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Abstract Background and aims: Cardiovascular disease (CVD) risk factors may occur among a
substantial proportion of normal weight individuals, particularly among some ethnic minorities.
It is unknown how many of these individuals would be missed by commonly applied eligibility
criteria for cardiovascular risk screening. Thus, we aim to determine cardiovascular risk and eligi-
bility for cardiovascular risk screening among normal weight individuals of different ethnic back-
grounds.
Methods and results: Using the HELIUS study (Amsterdam, The Netherlands), we determined car-
diovascular risk among 6910 normal weight individuals of Dutch, South-Asian Surinamese, Afri-
can Surinamese, Ghanaian, Moroccan and Turkish background. High cardiovascular risk was
approximated by high metabolic risk based on blood pressure, HDL, triglycerides and fasting
glucose. Eligibility criteria for screening were derived from Dutch CVD prevention guidelines
and include age � 50 y, family history of CVD, or current smoking. Ethnic group comparisons
were made using logistic regression. Age-adjusted proportions of high metabolic risk ranged
from 12.6% to 38.4% (men) and from 2.7% to 11.5% (women). This prevalence was higher among
most ethnic minorities than the Dutch, especially among women. For most ethnic groups, 79.9%
e86.7% of individuals with high metabolic risk were eligible for cardiovascular risk screening. Ex-
ceptions were Ghanaian women (58.8%), Moroccan men (70.9%) and Moroccan women (45.0%),
although age-adjusted proportions did not differ between groups.
Conclusion: Even among normal weight individuals, high cardiovascular metabolic risk is more
common among ethnic minorities than among the majority population. Regardless of ethnicity,
most normal weight individuals with increased risk are eligible for cardiovascular risk screening.
ª 2018 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Cardiovascular disease (CVD) risk factors such as hyper-
tension or dyslipidemia are associated with increased risk
Health, Amsterdam UMC, Universit
Perini).

logy, the Italian Society for the Study of A
ublished by Elsevier B.V. All rights reserve
of short-term and long-term CVD incidence and mortality
[1]. Timely identification of individuals with cardiovascular
risk factors is important to enable targeted lifestyle inter-
vention and appropriate pharmacological interventions [1].
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Although obesity is a strong indicator for the occur-
rence of cardiovascular risk factors, studies have shown
that 10e37% of normal weight individuals are at
increased risk of CVD as well [2e8]. It is unknown to what
extent these normal weight individuals are eligible for
cardiovascular risk screening according to established
CVD prevention guidelines and, thus, would be identified
and treated preventively for their increased cardiovas-
cular risk. According to CVD prevention guidelines,
screening for cardiovascular risk factors is reserved for
individuals perceived to be potentially at risk to develop
CVD [1,9]. For example, guidelines in the Netherlands
recommend to offer cardiovascular risk screening to those
who smoke, are overweight, or have a family history of
CVD (FH) [9]. Thus, among normal weight individuals,
other factors than obesity need to be present to be
eligible for screening [1,9].

The proportion of normal weight individuals at risk of
CVD may vary between countries [2e8,10]. For instance,
Asian studies report a higher prevalence of metabolic
syndrome among normal weight individuals than studies
from the USA [2e5,7,8]. The proportion of normal weight
individuals at risk of CVD may also vary between ethnic
groups residing within the same country. If this proportion
is higher among certain ethnic minority groups, this may
necessitate lower thresholds to initiate cardiovascular risk
screening among normal weight individuals from these
ethnic groups. However the necessity of these ethnic-
specific recommendations is yet unknown.

In this study, we aim to examine the occurrence of high
metabolic risk (as a proxy for cardiovascular risk) among
normal weight individuals of different ethnic backgrounds
residing in the Netherlands. In addition, we aim to inves-
tigate whether normal weight individuals with high
metabolic risk are eligible for cardiovascular risk screening,
despite the absence of overweight, based on other eligi-
bility criteria for cardiovascular risk screening (i.e. FH,
smoking status and being at least 50 years of age).

Methods

Data were obtained from the baseline data collection of
the HELIUS study, a large-scale, multi-ethnic cohort study
on health and health care utilization among different
ethnic groups living in Amsterdam, the Netherlands. The
aims and design of the HELIUS study have been published
elsewhere [11]. In brief, data-collection took place from
2011 to 2015. Participants between 18 and 70 years of age
living in Amsterdam were randomly sampled, stratified
by ethnicity, via the municipality register. A total of
90,019 subjects were contacted and 49,952 subjects
responded either by card or after a home visit by an
ethnically matched interviewer. Of these, 24,789 agreed
to participate [11]. Data were obtained among Dutch,
South-Asian Surinamese, African Surinamese, Ghanaian,
Turkish and Moroccan origin participants. The study
protocols were approved by the AMC Ethical Review
Board, and all participants provided written informed
consent.
Ethnicity

Ethnicity was defined according to the country of birth of
the participant as well as that of his/her parents [12]. A
participant was considered as of non-Dutch ethnic origin if
he/she was born abroad and has at least one parent born
abroad (first generation); or he/she was born in the
Netherlands but both his/her parents were born abroad
(second generation). For the Dutch sample, we invited
people who were born in the Netherlands and whose
parents were born in the Netherlands. After data collec-
tion, Participants of Surinamese ethnic origin were further
classified according to self-reported ethnic origin.

Metabolic risk

Similar to earlier studies regarding metabolic cardiovas-
cular risk among normal weight individuals, we used the
clustering of metabolic cardiovascular risk factors as a
proxy for cardiovascular risk [4,5,8,13,14]. To do so, we
defined high metabolic risk based on similar criteria to the
Adult Treatment Panel III (ATP III) definition of metabolic
syndrome but without the abdominal obesity criterion
[15]. Thus, we defined high metabolic risk as having at
least two of the following criteria: high triglycerides
(�150 mg/dL), low HDL cholesterol (<40 mg/dL for men,
<50 mg/dL for women), high fasting glucose (�100 mg/
dL), and high blood pressure (BP; �130/85 mmHg). Using
medication related to a criterion was considered as a
fulfillment of the respective criterion.

Study variables

Self-reported CVD (i.e. self-reported myocardial infarction
or stroke), smoking status, and FH defined as either car-
diovascular disease or unexplained sudden death among a
first degree family member (both before the age of 60)
were assessed via questionnaire. Socioeconomic status
was estimated by self-reported education, defined as the
highest qualification attained (either in the Netherlands or
in the country of origin), and categorized into four groups:
(1) no or elementary schooling, (2) lower vocational or
lower secondary schooling, (3) intermediate vocational, or
intermediate or higher secondary schooling and (4) higher
vocational schooling or university.

Weight was measured in light clothing using a Seca 877
scale to the nearest 0.1 kg. Height was measured without
shoes using a portable stadiometer (Seca 217) to the
nearest 0.1 cm. Waist circumference was measured at the
level midway between the lower rib margin and the iliac
crestBP was measured using a validated automated digital
BP device (WatchBP Home; Microlife AG) on the left arm in
a seated position after the person had been seated for at
least 5 min. All physical measurements were performed in
duplicate and the mean of the two measurements was
used in the analyses. Fasting blood samples were drawn,
and glucose was determined with an enzymatic spectro-
photometric (UV) method (Roche Diagnostics, Japan). Total
and HDL cholesterol and triglycerides were determined by
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enzymatic colorimetric spectrophotometry (Roche Di-
agnostics, Japan).

Participants were asked to bring their prescribed
medications to the research location. Medications were
categorized using the Anatomical Therapeutic Chemical
(ATC) classification system. BP-lowering medication
included centrally acting anti-hypertensives (ATC code
C02), diuretics (ATC code C03), beta-blockers (ATC code
C07), calcium channel blockers (ATC code C08), and agents
acting on renin-angiotensin-aldosterone system (ATC code
C09). Lipid-lowering medication was classified by ATC
code C10. Glucose-lowering medication was classified by
ATC code A10.

Eligibility criteria for cardiovascular risk screening

Eligibility criteria for cardiovascular risk screening were
defined in accordance to the current Dutch cardiovascular
risk management guidelines [9]. Criteria available for this
study were currently smoking, FH, and being at least fifty
years of age.

Study population

Both questionnaire and physical examination data was
available among 22,165 participants [11]. Of these partici-
pants, 7236 were potentially eligible for this study based
on a normal weight (in this study defined as a BMI of
18e25 kg/m2) and no self-reported prior CVD. From this
group, we excluded participants with a Javanese Sur-
inamese (n Z 101), ‘other/unknown Surinamese’ (n Z 84)
or unknown/other ethnicity (n Z 13) due to insufficient
statistical power. We subsequently excluded participants
with missing data regarding metabolic risk factors
(n Z 48), FH (n Z 65), smoking status (n Z 12), or waist
circumference (n Z 3), resulting in a study population of
6910 individuals.

Statistical analyses

Analyses were stratified by sex. Median age, prevalence of
other baseline characteristics, and crude prevalence of
metabolic risk and metabolic risk factors were calculated
per ethnic group. Then, the age-adjusted prevalence of
high metabolic risk was calculated and compared between
ethnic groups using binary logistic regression analyses. To
explore whether differences in high metabolic risk were
related to ethnic differences in socioeconomic status, we
fitted a regression model adjusted for educational level.

Next, for each ethnic group we calculated the preva-
lence of the eligibility criteria for cardiovascular risk
screening (i.e. currently smoking, being at least 50 years of
age, and a positive FH). Furthermore, we determined the
proportion of participants who would be eligible based on
either age or FH, and based on any eligibility criterion.
Ethnic differences in eligibility were tested with age-
adjusted binary logistic regression analyses.

To explore whether the chance of being missed (i.e.
not fulfilling eligibility criteria while being at high
metabolic risk) was different for those with a high-
normal BMI (23e25 kg/m2) compared with those with a
low-normal BMI (18e23 kg/m2), we performed a strati-
fied analysis. A similar exploration was conducted for the
occurrence of abdominal obesity as measured by waist-
to-height ratio, by stratifying for waist-to-height ratio
�0.5 and <0.5. Ethnic differences were not formally
tested in these final analyses due to insufficient statis-
tical power.

Results

Turkish participants, Moroccan participants and Ghanaian
women were younger than the other groups (Table 1).
Moroccan and Ghanaian participants smoked less
frequently. The prevalence of abdominal obesity and high
metabolic risk was highest among South-Asian Sur-
inamese. South-Asian Surinamese, African Surinamese and
Ghanaians showed the highest rates of increased BP,
whereas South-Asian Surinamese, Turkish and Moroccan
participants showed the highest rates of low HDL-
cholesterol. Increased fasting glucose was particularly
common among South-Asian Surinamese.

Among men, the age-adjusted prevalence of high
metabolic risk among ranged from 12.6% among African
Surinamese to 38.4% among South-Asian Surinamese
(Table 2). Relative to the Dutch, ethnic minority men had
similar or higher odds for high metabolic risk, particularly
South-Asian Surinamese. ORs did not change substantially
after additional adjustment for SES. The distribution of
individual components of high metabolic risk differed
between ethnic groups (Table S1).

Compared with men, women had lower age-adjusted
prevalences of high metabolic risk, ranging from 2.7%
among the Dutch to 11.5% among South-Asian Surinamese
(Table 2). The odds of high metabolic risk was substantially
higher among almost all ethnic minority women
compared to the Dutch. For Ghanaian, Turkish and
Moroccan women, the ORs attenuated after adjustment for
SES. Similar to men, the distribution of individual com-
ponents of high metabolic risk differed between ethnic
groups (Table S1).

The most common criterion for cardiovascular risk
screening differed between ethnic groups (Table 3). Rela-
tive to the Dutch, FH was less common among African
Surinamese, Ghanaian and Turkish participants, while the
proportion with FH was similar among South-Asian Sur-
inamese and Moroccan participants. Being at least 50 years
of age was a less common criterion among Turkish and
Moroccan participants relative to the other ethnic groups,
especially among women. Smoking was common among
South-Asian Surinamese, African Surinamese, and Turkish
participants, but uncommon among Ghanaian partici-
pants, South-Asian Surinamese women and Moroccan
women.

For most ethnic groups, the proportion of participants
with high metabolic risk who fulfilled at least one criterion
was between 79.9% and 86.7% (Table 3, Fig. 1). Exceptions
were Ghanaian women (58.8%), Moroccan men (70.9%)



Table 1 Characteristics of the study population with a normal BMIa, by sex and ethnicity.

Dutch South-Asian Surinamese African Surinamese Ghanaian Turkish Moroccan

Men
N 1017 491 560 265 329 426
Age (median) 42.0 44.0 50.0 45.0 32.0 35.0
Age (interquartile range) 32.0; 55.0 29.0; 54.0 34.0; 57.0 35.5; 53.0 23.5; 46.0 26.75; 47.25
Educational levelb (%)
Lowest 1.8 10.4 5.2 14.6 15.7 19.4
Second lowest 7.6 29.0 37.6 42.5 27.4 19.2
Second highest 20.7 31.9 37.9 29.9 35.1 39.1
Highest 69.9 28.6 19.2 13.0 21.8 22.3

BMI kg/m2 (mean � SD) 22.6 � 1.6 22.7 � 1.7 22.6 � 1.7 23.1 � 1.5 22.9 � 1.7 22.7 � 1.7
BMI 23e25 kg/m2 (% yes) 47.3 52.1 50.7 57.4 57.8 50.5
Abdominal obesity (% yes) 22.4 47.7 22.7 33.2 30.7 31.7
Smoking status (% yes) 24.8 40.3 48.6 7.1 42.9 31.0
Family history of CVDc (% yes) 21.0 34.8 18.4 11.3 25.2 12.7
Age � 50 (% yes) 34.8 34.4 50.4 38.5 17.9 21.1
Women
N 1485 525 553 201 436 622
Age (median) 41.0 44.0 43.0 33.0 30.0 28.0
Age (interquartile range) 30.0; 53.0 31.0; 51.0 31.0; 52.0 22.0; 43.0 23.0; 37.0 23.0; 36.0
Educational levelb (%)
Lowest 1.7 9.4 1.6 27.1 9.3 9.6
Second lowest 8.3 31.1 23.6 30.7 16.7 14.6
Second highest 18.6 29.0 41.7 29.1 40.6 44.8
Highest 71.4 30.5 33.2 13.1 33.4 31.0

BMI kg/m2 (mean � SD) 21.9 � 1.7 22.4 � 1.8 22.6 � 1.7 22.8 � 1.7 22.3 � 1.8 22.3 � 1.8
BMI 23e25 kg/m2 (% yes) 31.1 43.6 46.5 55.2 39.0 41.2
Abdominal obesity (% yes) 20.3 50.5 25.9 32.8 27.8 29.7
Smoking status (% yes) 22.6 21.9 29.5 6.0 33.3 9.5
Family history of CVDc (% yes) 22.2 41.5 23.5 11.4 29.8 13.8
Age � 50 (% yes) 32.6 32.0 33.3 15.4 5.5 5.5
a Normal body mass index (BMI; 18e25 kg/m2).
b Lowest Z never been to school or elementary schooling only, second lowest Z lower vocational schooling or lower secondary schooling,

second highest Z intermediate vocational schooling or intermediate/higher secondary schooling (general), highest Z higher vocational
schooling or university.

c Family history of cardiovascular disease, defined as cardiovascular disease or unexplained sudden death among a first degree relative before
the age of 60.
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and Moroccan women (45.0%). When smoking was not
considered as an eligibility criterion, fewer participants
with high metabolic risk were eligible for cardiovascular
risk screening, especially among Turkish participants and
Table 2 The prevalence and odds ratio (95% confidence interval) of high
ethnicity.

Dutch South-Asian
Surinamese

p-value African
Surinamese

p-value

Men
Prevalence (%) 20.0 41.1 20.5
Age adjusted

Prevalence (%)
15.1 38.4 12.6

Age adjusted ORb (ref) 3.5 (2.7; 4.6) <0.001 0.8 (0.6; 1.1) 0.145
Age & SESc

adjusted ORb
(ref) 3.1 (2.3; 4.1) <0.001 0.7 (0.5; 1.0) 0.034

Women
Prevalence (%) 6.7 20.8 13.2
Age adjusted

Prevalence (%)
2.7 11.5 6.4

Age adjusted ORb (ref) 4.7 (3.4; 6.5) <0.001 2.5 (1.8; 3.5) <0.001
Age & SESc

adjusted ORb
(ref) 3.2 (2.3;

4.7)-
<0.001 2.1 (1.5; 3.0) <0.001

a Normal body mass index (BMI; 18e25 kg/m2).
b Odds ratio.
c Socioeconomic status (SES) as determined by educational level.
Moroccan men. Similar patterns were observed among
participants without high metabolic risk, but with an
overall lower proportion of participants with eligibility
criteria (Table S2).
metabolic risk among participants with a normal BMIa, by sex and

Ghanaian p-value Turkish p-value Moroccan p-value

23.8 17.9 18.5
18.9 21.6 19.7

1.3 (0.9; 1.8) 0.115 1.6 (1.1; 2.2) 0.013 1.4 (1.0; 1.9) 0.041
1.1 (0.8; 1.6) 0.591 1.3 (0.9; 1.9) 0.121 1.2 (0.8; 1.6) 0.393

8.5 4.6 3.2
7.7 5.8 4.1

3.0 (1.7; 5.5) <0.001 2.2 (1.3; 3.8) 0.003 1.5 (0.9; 2.6) 0.106
1.2 (0.6; 2.4) 0.510 1.3 (0.7; 2.3) 0.351 0.8 (0.4; 1.4) 0.458



Table 3 The proportion eligible for cardiovascular risk screeninga among participants with a normal BMIb but high metabolic risk, by sex and
ethnicity.

High metabolic risk Dutch South-Asian Surinamese African Surinamese Ghanaian Turkish Moroccan

Men
N 204 202 115 63 59 79
Smoking status (% yes) 26.5 47.5** 41.7** 4.8** 50.9** 31.2
FHc (% yes) 36.3 45.5 24.4** 9.5** 42.4 13.9**
Age � 50 (% yes) 60.3 56.7 70.0 58.7 45.8 46.8
FHc and/or age � 50 (% yes) 71.6 75.7 77.4 65.1 64.4 53.2*
Any eligibility criterion (% yes) 79.9 86.6 86.7 66.7* 83.1 70.9
No eligibility criterion (% yes) 20.1 13.4 13.3 33.3* 16.9 29.1
Women
N 99 109 73 17 20 20
Smoking status (% yes) 30.3 18.4* 27.4* 11.8* 55.0 5.0
FHc (% yes) 39.4 53.2* 37.0 6.9* 45.0 5.0*
Age � 50 (% yes) 69.7 68.8 72.6 58.8 35.0 40.0
FHc and/or age � 50 (% yes) 78.8 80.8 78.1 58.8 60.0 40.0*
Any eligibility criterion (% yes) 84.9 85.3 82.2 58.8* 80.0 45.0*
No eligibility criterion (% yes) 15.1 14.7 17.8 41.2* 20.0 55.0*

*: p < 0.05 different than the Dutch, adjusted for age. **: p < 0.01 different than the Dutch, adjusted for age.
a Based on the occurrence of family history of CVD, age � 50, and/or smoking status.
b Normal body mass index (BMI; 18e25 kg/m2).
c Family history of cardiovascular disease, defined as cardiovascular disease or unexplained death among a first degree relative before the age

of 60.
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Finally, we did not observe a consistent pattern in the
prevalence of eligibility between participants with a BMI
between 18 and 23 kg/m2 and those with a BMI 23e25 kg/
m2 (Table S3). However the proportion of individuals with
normal BMI that were eligible for screening did appear to
be consistently higher among those who were abdominally
obese than those who were not, regardless of ethnicity.

Discussion

This study showed that theprevalence of highmetabolic risk
among normal weight individuals is higher among various
ethnic minority groups, especially among South-Asian Sur-
inamese, relative to the Dutch. Regardless of ethnicity, most
normal weight individuals with high metabolic risk are
eligible for cardiovascular risk screening in the Netherlands.
The proportion eligible does not vary consistently between
categories of normal, BMI but was higher among those with
abdominal obesity. This studyhas limitations. First, selection
biasmay have occurred due to non-response. Althoughnon-
response analyses showed minimal differences in several
socioeconomic characteristics, we cannot rule out that non-
responders differed from participants in metabolic risk
profile (for a detailed discussion see Ref. [11]).

Second, due to the cross-sectional design, we used a
prevalent measure reflecting cardiovascular risk (i.e. high
metabolic risk) instead of CVD incidence. Although the as-
sociation between CVD incidence and the clustering of risk
factors included in our definition of high metabolic risk has
been well established (even among normal weight in-
dividuals), longitudinal studies on the incidence rates of CVD
may bemore informative for targeting preventive policies to
normal weight individuals at high risk [6,8,13,14].

Third, two of the measures used to classify eligibility for
cardiovascular risk screening were based on self-report (i.e.
smoking status and FH). Reporting bias may have occurred.
For example, smoking statusmayhave beenunderestimated
due to social desirability bias, whichmay have resulted in an
underestimation of eligibility for cardiovascular risk
screening. In addition, the accuracyof this self-reported data
may differ between ethnic groups, for example due to ethnic
differences in socioeconomic status [16,17]. However, if such
inaccuracies did occur, we expect these inaccuracies to also
occur in daily clinical practice. Our study would then reflect
this practice, including this bias.

Finally, some eligibility criteria included in the Dutch
guidelines for CVD prevention were not available for our
study (e.g. patient request for screening) [9]. Therefore, we
may have underestimated eligibility for cardiovascular risk
screening. Our results regarding BP lowering treatment
among Ghanaians suggests that this may indeed be the case
(Table S4). We found that 23.8% of Ghanaian men and 28.6%
ofGhanaianwomenwhowere not eligible for cardiovascular
risk screening despite a high metabolic risk did receive BP-
lowering medication, despite the absence of an indication
for cardiovascular risk screening as defined by our study.

Studies have found that ethnic differences in cardiovas-
cular risk cannot be fully explained by obesity [18e21]. Our
study confirms these findings by showing that ethnic dif-
ferences in metabolic risk occur even in a normal weight
population. Based on the observed higher occurrence of
increased BP, fasting glucose and low HDL in certain ethnic
groups, we find it likely that ethnic disparities in overall
estimated cardiovascular risk occur among normal weight
populations as well [22]. Our results indicate that, for Gha-
naian and Turkish women, the differences with the Dutch
may be related to a lower relative educational level. Among
other ethnic groups, other factors such as genetic predis-
position or age of onset of CVD riskmay further explainwhy
ethnic differences in cardiovascular risk occur [23,24].
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Figure 1 The prevalence of high metabolic risk with and without any eligibility criteriona for cardiovascular screening among normal weight
participants, by sex and ethnic group. a: based on the occurrence of family history of CVD (FH), age> 50, and/or smoking status, b: FH, age > 50, and/
or positive smoking status, DU, Dutch; SA, South-Asian Surinamese; AS, African Surinamese; GH, Ghanaian; TU, Turkish; MO, Moroccan.
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Studies have reported higher risk of CVD among South-
Asian migrants relative to majority populations and even
other migrant groups [22,25]. Our study shows a pattern
among normal weight individuals that is consistent with
these earlier findings. The higher prevalence of these risk
factors among South-Asian Surinamese may be especially
important considering the potentially stronger detri-
mental effects of cardiovascular risk than in other ethnic
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groups, reflected in a stronger association with cardio-
vascular risk factors and CVD incidence among South-
Asian Surinamese [1].

We observed larger ethnic differences in metabolic risk
in women than in men. Studies in the general population
(including overweight individuals) have also found that
ethnic differences in estimated cardiovascular risk (i.e.
based on systolic BP, total cholesterol/HDL ratio, diabetes
status, and smoking status) were larger among women
than among men [22]. Possible explanations include a
higher prevalence of certain disorder of pregnancy and
stronger associations between these disorders and car-
diovascular risk among some ethnic minority groups
relative to ethnic majority groups [26].

Our results showed that, based on Dutch CVD preven-
tion guidelines, most normal weight individual with high
metabolic cardiovascular risk are eligible for cardiovascu-
lar risk screening. Relative to Dutch guidelines, European
recommendations for screenings eligibility are more in-
clusive [1,9]. For example, European guidelines already
recommend cardiovascular risk screening at a minimum
age of 40 among men [1]. Therefore, we expect that
countries adhering to the European guidelines will find a
similar or higher proportion of normal weight individuals
with high metabolic risk to be eligible for cardiovascular
risk screening.

There is some debate as to whether ethnic-specific BMI
cut-off points should be used among selected ethnic
populations, e.g. among South-Asian populations [27e30].
We observed a particularly high prevalence of high car-
diovascular risk in South-Asian Surinamese participants,
with no indication that eligibility for cardiovascular risk
screening among normal weight, differed between normal
BMI categories. Consequently, our results confirm earlier
findings, but provide no further argument for ethnic spe-
cific BMI cut-offs based on eligibility for cardiovascular risk
screening.

In contrast, we found that among normal weight in-
dividuals with high metabolic risk, the proportion eligible
for cardiovascular risk screening was higher among those
who were abdominally obese than among those who were
not abdominally obese. Identification of normal weight in-
dividuals with highmetabolic risk is important regardless of
abdominal adiposity, as high metabolic risk may increase
cardiovascular risk even in the absence of both abdominal
obesityand increasedBMI [6]. Therefore,more researchmay
be appropriate to determine whether lower thresholds for
cardiovascular risk screening among normal weight in-
dividuals without abdominal obesity are warranted.

Conclusion

About 15% of Dutch normal weight men and 2.5% of Dutch
normal weight women may show a high metabolic car-
diovascular risk. These percentages are higher among most
ethnic minority groups, particularly in South-Asian Sur-
inamese. Most of the normal weight individuals with high
metabolic risk are eligible for cardiovascular risk screening
according to current guidelines, regardless of ethnicity.
Conflicts of interest

On behalf of all authors, the corresponding author states
that there is no conflict of interest.
Acknowledgements

The HELIUS study is conducted by the Academic Medical
Center Amsterdam and the Public Health Service of
Amsterdam. Both organizations provided core support for
HELIUS. The HELIUS study is also funded by the Dutch
Heart Foundation, the Netherlands Organization for Health
Research and Development (ZonMw), the European Union
(FP-7), and the European Fund for the Integration of non-
EU immigrants (EIF). We are most grateful to the partici-
pants of the HELIUS study, and the management team,
research nurses, interviewers, research assistants and
other staff who have taken part in gathering the data of
this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.numecd.2018.09.004.
References

[1] Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C,
Catapano AL, et al. 2016 European guidelines on cardiovas-
cular disease prevention in clinical practice: the Sixth Joint
Task Force of the European Society of Cardiology and other
societies on cardiovascular disease prevention in clinical
practice (constituted by representatives of 10 societies and by
invited experts): developed with the special contribution of
the European Association for Cardiovascular Prevention &
Rehabilitation (EACPR). Eur Heart J 2016. https:
//doi.org/10.1093/eurheartj/ehw106.

[2] Badoud F, Perreault M, Zulyniak MA, Mutch DM. Molecular insights
into the role of white adipose tissue in metabolically unhealthy
normal weight andmetabolically healthy obese individuals. FASEB J
2015;29:748e58. https://doi.org/10.1096/fj.14-263913.

[3] Park YW, Zhu S, Palaniappan L, Heshka S, Carnethon MR,
Heymsfield SB. The metabolic syndrome: prevalence and associ-
ated risk factor findings in the US population from the Third Na-
tional Health and Nutrition Examination Survey, 1988e1994. Arch
Intern Med 2003;163:427e36.

[4] St-Onge MP, Janssen I, Heymsfield SB. Metabolic syndrome in
normal-weight Americans: new definition of the metabolically
obese, normal-weight individual. Diabetes Care 2004;27:2222e8.

[5] WildmanRP,Muntner P, Reynolds K,McGinnAP, Rajpathak S,Wylie-
Rosett J, et al. The obese without cardiometabolic risk factor clus-
tering and the normal weight with cardiometabolic risk factor
clustering: prevalence and correlates of 2 phenotypes among theUS
population (NHANES 1999e2004). Arch Intern Med 2008;168:
1617e24. https://doi.org/10.1001/archinte.168.15.1617.

[6] Meigs JB, Wilson PW, Fox CS, Vasan RS, Nathan DM, Sullivan LM,
et al. Body mass index, metabolic syndrome, and risk of type 2
diabetes or cardiovascular disease. J Clin Endocrinol Metab 2006;
91:2906e12. https://doi.org/10.1210/jc.2006-0594.

[7] Wang X, Chang X, Zhu Y, Wang H, Sun K. Metabolically obese
individuals of normal weight have a high risk of 25-hydrox-
yvitamin D deficiency. Am J Med Sci 2016;352:360e7. https:
//doi.org/10.1016/j.amjms.2016.06.017.

[8] Kwon BJ, Kim DW, Her SH, Kim DB, Jang SW, Cho EJ, et al. Meta-
bolically obese status with normal weight is associated with both
the prevalence and severity of angiographic coronary artery

https://doi.org/10.1016/j.numecd.2018.09.004
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1096/fj.14-263913
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref3
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref4
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref4
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref4
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref4
https://doi.org/10.1001/archinte.168.15.1617
https://doi.org/10.1210/jc.2006-0594
https://doi.org/10.1016/j.amjms.2016.06.017
https://doi.org/10.1016/j.amjms.2016.06.017


22 W. Perini et al.
disease. Metabolism 2013;62:952e60. https://doi.org/10.1016
/j.metabol.2013.01.006.

[9] Cardiovasculair risicomanagement(Tweede Herziening) [internet].
2012 [cited 15 November 2015] Available from, https://www.nhg.
org/standaarden/volledig/cardiovasculair-risicomanagement.

[10] Caleyachetty R, Thomas GN, Toulis KA, Mohammed N,
Gokhale KM, Balachandran K, et al. Metabolically healthy obese
and incident cardiovascular disease events among 3.5 million men
and women. J Am Coll Cardiol 2017;70:1429e37. https:
//doi.org/10.1016/j.jacc.2017.07.763. 2017/09/16.

[11] Snijder MB, Galenkamp H, Prins M, Derks EM, Peters RJG,
Zwinderman AH, et al. Cohort profile: the healthy life in an urban
setting (HELIUS) study in Amsterdam, the Netherlands. BMJ Open
2017;7. https://doi.org/10.1136/bmjopen-2017-017873.

[12] Stronks K, Kulu-Glasgow I, Agyemang C. The utility of ’country of
birth’ for the classification of ethnic groups in health research: the
Dutch experience. Ethn Health 2009;14:255e69. https:
//doi.org/10.1080/13557850802509206.

[13] Aung K, Lorenzo C, Hinojosa MA, Haffner SM. Risk of developing
diabetes and cardiovascular disease in metabolically unhealthy
normal-weight and metabolically healthy obese individuals. J Clin
Endocrinol Metab 2014;99:462e8. https://doi.org/10.1210/jc.2013-
2832.

[14] Arnlov J, Ingelsson E, Sundstrom J, Lind L. Impact of body mass
index and the metabolic syndrome on the risk of cardiovascular
disease and death in middle-aged men. Circulation 2010;121:
230e6. https://doi.org/10.1161/CIRCULATIONAHA.109.887521.

[15] Grundy SM, Brewer Jr HB, Cleeman JI, Smith Jr SC, Lenfant C, Na-
tional Heart L, et al. Definition of metabolic syndrome: report of
the National Heart, Lung, and Blood Institute/American Heart
Association conference on scientific issues related to definition.
Arterioscler Thromb Vasc Biol 2004;24:e13e8. https:
//doi.org/10.1161/01.ATV.0000111245.75752.C6.

[16] Winckers AN, Mackenbach JD, Compernolle S, Nicolaou M, van der
Ploeg HP, De Bourdeaudhuij I, et al. Educational differences in the
validity of self-reported physical activity. BMC Public Health 2015;
15:1299. https://doi.org/10.1186/s12889-015-2656-7.

[17] Nicolaou M, Gademan MG, Snijder MB, Engelbert RH,
Dijkshoorn H, Terwee CB, et al. Validation of the SQUASH physical
activity questionnaire in a multi-ethnic population: the HELIUS
study. PLoS One 2016;11, e0161066. https://doi.org/10.1371
/journal.pone.0161066.

[18] Ujcic-Voortman JK, Bos G, Baan CA, Uitenbroek DG, Verhoeff AP,
Seidell JC. Ethnic differences in total and HDL cholesterol among
Turkish, Moroccan and Dutch ethnic groups living in Amsterdam,
the Netherlands. BMC Public Health 2010;10:740. https:
//doi.org/10.1186/1471-2458-10-740.

[19] Tillin T, Hughes AD, Mayet J, Whincup P, Sattar N, Forouhi NG, et al.
The relationship between metabolic risk factors and incident
cardiovascular disease in Europeans, South Asians, and African
Caribbeans: SABRE (Southall and Brent Revisited) – a prospective
population-based study. J Am Coll Cardiol 2013;61:1777e86.
https://doi.org/10.1016/j.jacc.2012.12.046.

[20] Dijkshoorn H, Uitenbroek DG, Middelkoop BJ. Prevalence of dia-
betes mellitus and cardiovascular disease among immigrants from
Turkey and Morocco and the indigenous Dutch population. Ned
Tijdschr Geneeskd 2003;147:1362e6.

[21] Agyemang C, Snijder MB, Adjei DN, van den Born BJ, Modesti PA,
Peters RJ, et al. Ethnic Disparities in CKD in the Netherlands: the
healthy life in an urban setting (HELIUS) study. Am J Kidney Dis
2016;67:391e9. https://doi.org/10.1053/j.ajkd.2015.07.023.

[22] Perini W, Snijder MB, Peters RJG, Kunst AE. Ethnic disparities in
estimated cardiovascular disease risk in Amsterdam, the
Netherlands: the HELIUS study. Neth Heart J 2018;26:252e62.
https://doi.org/10.1007/s12471-018-1107-3.

[23] Snijder MB, Agyemang C, Peters RJ, Stronks K, Ujcic-Voortman JK,
van Valkengoed IGM. Case finding and medical treatment of type
2 diabetes among different ethnic minority groups: the HELIUS
study. J Diabetes Res 2017;2017:9896849. https://doi.org/10.1155
/2017/9896849.

[24] Perini W, Agyemang C, Snijder MB, Peters RJG, Kunst AE. Ethnic
disparities in educational and occupational gradients of estimated
cardiovascular disease risk: the healthy life in an urban setting
study. Scand J Public Health 2018;46:204e13. https:
//doi.org/10.1177/1403494817718906.

[25] Fernando E, Razak F, Lear SA, Anand SS. Cardiovascular disease in
South Asian migrants. Can J Cardiol 2015;31:1139e50. https:
//doi.org/10.1016/j.cjca.2015.06.008.

[26] Appelman Y, van Rijn BB, Ten Haaf ME, Boersma E, Peters SA. Sex
differences in cardiovascular risk factors and disease prevention.
Atherosclerosis 2015;241:211e8. https://doi.org/10.1016
/j.atherosclerosis.2015.01.027.

[27] Ntuk UE, Gill JM, Mackay DF, Sattar N, Pell JP. Ethnic-specific
obesity cutoffs for diabetes risk: cross-sectional study of 490,288
UK biobank participants. Diabetes Care 2014;37:2500e7. https:
//doi.org/10.2337/dc13-2966.

[28] Resnick HE, Valsania P, Halter JB, Lin X. Differential effects of BMI
on diabetes risk among black and white Americans. Diabetes Care
1998;21:1828e35.

[29] Stommel M, Schoenborn CA. Variations in BMI and prevalence of
health risks in diverse racial and ethnic populations. Obesity
(Silver Spring) 2010;18:1821e6. https://doi.org/10.1038/oby.
2009.472.

[30] Consultation WHOE. Appropriate body-mass index for Asian
populations and its implications for policy and intervention stra-
tegies. Lancet 2004;363:157e63. https://doi.org/10.1016/S0140-
6736(03)15268-3.

https://doi.org/10.1016/j.metabol.2013.01.006
https://doi.org/10.1016/j.metabol.2013.01.006
https://www.nhg.org/standaarden/volledig/cardiovasculair-risicomanagement
https://www.nhg.org/standaarden/volledig/cardiovasculair-risicomanagement
https://doi.org/10.1016/j.jacc.2017.07.763
https://doi.org/10.1016/j.jacc.2017.07.763
https://doi.org/10.1136/bmjopen-2017-017873
https://doi.org/10.1080/13557850802509206
https://doi.org/10.1080/13557850802509206
https://doi.org/10.1210/jc.2013-2832
https://doi.org/10.1210/jc.2013-2832
https://doi.org/10.1161/CIRCULATIONAHA.109.887521
https://doi.org/10.1161/01.ATV.0000111245.75752.C6
https://doi.org/10.1161/01.ATV.0000111245.75752.C6
https://doi.org/10.1186/s12889-015-2656-7
https://doi.org/10.1371/journal.pone.0161066
https://doi.org/10.1371/journal.pone.0161066
https://doi.org/10.1186/1471-2458-10-740
https://doi.org/10.1186/1471-2458-10-740
https://doi.org/10.1016/j.jacc.2012.12.046
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref20
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref20
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref20
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref20
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref20
https://doi.org/10.1053/j.ajkd.2015.07.023
https://doi.org/10.1007/s12471-018-1107-3
https://doi.org/10.1155/2017/9896849
https://doi.org/10.1155/2017/9896849
https://doi.org/10.1177/1403494817718906
https://doi.org/10.1177/1403494817718906
https://doi.org/10.1016/j.cjca.2015.06.008
https://doi.org/10.1016/j.cjca.2015.06.008
https://doi.org/10.1016/j.atherosclerosis.2015.01.027
https://doi.org/10.1016/j.atherosclerosis.2015.01.027
https://doi.org/10.2337/dc13-2966
https://doi.org/10.2337/dc13-2966
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref28
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref28
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref28
http://refhub.elsevier.com/S0939-4753(18)30274-6/sref28
https://doi.org/10.1038/oby.2009.472
https://doi.org/10.1038/oby.2009.472
https://doi.org/10.1016/S0140-6736(03)15268-3
https://doi.org/10.1016/S0140-6736(03)15268-3

	Ethnic differences in metabolic cardiovascular risk among normal weight individuals: Implications for cardiovascular risk s ...
	Introduction
	Methods
	Ethnicity
	Metabolic risk
	Study variables
	Eligibility criteria for cardiovascular risk screening
	Study population
	Statistical analyses

	Results
	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgements
	References


