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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.

46



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 

53

C
h

a
p

te
r 

3



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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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)
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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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