
related to the analyzed data. Before reflecting on the main findings and coming to the 
general conclusions of this thesis as a whole, though, some general methodological issues 
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need to be addressed. This part will address general factors that relate to internal validity, 
or how well the results of the study relate to the target population, and addresses non-
response, measurements, other validity considerations, and analyses, as well as external 
validity relating to the generalizability of our study results. 

Internal validity

Non-response

Internal validity is being influenced by the non-response of the original selected study 
population. In the original SUNSET study, the overall response to the interview was 60%. 
Non-response bias might occur when respondents differ in certain characteristics compared 
to non-respondents with regard to the outcome under study. For example, non-responders 
can be in poorer health, which might influence the interpretation of the associations 
presented in this study. Looking further into differences between responders and non-
responders in the SUNSET study, we found that responders were likely to differ in terms 
of family status (more likely to be married and living with a partner and/or children), age 
(higher), income (higher), and “urbanicity” (living in a less densely populated neighborhood). 
However, reported differences were small, and non-response characteristics were similar 
among the ethnic groups. Although we only measured a limited set of variables, this can 
be used as an indication that the study sample is likely to be similar to the original sample, 
and that observed ethnic differences in the limited set of measured characteristics are not 
related to non-response.
The overall response to the interview in the Health Survey for England (HSE) was higher 
than what was observed in the SUNSET study: the average household response from 1999 
and 2004 combined was 74% in the general population and 70% in the ethnic minority boost 
sample known to be eligible. From the participating households, the combined 1999 and 
2004 individual response in the general population sample was 91%, and this was 88% in 
the ethnic minority boost sample. The HSE data comes with a correction weight to account 
for selection and non-response on various levels, depending on the variables included in 
the analyses. Because this weight was applied in our analyses, non-response in the HSE is 
unlikely to influence the internal validity of the study.

Measurements

The physical activity measurement tool used in our studies was validated in a European-
Dutch population.1 The validation study showed a fairly reliable test-retest correlation 
and correlation coefficient with an electronic activity monitor, which fell within a similar 
range compared to other comparable physical activity questionnaires.2 Therefore, the Short 
Questionnaire to Assess Health-Enhancing Physical Activity (SQUASH) was considered 
to be a fairly reliable and reasonably valid questionnaire. Unlike the validation study, the 
physical activity questionnaire was interviewer-administered by trained interviewers in the 
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SUNSET study to enhance reliability of the data in the entire study population. Additional 
activities were added, including an open-ended question to minimize the risk of missing 
information on specific physical activities in the Surinamese groups. 
Possible causes that may lead to measurement error in self-reported physical activity 
questionnaires might be social desirability bias or cognitive recall bias.3 One study found 
that social desirability bias was observed at minimal levels in college students.4 It is unclear 
how much social desirability bias would affect our measurement of physical activity across 
ethnic groups, but since physical activity is not a very sensitive topic to disclose, this bias is 
expected to be low. Difficulty with the recall of self-reported physical activity levels seems 
especially relevant when recalling duration of activity and the lower-intensity activities;1;5 
this difficulty is expected to apply similarly across ethnic minority groups. However, 
household and occupational physical activity was reported more often in the Surinamese 
groups, which gives rise to the possibility that, particularly for these groups, household 
activity and occupational activity were overestimated by the questionnaire. Given the 
contribution of this domain in mitigating ethnic differences in recommended level of 
physical activity, the reported ethnic differences in recommended physical activity might 
be an underestimation of the true differences.
Another form of bias in physical activity research can be seasonal variation, especially 
when different groups are interviewed in different seasons. The most optimal seasons 
for measuring physical activity are spring and fall, when the average resembles the year-
round average, which will reduce intraindividual variability. The period of data collection 
was from 2001 to 2003, during which an equal number of participants from each ethnic 
group was interviewed across the seasons. Although this was not the most optimal in terms 
of intraindividual variability of physical activity, we believe that seasonal influence is less 
of an issue in the SUNSET study and that ethnic differences were not greatly affected. 
Additionally, the questionnaire measures an average week of physical activity. 
Cultural differences in reporting physical activity behavior might lead to structural 
ethnicity-specific measurements, which could make direct physical activity comparisons 
in absolute level of physical activity between ethnic groups less valid. Therefore, we often 
use relative comparisons for our physical activity analyses between the ethnic groups. 
Additionally, language validation was not necessary in our multiethnic study population, 
because previous research showed that only 5% of the Surinamese population has difficulty 
with the Dutch language (Dutch is the official national language in Suriname);6 in our study 
population this appeared to be less than 2%.

CVD was assessed with a derived Rose questionnaire (including questions on previous 
diagnoses of angina pectoris/myocardial infarction, cerebrovascular accident, and 
intermittent claudication), which has proven to be a valid tool for CVD epidemiology.7;8 
Self-report by the participant might be prone to measurement error, since CVD could not 
be verified by a clinician or medical records. The results from our linkage study to the 
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national hospital registry confirm the previously reported higher levels of CVD observed 
in the Surinamese groups in the baseline measurement. 
Anthropometry and biomedical measurements were obtained twice in the medical center 
according to protocol. Blood pressure was measured twice according to a strict protocol. 
Plasma glucose, HDL cholesterol, and triglycerides were based on a single measurement 
of a fasting plasma sample obtained during the medical examination. It is generally better 
to obtain multiple measurements over time, which would give more precise estimates. 
This error is expected to be similar across ethnic groups and would therefore not limit 
comparability between ethnic groups.

Most of the studies included in this thesis use data from the original SUNSET study, which 
was based on a cross-sectional sample of the population. The results from our studies 
(except for Chapter 3) should therefore be interpreted with caution. These models were 
based on causal inference rather than true causal effects. However, the results from our 
follow-up analysis (Chapter 3) were in agreement with causal inference; the hazard of a 
CVD-related hospital discharge in participants with a low level of physical activity within 
five years after the baseline interview was almost twofold higher than those with a high 
level of physical activity.

Other validity considerations

Some other forms of bias that could have influenced the internal validity of the study are 
instrumentation bias, history threat, loss to follow-up bias, and construct validity, which 
are discussed below.
Instrumentation bias might arise when measurement tools are changed over time. While 
the SUNSET study data was gathered from one point in time, the HSE collected physical 
activity data in 1999 and 2004. The instrument in the HSE was changed slightly for the 
physical activity measurement, although these changes did not influence the prevalences 
for the specific types of leisure-time physical activity presented in our study.
Additionally, a history threat might occur if unmeasured events that influence the outcome 
take place before the questionnaire or medical examination. For example, there was 
a relatively short period of time between the interview and the medical examination in 
which unmeasured events might have influenced the data from the medical examination. 
Participants might have received a CVD-related diagnosis from a doctor in between the 
interview and the medical examination that included the suggested lifestyle modifications. 
However, these events are expected to be similar across the ethnic groups, and therefore 
have no influence on the general conclusions.
There might be loss to follow-up bias in the follow-up study (Chapter 3). We were unable 
to gather some intermediate addresses of the SUNSET respondents, which were important 
for the linkage with the national hospital registry, especially if people with higher CVD 
risk had moved away (either within the Netherlands or abroad). The results of a propensity 
score analysis suggested this was not likely to be the case. 
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Construct validity refers to the measurement and operationalization of physical activity 
and how this relates to CVD or CVD risk factors. Certain choices of measurement and 
operationalization of physical activity may lead to biased ethnic differences in physical 
activity and CVD or CVD risk factors. In this thesis, we show there can be ethnic differences 
in the associations between physical activity and the outcome of interest (Chapter 2, 
Chapter 5), depending on both the measurement and operationalization of physical activity 
and the outcome of interest.

Analyses

Associations are said to be confounded when there is a third variable in the conceptual 
model that is related to both the outcome and predictor variable of interest. In most of 
our studies we adjusted for confounding by age and sex, two factors that influence health 
and physical activity. Other variables of potential importance that were considered in 
the different studies because of expected confounding were level of education, job status 
(employed/unemployed), occupational class (manual/non-manual or more elaborate 
categorizations), current smoking, familial history of type 2 diabetes, history of CVD, 
metabolic syndrome, and body mass index (BMI).
In the association between physical activity and CVD, BMI is considered to be both a 
confounder and an intermediary variable. This complicates the analysis. Conceptually, one 
part of the disease risk can be explained by higher levels of BMI. Higher levels of BMI 
can be due to lower levels of physical activity, but lower levels of physical activity are also 
directly related to disease risk. This was impossible to disentangle in this cross-sectional 
study, due in part to the relatively small number of observations in each group. Since the 
overall effect of physical activity on cardiovascular health was of primary interest in this 
thesis, and not which part could be explained by each of these two factors, BMI was left 
out of most of the models (except for the association between physical activity and type 2 
diabetes in Chapter 4). 
Additionally, due to the lack of an extensive measurement of diet, we could not properly 
take the effect of diet into account in our studies, and this might therefore be a source of 
unmeasured confounding.

External validity

Most of the studies included in this thesis were based on a population sample from different 
neighborhoods in the Dutch city of Amsterdam. Therefore, we have to be cautious about 
the generalizability of our findings to South Asian-Surinamese and African-Surinamese 
groups living in other locations, especially in terms of absolute prevalence of certain types 
of activity. For example, a lower prevalence of sports participation was reported in the 
Surinamese groups in Amsterdam compared to the Surinamese in Rotterdam.9 However, 
relative to the level of physical activity observed in the European-Dutch, both cities show 
lower rates of sports participation in the Surinamese groups. Therefore, we assume that the 
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presented relative patterns of physical activity compared to the European-Dutch might be 
applicable to other Surinamese groups living outside of Amsterdam.
Because of the expected differences in socioeconomic position and differences in local 
context compared to the larger cities, we assume a limited generalizability for Surinamese 
groups living in the relatively smaller cities. Additionally, because of the expected changes 
in the composition of socioeconomic position in a population over time, these patterns are 
expected to change over time. 
Although we assume that the identified patterns in physical activity cannot be generalized to 
other ethnic minority groups living in the Netherlands, some of the conclusions regarding 
the measurement of physical activity might be very applicable to physical activity research 
in other ethnic minority groups.

Part 3 - Reflections on the main findings

This section reflects on some general main findings from our studies. More specific 
discussion is available in the individual studies included in the previous chapters. Here we 
will reflect on three topics: measurement of physical activity, the relationship of physical 
activity with CVD, and cross-national comparison of physical activity.

Measurement of physical activity

Within health research there is a need to accurately identify complex behaviors such as 
physical activity, as this can give important insights into disease etiology. Specific patterns 
of physical activity that are especially important to lowering disease risk might be different 
across ethnic minority groups. The question is whether we are measuring ethnic differences 
in physical activity accurately. The results from this thesis show that even slight changes 
in the definition of physical activity (in terms of which domains and types of activity 
are covered by the questionnaire) have an effect on the estimated ethnic differences in 
recommended level of physical activity (Chapter 2). One of the explanations is that the 
underlying pattern of physical activity within domains (in terms of frequency, duration, and 
intensity of activity) differs widely between ethnic groups. Therefore, to accurately identify 
physical activity, especially in a multiethnic setting, extensive questionnaires are needed to 
cover the range of physical activities people can engage in. 
In addition, it is important to look beyond a summary measure of physical activity in terms 
of below and beyond the recommended level. Previous studies have shown that physical 
activity has been identified as being linearly related to CVD.10 The positive effect of physical 
activity on CVD is also observed below the recommended level.11;12 Therefore, it seems that 
physical activity is best described on a continuous scale rather than with a dichotomous 
measure. This is also acknowledged in a study among African-Americans (although using 
a different physical activity questionnaire than in our study): a continuous score of physical 
activity was more consistently related to an objective measure of physical activity than the 
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calculated recommended level of activity.13 When using a continuous scale compared to a 
recommended level of activity, it is especially important to accurately measure all types of 
physical activity to make an accurate ethnic group comparison.

The relationship of physical activity with CVD

In Chapter 3-5, different measures of physical activity and ethnic differences in the 
associations of physical activity with CVD and CVD risk factors were assessed. For 
example, the relationship between low physical activity (in terms of a <75% cutoff value of a 
total physical activity score) and CVD-related hospital discharge was similar across ethnic 
groups over a median period of five years of follow-up (Chapter 3). 
The importance of choosing an accurate definition of physical activity with respect to the 
outcome under study has been suggested before,14 and this seems to be the case especially 
when comparing ethnic groups. In Chapter 5, for example, the intensity score of activity 
was more consistently related to beneficial levels of blood lipids than the total physical 
activity score. Another argument for an accurate definition is that low-intensity physical 
activity, unstructured physical activity, or physical activity with a relatively long duration 
seems less well captured by self-reported physical activity questionnaires.15 The finding 
that different ethnic groups have differences in composition of physical activity (Chapter 
2) (and therefore also in terms of the amount of less well captured activity) might add 
relatively more measurement error across ethnic groups. Basically, this could result in 
a less well captured measure of total physical activity. Because activities that are more 
intense are less influenced by this measurement error, this relates more consistently to 
blood lipids across ethnic groups. This might be another reason why intensity of activity 
was more consistently related to blood lipids than the total physical activity score in our 
study. Therefore, it seems important to first pose the research question and hypothesis, and 
then try to identify which measure of physical activity might best suit the relationship with 
the health outcome across ethnic groups. For example, it is probably wise to supplement 
the total physical activity score with an objective measure of physical activity when this is 
manageable in terms of the extra associated cost, or otherwise present additional measures 
of physical activity that are expected to be more suitable in association to the outcome of 
interest (such as intensity of activity).
The results described in Chapter 3-5 suggest that the mechanism by which physical 
activity is associated to cardiovascular health is similar across ethnic groups, but that 
differences in operationalization of the measurement can give rise to ethnic differences 
in the relationship with health. Other studies that identify differences in the association 
between physical activity components and health outcomes might therefore have used a 
different definition of physical activity. An example of this would be selecting a small range 
of activities that includes sports and exercise to relate to the outcome and, as a result, 
indirectly focusing more on those activities with higher intensity.16;17 Additionally, other 
explanations for studies that identify a different strength of the association across ethnic 
groups might have to do with the combination of a nonlinear dose-response curve and 
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a different distribution (or range) of the exposure within the population under study.18 
This can be illustrated by the position on the dose-response curve for physical activity, 
which might be different for different ethnic groups (Figure 1). For example, in Chapters 
2 and 5, the African-Surinamese have been identified with a slightly lower recommended 
level of physical activity, a lower intensity component score, but with a higher duration 
component score compared to the European-Dutch. This different distribution in physical 
activity components might be why the African-Surinamese showed a stronger association 
between physical activity total score and CVD-related hospital discharge and blood lipids 
compared to the other ethnic groups. The South Asian-Surinamese, on the other hand, had 
a lower level of recommended physical activity and lower levels of intensity and duration 
component scores compared to the European-Dutch. The South Asian-Surinamese were 
also characterized in the sample as the smallest group in terms of absolute size in number 
of participants compared to the African-Surinamese and the European-Dutch. In some of 
the stratified analyses, this low level of physical activity and a small number of observations 
in the South Asian-Surinamese group might have been too small (i.e. resulting in large 
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Figure 1. Hypothetical dose-response relationship between physical activity component and disease 
The distribution of physical activity observed within a population might limit the range in observed outcome. 
In this example, in terms of a lower rate of disease, Population 1 benefits relatively more from a 1-point 
increase in physical activity than Population 2. Because Population 2 already has high absolute levels of 
physical activity and a lower rate of disease than Population 1, the relative benefit of a 1-point increase in 
physical activity is therefore lower than in Population 1. (Adapted from: Lee, 2009.19)
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confidence intervals) to detect the positive association with disease. Further research is 
necessary to test this hypothesis.

Cross-national comparison of physical activity

Because of the importance of country context on ethnic inequality in health, we hypothesized 
that patterns of convergence in physical activity behavior could be better tested between 
countries. The cross-national analysis (Chapter 7) suggests the importance of the national 
context in the leisure-time physical activity behavior of both the majority population of 
European descent and the ethnic minority groups living in the Netherlands and England. On 
the national level, it shows there are large differences between the countries in prevalence of 
some popular types of leisure-time physical activity. The Dutch populations (including the 
Dutch ethnic minority groups) were more active in terms of cycling and playing sports than 
the English groups, while gardening was reported more often in the English population 
groups (including the English ethnic minority groups).
Within countries, duration of residence as indicator of convergence in prevalence of leisure-
time physical activity in the ethnic minority groups compared to the majority population 
was less influential than the pattern of differences observed between countries. This is in 
line with the criticism that duration of residence as indicator of convergence has received 
in the past.20 
The results from the cross-national comparison suggest a clear pattern of convergence (at 
least up to a certain amount of physical activity) for cycling and playing sports in the Dutch 
neighborhoods in South Asian-Surinamese and African-Surinamese ethnic minority 
groups compared to the more positive influence of gardening in the English neighborhoods 
in the South Asian and African-Caribbean ethnic minority groups. 
Our current findings of higher levels of leisure-time physical activity in the South Asian-
Surinamese and African-Surinamese ethnic minority groups living in the Netherlands as 
compared to their English counterparts are in contrast with the higher levels of obesity 
and diabetes reported among the Dutch ethnic minority groups.21;22 Given the beneficial 
effect of physical activity on health, we would expect these patterns of obesity and diabetes 
to be the reverse. Explanations for these discrepancies are unclear. It may very well be that 
the underlying components of physical activity are more beneficial in the English ethnic 
minority groups than in the Dutch ethnic minority groups. Unfortunately, we were unable 
to look further into the underlying components of physical activity because of limitations 
in the overlap of the measurement of physical activity. Furthermore, it may also be possible 
that other unfavorable lifestyle factors play an additional important role, for example, the 
higher prevalence of smoking observed in the Dutch ethnic minority groups compared 
to their English counterparts.23 Although these findings are interesting and more work is 
clearly needed on this topic, this is beyond the scope of this thesis.
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Part 4 – Implications and recommendations

Implications for prevention and policy

In terms of health improvement, both the South Asian-Surinamese men and African-
Surinamese men scored 10% lower on the recommended level of physical activity (this 
measure included all domains and culturally specific activity) compared to the European-
Dutch. African-Surinamese women were similar in terms of recommended level of 
physical activity compared to European-Dutch women. The South Asian-Surinamese 
ethnic minority population might benefit the most from an increase in physical activity. In 
absolute terms, South Asian-Surinamese women were least active compared to European-
Dutch women in almost all domains and activities, leading to a 20% lower adherence to 
the recommended level of physical activity compared to European-Dutch women. This, 
together with the results that a low level of physical activity is related to a higher hazard 
of CVD-related hospital discharge, puts physical activity stimulation in the South Asian-
Surinamese group high on the public health agenda. 
People who work with public health recommendations – for example, general practitioners 
and clinicians, and also policy developers who focus on physical activity – should be aware 
of the diverse activities people can engage in. For example, South Asian-Surinamese men 
reported an almost 10% prevalence of yoga and the African-Surinamese group reported 
an approximately 30% prevalence of dancing in their leisure time, which was a higher 
level than in the European-Dutch. These activities diminished the ethnic differences in 
recommended level of physical activity in these groups. Recently, the American College 
of Sports Medicine released an updated position stand to guide clinical practice regarding 
exercise prescription:24 in addition to exercising regularly (according to an individual’s 
habitual physical activity), there are health benefits to reducing sedentary time in daily life. 
Between 20% and 40% of the ethnic minority populations reported regular bicycle use in 
their leisure time, while only 6% to 13% use bicycles to commute, compared to about 30% 
of the European-Dutch population, which also shows opportunities for increasing physical 
activity in daily life.
The general idea is that policy developers (not only those in health departments) can 
stimulate levels of physical activity in the population by incorporating beneficial changes 
into the structural environment for stimulating physical activity.25 This general idea is 
supported by our cross-national analyses: that the prevalence of popular leisure-time 
physical activity is country-specific and, up to a certain level, is being reflected in the ethnic 
minority groups compared to the European-descent population. 
Another point that can be relevant for policy is that the specific situation in terms of 
level of physical activity in the local country can differ when compared to neighboring 
countries. When data are unavailable, a good starting point is to focus on evidence from 
other countries. However, the physical activity situation (in terms of a list of popular types 
of physical activities in the local country, including activities that are popular in the ethnic 
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minority groups) should be set out prior to developing policy to support or stimulate 
certain types of activities. 
Additionally, something that constitutes a high-risk group for developing CVD in 
European-descent groups (such as low socioeconomic position) and which is being used 
in prevention programs to stimulate healthy behaviors may not work equally well in the 
ethnic minority groups. For example, socioeconomic position seems related to commuting 
activity in the European-Dutch, but this relationship seems weaker or absent in the ethnic 
minority groups.

Recommendations for future research

In several chapters in this thesis the observed physical activity patterns were different 
between ethnic groups with regard to either type of activity or individual components 
(intensity, duration, frequency) of physical activity. By presenting summary scores of physical 
activity these characteristics are lost, sometimes resulting in unexpected associations with 
health. Presenting a summary measure such as adherence to recommended level of physical 
activity might aid in deciding whether the majority population needs an intervention (for 
instance, because of very low levels of physical activity) or whether national policy is 
having an effect. However, presenting such estimates might hide very important underlying 
ethnic differences in the composition of activity in domains or underlying components, 
which can relate differently to the adherence to recommended level of physical activity 
and cardiovascular health in ethnic minority groups compared to the majority population. 
One recommendation that would aid in understanding physical activity and health across 
ethnic groups would be to present both summary measures (such as recommended level 
of physical activity or total physical activity score) and volume components separately. 
Extensive physical activity measurement tools are therefore preferred in ethnicity and 
health research, as there is less chance of missing specific physical activity (including 
culturally specific physical activity). Extensive measurement tools are also more flexible to 
choose the physical activity component of interest, or to update according to new criteria/
definitions of recommended level of physical activity. 
When a total physical activity score is chosen based on questionnaire data, it might be worth 
supplementing the extensive physical activity questionnaire with some form of objective 
physical activity measurement (such as the electronic monitor). This can be especially 
useful in identifying the amount of low-intensity, unstructured, or physical activity of 
relatively long duration (such as household and occupational activity), which is difficult 
to assess with questionnaires. Otherwise, additional components of physical activity (such 
as intensity of activity) could provide further insight into differences in the composition of 
physical activity between ethnic groups.
Future physical activity studies should explicitly define which domains of activity were 
assessed, which underlying assumptions were made regarding cutoffs for moderate- and 
vigorous-intensity activity, and which components were included in the physical activity 
score and which measure of physical activity was chosen, and for what purpose. Although 
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this explicit operationalization should, of course, be a general recommendation for future 
physical activity research, this seems especially important when making ethnic group 
comparisons. 

The SQUASH physical activity questionnaire we used was validated in the European-Dutch 
population. Additionally, it was found to perform better than another frequently used Dutch 
physical activity measurement tool for surveillance.26 There are some recommendations 
to be made regarding this measurement tool. First, it should be validated in the ethnic 
minority groups, not only for calculating recommended levels, but also for total score and 
component scores. The SQUASH was slightly adapted with an open-ended question and 
some extra physical activities. Less frequently used methods in cross-cultural validation 
of physical activity questionnaires are incorporating cognitive testing, testing the logical 
structure of the questionnaire, an introduction to certain questions or the questionnaire 
structure, and optimal probing methods (using written questions to remove interviewer 
bias) to stimulate an unbiased recall of self-reported physical activity levels, especially 
across ethnic groups.27 This would further advance our knowledge in physical activity and 
health research across ethnic groups.

Part 5 - Main conclusions

The aim of this thesis was to investigate ethnic differences in physical activity and 
their association with CVD and CVD-related risk factors in a population of European-
Dutch, South Asian-Surinamese, and African-Surinamese ethnicity. The following main 
conclusions can be drawn.
First, physical activity patterns and types of activity differ between the ethnic groups, 
which results in ethnic differences in the contribution of certain domains of activity to 
the recommended level of physical activity. Therefore, especially across ethnic groups, 
an accurate identification of all domains and types of physical activity seems necessary to 
estimate ethnic differences in physical activity. In addition to accurately identifying physical 
activity (including total physical activity), an operationalization of physical activity that is 
sensitive to the outcome of interest is another important way to identify ethnic differences 
in physical activity, which we demonstrated for intensity of activity and blood lipids. 
These results suggest that to better understand ethnic differences in physical activity and 
cardiovascular health, both summary measures and volume measures of physical activity 
should be taken into account.
Second, in terms of the observed patterns of physical activity, the South Asian-Surinamese 
and African-Surinamese ethnic groups are less active compared to the European-Dutch 
ethnic group. This finding cannot simply be generalized to other ethnic minority groups 
in other countries, as the precise level and type of physical activity in ethnic minority 
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groups appeared to vary between countries, depending on the pattern of physical activity 
of the majority population. The cross-national comparison provides further insight into 
the influence of environmental differences on physical activity behavior and possible 
convergence in the ethnic minority groups. Such a cross-national approach has proven 
to be helpful in studying the effect of environmental differences on behavior, in this case 
physical activity.
Third, in terms of the relationship with health and recommendations for public health, 
ethnic minority populations might benefit from becoming more physically active as well. 
Our results suggest that the social patterning of physical activity in ethnic minority groups 
differs from that of the majority population. It is therefore important to stimulate physical 
activity while, because of expected changes over time, also monitoring which subgroups 
within the ethnic minority groups are at high risk of a certain type of physical activity 
behavior. 
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Summary

Cardiovascular disease (CVD) is currently a major public health burden in the general 
population. However, CVD risk is not similar across population groups. Compared to the 
European-Dutch, the African-Surinamese and South Asian-Surinamese ethnic minority 
groups in the Netherlands are characterized by higher levels of CVD, CVD-related hospital 
admission, and CVD-related mortality. This pattern of higher levels of CVD and CVD 
risk factors is also observed in other industrialized countries in ethnic minority groups 
of African and South Asian ancestry compared to the majority populations. While the 
relationship of physical activity with CVD and CVD risk factors has been well researched 
in European-origin groups in general, there are no comprehensive population studies that 
present the relationship of specific measures of physical activity with CVD and CVD risk 
factors in the Dutch ethnic minority groups of South Asian-Surinamese and African-
Surinamese descent. 
This thesis will assess ethnic differences in physical activity, as well as the association of 
physical activity with CVD and CVD risk factors in South Asian-Surinamese, African-
Surinamese, and European-Dutch ethnic groups. We will also assess the association 
between physical activity and contextual factors, in particular socioeconomic position and 
country of residence.

Chapter 1 describes the background information regarding physical activity and CVD as 
well as the thesis structure, a conceptual model, and the research questions answered in 
this thesis. The thesis is structured in three parts. The first part identifies ethnic differences 
in the measurement and operationalization of physical activity (Chapter 2). The second 
part focuses on the relationship of physical activity with CVD and CVD risk factors across 
ethnic groups and compared to the European-Dutch population (Chapters 3-5). The third 
part focuses on the socioeconomic and environmental factors that influence the individual 
level of physical activity (Chapters 6-7).

In Chapter 2 we assess the prevalence of level of physical activity (including recommended 
level of physical activity) in various domains of activity in South Asian-Surinamese, 
African-Surinamese, and European-Dutch study populations. Marked ethnic differences 
were observed for the domains of activity as well as the frequency, intensity, and duration 
for each type of activity within the domains. Active commuting was found to be more 
prevalent in the European-Dutch than in the Surinamese ethnic minority groups, and 
therefore contributed more to recommended level of physical activity in the European-
Dutch; however, longer duration of vigorous-intensity occupational activity mitigated 
ethnic differences in recommended level of physical activity. South Asian-Surinamese 
women had lower levels of recommended physical activity in all domains compared to 
European-Dutch women. Lower levels of recommended physical activity were also 
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observed among the South Asian-Surinamese men and the African-Surinamese groups 
compared to the European-Dutch, although these were not statistically significant. Specific 
activities such as yoga and dancing mitigated ethnic differences in recommended level of 
physical activity, although only slightly. These results suggest that to correctly estimate 
ethnic differences in physical activity, a broad range of domains and activities should be 
included in the measurement tool.

In Chapter 3 we assess differences in the association of low physical activity with CVD-
related hospital discharge in people of European-Dutch, South-Asian-Surinamese, 
and African-Surinamese descent. Low levels of physical activity were associated with 
an increased hazard of a CVD-related hospital discharge after a median of 5.5 years of 
follow-up since the baseline interview. There was no evidence of a statistically significant 
differential relationship of physical activity and CVD-related hospital discharge between 
the ethnic groups. The results suggest that physical activity is similarly beneficial to all 
ethnic groups in terms of CVD-related hospital discharge.

In Chapter 4 we assess differences in the association of low physical activity with type 2 
diabetes among South Asian-Surinamese, African-Surinamese, and European-Dutch study 
populations. Low physical activity was associated with type 2 diabetes in the multiethnic 
study population. There was no evidence of a statistically significant differential relationship 
between physical activity and type 2 diabetes between the ethnic groups. The results suggest 
that physical activity is similarly beneficial to all ethnic groups in terms of type 2 diabetes.

In Chapter 5 we assess the relationship of a total physical activity score as well as dimensions 
of physical activity (intensity, duration) with HDL cholesterol and triglycerides in South 
Asian-Surinamese, African-Surinamese, and European-Dutch study populations. The total 
physical activity score was associated with HDL cholesterol and triglyceride levels in the 
African-Surinamese group, while the physical activity intensity score was associated with 
HDL cholesterol in the European-Dutch and African-Surinamese, and triglyceride level 
in all ethnic groups. These findings indicate that the intensity score was more consistently 
associated with blood lipids across ethnic groups. Additionally, these results suggest that 
the varying association in total physical activity score and blood lipids across ethnic groups 
might stem from differences in composition of activity.

In Chapter 6 we assess the association of leisure-time physical activity and active 
commuting with measures of socioeconomic position in South Asian-Surinamese, African-
Surinamese, and European-Dutch study populations. We found a differential association 
between active commuting and socioeconomic position across ethnic groups. The positive 
association between active commuting and education was strongest in European-Dutch 
men, less strong in the South Asian-Surinamese men, and there was a lack of association 
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in African-Surinamese men; this was not the case for occupation (non-manual compared 
to manual). Among women, a similar pattern of ethnic differences was observed across 
the ethnic groups, but for occupation only. For leisure-time physical activity, we were 
unable to observe a clear pattern of differences in the association with socioeconomic 
position between the ethnic groups in either men or women. These findings suggest that 
public health interventions that target physical activity should focus more on the general 
population rather than on groups with a low socioeconomic position, particularly among 
South Asian-Surinamese and African-Surinamese groups.

In Chapter 7 we test the convergence hypothesis by assessing the prevalence of leisure-
time physical activity between Dutch and English populations that include ethnic minority 
groups of similar ancestry. We observed that both the European-Dutch and the Dutch 
ethnic minority groups reported cycling and sports activity more frequently than their 
English counterparts. The European-English and the English ethnic minority groups 
reported gardening more frequently than the Dutch groups. Additionally, within each 
country compared to the European-origin groups we observed that the prevalence for 
certain types of leisure-time physical activity was lower for gardening and cycling in the 
Dutch and English ethnic minority groups and lower for 30-minute walking in English 
South Asians, but higher for dancing in those of African descent. These findings provide 
indications which suggest that differences between countries in some of the major types of 
leisure-time physical activity reflect similarly in the ethnic minority groups and therefore 
provides evidence for convergence. Although differences by duration of residence were 
observed, these were small and not as consistent. 

Chapter 8 gives a summary of the main findings presented in this thesis and a reflection 
on these findings as well as implications for prevention and recommendations for future 
research; the chapter ends with the conclusions of this thesis. 
Three main conclusions can be drawn from the main findings presented in this thesis. 
First, physical activity patterns and types of activity differ between ethnic groups, which 
results in ethnic differences in the contribution of certain domains of activity to the 
recommended level of physical activity. The results also suggest that to better understand 
ethnic differences in physical activity and cardiovascular health, both summary measures 
and volume measures of physical activity should be taken into account.
Second, in terms of the observed patterns of physical activity, the South Asian-Surinamese 
and African-Surinamese ethnic groups are less active compared to the European-Dutch 
ethnic group. The cross-national comparison gave further insight into the influence of 
environmental differences on physical activity behavior and possible convergence in the 
ethnic minority groups. Such a cross-national approach has proven to be helpful in studying 
the effect of environmental differences on behavior, in this case physical activity.
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Third, in terms of the relationship with health and recommendations for public health, 
ethnic minority populations might also benefit from becoming more physically active. 
Our results suggest that the social patterning of physical activity in ethnic minority groups 
differs from that of the majority population. It is therefore important to stimulate physical 
activity while, because of expected changes over time, also monitoring which subgroups 
within the ethnic minority groups are at high risk of a certain type of physical activity 
behavior.
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Samenvatting
Hart- en vaatziekten (HVZ) komen veel voor in de algemene bevolking. Het risico op 
het krijgen van HVZ verschilt tussen etnische groepen in de bevolking. Vergeleken 
met Nederlanders van Europese herkomst komen onder Surinamers van Afrikaanse en 
Hindoestaanse (Indiase) herkomst HVZ meer voor. Datzelfde geldt voor HVZ-gerelateerde 
ziekenhuisopnames, en HVZ-gerelateerde sterfte. Dit patroon wordt ook waargenomen 
in etnische minderheidspopulaties van Afrikaanse en Indiase herkomst in andere 
geïndustrialiseerde landen. Een belangrijke risicofactor voor HVZ is een gebrek aan fysieke 
activiteit. Naar deze risicofactor is veel onderzoek gedaan in populaties van Europese 
herkomst, maar er zijn geen uitgebreide populatie studies die de relatie beschrijven tussen 
specifieke maten van fysieke activiteit en HVZ en HVZ risicofactoren in verschillende 
etnische groepen. Fysieke activiteit en het patroon van fysieke activiteit kan verschillen 
tussen etnische groepen. Daardoor zou de relatie van fysieke activiteit met HVZ kunnen 
verschillen van die onder autochtone Nederlanders.
Dit proefschrift beschrijft etnische verschillen in fysieke activiteit, evenals de associatie van 
fysieke activiteit met HVZ en HVZ risicofactoren in Hindoestaans-Surinaamse, Afrikaans-
Surinaamse en Europees-Nederlandse etnische groepen. We beschrijven ook de associatie 
van fysieke activiteit met contextuele factoren, met name sociaal economische positie en de 
context van twee verschillende landen.

Hoofdstuk 1 beschrijft de relatie tussen fysieke activiteit en HVZ. Tevens wordt in dit 
hoofdstuk het conceptuele model beschreven. Verder worden de drie delen waaruit het 
proefschrift bestaat beschreven, met een opsomming van de specifieke onderzoeksvragen 
die worden beantwoord per onderdeel. Het eerste deel bestudeert etnische verschillen in 
de meting en operationalisatie van fysieke activiteit (Hoofdstuk 2). Het tweede deel focust 
op de relatie tussen fysieke activiteit en HVZ en risicofactoren voor HVZ in verschillende 
etnische groepen (Hoofdstukken 3-5). Het derde deel focust op sociaal-economische 
en omgevingsfactoren die van invloed zijn op de mate waarin iemand fysiek actief is 
(Hoofdstukken 6-7).

In Hoofdstuk 2 beschrijven we de prevalentie van verschillende typen fysieke activiteit, 
inclusief het percentage van de bevolking dat aan de norm voor gezond bewegen voldoet, 
in verschillende domeinen van activiteit in de Hindoestaans-Surinaamse, Afrikaans-
Surinaamse en Europees-Nederlandse groepen. We onderscheidden onder meer de 
volgende domeinen van fysieke activiteit: In de vrije tijd, op het werk, in het huishouden, 
en tijdens het reizen van en naar het werk. We vonden dat de fysieke activiteit per domein 
van activiteit verschilde tussen de etnische groepen. Dit gold voor de frequentie, maar 
ook voor de intensiteit en duur van de activiteit. Zo kwam fysieke activiteit tijdens het 
reizen naar het werk vaker voor in de Europees-Nederlandse groep dan in de Surinaamse 
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groepen. Deze activiteit droeg daarmee meer bij aan realiseren van de norm voor gezond 
bewegen in de Europees-Nederlandse groep dan in de Surinaamse groepen. Intensieve 
activiteit op het werk was van een langere duur onder Surinamers dan onder Nederlanders 
en droeg daarmee meer bij aan de norm voor gezond bewegen in de Surinaamse groepen. 
Onder de Hindoestaans-Surinaamse vrouwen haalden een lager percentage de norm voor 
gezond bewegen dan de Europees-Nederlandse vrouwen. Lagere percentages van de norm 
voor gezond bewegen vonden we ook onder de Hindoestaanse-Surinaamse mannen en 
de Afrikaans-Surinaamse groepen vergeleken met de Europees-Nederlandse groepen, 
hoewel die verschillen niet statistisch significant waren. Etnisch specifieke activiteiten van 
de Surinaamse groep, zoals yoga en dansen, droegen bij aan het halen van de norm voor 
gezond bewegen. Zouden we geen rekening hebben gehouden met deze etnisch specifieke 
activiteiten, dan waren de etnische verschillen in het percentage personen dat aan de norm 
voldeed relatief gezien groter geweest. Deze resultaten laten zien dat een brede groep 
domeinen en activiteiten meegenomen moet worden in het meetinstrument om etnische 
verschillen in fysieke activiteit goed in kaart te brengen. 

In Hoofdstuk 3 bestuderen we het verband tussen een laag niveau van fysieke activiteit 
en HVZ in de Europees-Nederlandse, Hindoestaans-Surinaams en Afrikaans-Surinaamse 
etnische groepen. HVZ werden vastgesteld aan de hand van gegevens over de diagnoses 
gesteld tijdens ziekenhuisopnames uit de landelijke ziekenhuisregistraties. We vonden 
dat een laag niveau van fysieke activiteit was geassocieerd met een hoger risico op een 
HVZ-gerelateerde opname in de 5.5 jaar die de deelnemers gevolgd waren vanaf het eerste 
interview. We vonden geen bewijs voor een verschillende relatie tussen fysieke activiteit en 
HVZ-gerelateerde ziekenhuisopname tussen de etnische groepen. Deze resultaten geven 
weer dat het positieve effect van fysieke activiteit op het voorkomen van HVZ, gemeten aan 
de hand van ziekenhuisopnames, vergelijkbaar is voor de etnische groepen.

In Hoofdstuk 4 analyseren we het verband tussen een laag niveau van fysieke activiteit 
en het voorkomen van  type 2 diabetes onder de Hindoestaans-Surinaamse, Afrikaans-
Surinaamse en Europees-Nederlandse etnische groepen. We vonden dat een laag niveau 
fysieke activiteit was geassocieerd met een hoger voorkomen van type 2 diabetes in de 
multi-etnische studie populatie. Er was geen sprake van etnische verschillen in de relatie 
tussen fysieke activiteit en type 2 diabetes. Deze resultaten suggereren dat het positieve 
verband tussen fysieke activiteit en type 2 diabetes gelijk is voor alle etnische groepen.

In Hoofdstuk 5 beschrijven we de etnische verschillen in het verband tussen een somscore  
voor fysieke activiteit, gebaseerd op zowel intensiteit als duur van fysieke activiteit, en 
bloedlipidenwaarden (HDL cholesterol en triglyceriden). Tevens bekijken we het verband 
tussen de onderliggende dimensies van fysieke activiteit (namelijk intensiteit en duur) met 
HDL cholesterol en triglyceriden. Fysieke activiteit bleek alleen geassocieerd met HDL 
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cholesterol en triglyceriden in de Afrikaans-Surinaamse groep, maar niet in de andere 
groepen. De intensiteit van fysieke activiteit was wel geassocieerd met HDL cholesterol 
in de Europees-Nederlandse en Afrikaans-Surinaamse groepen en met triglyceriden 
in alle etnische groepen. Deze bevindingen zijn een aanwijzing dat de intensiteit meer 
consistenter gerelateerd is aan bloedlipiden in de verschillende etnische groepen dan de 
somscore voor fysieke activiteit. Verdere analyses lieten zien dat de inconsistente resultaten 
tussen de etnische groepen in het verband van de somscore met bloedlipiden mogelijk hun 
oorsprong hebben in een etnisch verschillend aandeel van de onderliggende dimensies van 
de activiteit.

In Hoofdstuk 6 beschrijven we verschillen in het verband tussen sociaal economische 
positie en fysieke activiteit tussen de Hindoestaans-Surinaamse, Afrikaans-Surinaamse en 
Europees-Nederlandse etnische groepen. De focus in deze studie lag op fysieke activiteit 
in de vrije tijd en tijdens het reizen van en naar het werk. De associatie tussen een hoger 
opleidingsniveau en meer fysieke activiteit tijdens het reizen van en naar het werk was 
het sterkste in de Europees-Nederlandse mannen, minder sterk in de Hindoestaans-
Surinaamse mannen en afwezig onder Afrikaans-Surinaamse mannen. Indien we in plaats 
van opleiding, rekening hielden met beroep (fysiek zware arbeid en lichte arbeid), dan 
zagen we dit verband met fysieke activiteit tijdens het reizen van en naar het werk niet. 
Bij vrouwen vonden we juist een associatie van fysieke activiteit tijdens het reizen van en 
naar het werk met beroep in plaats van opleiding. In geen van de groepen vonden we een 
verband tussen opleiding of beroep en fysieke activiteit in de vrije tijd. Deze resultaten 
suggereren dat interventies zich niet alleen zouden moeten richten op groepen met een 
laag sociaal economische positie, maar ook op groepen met een hogere positie. Dit geldt 
met name onder de Hindoestaans-Surinaamse en Afrikaans-Surinaamse groepen.

In Hoofdstuk 7 testen we de convergentie hypothese, die stelt dat het niveau van 
verschillende soorten fysieke activiteit in etnisch groepen het niveau van de autochtone 
bevolking zal benaderen. We doen dit in twee onderzoeken uit Nederland en Engeland en 
vergelijken hierbij de gerapporteerde fysieke activiteit in de vrije tijd tussen de Nederlandse 
en Engelse etnische groepen en autochtone Nederlandse en Engelse populaties. We vonden 
dat in de populaties van Europese, Afrikaanse en Hindoestaanse herkomst in Nederland 
meer werd gefietst en gesport dan in de vergelijkbare Engelse groepen, terwijl in de Engelse 
groepen juist weer meer werd getuinierd. Hierbij viel wel op dat zowel in Nederland als 
in Engeland de etnische groepen minder actief fietsten, sportten of tuinierden dan de 
autochtone bevolking. In beide landen rapporteerden de Afrikaanse groepen echter vaker 
te dansen en de Engelse groep van Indiase herkomst minder vaak 30 minuten of meer 
te wandelen dan de autochtone groepen. De consistente verschillen tussen landen in de 
lokaal populaire activiteiten sporten, tuinieren, en fietsen over alle etnische groepen zijn 
een mogelijke aanwijzing van convergentie. Een verdere analyse van de relatie tussen 
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verblijfsduur en prevalentie van fysieke activiteit leverde geen aanvullend bewijs. Dit was 
mogelijk een gevolg van de relatief lange verblijfsduur van de etnische groepen in onze 
studie.

Hoofdstuk 8 geeft een samenvatting van de belangrijkste resultaten en een uitgebreide 
reflectie op een aantal van de opvallende bevindingen uit dit proefschrift. Tevens worden 
enkele implicaties voor preventie en toekomstig onderzoek beschreven. Het hoofdstuk 
eindigt met de algemene conclusies.
We hebben drie algemene conclusies geformuleerd. Ten eerste, etnische verschillen in 
fysieke activiteit variëren per domein. Dit is van invloed op het halen van de norm voor 
gezond bewegen. We bevelen aan om naast een norm ook andere (volume-) maten voor 
fysieke activiteit mee te nemen bij de bestudering van etnische verschillen in fysieke 
activiteit en de relatie met cardiovasculaire gezondheid.
Ten tweede, vonden we dat, ondanks dat de Engelse en Nederlandse etnische groepen 
van Afrikaanse en Hindoestaanse (Indiase) herkomst zich wel lijken aan te passen aan het 
patroon van fysieke activiteit in de autochtone groepen, het niveau van fysieke activiteit 
over het algemeen nog lager was in de etnische minderheidsgroepen dan in de autochtone 
groepen. De aanpassing aan het lokale patroon van fysieke activiteit geeft aan dat er sprake 
is van convergentie onder invloed van de omgeving waarin de etnische groepen terecht zijn 
gekomen. De vergelijking tussen landen bleek hierbij van grote waarde voor het bestuderen 
van het mogelijke effect van omgevingsinvloeden.
Ten derde, laten de resultaten zien dat alle groepen weliswaar baat kunnen hebben bij 
meer fysieke activiteit, maar dat dit effect mogelijk sterker zal zijn in de Hindoestaans-
Surinaamse en Afrikaans-Surinaamse groepen dan in de Europees-Nederlandse groep 
vanwege het gemiddeld lagere niveau van fysieke activiteit. Onze resultaten suggereren ook 
dat het patroon van fysieke activiteit naar sociaal economische positie in de Surinaamse 
groepen verschilt van het patroon in de autochtone populatie. Het is daarom belangrijk om 
niet alleen fysieke activiteit te stimuleren, maar ook te blijven monitoren hoe de (sociale) 
patronen van fysieke activiteit veranderen over de tijd.  

160



Acknowledgements
&

About the author





Acknowledgements

I would like to take this opportunity to thank the following people, who have been so 
supportive during the development of my PhD thesis.
First of all, Karien, thank you so much for your support, and your confidence in this 
project. I always found our meetings very inspiring, and they gave me a lot of good energy. 
You challenged me to produce reasoning that was critical, sharp, and clear, and these are 
qualities I will carry with me the rest of my life.
Irene and Charles, my co-supervisors, you were always there for me. The process of some 
of the papers was not always a straight line from original idea to finished article. But thanks 
to you, every step – from literature searches, planning, the first analyses, going back to the 
literature, the writing process, keeping to my schedule, and finalizing the thesis manuscript 
– has been an incredible learning experience. You helped me grow as a researcher and 
guided me as much as possible. I’m so very grateful to you both.
I would also like to express my gratitude to the doctoral reading committee – Prof. A.P. 
Verhoeff, Prof. M.H.W. Frings-Dresen, Prof. W. van Mechelen, Prof. J.A.M. van Oers, and 
Prof. B.J.C. Middelkoop – for taking the time to review and assess the final version of my 
thesis.
My coauthors during this project, especially Raj, Anton, Paola, James, Nigel, and Lizzy, 
thank you so much for your comments and the discussions we had. I greatly appreciate 
your time and input.
To my colleagues over the years from the Social Epidemiology research group – Anton, 
Tanja, Mary, Charles, Irene, Marieke S., Vera, Wim, Maaike, Margot, Birthe, Aimée, 
Marieke de H., Louise, Wanda, Ceren, Wietske, and Karen – thank you for the input you 
gave when we discussed parts of this work.
The reading group, originally started as a diabetes reading group, organized by the junior 
researchers at the department – Mirjam K., Marieke H., Linda, Margot, Birthe, Erik, 
Charlotte, Jennifer, Marieke de H., Aimée, Fiona, Floor, Marieke van den B., and Wietske – 
thank you very much for reflecting on and discussing some of the first drafts of the papers 
presented in this thesis. Thank you Femke, Conny, and Barbara for your time and your 
thoughts on how to improve some of the texts during the writing courses I participated 
in, and of course, thank you, Marie-Louise, for organizing one of these courses in the 
department.
Wim, during the second part of the project, I was always welcome to pop in to discuss 
practical statistical issues ranging from very general discussions to the very specific analyses 
presented in this thesis: thank you so much for your time, dedication, and knowledge.
My office-mates during the years at the department – Charlotte, Jennifer, and of course my 
former office-mates Diana and Bastiaan – your presence both at work and after work has 
been very rewarding. Uzor, Margot, Denise, Maaike, Helen, Mirjam K., Erik, and Sabine, 
although we’ve spent time together at the office discussing our projects, I’ve also spent 

163



some quality time with most of you after working hours, which has been great – thank you 
for your kindness and your friendship.
Henriette, Noor, Nita, Michèle, Lydia, and Magritt, thank you so much for helping me out 
with the practical paperwork. And Colleen, thank you very much for your assistance with 
the language editing. You saved me so much precious time, which helped me finish this 
thesis. 
And thank you to all my other colleagues – Thomas, Guus, Ines, Asgar, Janneke, Conny, 
Majda, Marie-Louise, Simone, Sandra, Claudia, Doenja, Eva, Jeanine, Corrette, Mirjam F., 
Marielle, Annemarie, Mariël, Melanie, Karen, Hans, Barbara, Onyi, and everybody I forget 
to mention – who all contributed to the very good atmosphere at work.
Some friends have been closer than others, and I would especially like to thank Rijco for 
his close friendship – I will miss the early-morning conversations we had while drinking 
cups of coffee before going to work in Amsterdam Zuidoost. I would also like to take this 
opportunity to thank Christiaan, Katja, Marie Louise, Tessa, Karin, Carlien, Femke, and 
Ellen – we’ve known each other since we all started at the VU. Despite our busy schedules 
we still try to meet up regularly and this feels very special – I hope we can continue to meet 
up for a long time to come. And also to all the other friends I’ve met over the past years – 
although your names might not be listed here, you are not forgotten! 
Of course, I would like to thank my family for their support during these last years. Thank 
you to my parents for supporting my path in life as a researcher. Selma, you’re the best 
mother-in-law I could wish for – you’ve been very much involved in this undertaking, and 
during some of the most crucial moments you were there to help out, and I want to thank 
you so much for this. Pim, my brother, I know you’re always there for me, and this has 
been a huge support. My grandmother, my late grandfather, and Petra, your interest in my 
academic career, its progress, and all the results was truly boundless. Nieta and Wim, my 
aunt and uncle, we’ve had some good conversations about my work and the project – thank 
you for your interest and support.
My paranymphs1, Erik and Christiaan: Erik, I’ve known you almost my entire life. I treasure 
our friendship and your strong interest and enthusiasm for my PhD project, which has 
been very stimulating. Christiaan, in 2001 we started the adventure called Health Sciences 
together at the VU in Amsterdam, and we’ve kept in touch. It means a lot to me to have the 
two of you at my side as I defend this thesis.
Ella, we met each other in Essex, and Hrefna Sif summarized it quite accurately: This is true 
love at first sight. There are absolutely no words to describe the amount of support you’ve 
given me during these years, and I can’t thank you enough. And of course Esja, already one 
year old – from the day you were born you inspired me with your energy, your strong will, 
and your determination.

1  In the Netherlands, a paranymph is someone who supports a PhD candidate while they defend their 
doctoral thesis.

164



About the author

Jeroen de Munter was born on June 18, 1981 in Amsterdam, the Netherlands. In 2001, 
driven by his enthusiasm for the combination of biology, biological processes, and health, 
he started his academic career in Health Sciences at the VU University Amsterdam, the 
Netherlands. During these years he developed a special interest in the field of epidemiology. 
Jeroen chose to specialize further in Public Health Research, a two-year master’s program 
at the VU. In the first year of this program, he pursued an internship at the Department 
of Nutrition and Health, where he worked together with Dr. Colleen Doak and Prof. Jaap 
Seidell on a project to develop international growth curves for adolescents. In the second 
year of the master’s program, he gained international experience during an internship at 
the Department of Nutrition at the Harvard School of Public Health in Boston (MA) in the 
United States, where he worked together with Dr. Rob van Dam, Dr. Frank Hu, and Prof. 
Walter Willett on a project to examine the relationship between whole grain intake and 
the risk of type 2 diabetes in the Nurses’ Health Study. In 2007, after receiving his master’s 
degree, he began working as researcher under the supervision of Dr. Charles Agyemang, 
Dr. Irene van Valkengoed, and Prof. Karien Stronks in the Department of Public Health at 
the Academic Medical Center (AMC), University of Amsterdam. The studies reported in 
this PhD thesis were conducted at the AMC between 2007 and 2012. Alongside his work as 
a researcher, Jeroen enjoys an active life together with his wife Ella and daughter Esja, who 
was born in 2011.

165



Publication list

 1.  de Munter JS, Agyemang C, Stronks K, van Valkengoed IG. The relationship of active 
commuting and leisure time physical activity with measures of socioeconomic position 
in a multi-ethnic population from the Netherlands: results from the cross-sectional 
SUNSET study. (submitted)

 2.  de Munter JS, Agyemang C, van Valkengoed IG, Bhopal R, Zaninotto P, Nazroo J, 
Kunst A, Stronks K. Cross national study of leisure time physical activity in Dutch 
and English populations with ethnic group comparisons. Eur J Public Health 2012; 
(submitted revision)

 3.  de Munter JS, Agyemang C, Stronks K, van Valkengoed IG. Association of physical 
activity, smoking, and alcohol intake with CVD-related hospital discharge in people 
of European, South Asian, or African descent. Eur J Prev Cardiolog 2012 Jan 6; doi: 
10.1177/2047487311434232

 4.  Admiraal WM, van Valkengoed IG, de Munter JSL, Stronks K, Hoekstra JB, Holleman 
F. The association of physical inactivity with Type 2 diabetes among different ethnic 
groups. Diabet Med 2011 Jun;28(6):668-72

 5.  de Munter JS, Agyemang C, van Valkengoed IG, Bhopal R, Stronks K. Sex difference in 
blood pressure among South Asian diaspora in Europe and North America and the role 
of BMI: a meta-analysis. J Hum Hypertens 2011 Jul;25(7):407-17

 6.  de Munter JS, van Valkengoed IG, Stronks K, Agyemang C. Total physical activity 
might not be a good measure in the relationship with HDL cholesterol and triglycerides 
in a multi-ethnic population: a cross-sectional study. Lipids Health Dis 2011;10:223

 7.  Polderman J, Gurgel RQ, Barreto-Filho JA, Roelofs R, Ramos RE, de Munter JS, 
Wendte JF, Agyemang C. Blood pressure and BMI in adolescents in Aracaju, Brazil. 
Public Health Nutr 2011 Jun;14(6):1064-70

 8.  de Munter JS, van Valkengoed IG, Agyemang C, Kunst AE, Stronks K. Large 
ethnic variations in recommended physical activity according to activity domains in 
Amsterdam, the Netherlands (included in thesis). Int J Behav Nutr Phys Act 2010;7:85

 9.  Roelofs R, Gurgel RQ, Wendte J, Polderman J, Barreto-Filho JA, Sole D, Motta-Franco 
J, de Munter JS, Agyemang C. Relationship between asthma and high blood pressure 
among adolescents in Aracaju, Brazil. J Asthma 2010 Aug;47(6):639-43

 10.  Agyemang C, Vaartjes I, Bots ML, van Valkengoed IG, de Munter JS, de BA, Berger-van 
SM, Reitsma JB, Stronks K. Risk of death after first admission for cardiovascular diseases 
by country of birth in The Netherlands: a nationwide record-linked retrospective cohort 
study. Heart 2009 May;95(9):747-53

166



 11.  Agyemang C, de Munter JS, van Valkengoed I, van den Born BJ, Stronks K. Gender 
disparities in hypertension among different ethnic groups in Amsterdam, The 
Netherlands: the SUNSET study. Am J Hypertens 2008 Sep;21(9):1001-6

 12.  de Munter JS, Hu FB, Spiegelman D, Franz M, van Dam RM. Whole grain, bran, and 
germ intake and risk of type 2 diabetes: a prospective cohort study and systematic 
review. PLoS Med 2007 Aug;4(8):e261

 13.  de Munter JSL, Bulk-Bunschoten AMW, van Wouwe JP, HiraSing RA. Het bereiden 
van zuigelingenvoeding, een verkennend onderzoek [in Dutch]. JGZ - Tijdschrift voor 
Jeugdgezondheidszorg 2006 Feb 23;38(1):8

 14.  Seidell JC, Doak CM, de Munter JS, Kuijper LD, Zonneveld C. Cross-sectional growth 
references and implications for the development of an international growth standard 
for school-aged children and adolescents. Food Nutr Bull 2006 Dec;27(4 Suppl Growth 
Standard):S189-S198

167






