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Abstract 
Background: Prevalence of cognitive impairment (CI, mild cognitive impairment or 
dementia) among Turkish, Moroccan and Surinamese immigrants is much higher than in 
native Dutch. Although cardiovascular disease (CVD) is an important risk factor for CI, its 
quantitative impact on CI prevalence among ethnic groups is uncertain. We determined 
the change in CI prevalence due to CVD for five groups of immigrants. 
Methods: We recruited Turkish, Moroccan, Surinamese and native Dutch participants via 
general practitioners (GP). CI was assessed with the Cross-Cultural Dementia screening 
instrument. CVDs were retrieved from the GPs’ electronic patient charts. We performed a 
mediation analysis to estimate, for each group, the average causal mediation effect 
(ACME) of CVD, defined as the proportion of the increase in CI prevalence due to CVD 
distribution. Dutch natives formed the reference ethnicity. Age, sex, depressive 
symptoms, socioeconomic status and education were considered as confounders. 
Results: We included 2554 participants (mean age 65.0; 55.7% females). CI prevalence was 
21.8%. ACMEs were 1.9% [95% confidence interval -0.2-4.0], 0.6% [-1.4-2.7], 1.0% [-2.5-
4.4], 0.9% [0.1-1.6] and 3.2% [1.0-5.4] for Turkish, Moroccan-Arabic, Moroccan-Berber, 
Surinamese-Creole and Surinamese-Hindustani participants, respectively. For the same 
groups, the non-CVD-mediated effect was 18.9% , 19.4%, 17.1%, 0.4% and 1,1% 
respectively. 
Conclusion: CVD was associated with a small increase in the prevalence of CI among our 
participants. However, the non-CVD-mediated  effects of ethnicity were considerable 
except for Surinamese Creoles. Our results need confirmation in independent and 
longitudinal studies. 
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Background 
Dementia is a global health burden 1. According to World Health Organisation estimates, 
35.6 million people are living with dementia worldwide. This number will have increased 
twofold by 2030 and will have more than tripled by 2050 2. Aging and cardiovascular risk 
factors (CVRF) are associated with the development of (cardio)vascular diseases (CVD) 
including dementia and mild cognitive impairment (MCI) 3,4. Most types of dementia can 
be considered as vascular end stage organ failure 5,6. The most common subtype of MCI 
(amnestic MCI) presents with memory impairment and is likely to progress to dementia in 
10 to 15% of patients per year 7. 
Worldwide, CVRF and CVD are highly prevalent 8. Low socioeconomic status (SES), low 
educational level and low health literacy increase the risk of exposure to CVRF including 
tobacco use, unhealthy diet, physical inactivity, and harmful use of alcohol and increase 
the vulnerability to develop CVD 9. In the Netherlands, older non-western immigrants have 
a lower educational level and a lower SES than the older native Dutch population 10-12. 
Additionally, they report higher frequencies of CVRF and chronic diseases such as CVD and 
depression at a younger age 13-17. 
In previous research we found that MCI and dementia were indeed much more prevalent 
in non-western immigrants from Turkish, Moroccan and Surinamese backgrounds, 
compared to native Dutch 18. Higher MCI and dementia prevalence has also been 
described for immigrant the mostly Hispanic and African populations in the United States 
of America (USA), and mostly Asians populations in the United Kingdom (UK), and these 
findings have been ascribed to a higher prevalence of vascular risk factors 19-22. Immigrant 
populations in the USA and UK differ from the non-western immigrants living in the rest of 
Europe, so the associated risk factors for cognitive impairment might be different too. 
Although CVRF and CVD are important risk factors for development of cognitive 
impairment (MCI or dementia, CI), their quantitative impact on prevalence of CI among 
different ethnic groups is uncertain. 
Therefore, the aim of the present study was to investigate whether the overall association 
of ethnicity with CI could be decomposed into a part due to CVRF/CVD and into a part due 
to other factors. We focus on the impact of CVRF/CVD on CI prevalence and the variability 
of that impact across Turkish, Moroccan and Surinamese immigrants in the Netherlands. 
 
Methods 
 
Design and setting 
Data were collected in the SYMBOL study (SYstematic Memory testing Beholding Other 
Languages), which was a cross-sectional population-based study whose data collection 
took place between 2010 and 2013 in the Netherlands. Community-dwelling participants 
were recruited from general practitioners’ (GP) practices in suburbs of four major cities 
(Amsterdam, Rotterdam, The Hague and Utrecht) and three medium sized cities (Hoorn, 
Haarlem and Zaandam), all with a relatively high proportion of immigrants 23,24. The study 
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protocol including recruitment methods has been published elsewhere 25. The study was 
approved by the Medical Ethics Committee of the Academic Medical Center of the 
University of Amsterdam, the Netherlands. 
 
Study participants 
Turkish, Moroccan, Surinamese and Dutch adults, aged 55 years and older, were invited to 
participate. Jointly, the participant’s GP and the research team sent a bilingual invitation 
letter, which was followed by a telephone invitation by a trained bilingual and bicultural 
interviewer. Participants could speak in their preferred language: Turkish, Moroccan-
Arabic (Morocco’s main spoken language) or Tarifit (a Berber language used in Northern 
Morocco’s Rif Mountains, which is the origin of most Dutch Moroccans 26), Sranantongo or 
Sarnámi (the most frequently spoken Surinam languages by Creoles and Hindustani, 
respectively), or Dutch. Exclusion criteria were serious vision or hearing impairment that 
precluded the assessments. 
 
Data collection 
After written informed consent was obtained, the research appointment took place either 
at the GP’s practice, at a community centre, or at the participant’s home, depending on 
the participant’s preference. The appointment consisted of a cross-culturally adapted 
systematic comprehensive geriatric assessment (CGA) and screening for cognitive 
impairment with by the Cross-Cultural Dementia Screening instrument (CCD) 27. The 
complete assessment took 60 to 90 minutes. In the informed consent, participants gave 
permission to extract their medical case history from the GP’s electronic charts within 
approximately three months of the research appointment. 
 
Systematic Comprehensive Geriatric Assessment (CGA) 
The complete systematic CGA was published elsewhere 25. Briefly, demographic 
characteristics and years of education were gathered. Six cultural backgrounds, or 
ethnicities, were defined according to the participant’s country of birth and preferred 
language (Turkish, Moroccan-Arabic, Moroccan-Berber, Surinamese-Creole, Surinamese-
Hindustani, or Dutch).  SES was deduced from the postal code 23. Education was coded 
according to the International Standard Classification of Education of UNESCO (ISCED), and 
recoded into four categories: no education, ISCED 0-2, ISCED 3-4 and ISCED 5-828. 
Supplementary Table 1 shows the original ISCED codes and recoding. Depressive symptoms 
were assessed with the Geriatric Depression Scale-2 (GDS-2) 29. When both questions were 
answered affirmatively, depressive symptoms were presumed present. 
 
Cognitive assessment 
The CCD was specifically designed for assessment of cognitive impairment in illiterate or 
low-educated persons, and to overcome cultural differences and language problems 27. On 
a computer with sound system, test instructions are given by selecting digitally recorded 
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instructions in the appropriate language 30. Dementia was defined as a score above the 
CCD cut-off of logit = 1.4, above which the probability of dementia was 80%, with a 
sensitivity and specificity of 76% and 94%, respectively 18. MCI was defined as self-reported 
problems (some or severe) with cognitive function as rated in the sixth question of the 
EuroQol-5D+C 31, and a score below the 10th percentile on any of the CCD’s three subtests, 
and absence of dementia according to the CCD. When MCI or dementia was suspected, we 
advised the GP on further diagnostic procedures for CI and to involve culture-sensitive care 
facilities. 
 
Medical history 
One of the authors (JP) and two trained research assistants retrieved participants’ medical 
history from GPs’ electronic charts. Diseases occurring in the Charlson Comorbidity Index 
(CCI), the National Health Monitor and the International Classification of Primary Care 
were scored, including CVRF (hypertension and diabetes mellitus) and CVD (ischemic heart 
disease, heart failure, peripheral vascular disease, renal failure and/or cerebrovascular 
accident (CVA)) 32-34. Angina pectoris, myocardial infarction and coronary bypass surgery 
were classified as ischemic heart diseases. CVA included both haemorrhagic and ischemic 
CVA and transient ischemic attack (TIA). Because we only collected diabetes mellitus and 
hypertension as CVRF instead of a more complete set (for example including smoking 
behaviour, hypercholesterolemia, overweight/obesity, lack of physical activity and family 
history), we assumed that CVD, as a manifestation of (long-standing) CVRF, was a more 
valid variable and left CVRF out of the analysis. 
 
Statistical analysis 
 
Multiple imputation 
For SYMBOL, 7218 adults, aged 55 years and older, from Turkish, Moroccan, Surinamese 
and Dutch descent were invited, of whom 2254 (31.2%) participated. Due to logistical 
issues, in all 917 persons included in The Hague, data on CVRF/CVD were missing. 
However, we had complete morbidity data on 4340 persons who were invited and eligible 
for SYMBOL, but did not participate. These were retrieved in compliance with the Code of 
Conduct in Health Research 35. We used the data of 2254 and 4340 persons in a multiple 
imputation procedure to impute morbidity data for the 917 persons, borrowing strength, 
as it were, from the morbidity information of the 4340 persons. Briefly, we used the mi 
impute chained command in Stata 13.1 36. We created ten complete datasets of 6594 
persons (2254+4340) using 14 variables for the imputation model (see Additional File 1 for 
details). For two continuous variables (age and SES), we used predictive mean matching to 
avoid imputation of impossible values. After the imputation procedure we excluded the 
4340 persons in all ten sets and did the mediation analysis in the 2254 participants of 
SYMBOL who now had complete data. 
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Basic analysis 
Demographic characteristics and the results of the systematic CGA were summarized using 
descriptive statistics. Conventional statistics were used to compare differences between 
participants with and without CI. Continuous variables were compared using independent 
samples t-tests and Mann-Whitney U tests. Categorical variables were compared using chi-
square tests. We performed these analyses using IBM SPSS Statistics version 20.0 Chicago, 
IL). 
 
Mediation analysis 
Our key point of interest was the assessment of how much of the effect of ethnicity on CI 
prevalence was transmitted (or mediated) by CVD 37,38. The mediation analysis assumes 
that, for each person, there is a total effect of ethnicity on the probability to have CI and 
that this total effect may be decomposed into two components: one through the mediator 
(i.e. CVD), and the other through other mechanisms, independent of the confounders 
which are controlled for in the statistical models. We visualized our causal model by means 
of a figure (Figure 1) and set up the mediation analysis according to this. Ethnicity was the 
exposure variable, with Dutch ethnicity as the reference to which the other five groups 
were contrasted in separate analyses, all of which were performed across the ten imputed 
datasets. CI was the (binary) outcome variable. We treated the sum of the five CVD as a 
continuous mediator variable. All the other determinants in Figure 1 were taken as 
confounders into the models for the mediator as well as for the outcome 38,39. The quantity 
of main interest was the ‘average causal mediation effect’ (ACME) for the five non-native-
Dutch immigrant groups. The ACME is calculated as follows: the CI prevalence is predicted 
for non-native Dutch status, for example Turkish, using the value of the CVD summary 
score predicted for Turkish persons (conditional on the confounders). Then, the CI 
prevalence is predicted for the same non-native Dutch status, by using the CVD summary 
score predicted from the native Dutch group (again, conditional on the confounders). The 
ACME is then computed as the average difference between these two CI prevalences. Note 
that the ACME for the native Dutch is not directly interpretable since it is calculated with a 
CVD summary score that depends on the ethnic group it is compared with. Therefore, we 
do not present an ACME for the native Dutch 38. The word ‘average’ in ACME indicates that 
the CME is averaged across all participants of a particular ethnic group. The "potential 
outcomes framework" in which the mediation analysis is embedded, thus analyses what 
the effect would have been (not observable, so "potential") if a person from another 
ethnicity would be given the CVD of his/her Dutch counterpart. We also present the direct, 
or non-CVD-mediated effects (DE), which reflect the increase of CI due to ethnicity, but not 
mediated through CVD or confounders, and the percentage of the total effect mediated 
through the ACME. 
For each of the five comparisons, the ten ACMEs, DEs and percentages of the total effect 
mediated through the ACME (ten imputed data sets) were averaged. Standard errors were 
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also pooled across the 10 datasets and used to calculate 95% confidence intervals (95%CI) 
for the means of these three types of quantities. 
 
 
 
Figure 1: Model of the association of ethnicity with cognitive impairment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The investigated pathways between ethnicity and cognitive impairment are shown. The main routes were 
identified through which ethnicity could be associated with cognitive impairment:  
1. a mediator route with cardiovascular diseases and complications as mediator in the relation of   non-native 
Dutch ethnicity with cognitive impairment  (mediator effect, ACME); indicated by 
2. a direct effect (DE) of ethnicity on cognitive impairment with socioeconomic status, education, depressive 
symptoms, age and sex as confounders; indicated by 

 
 
 
Results 
For SYMBOL, response rates differed between 14.5% in the Moroccan groups to 81.4% in 
Surinamese-Hindustani. All relevant characteristics of the study population are described 
in Table 1. Overall, mean age was 65.0 years (SD 7.5) and 55.7% were female. Among 
participants without CI, 42.1% had had no or limited education (ISCED 0-2), compared to 
76.7% among participants with CI. In participants without CI, 14.4% had a bachelor degree 
or higher, compared to 3.7% in participants with CI. The ethnic groups differed 
considerably in age, education, CVRF and CVD (Supplementary Table 2). 
CI prevalences were 33.3%, 31.7%, 25.5%, 11.2%, 29.4% and 7.2% in the Turkish, 
Moroccan-Arabic, Moroccan-Berber, Surinamese-Creole, Surinamese-Hindustani and 
Dutch groups, respectively. In the same groups, 26.1%, 8.7%, 17.9%, 28.8%, 27.7% and 
20.0% percent of participants had at least one CVD, with minor variations across 
imputation sets. The CVD ranged between 0-4, the mean summary score between 
ethnicities varied between 0.2 (Arabic Moroccans) and 0.4 (Surinamese Hindustani), range 
0-4. Table 2 shows the mean ACMEs for the five ethnicities, the CI prevalence increased by 
one to three percent depending on the ethnicity. The direct effects of ethnicity were 
higher and more variable (Table 2), and ranged between 19.4% for Moroccan-Arabics and 

Ethnicity Cognitive impairment 

Cardiovascular diseases and 
complications 

Depressive symptoms 
Socioeconomic status 

(Neighbourhood) 

Education 
Age    Sex 
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3.3% for Surinamese Creoles. Table 3 shows the percentages of the total effect that was 
mediated by ACME. This percentage varied between 3.1% (Moroccan-Arabics) and 20.2% 
(Surinamese-Creoles).  
 
 
 
Table 1: Characteristics of the research population, comparison of participants without and with cognitive 
impairment* 

 No cognitive impairment* 
N=1763 

Cognitive impairment* 
N=491 P-value** 

Age (yrs), mean(sd) 64.6 (7.2) 66.6 (8.1) <0.001 
Age category (10 yrs), N(%) 
55-64 
65-74 
75-84 
≥85 

 
1003/1231(81.5) 
583/761 (76.6) 
155/227(68.3) 
23/35 (65.7) 

 
228/1231(18.5) 
179/761 (23.5) 
72/227 (31.7) 
12/35 (34.4) 

<0.001 

Sex (female), N(%) 964/1763 (54.6) 291/491 (59.3) 0.07 
Ethnicity, N(%) 
Turkish 
Moroccan-Arab 
Moroccan-Berber 
Surinamese-Creole 
Surinamese-Hindustani 
Native Dutch 

 
360/540 (66.7) 
165/238 (69.3) 
79/106 (74.5) 
379/427 (88.8) 
303/429 (70.6) 
477/514 (92.8) 

 
180/540 (33.3) 
73/238 (30.7) 
27/106 (25.5) 
48/427 (11.2) 
126/429 (29.4) 
37/514 (7.2) 

<0.001 

Education in 4 categories^ 
 No education 
 ISCED 0-2 
 ISCED 3-4 
 ISCED 5-8 
 Missing 

 
177/325 (54.5) 
566/845 (67.0) 
689/800 (86.3) 
253/284 (89.1) 
78 

 
138/325 (42.5) 
238/845 (28.2) 
75/800 (9.4) 
17/284 (6.0) 
23 

<0.001 

SES#, Median (IQR) -1.5 (-2.2- -0.9) -1.8 (-2.2- -1.2) <0.001 
Cardiovascular risk factors**, N(%) 519/1053 (49.3) 189/284 (76.2) <0.001 
Hypertension 
Diabetes mellitus type II 

344/1053  (32.4) 
331/1053  (31.1) 

119/284  (41.9) 
135/284 (47.5) 

<0.01 
<0.001 

CV diseases and complc. 365/1763(20.7) 173/491(35.2) <0.001 
Heart failure 
Ischemic heart diseases$ 
Peripheral vessel disease 
CVA†  
Renal insufficiency 

50/1763 (2.8) 
194/1763 (11.0) 
40/1763 (2.3) 
69/1763 (3.9) 
71/1763 (4.0) 

26/491 (5.3) 
87/491 (17.7) 
23/491  (4.9) 
47/491  (9.6) 
48/491  (9.8) 

<0.01 
<0.001 
<0.01 
<0.001 
<0.001 

Depressed Symptoms‡ 315/1763 (17.9) 183/491 (34.8) <0.001 
*Cognitive impairment is either mild cognitive impairment or dementia 
^Education coded into the ISCED scores, with an extra category (0) for no education 28 

# Socio Economic Status scores range from -7.3 to 3.2, with higher scores indicating higher SES 23 
**Cardiovascualr risk factors were not imputed 
$Ischemic heart diseases are angina pectoris, myocardial infarction, coronary bypass surgery 
†Cerebrovascular accidents, hemorrhagic and ischemic, including Transient ischemic Attack (TIA) 
‡Depressed symptoms: present when both questions of GDS-2 were answered positively 29 
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Table 2: Average causal mediation effect (CME), direct or non-causal effect and total effect 
 CVD Mediating effect 

(ACME) 
Direct Effect 

(DE) 
Total Effect  

 Mean 95% CI SE Mean 95% CI SE % Effect  95% CI SE 
Turkish 1.9 -0.2-4.0 1.1 18.9 10.2-27-6 4.5 20.4 9.6-31.2 5.5 
Moroccan-
Arabic 

0.6 -1.4-2.7 1.1 19.4 8.0-30.9 5.8 20.1 6.5-20.4 6.9 

Moroccan-
Berber 

1.0 -2.5-4.4 1.8 17.1 -1.3-35.4 9.4 17.9 -3.9-32.9 11.1 

Surinamese-
Creole 

0.9 0.1-1.6 0.4 3.3 -1.4 -8.1 2.4 4.2 -1.3-8.4 2.8 

Surinamese-
Hindustani 

3.2 1.0-5.4 1.1 15.3 7.3-23.2 4.1 18.7 8.5-15-5 5.2 

Dutch 0.8 -1.2-2.7 1.0 14.0 4.8-23.3 4.7 14.8 12.6-17.1 1.1 
The average causal mediating effect (ACME) is the effect that the mediator (i.e. CVD) has on the prevalence of 
cognitive impairment in one ethnic group compared to Dutch natives. The effect of ethnicity on CI may also go 
through all other mechanisms (black box) and the confounders which are controlled for (direct effect). For 
each comparison of an ethnicity to the reference ethnicity (Dutch), the percentages of the ACME, non-ACME 
and total effect are shown. For example, for participants of Turkish ethnicity, the mean extra chance on 
cognitive impairment compared to Dutch ethnicity because of CVD is 1.9%. The direct effect is 18.9%, so 
ethnicity is associated with 20.4% of the higher chance of cognitive impairment in participants of Turkish 
ethnicity compared to Dutch ethnicity. Of the total effect, 9.2% is mediated via CVD (see Table 3). 
 
 
 
Table 3: The percentage of the total effect of ethnicity on cognitive impairment which is mediated by 
cardiovascular disease ( non-western immigrant groups compared to native Dutch) 
 % of Total Effect Mediated via CVD  
Turkish 9.2 
Moroccan-Arabic 3.1 
Moroccan-Berber 5.3 
Surinamese-Creole 20.2 
Surinamese-Hindustani 17.0 
Dutch 5.3 

 
 
 
Discussion 
 
Main findings 
In this cross-sectional study among 2254 participants from six ethnic groups, we found 
that CVD was associated with a small increase in the prevalence of CI among all non-native 
Dutch groups of community-dwelling older persons, and to the prevalence in Surinamese 
Hindustani in particular (ACME). The direct effects of ethnicity were higher than the 
ACMEs. The percentage of the total effect that was mediated by CVD varied between 3.1% 
(Moroccan-Arabics) and 20.2% (Surinamese-Creoles), indicating the greater importance of 
the role of CVD in the prevalence of CI in Surinamese as compared to Moroccan 
participants. 
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Strengths and limitations 
Using mediation analysis, we were able to quantify the mediating effect of CVD on the 
prevalence of CI for the five ethnicities studied. To our knowledge, this is the first article 
that aimed to estimate the quantitative contribution of CVD to prevalence of CI across 
different ethnic groups. We had a modest mean participation rate of 40.7%, which may 
have been caused by unfamiliarity with research or cultural induced shame about CI 
among eligible older immigrants 25. However, our method of recruitment via the GP still 
yielded quite a large sample of the Dutch immigrant population 25,40 and the CVD 
prevalence that we found was comparable to previous research, although research 
methods, criteria for CVD and age of the population slightly differed between studies.13,17 
Furthermore, for studies that focus on the effects of particular factors, analytic contrast is 
more important than representativeness 41. 
A limitation of our study is that we assessed CI with a screening instrument without a gold 
standard for dementia to compare our findings to 18. Cognitive screening tests should be 
embedded in a diagnostic process, and screen positives should be further examined to 
confirm or reject the probable diagnosis 42,43. Previously in the SYMBOL study, we 
corrected for imperfect sensitivity and specificity of the CCD, which yielded only a 
marginally different prevalence of CI 18. However, this shortcoming might have influenced 
our analysis, although it is difficult to speculate what would have been the exact effect.  
Also, our data are cross-sectional. To assess actual causality, a prospective study with a 
long follow-up duration would be necessary in which healthy younger people should be 
followed for years until CVD and/or CI developed in some. Additionally, solely diabetes 
mellitus and hypertension were collected as CVRF, although smoking behaviour, 
hypercholesterolemia, overweight/obesity, lack of physical activity and family history all 
may contribute to dementia 44. In hindsight, we considered our registration incomplete, 
which was why we assumed that CVD, as a manifestation of (long-standing) CVRF, was a 
more valid variable. Additionally, it is likely that we have missed some of the confounders 
of the association between ethnicity and CI, which may have biased our results, although 
we tried to take most known confounders into consideration. Furthermore, we relied on 
the GPs’ electronic systems to retrieve the participants’ medical histories. Prescriptions 
and medical history of some participants were not always compatible, and previous 
research recognises this problem of accuracy 45-47. In these occasions we assumed that the 
prescriptions were most reliable, and added the probable corresponding diagnoses when 
scoring the medical history of the patient. When possible, we verified these assumptions 
with the GP. 
 
Relation to previous research 
In this multi-ethnic research population, the higher prevalence of CI in the immigrant 
populations compared to Dutch natives was partly mediated through CVD, which has been 
proposed in previous research 3,6,20,48,49. The Surinamese participants had the highest 
educational level and SES, which might explain the relatively small direct effect of ethnicity 
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compared to that of the other immigrant groups. In participants from Turkish and 
Moroccan backgrounds, the CVD mediated effect was relatively small compared to the 
direct effect of their ethnicity 14,16,17. The difference between CI prevalence explained by 
CVD and the total effect of ethnicity on CI prevalence, might be explained by all factors 
not being ethnicity or CVD, like low educational level, low SES and high prevalence of 
depression 10,15,50,51. 
Although mediation analysis is relatively unknown in medical sciences (855 hits in PubMed 
on 18 June 2015 for “mediation analysis”), it may be useful, as it can quantify the effect of 
an exposure that operates through a particular mechanism 37-39,52. This is explained as 
follows by Imai et al.: ‘Randomized experiments are seen as a gold standard for the 
estimation of causal effects, and a number of statistical methods are available to adjust 
for methodological problems in experimental and observational settings. However, 
experimentation and statistics can provide only a black-box view of causality, because 
although the estimation of causal effects allows researchers to examine whether a 
treatment causally affects an outcome, it cannot tell how and why such an effect arises. 
This important limitation hampers the identification of causal mechanisms which is 
required to test competing theoretical explanations of the same causal effect. Causal 
mediation analysis can overcome this limitation by helping to identify intermediate 
variables (or mediators) that lie in the causal pathway between the treatment and the 
outcome 38. They also explain that this approach encompasses non-linear associations 
(continuous mediator (CVD), binary outcome (CI)), which other methods, such as 
structural equation models do not 38,52. 
 
Implications for health care and research 
Given the large and increasing numbers of persons with CI, for which until now no 
adequate treatment is available, the reduction by adequate cardiovascular risk 
management may be worthwhile. However, CVD only partly explained the association of 
non-Dutch ethnicity with CI, so other factors which are known to be associated with CI 
(like the confounders in our study), should be addressed in a multifactorial based 
prevention as well. It might be revealing to do the mediation analysis anew, introducing 
the confounders one by one as the mediator, to give multifactorial prevention a scientific 
base. 
In conclusion, using mediation analysis to split the effect of ethnicity on the prevalence of 
CI into the mediating effect of CVD and a non-CVD-mediated, direct effect of ethnicity, we 
found that CVD modestly contributed to the high prevalence of CI in five ethnic groups. 
However, the direct effects of ethnicity were considerable except for Surinamese Creoles. 
Our results need confirmation in independent and longitudinal studies. If upheld, these 
results underscore the importance of cardiovascular risk management in the prevention of 
CI, especially in minority groups. 
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Appendix  
 
Supplementary Table 1: International Standard Classification of EDucation of UNESCO (ISCED) and recoding. 
 ISCED code recoded 
No education - 0 
Early childhood education 0 1 
Primary 1 1 
Lower secondary 2 1 
Upper secondary school 3 2 
Post-secondary non-tertiary 4 2 
5 Short cycle tertiary 5 3 
Bachelor or equivalent 6 3 
Master or equivalent 7 3 
Doctoral or equivalent 8 3 

 
 
Supplementary Table 2: Baseline characteristics, described per ethnic group 
 Turkish, 

 
N=331 

Moroccan-
Arabic 
N=177 

Moroccan-
Berber 
N=63 

Surinamese-
Creole 
N=201 

Surinamese-
Hindustani 
N=102 

Native Dutch 
N=46 

P 

Age category, N(%) 
55-64 
65-74 
75-84 
≥85 

 
189 (57.1) 
119 (36.0) 
23 (6.9) 
- 

 
97 (54.8) 
64 (36.2) 
16 (9.0) 
- 

 
18 (28.6) 
31 (49.2) 
14 (22.2) 
- 

 
93 (46.3) 
72 (35.8) 
30 (14.9) 
6 (3.0) 

 
61 (59.8) 
25 (24.5) 
14 (13.7) 
2 (2.0) 

 
183 (39.5) 
190 (41.0) 
74 (16.0) 
16 (3.5) 

<0.001 

Sex (female), N(%) 181 (54.7) 64 (36.2) 29 (46.0) 121 (60.2) 65 (63.7) 245 (52.9) <0.001 
SES#, Median, (IQR) -1.74 

(-2.29- -1.30) 
-1.74 
(-3.03- -1.34) 

-1.68 
(-3.03- -1.15) 

-1.53 
(-2.02- -1.13) 

-1.54 
(-2.02- -1.16) 

-0.90 
(-2.21- -0.63) 

<0.001 

Living alone, N(%) 65 (19.6) 20 (11.3) 9 (14.3) 134 (66.7) 50 (49.1) 143 (30.9) <0.001 
No education* 
 ISCED 0-2 
 ISCED 3-4 
 ISCED 5-8 

98 (29.6) 
190 (57.4) 
24 (7.3) 
12 (3.6) 

69 (39.0) 
68 (38.4) 
16 (9.0) 
7 (4.0) 

40 (63.5) 
19 (30.2) 
- 
- 

- 
49 (24.4) 
116 (57.7) 
26 (12.9) 

2 (2.0) 
53 (52.0) 
32 (31.4) 
10 (9.8) 

- 
49 (10.6) 
299 (64.6) 
108 (23.3) 

<0.001 

No cognitive impairment, 
N(%) 

217 (65.6) 120 (67.8) 45 (71.4) 172 (78.2) 68 (66.7) 431 (93.1) <0.001 

CCI, Median (IQR) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.5-3.0) 0.0 (0.0-2.0) <0.001 
CV risk factors†, N(%) 215 (65.0) 101(57.1) 41 (65.1) 138 (68.7) 72 (70.6) 141 (30.5) <0.001 
Hypertension 
Diabetes mellitus type II 

136 (41.1) 
147 (44.4) 

51 (28.2) 
83 (46.9) 

26 (41.3) 
31 (49.2) 

111 (55.2) 
83 (41.3) 

44 (43.1) 
54 (52.9) 

92 (19.9) 
65 (14.0) 

<0.001 
<0.001 

CV diseases and complc.† 78 (23.6) 33 (18.6) 11 (17.5) 55 (27.4) 37 (36.3) 90 (19.4) <0.01 
Heart failure 
Ischemic heart diseases$ 
Peripheral vessel disease 
CVA (incl. hemiplegia) 
Renal insufficiency 

14 (4.2) 
48 (14.5) 
8 (2.4) 
15 (4.5) 
11 (3.3) 

4 (2.3) 
20 (11.3) 
1 (0.6) 
6 (3.4) 
9 (5.1) 

3 (4.8) 
3 (4.8) 
1 (1.6) 
3 (4.8) 
4 (6.3) 

7 (3.5) 
27 (13.4) 
4 (2.0) 
10 (5.0) 
18 (9.0) 

3 (2.9) 
25 (24.5) 
1 (1.0) 
10 (9.8) 
14 913.7) 

13 (2.8) 
50 (10.8) 
24 (5.2) 
23 (5.0) 
7 (1.5) 

0.08 
<0.01 
0.01 
0.29 
<0.001 

Depressed Symptoms‡ 104 (31.4) 22 (12.4) 7 (11.1) 40 (19.9) 31 (30.4) 44 (9.5) <0.001 
+Non-imputed data. #Socio Economic Status scores range from -7.3 to 3.2, with higher scores indicating higher 
SES.23 *Education coded into four categories, combining the ISCED scores, with an extra category (0) for no 
education.28 ^CCI Charlson Comobidity Index. Scores range from 0 to 31, with a higher score indicating more 
and/or more severe co morbidity. †CV cardiovascular diseases. $Ischemic heart diseases are angina pectoris, 
myocardial infarction, coronary bypass surgery. ‡Depressed symptoms: present when both questions of GDS-2 
were answered positively.29 
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Additional File 1: Variables used for the imputation model 
Variable  
Age Continuous, range 55 to 99 
Sex Binary 
Ethnicity 6 Categories: Turkish, Moroccan-Arabic, Moroccan-Berber, 

Surinamese-Hindustani, Surinamese-Creole, native Dutch 
Socio economic status Continuous, range -6.23 to 2.97 
Education 4 Categories: no education, ISCED 0-2, ISCED 3-4, ISCED ≥5  
Depressive symptoms Binary 
Ischemic cardiac disease Binary 
Heart failure Binary 
Renal failure Binary 
Peripheral vascular disease Binary 
Cerebrovascular accident (CVA) Binary 
Hypertension Binary 
Diabetes mellitus type II Binary 
Cognitive impairment  Binary 

 
Additional File 2: General practitioners and general practitioners’ practices that participated in the SYMBOL-
study 
City Practice General practitioner 
Amsterdam  Dhr. Thiel 

Mw. Van Maanen-Thiel 
Pniël Mw. Arts 

Mw. Duisen 
Bos en Lommer Dhr. Hermanussen 

Mw. Boyraz-Ikiz 
Mw. Van de Meent 

 Dhr. Leijssen 
 Dhr. Scheepers 
 Dhr. Mulder 
 Mw. Bruce 
 Dhr. Gietema 
Jonker|Koetsier Dhr. Koetsier 

Mw. Jonker 
 Dhr. Harmse 
 Dhr. Micic 
 Dhr. Nederhof 
 Dhr. Franken 
 Dhr. Lie 
Berendse en Willems Dhr. Berendse 

Mw. Willems 
Banne Buiksloot Mw. Liebster 

Dhr. Van Weers 
 Dhr Buijs 
 Dhr Jongen 
 Dhr Völke 
 Dhr. Souprayen 
Gezondheidscentrum Slotermeer Mw. Van Weert 

Mw. Van Stalen 
Otjes-Strikwerda Mw. Otjes 

Dhr. Strikwerda 
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Additional File 2: General practitioners and general practitioners’ practices that participated in the SYMBOL-
study 

Van Londen en van Moppes Mw. Van Londen 
Dhr. Moppes 

GAZO Venserpolder Dhr. Robberse 
Dhr. Stroucken 

De Kompoelan 
 

Mw. Hoogerheide 
Mw. Hengelmolen 
Mw. Van Ulden 

Holtrop & Sieben Mw. Holtrop 
Dhr. Sieben 

Admiralengracht Dhr. Akyüz 
Postjesweg 
 

Dhr. Boeke 
Mw. Ooms 
Dhr. Hart de Ruiter 
Mw. Linda Dekker 

GAZO Holendrecht 
 

Mw. Boidin 
Mw. Glowienka 
Mw. Ruygers 
Mw. Van den Dool 
Dhr. Van Hensbergen 
Mw. Vriesema 
Mw. Vander Woude 

 Dhr. Oud 
GZC Gein 
 

Mw. Lackamp 
Mevr. Olde Boerrigter 
Mevr. de Voogd 
Mevr. Lingbeek 
Dhr. Willems 
Dhr. Klaphake 
Mevr. Pingen 
Mevr. Vrakking 

GZC Osdorp  Dhr. de Bont 
Mevr. Wielaard- Simons 
Mevr. Mazloum 
Dhr. Munshi 
Dhr. Prinsen Geerligs 
Mevr. Binkhuysen 

Haarlem GZC Schalkwijk Dhr. van Kempen 
Dhr. Hamming 

Hoorn Grote Beer Dhr. Demirkiran 
Rotterdam Nieuwland Mw. Scheele 

Dhr. Korsten 
Gorzen Mw. Steentjes 

Dhr. Koop 
Nieuwland West Mw. Hertogs 

Dhr. Laigsingh 
GC Nieuwe Westen  Mw. Riemersma 

Dhr. Naimi 
 Mw. Hentzen 
GC Mathenesserlaan Mw. Van Der Kuip 
Zuiderkroon 
 

Dhr. Venrooij 
Mw. Hartman 
Mw. Reijers 
Mw. Mermer 
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Additional File 2: General practitioners and general practitioners’ practices that participated in the SYMBOL-
study 

Mw. De Bont   
 Dhr. Oemrawsingh 

The Hague Mozaiek 
 

Mw. Velema 
Mw. Broekema 
Mw. Emmens 
Mw. Van de Hoven 

Blauwe Tulp 
 

Dhr. Wuister 
Mw. Vander Zijden 
Dhr. Uitewaal 
Mw. Van de Bij 
Mw. Hatif 
Mw. Van Luin 
Mw. A. Verbaan 

Nieuwe Schilderswijk 
 

Dhr. Backus 
Mw. Barbier 
Mw. Voogt 
Mw. Peters 
Dhr. Linzer 

Zorgpunt Den Haag Zuid 
 

Mw. Brandon 
Dhr. Bakker 
Mw. Bijloo 
Mw. Ketwich Verschuur 

Morgenstond 
 

Mw. De Beus 
Dhr. Dorna 
Dhr. Taheri 

Huisartspraktijk Betje Wollf Mw. Al-Rushdy 
Dhr. Groot 

 Mw. Ramnath-Kanhai 
Utrecht GZC Ondiep  

 
Dhr. Geijer 
Dhr. De Grunt 
Mw. Houtman 
Mw. Kramer 
Mw. Visser 

GZC de Brug Mw. Aarns 
Mw. Ankeren 
Dhr. Hendriks 

GZC Kanaleneiland 
 

Mw. Truijens 
Mw. Singelsma 
Mw. Van Bodegom 
Mw. Veldman- van den Doel 
Dhr. Verheyen 
Dhr. Wierema 
Mw. R. Voorwinden 

Huisartspraktijk de Lichtenberch Dhr. Van Eijk 
Dhr. Gorter 
Mw. Miranda Lahr 

GZC Hoograven 
 

Mw. Verdijk 
Dhr. Kotterer 
Dhr. van Seventer 
Mw. Y. Pijnacker 

Zaandam  Dhr. Yilmaz 
Mw. Mili 
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