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A B S T R A C T

Background: evidence shows important ethnic differences in vascular dysfunction rates; however, the mech-
anisms driving these differences remain unclear. One potential factor is the ethnic differences in the role of
inflammation in vascular injury. We tested the hypothesis that low-grade inflammation is unequally associ-
ated with vascular dysfunction in different ethnic groups.
Methods: we included 5698 participants (similar-sized Dutch, African Surinamese, South-Asian Surinamese,
Ghanaians, Turkish, and Moroccans) of the HELIUS study (the Netherlands) conducted between 2011 and
2015. Logistic regression was used to examine the associations of Z-score inflammatory biomarker concen-
tration (high sensitivity C-reactive protein [hs-CRP], fibrinogen, and D-dimer) with vascular dysfunction (aor-
tic stiffness, coronary artery disease [CAD], and peripheral artery disease [PAD]), with adjustments for age,
sex, smoking (pack-years), BMI, hypertension, HbA1c, total cholesterol, and statin use
Findings: in the fully adjusted models, higher Z-score hs-CRP was positively associated with CAD in Dutch [OR
1¢63, (95% CI 1¢21�2¢18)] and PAD in South Asians [1¢25(1¢03�1¢53)], respectively. Higher Z-score fibrinogen
was positively associated with CAD in African Surinamese [1¢28(1¢03�1¢59)] while higher Z-score D-dimer
was positively associated with PAD in Moroccans [1¢39(1¢01�1¢93)]. Higher Z-score hs-CRP [0¢71
(0¢54�0¢94)] and fibrinogen [0¢75(0¢58�0¢97)] concentrations were negatively associated with PAD in Afri-
can Surinamese.
Interpretation: our study shows that inflammatory biomarkers are unequally associated with vascular dys-
function in different ethnic groups. These observations provide opportunities for future studies aimed at
assessing the predictive roles of inflammation on vascular disease in different ethnic groups.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Worldwide, atherothrombotic vascular diseases such as coronary
artery disease (CAD) and peripheral artery disease (PAD) are highly
prevalent and frequently complicated by acute coronary syndromes
and critical limb ischemia, respectively [1,2]. Likewise, aortic stiff-
ness, a surrogate endpoint to macrovascular dysfunction, is common
and is associated with systolic hypertension, heart failure, and atrial
fibrillation [3,4]. These large vessel-related diseases contribute to
repeated hospitalizations and drive mortality including sudden car-
diac death [1,3,4].

Existing data suggest important ethnic differences in the burden
of vascular diseases; however, the mechanisms driving these differ-
ences are not fully understood [5�7]. The conventional vascular risk
factors based on the cardiometabolic hypothesis, including cigarette
smoking, hypertension, dyslipidemia, and diabetes, are in themselves
unable to sufficiently explain these differences [8]. One potential
modifiable risk factor is the differential roles of systemic or vascular
inflammation on vascular dysfunction [9]. Previous studies have
highlighted important ethnic differences in the level of circulating
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Research in context

Evidence before this study

We searched PubMed for articles published in English using the
following search terms, ‘ethnicity’, ‘race’, ‘inflammation’ ‘low-
grade inflammation’, ‘C reactive protein’, ‘fibrinogen’, ‘D-dimer’,
‘cardiovascular disease’, ‘vascular dysfunction’, ‘aortic stiffness’,
‘coronary artery disease, ‘coronary heart disease’, ‘peripheral
vascular disease’ and ‘peripheral artery disease’ before June
2020. Through the searches, we found ethnic differences in the
rates of coronary artery disease, peripheral artery disease, and
aortic stiffness, which were not sufficiently explained by the
conventional cardiometabolic risk factors. We also found
reports of ethnic differences in the levels of inflammatory-
related biomarkers. Some reports had linked inflammation or
low-grade inflammation to cardiovascular disease risk. How-
ever, these reports were in multiethnic populations and were
not stratified by ethnicity

Added value of this study

Using a multiethnic cohort living in Amsterdam, we deter-
mined the associations of three inflammatory biomarkers (high
sensitivity C-reactive protein, fibrinogen, and D-dimer) with
aortic stiffness, coronary artery disease, and peripheral artery
disease in different ethnic groups. After adjusting for a wide
range of conventional cardiometabolic risk factors, we found
important ethnic differences in the associations of low-grade
inflammation and different measures of vascular dysfunction.

Implications of all the available evidence

Our findings provide opportunities for future studies aimed at
assessing the predictive roles of inflammatory biomarkers on
vascular disease in different ethnic groups. This may aid vascu-
lar disease risk prevention and/or treatment efforts in different
ethnic groups.
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inflammatory biomarkers and clotting activation factors inherently
linked with inflammation, which may be partially related to demo-
graphic, lifestyle, or genetic factors [10�12]. A previous study has
reported that the risk of vascular dysfunction in similar individuals
with similar levels of inflammation varied by ethnicity [13]. Given
the above and the evidence of inflammation as a key pathogenic
mechanism in atherogenesis [9], it is biologically plausible that the
role of inflammation in vascular dysfunction may vary by ethnicity.
However, data on the role of ethnic differences in the associations
between inflammation and vascular dysfunction are lacking. We
tested the hypothesis that low-grade inflammation assessed by ele-
vated concentration of three inflammatory biomarkers (high sensitiv-
ity C-reactive protein [hs-CRP], fibrinogen, and D-dimer) is unequally
associated with prevalent aortic stiffness, CAD, and PAD in six differ-
ent ethnic groups resident in Amsterdam, the Netherlands.
2. Methods

2.1. Data statement

The Healthy Life in an Urban Setting (HELIUS) data are owned by
the Academic Medical Center (AMC) in Amsterdam, The Netherlands.
Any researcher can request the data by submitting a proposal to the
HELIUS Executive Board as outlined at http://www.heliusstudy.nl/en/
researchers/collaboration. Charles F. Hayfron-Benjamin, Lot Mosterd,
Charles Agyemang, and Bert-Jan van den Born had access to the data
during the study.

2.2. Study design

The current study is a cross-sectional analysis of baseline data of
the HELIUS cohort. The baseline data from the HELIUS study was col-
lected between 2011 and 2015. The rationale, study design, cohort
description, and methodology of the HELIUS study have been
described in detail elsewhere [14,15]. In brief, HELIUS was a multi-
ethnic prospective cohort study among six large ethnic groups in
Amsterdam [Dutch (Western Europe), African Surinamese (South
America with African roots), Ghanaian (West Africa), Moroccan
(North Africa), South-Asian Surinamese (Indian subcontinent), and
Turkish ethnic origin]. The ethnic minority groups included in the
HELIUS study are the largest ethnic minority groups in Amsterdam
[16]. The study participants were randomly sampled from the munic-
ipality registry, stratified by ethnicity. Ethnicity was defined by the
individual’s country of birth combined with the parental countries of
birth [17]. Non-Dutch ethnic origin was assigned to participants born
abroad with at least one parent born abroad or born in the Nether-
lands with both parents born abroad.

Data were collected among 24,789 participants; questionnaires,
physical examinations, and biological samples were obtained. The
concentrations of inflammatory biomarkers were measured in ran-
dom subsamples of 1000 participants from each ethnic group (total
n = 6000), who had complete data on cardiovascular measurements
and had stored blood samples available for measurements of the con-
centrations of inflammatory biomarkers. Inflammatory biomarkers
assessed were hs-CRP, fibrinogen, and D-dimer. We selected these
biomarkers because they are well-established markers of inflamma-
tion, with well-characterized clinical endpoints [18,19]. Additionally,
these biomarkers are known to predict future cardiovascular events
[19,20]. Because our interest was in low-grade inflammation, we
excluded participants with CRP levels above 10mg/L (n = 250), as this
can indicate acute inflammation [9]. Further, we excluded individuals
with incomplete data on measures of vascular function (n = 52).
Therefore, we included 5698 participants (963 Dutch, 949 South-
Asian Surinamese, 941 African Surinamese, 962 Ghanaian, 946 Turk-
ish, and 937 Moroccan participants) in the current analyses.

The study was approved by the Ethics Committee of the Amster-
dam Medical Center (MREC 10/100# 17.10.1729) before data collec-
tion and all participants provided written informed consent. The
study protocol conforms to the ethical guidelines of the 1975 Decla-
ration of Helsinki as reflected in a priori approval by the institution’s
human research committee. The data, analytic methods, and study
materials can be made available to other researchers for purposes of
reproducing the results or replicating the procedure, after completion
of a research proposal to the authors and the HELIUS scientific coordi-
nator, including a data use agreement, and only after approval by the
HELIUS executive board.

2.3. Assessments

A structured questionnaire was used to record the demographic,
socioeconomic, and health-related behaviors of the study partici-
pants. Smoking status was classified into nonsmokers and current
smokers and the number of pack-years was calculated by multiplying
the number of packs (containing 20 cigarettes) smoked a day by the
number of years. Weight was measured in light clothing and without
shoes with SECA 877 scales. Height was measured without shoes
with SECA 217 stadiometer. Body mass index (BMI) was determined
from weight and height. Blood pressure (BP) was measured thrice
using the Microlife Watch BP home device, with appropriately sized
cuffs after at least 5 min rest while seated. The mean of the last two
BP measurements was used for the analyses. Hypertension was
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defined as systolic blood pressure �140 mm Hg and/or a diastolic
blood pressure � 90 mm Hg and/or current use of antihypertensive
agents.

Ankle-brachial pressure index (ABI)measurements were per-
formed in the supine position using a validated oscillometric device
(Microlife WatchBP Office ABI, Switzerland) with appropriate-sized
cuffs, after at least 10 min of supine rest [21]. Systolic BP was mea-
sured twice in the right and left brachial arteries and twice in the
right and left posterior tibial arteries. ABI was calculated by taking
the highest arm systolic BP as the denominator, and the lowest ankle
BP as the numerator [22]. The lowest of the left and right ABI meas-
urements was used for analyses. ABI obtained by the oscillometric
method using the Microlife WatchBP Office ABI has been shown to
correlate well with ABI acquired by Doppler ultrasound with a 95%
agreement between the two methods in diagnosing PAD [23]. Aortic
stiffness measurements were performed in duplicate after 10 min of
supine rest using the Arteriograph system (Tensiomed Kft, Hungary)
and the mean of these two measurements was used for analyses. The
details of the aortic stiffness measurements are described elsewhere
[5]. Among other indices, the aortic pulse wave velocity (AoPWV)
was measured. PWV measured by the Arteriograph system generates
similar PWV values as obtained by Magnetic Resonance Imaging [24].
Standard 12-lead supine digital resting electrocardiography (ECG)
was recorded (GE MAC5500, 500 samples/sec) and processed with
the Modular ECG Analysis System (MEANS) program. MEANS deter-
mines common P-wave, QRS, and T-wave onsets and offsets for all 12
leads together on one representative averaged beat. All on- and off-
sets were manually checked and adjusted when necessary.

2.3.1. Biochemical analyses
Fasting blood samples were drawn and plasma samples were used

to determine the concentration of glucose by spectrophotometry,
using hexokinase as the primary enzyme (Roche Diagnostics, Japan).
Diabetes mellitus was defined by fasting plasma glucose concentra-
tion of � 7.0 mmol/l and/or HbA1c �48 mmol/mol and/or the use of
glucose-lowering agents. Total cholesterol, triglycerides, and HDL
cholesterol were determined by colorimetric spectrophotometry. LDL
cholesterol was calculated according to the Friedewald formula [25].
Glycated hemoglobin (HbA1c) was measured by high-performance
liquid chromatography technology (TOSOH, Tokyo, Japan). The hs-
CRP concentration was measured in heparin plasma by a particle
enhanced immunoturbidimetric assay. Human CRP agglutinates with
latex particles were coated with monoclonal anti-CRP antibodies. The
aggregates were determined turbidimetrically with a Cobas 702c
analyzer (Roche Diagnostics, Mannheim, Germany). In 622 partici-
pants, the CRP-value was below the detection limit (<0.3 mg/L)
and replaced by a value of 0.15 mg/L. D-dimer concentrations were
quantified by commercially available ELISA kits. Fibrinogen levels
were determined with the immunoprecipitation test.

2.3.2. Definition of vascular dysfunction
PAD was defined as ABI �0.90 [22]. In defining normal ABI, an ABI

> 1.4 (n = 18) was excluded as it could be suggestive of non-com-
pressible vessels [22]. CAD was based on the Rose Angina Question-
naire [26] and/or the presence of pathological Q waves in at least 2
contiguous leads on ECG. ST-segment abnormalities were not
included in the definition of CAD due to the highly variable ethnici-
ty�dependent prevalence of ECGs with ST�segment elevations
exceeding STEMI thresholds in apparently healthy individuals [27].
Large artery stiffness was based on aortic stiffness, defined as AoPWV
greater than 12 m/s [28].

2.4. Statistical analysis

Data were analyzed using the IBM SPSS version 23 for Windows.
We first verified whether the association between inflammatory
biomarkers and vascular dysfunction differed by ethnicity. We strati-
fied the analyses by ethnicity, as significant interaction effects (ethni-
city*inflammatory markers) were found for at least one
inflammatory biomarker per vascular complication. We also verified
whether the association between inflammatory biomarkers and vas-
cular dysfunction differed by sex. Significant interaction was found
for the association between aortic stiffness and hs-CRP and fibrino-
gen in Dutch, fibrinogen, and D-dimer in South Asian Surinamese,
and fibrinogen and D-dimer in Turkish participants. In a supplemen-
tary analysis, we stratified the analysis by sex, where relevant. Data
with normal distributions were presented as mean (§ standard devi-
ation), whereas those not normally distributed were presented as
median (interquartile range). For normally distributed data, Analysis
Of Variance (ANOVA) was used to compare means among ethnic
groups. For data not normally distributed, the Kruskal-Wallis ANOVA
test was used to compare medians among ethnic groups. Categorical
data were presented as frequencies (percentages). Logistic regression
analyses were used to examine the associations between Inflamma-
tory biomarker concentration and vascular dysfunction, with adjust-
ments for covariates. In a supplementary analysis, we assessed these
associations based on clinically recommended cut-off points: the
concentrations of hs-CRP, fibrinogen, and D-dimer were considered
elevated if above 3 mg/L, 3.5 g/L, and 0.55 mg/L, respectively
[29�31]. Odds ratios (ORs) and their corresponding 95% CI were esti-
mated. The minimal sufficient adjustment sets for estimating the
direct effect of inflammation on vascular dysfunction were deter-
mined by a directed acyclic graph (DAG) (DAG available at dagitty.
net/mFv38Kd). DAG was chosen because the traditional methods of
adjusting for potential confounders can introduce conditional associ-
ations and bias rather than minimize it [32]. Based on the DAG, the
minimal sufficient adjustment sets for estimating the total effect of
inflammation on vascular dysfunction were age, sex, smoking, obe-
sity, and the presence of hypertension, diabetes, and dyslipidemia.
Twomodels were used to examine the data. Model 1 was unadjusted;
Model 2 was adjusted for age, sex, smoking (pack-years), BMI, hyper-
tension, HbA1c, total cholesterol concentration, and statin use. A sta-
tistical test of significance was set at a p-value < 0.05.

2.5. Role of the funding source

The funding sources had no involvement in the study design, data
collection, analysis, or interpretation

3. Results

3.1. General characteristics

The baseline characteristics of the study population are shown in
Table 1. Dutch participants had the highest socioeconomic status and
the lowest BMI but had the highest median pack-years of smoking.
The South-Asian Surinamese group had the highest prevalence of
diabetes and the highest mean HnA1c and LDL-cholesterol concen-
trations, while the African Surinamese group had the highest propor-
tion of smokers but were the most physically active. Ghanaians had
the highest mean systolic and diastolic blood pressures but had the
lowest smoking indices. The Dutch group has the lowest rates of
CAD, PAD, and large artery stiffness, while South Asian Surinamese
participants had the highest rates of CAD, PAD, and large artery stiff-
ness.

3.2. Concentrations of inflammatory biomarkers in different ethnic
groups

The median concentrations of the inflammatory biomarkers dif-
fered across categories of ethnicity (Fig. 1). Dutch individuals had sig-
nificantly lower median hs-CRP (p < 0¢001 for each ethnic group),



Table 1
Characteristics of the study population, stratified by ethnic background.

Dutch South-Asian Surinamese African Surinamese Ghanaian Turkish Moroccan

N 963 949 941 962 946 937
Male sex, (%) 462 (48.0) 477 (50.2) 378 (40.1) 411 (42.7) 423 (44.6) 328 (35.0)
Age, years 45.14 (§13.90) 46.54 (§13.51) 47.66 (§12.50) 45.61 (§11.18) 40.57 (§11.96) 40.70 (§13.06)
First-generation migrant (%) Not applicable 749 (78.8) 792 (84.1) 921 (95.7) 676 (71.3) 649 (69.2)
Higher education (%) 594 (61.7) 228 (24.0) 244 (25.9) 68 (7.1) 144 (15.2) 155 (16.5)
Smoking status (%)
Never smokers 342 (35.5%) 538 (56.7%) 458 (48.7%) 828 (86.1%) 438 (46.3%) 706 (75.3%)
Previous smokers 379 (39.4%) 140 (14.8%) 183 (19.4%) 83 (8.6%) 197 (20.8%) 109 (11.6%)
Current smokers 242 (25.1%) 271 (28.6%) 300 (31.9%) 51 (5.3%) 311 (32.9%) 122 (13.0%)
Smoking (pack-years)* 1.20 (12.00) 0.00 (5.02) 0.00 (6.00) 0.00 (0.00) 0.33 (9.47) 0.00 (0.00)
BMI, kg/m2 24.44 (§3.75) 25.80 (§4.20) 27.04 (§4.97) 28.27 (§4.47) 27.88 (§5.09) 27.12 (§4.89)
Systolic BP, mmHg 124.37 (§16.16) 130.19 (§18.35) 131.41 (§17.39) 136.53 (§18.45) 123.89 (§16.01) 121.55 (§15.52)
Diastolic BP, mmHg 76.50 (§9.95) 80.31 (§10.64) 81.32 (§10.21) 84.87 (§11.34) 77.52 (§10.14) 73.93 (§9.42)
Cardiovascular traits
Hypertension (%) 232 (24.1) 393 (41.4) 405 (43.0) 526 (54.7) 243 (25.6) 161 (17.2)
Diabetes (%) 34 (3.5%) 204 (21.5%) 119 (12.6%) 125 (13.0%) 88 (9.3%) 117 (12.5%)
Medication use
Antithrombotic drugs (%) 47 (4.9) 88 (9.3) 42 (4.5) 21 (2.2) 32 (3.4) 13 (1.4)
Systemic steroids (%) 2 (0.2) 3 (0.3) 5 (0.5) 4 (0.4) 5 (0.5) 2 (0.2)
Statins (%) 82 (8.5) 206 (21.7) 70 (7.4) 83 (8.6) 81 (8.5) 76 (8.1)
Biochemical
HbA1c, mmol/mol 36.31 (§4.61) 42.80 (§10.20) 40.18 (§9.01) 39.19 (§8.68) 38.71 (§7.87) 39.45 (§8.63)
Total cholesterol, mmol/l 5.10 (§1.04) 4.92 (§1.05) 4.88 (§0.97) 4.98 (§1.02) 4.87 (§0.99) 4.59 (§0.94)
LDL-cholesterol, mmol/l 3.07 (§0.94) 3.09 (§0.94) 2.97 (§0.90) 3.02 (§0.92) 3.02 (§0.87) 2.81 (§0.84)
Elevated inflammation biomarker concentration
High hs-CRP (>3 mg/L) (%) 121 (12.6) 232 (24.4) 209 (22.3) 165 (17.2) 243 (25.7) 246 (26.3)
High Fibrinogen (> 3.5 g/L) (%) 50 (5.2) 164 (17.3) 176 (18.7) 105 (11.0) 94 (9.9) 128 (13.7)
High D-dimer (0.55 mg/L) (%) 52 (5.4) 79 (8.3) 134 (14.2) 95 (9.9) 63 (6.7) 62 (6.6)
Macrovascular function
AoPWV (m/s) 7.93 (§2.16) 8.69 (§2.55) 8.51 (§2.27) 8.65 (§2.19) 8.08 (§2.19) 7.84 (§2.25)
Aortic stiffness (%) 55 (5.7%) 114 (12.0%) 92 (9.9%) 80 (8.3%) 71 (7.5%) 68 (7.3%)
ABI 1.15 (§0.13) 1.10 (§0.14) 1.12 (§0.14) 1.11 (§0.14) 1.11 (§0.15) 1.13 (§0.13)
Peripheral artery dsease (%) 45 (4.7%) 108 (11.4%) 83 (8.8%) 82 (8.5%) 96 (10.1%) 63 (6.7%)
Coronary artery disease (%) 48 (5.0%) 171 (18.0%) 120 (12.8%) 107 (11.1%) 189 (20.0%) 171 (18.2%)

Data are mean (§standard deviation), median (IQR), or n (%).
Abbreviations: ABI = ankle-brachial pressure index, AoPWV = aortic pulse wave velocity, BMI = body mass index; hs-CRP = high sensitivity C-reactive protein, LDL = low
density lipoprotein.
* Data presented as median (interquartile range).
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and fibrinogen (p < 0¢001 for African Surinamese, South-Asian Suri-
namese, Moroccans, and Turkish; p = 0.019 for Ghanaians).concentra-
tions than each of the minority ethnic groups, Dutch individuals also
had significantly lower median D-dimer concentrations than the
South-Asian Surinamese (p < 0¢001), African Surinamese (p < 0¢001),
Ghanaian (p < 0¢001) and Moroccan (p = 0.001) groups, but not Turk-
ish (p = 0¢131). There were notable variations in the median concen-
trations of inflammatory biomarkers among the ethnic minority
groups. For example, Ghanaians had significantly lower median con-
centrations of hs-CRP concentrations (p < 0¢001) compared with the
other ethnic minority groups, and significantly lower median fibrino-
gen concentration (p < 0¢001) than other ethnic minority groups,
except for Turkish (p = 1¢000). In all ethnic groups, the proportion of
participants with elevated hs-CRP was greater than the proportions
with elevated D-dimer or fibrinogen (Table 1)
3.3. Associations between inflammation and vascular dysfunction

In the unadjusted model analyses of the pooled dataset, higher Z-
score hs-CRP, fibrinogen, and D-dimer were significantly associated
with higher odds of CAD, PAD, and aortic stiffness, except for the
association between Z-score D-dimer and CAD (Table 2). In the fully
adjusted model, the associations [AOR, 95% CI, p-value] remained
positive and statistically significant for the association between Z-
score hs-CRP and CAD [1¢15 (1¢07�1¢24), p < 0¢001], and elevated
fibrinogen and CAD [1¢09 (1¢01�1¢19), 0¢034]. Similar observations
were made for the associations of elevated hs-CRP, fibrinogen, and D-
dimer (based on the clinically acceptable cut-off values) with CAD,
PAD, and aortic stiffness (Supplementary Table 1).
3.4. Ethnic differences in the associations between inflammation and
vascular dysfunction

In the unadjusted models, different associations were observed
between individual inflammatory biomarker concentrations and vas-
cular dysfunction across ethnic groups (Table 3). For example, in all
ethnic groups, except for Ghanaians, higher Z-score inflammatory
biomarkers concentrations were significantly associated with higher
odds of aortic stiffness. Also, higher Z-score inflammatory biomarkers
concentrations were significantly associated with higher odds of CAD
in all ethnic groups except South-Asian Surinamese. Further, higher
Z-score inflammatory biomarkers concentrations were associated
with PAD in South-Asian Surinamese, Ghanaians, and Moroccans. In
the fully adjusted models, higher Z-score hs-CRP concentration was
associated with higher odds of CAD among Dutch [1¢63 (1¢21�2¢18),
p = 0¢001], higher odds of PAD among South-Asian Surinamese [1¢25
(1¢03�1¢53), p = 0¢024], and lower odds of PAD in African Surinamese
[0¢71 (0.54�0¢94),p = 0¢016]. Higher Z-score fibrinogen concentration
was associated with higher odds of CAD [1¢28 (1¢03�1¢59),p = 0¢028]
but lower odds of PAD [0¢75 (0¢58�0¢97),p = 0¢031] in African Suri-
namese individuals. Higher Z-score D-dimer concentration was asso-
ciated with higher odds of PAD in Moroccan individuals only [1¢39
(1¢01�1¢93),p = 0¢046]. Similar patterns with varying strengths of
associations were observed when elevated hs-CRP, fibrinogen, and



Fig. 1. Concentrations of inflammatory biomarkers in different ethnic groups.
Abbreviation: CRP = C-reactive protein.
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D-dimer based on the clinically acceptable cut-off values were used
instead of the Z-score values (Supplementary Table 2).

Interaction analysis showed that the associations between some
markers of inflammation and aortic stiffness in Dutch, South Asian
Surinamese, and Turkish differed by sex. In the unadjusted models,
the odds ratios for the associations between markers of inflammation
and aortic stiffness were higher in males than in females in all three
ethnic groups (supplementary Table 3). Albeit, the strengths of the
associations were not statistically significant in the fully adjusted
model for both males and females in all three ethnic groups.



Table 2
Associations of Z-score hs-CRP, fibrinogen, and D-dimer with macrovascular dysfunction in the whole cohort.

Aortic stiffness Coronary artery disease Peripheral artery disease

OR (95% CI), p-value OR (95% CI), p-value OR (95% CI), p-value

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

hs-CRP 1.25 (1.15�1.36), <0.001 1.05 (0.94�1.16), 0.372 1.21 (1.13�1.29), <0.001 1.15 (1.07�1.24), <0.001 1.16 (1.07�1.26), 0.001 1.04 (0.95�1.15), 0.373
Fibrinogen 1.58 (1.44�1.73), <0.001 1.04 (0.93�1.16), 0.502 1.18 (1.10�1.27), <0.001 1.09 (1.01�1.19), 0.034 1.12 (1.02�1.23), 0.016 1.01 (0.91�1.12), 0.891
D-Dimer 1.15 (1.07�1.23), <0.001 0.99 (0.92�1.08), 0.881 1.05 (0.98�1.11), 0.174 1.02 (0.95�1.09), 0.666 1.07 (1.00�1.15), 0.047 1.05 (0.97�1.13), 0.235

Abbreviations: CI = confidence interval, hs-CRP = high sensitivity C-reactive protein, OR =odds ratio.
Model 1: unadjusted; Model 2: fully adjusted i.e. adjusted for age, sex; smoking (pack-years), BMI, hypertension, HbA1c, total cholesterol, and use of statins.

Table 3
Associations between Z-score inflammatory biomarker concentration and vascular dysfunction stratified by ethnicity.

Aortic stiffness Coronary artery disease Peripheral artery disease

OR (95% CI), p-value OR (95% CI), p-value OR (95% CI), p-value

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

hs-CRP
Dutch 1.37 (1.04�1.78), 0.023 0.93 (0.64�1.37),0.725 1.56 (1.20�2.03),0.001 1.63 (1.21�2.18),0.001 1.02 (0.71�1.47),0.908 1.00 (0.66�1.52),0.997
South-Asian Surinamese 1.19 (1.00�1.42),0.053 1.20 (0.96�1.51),0.111 1.14 (0.98�1.33),0.096 1.10 (0.93�1.32),0.266 1.27 (1.06�1.51),0.008 1.25 (1.03�1.53),0.024
African Surinamese 1.10 (0.91�1.34), 0.332 0.94 (0.73�1.21),0.629 1.23 (1.04�1.46),0.014 1.17 (0.97�1.42),0.105 0.98 (0.79�1.22),0.863 0.71 (0.54�0.94),0.016
Ghanaian 1.22 (0.98�1.52), 0.072 0.95 (0.74�1.24),0.721 1.17 (0.96�1.43),0.121 1.20 (0.97�1.50),0.097 1.31 (1.06�1.61),0.012 1.12 (0.88�1.43),0.354
Turkish 1.35 (1.11�1.65), 0.003 1.12 (0.85�1.47),0.434 1.12 (0.97�1.30),0.126 1.11 (0.94�1.32),0.214 1.16 (0.96�1.40),0.126 1.10 (0.89�1.38),0.374
Moroccan 1.27 (1.05�1.54), 0.016 1.16 (0.90�1.50),0.245 1.01 (0.87�1.17),0.899 0.96 (),0.81�1.140.657 0.98 (0.78�1.24),0.876 0.97 (0.74�1.26),0.795
FIBRINOGEN
Dutch 1.93 (1.43�2.60), <0.001 0.89 (0.62�1.27),0.529 1.29 (0.94�1.76),0.114 1.26 (0.88�1.80),0.208 0.97 (0.71�1.34),0.866 0.92 (0.64�1.34),0.677
South-Asian Surinamese 1.64 (1.35�1.99), <0.001 1.25 (1.00�1.58),0.055 1.06 (0.90�1.25),0.504 0.90 (0.74�1.08),0.249 1.05 (0.86�1.28),0.614 0.98 (0.78�1.23),0.878
African Surinamese 1.35 (1.09�1.68), 0.005 0.93 (0.72�1.21),0.592 1.33 (1.10�1.61),0.003 1.28 (1.03�1.59),0.028 0.99 (0.80�1.24),0.958 0.75 (0.58�0.97),0.031
Ghanaian 1.21 (0.97�1.51), 0.094 0.80 (0.61�1.04),0.099 1.29 (1.06�1.57),0.011 1.25 (0.99�1.56),0.056 1.11 (0.89�1.39),0.351 0.90 (0.70�1.16),0.420
Turkish 1.93 (1.50�2.49), <0.001 1.32 (0.97�1.79),0.074 1.03 (0.87�1.23),0.711 0.97 (0.80�1.17),0.727 1.23 (0.98�1.53),0.071 1.09 (0.85�1.40),0.488
Moroccan 1.49 (1.16�1.91), 0.002 0.95 (0.69�1.30),0.731 0.97 (0.82�1.15),0.749 0.89 (0.73�1.08),0.232 1.06 (0.82�1.38),0.654 1.06 (0.78�1.43),0.725
D-DIMER
Dutch 1.18 (0.99�1.40), 0.070 0.89 (0.62�1.28),0.529 1.04 (0.80�1.36),0.764 0.95 (0.70�1.28),0.731 1.06 (0.83�1.37),0.632 1.10 (0.85�1.42),0.474
South-Asian Surinamese 1.20 (1.01�1.43), 0.040 1.00 (0.81�1.23),0.983 1.04 (0.87�1.25),0.658 0.96 (0.78�1.16),0.650 1.24 (1.04�1.48),0.015 1.21 (1.00�1.46),0.052
African Surinamese 1.10 (0.92�1.31), 0.310 0.93 (0.75�1.15),0.495 1.09 (0.93�1.29),0.285 1.05 (0.87�1.25),0.619 1.11 (0.93�1.33),0.241 1.03 (0.83�1.30),0.766
Ghanaian 1.07 (0.97�1.18), 0.159 1.02 (0.91�1.13),0.791 1.04 (0.94�1.15),0.410 1.03 (0.93�1.14),0.543 0.97 (0.81�1.16),0.748 0.93 (0.74�1.18),0.574
Turkish 1.59 (1.17�2.16), 0.003 0.94 (0.61�1.45),0.786 1.13 (0.87�1.46),0.366 1.03 (0.78�1.38),0.818 0.91 (0.61�1.34),0.617 0.73 (0.46�1.15),0.177
Moroccan 1.41 (1.07�1.87), 0.016 1.18 (0.78�1.80),0.426 1.09 (0.86�1.39),0.483 1.08 (0.84�1.38),0.572 1.39 (1.03�1.86),0.029 1.39 (1.01�1.93),0.046

Abbreviations: CI = confidence interval, hs-CRP = high sensitivity C-reactive protein, OR =odds ratio.
Model 1: unadjusted; Model 2: fully adjusted i.e. adjusted for age, sex; smoking (pack-years), BMI, hypertension, HbA1c, total cholesterol, and use of statins.
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4. Discussion

Our study shows varying levels of circulating inflammatory bio-
markers (hs-CRP, fibrinogen, and d-dimer) in different ethnic groups.
The levels of the individual inflammatory biomarkers were unequally
associated with prevalent aortic stiffness, CAD, and PAD in different
ethnic groups. The conventional cardiometabolic risk factors did not
fully explain the associations between elevated inflammatory bio-
markers concentrations and vascular dysfunction in the various eth-
nic groups.

Using the HELIUS data, we have previously reported higher hs-
CRP levels among ethnic minorities living in the Netherlands, com-
pared to Dutch individuals [11]; an observation that is consistent
with other prior studies [33]. This current analysis shows that in
addition to hs-CRP, the levels of clotting activation factors inherently
linked with inflammation also vary among ethnic groups. Our finding
of lower levels of D-dimer in Dutch participants compared with
South-Asian Surinamese and Ghanaians is consistent with previous
studies that have reported lower levels of D-dimer in individuals of
Western European origin compared with Asian or African origin
[34,35]. Our findings lend further credence to earlier studies that have
reported higher levels of fibrinogen in African and South Asian individ-
uals, compared to individuals of Western European origin [36].

The current study shows that elevated inflammatory biomarker
levels were associated with CAD in Dutch, Africans from Suriname
and Ghana, and Moroccans, but not in Turkish and South-Asians from
Suriname; the positive associations remained statistically significant
in the fully adjusted model for Dutch and African Surinamese. The
findings in Dutch individuals agree with prior studies independently
linking inflammation to CAD or CAD-risk in populations of Western
European ethnic descent [9,37,38]. The current findings expand the
existing evidence in Western Europeans to an African descent popu-
lation. In Africans from Ghana and Morocco, the weakening of the
strength of association after adjusting for a wide range of cardiometa-
bolic risk factors suggests that the association between inflammation
and CAD in these groups could be partly dependent on these cardio-
metabolic risk factors. Our observed lack of association between
inflammation and CAD in South Asians from Suriname is consistent
with reports by Mehta et al. that showed no association between
inflammation and coronary artery calcium, a surrogate marker of
subclinical atherosclerosis in the coronary circulation [39]. The lack
of association between inflammation and CAD in Turkish individuals
represents novel baseline data. Based on the cross-sectional design of
this study, the ethnic differences in the associations between inflam-
mation and CAD could either reflect the differential contribution of
inflammation to the development of CAD or the differential dysregu-
lation of inflammatory pathways following adverse coronary events
in different ethnic groups [40]. In the case of the former, the role of
elevated inflammatory biomarker levels in CAD risk prediction may
vary by ethnicity. A longitudinal study may verify or refute this claim.
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Similar to CAD, our study shows that the association between ele-
vated inflammatory biomarker levels and PAD showed ethnic varia-
tions; albeit, the variation pattern was different. In the unadjusted
model, elevated inflammatory biomarker levels were associated with
higher odds of PAD in South Asian Surinamese and Africans from
West Africa and Morocco. This study provides novel ethnic-specific
data in South-Asian Surinamese and Moroccans. Our findings in Gha-
naians confirm a previous report [41]; in this previous report, the
observed associations between inflammation and PAD persisted in a
fully adjusted model. It is worth noting that the previous report [41]
included Ghanaians living in Ghana, and did not adjust for statins in
the fully adjusted model; statins are known to alter inflammatory
biomarker levels and their effect on cardiovascular disease [9]. Prior
studies comparing the association between inflammation and PAD in
Dutch individuals are lacking; previous studies including a Rotterdam
study [42], were not limited to individuals of Dutch ethnicity. It was
somewhat surprising that higher hs-CRP and fibrinogen levels were
associated with lower odds of PAD in African Surinamese individuals,
after adjusting for the conventional cardiometabolic risk factors. It
remains unclear the biological basis and significance of this finding,
considering the available evidence establishing inflammation as an
important process for the initiation and progression of atherothrom-
botic diseases like PAD [9]. The fact that this observation was made
for two different inflammatory biomarkers (hs-CRP and fibrinogen)
limits the likelihood of chance. This unexpected inverse association
could be due to a misclassification of PAD based on the recommended
diagnostic criteria (ABI � 0.9). This is especially true in individuals
with calcified or non-compressible distal arteries, in which case the
ABI is elevated [22]. A previous study has shown that African Suri-
namese across a wide age range have high aortic pulse wave veloci-
ties [5]. It is also possible that an ABI of � 0.9 may not be a valid
cutoff point for African Surinamese individuals suggesting the need
for further studies to validate the cutoff in ethnic minority groups.

The current study showed a positive association between elevated
inflammatory biomarker levels and the odds of aortic stiffness in the
unadjusted model, although the strength of association was not sta-
tistically significant in Ghanaian individuals. Generally, our findings
resemble previous reports based on populations with European and
South Asian origins [43]. Adjusting for the conventional cardiometa-
bolic risk factors attenuated the observed associations. The lack of
association between inflammation and aortic stiffness in all ethnic
groups limits the role of inflammatory biomarkers as risk predictors
for aortic stiffness in the ethnic groups we studied. It remains unclear
why elevated inflammatory biomarker levels are more often associ-
ated with CAD and PAD than in aortic stiffness, after adjustment for
the cardiometabolic risk factors. Existing data, however, shows that
the prognostic potency of the risk factors for atherogenesis differs in
the various arterial beds [44]. Additionally, the added effects of the
conventional risk factors to vascular injury may differ between arte-
rial vascular beds [44].

In light of the influence of early childhood health-related behav-
ior, socioeconomic status, dietary factors, and epigenetics on the pre-
dictive role of risk factors on vascular disease, it remains unclear
whether findings from this study can be generalized to populations
of similar ancestry but living in different environments. Additional
research in this area might include the role of environmental factors
on the ethnic differences in the association between inflammation
and vascular dysfunction. Replicating this study in older or younger
populations compared to the current study may also be valuable.

The mechanistic basis for the ethnic differences in the associations
between inflammatory biomarker levels and vascular dysfunction
remains uncertain. It is plausible that the vasculature of individuals
of different ethnic backgrounds may exhibit different sensitivities to
exposure to a given level of inflammation [13], resulting in varying
degrees of vascular injuries. Alternatively, a given degree of vascular
injury could manifest as different blood levels of the inflammatory
biomarker in individuals from different ethnic groups, given the eth-
nic differences in the inflammatory response to injury [45]. Further
research in this area might include the determination of vascular
response to inflammation in different arterial circulations in different
ethnic groups.

Our study has strengths and limitations. This study provides new
important information on inflammatory biomarker levels and their
associations with vascular dysfunction in a multi-ethnic population.
Our study also used a population from the same city, which mini-
mizes confounding effects from living in different cities and coun-
tries, which may have different cultural norms and lifestyles.
Additionally, we used well-standardized study protocols and multi-
ple markers of inflammation and adjusted for a wide range of covari-
ates in our logistic regression models. Our study is limited because of
its cross-sectional design and therefore we cannot exclude the possi-
bility of reverse causation. Additionally, coronary arteriography was
not performed in the evaluation of CAD, due to feasibility. Notwith-
standing, pathological Q waves in contiguous leads are pathogno-
monic of a prior acute coronary event, regardless of symptoms [46],
and correlate well with critical coronary occlusions [47]. Also, the
Rose Angina Questionnaire has a high specificity to detect CAD and is
valuable for screening individuals at risk of CAD in large-scale epide-
miological surveys [48]. Conventional arteriography, the gold stan-
dard for vascular imaging, and other advanced imaging modalities
like CT and MR angiography were not employed in the assessment of
PAD due to feasibility. Albeit, ABI is known to correlate well with
angiographically verified PAD [49]. Further, we did not assess the
influence of dietary factors on low-grade inflammation, and its
impact on vascular dysfunction. Inflammation might be one of the
pathways through which diet affects insulin resistance, and possibly
cardiovascular disease [50]. Assessing the influence of dietary factors
could have shed some light on the mechanisms linking inflammation
and vascular dysfunction in different ethnic groups. Finally, other
inflammatory markers aside from CRP, fibrinogen, and D-dimers, as
well as other atherosclerotic macrovascular diseases including aortic
atherosclerosis, thoracic or abdominal aortic aneurysm, and carotid
atherosclerosis were not evaluated in this study. This limits the gen-
eralization of our findings to all inflammatory biomarkers and meas-
ures of macrovascular disease.

In conclusion, the current study shows that inflammatory bio-
marker levels are unequally associated with CAD, PAD, and aortic
stiffness in different ethnic groups. The associations of inflammatory
biomarkers with CAD, PAD, and aortic stiffness in African populations
from Ghana, Suriname, and Morocco, as well as the South Asian Suri-
namese show important variations from existing reports in European,
African American, and North American populations. Therefore, the
roles of inflammation in vascular disease risk prediction may vary
between ethnic groups. Ethnicity could thus play an important role
in the incorporation of biomarkers of inflammation into standard
models for the prediction of cardiovascular risk. Our data provide a
basis for future studies aimed at assessing the predictive roles of
inflammation on vascular disease in different ethnic groups. The tra-
ditional cut-off values for defining vascular dysfunction, based on
populations with European origin, may also vary in other ethnic
groups and warrants future studies for ethnic-specific cut-off for vas-
cular dysfunction including PAD and aortic stiffness. These could
potentially aid vascular disease prevention, diagnosis, and treatment
efforts in different ethnic groups.

Author contributions

All authors have contributed substantially to this article and
approved the submission. C.F.H-B, L.M., A.H.M, C.A., and B.B, con-
ceived the idea; C.F.H-B., L.M., B.B, and C.A. were responsible for data
acquisition; C.F.H-B, L.M, and C.A were responsible for statistical anal-
ysis. C.F.H-B, L.M, A.H.M, B.B., A.G.B.A., D.H.R, and C.A were



8 C.F. Hayfron-Benjamin et al. / EClinicalMedicine 38 (2021) 101012
responsible for data analysis/interpretation. Each author contributed
important intellectual content during article drafting or revision and
accepts accountability for the overall work by ensuring that questions
about the accuracy or integrity of any portion of the work are appro-
priately investigated and resolved. C.F.H-B. takes responsibility for
the fact that this study has been reported honestly, accurately, and
transparently, that no important aspects of the study have been omit-
ted, and that any discrepancies from the study as planned have been
explained

Data sharing statement

The HELIUS data are owned by the Academic Medical Center
(AMC) in Amsterdam, The Netherlands. Any researcher can request
the data by submitting a proposal to the HELIUS Executive Board as
outlined at http://www.heliusstudy.nl/en/researchers/collaboration.

Funding

The HELIUS study is conducted by the Amsterdam University
Medical Centers, location AMC and the Public Health Service of
Amsterdam. Both organizations provided core support for HELIUS.
The HELIUS study is also funded by research grants of the Dutch
Heart Foundation (Hartstichting; Grant no. 2010T084), the Nether-
lands Organization for Health Research and Development (ZonMw;
Grant no. 200,500,003), the European Integration Fund (EIF; Grant
no. 2013EIF013) and the European Union (Seventh Framework Pro-
gramme, FP-7; Grant no. 278,901). We are most grateful to the partic-
ipants 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.

Declaration of Competing Interest

The authors have nothing to declare.

Acknowledgments

We are most grateful to the participants of the HELIUS study and
the management team, research nurses, interviewers, research assis-
tants, and other staff who have taken part in gathering the data of
this study.

Supplementary materials

Supplementary material associated with this article can be found,
in the online version, at doi:10.1016/j.eclinm.2021.101012.

References

[1] Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes and dia-
betes-related complications. Phys Ther 2008;88:1254–64.

[2] Hayfron-Benjamin CF, Born BJ, van den Zee AHM, et al. Higher prevalence of
peripheral arterial disease in Ghana compared to Ghanaian migrants in Europe:
the RODAM study. Int J Cardiol 2019 0.. doi: 10.1016/j.ijcard.2019.12.028.

[3] Cardoso CRL, Salles GF. Aortic stiffness as a surrogate endpoint to micro- andmac-
rovascular complications in patients with type 2 diabetes. Int J Mol Sci 2016;17.
doi: 10.3390/ijms17122044.

[4] Shikai Yu, McEniery CM. Central versus peripheral artery stiffening and cardio-
vascular risk. Arterioscler Thromb Vasc Biol 2020;40:1028–33.

[5] Snijder MB, Stronks K, Agyemang C, Busschers WB, Peters RJ, den BBJH. Ethnic dif-
ferences in arterial stiffness the Helius study. Int J Cardiol 2015;191:28–33.

[6] Meadows TA, Bhatt DL, Cannon CP, et al. Ethnic differences in cardiovascular risks
and mortality in atherothrombotic disease: insights From the REduction of Athe-
rothrombosis for Continued Health (REACH) Registry. Mayo Clin Proc
2011;86:960–7.

[7] Armengol GD, Hayfron-Benjamin CF, van den Born B-JH, Galenkamp H, Agyemang
C. Microvascular and macrovascular complications in type 2 diabetes in a multi-
ethnic population based in Amsterdam. The HELIUS study. Prim Care Diabetes
2021 published online March 3. doi: 10.1016/j.pcd.2021.02.008.
[8] Spanakis EK, Golden SH. Race/ethnic difference in diabetes and diabetic complica-
tions. Curr Diab Rep 2013;13. doi: 10.1007/s11892-013-0421-9.

[9] Pearson TA, Mensah GA, Wayne AR, et al. Markers of inflammation and cardiovas-
cular disease. Circulation 2003;107:499–511.

[10] Miller MA, Cappuccio FP. Ethnicity and inflammatory pathways - implications for
vascular disease, vascular risk and therapeutic intervention. Curr Med Chem
2007;14:1409–25.

[11] Muilwijk M, Nieuwdorp M, Snijder MB, Hof MHP, Stronks K, van Valkengoed IGM.
The high risk for type 2 diabetes among ethnic minority populations is not
explained by low-grade inflammation. Sci Rep 2019;9. doi: 10.1038/s41598-019-
56596-4.

[12] Cook DG, Cappuccio FP, Atkinson RW, et al. Ethnic differences in fibrinogen levels:
the role of environmental factors and the beta-fibrinogen gene. Am J Epidemiol
2001;153:799–806.

[13] Wildman RP, Muntner P, Chen J, Sutton-Tyrrell K, He J. Relation of inflammation
to peripheral arterial disease in the national health and nutrition examination
survey, 1999-2002. Am J Cardiol 2005;96:1579–83.

[14] Snijder MB, Galenkamp H, Prins M, et al. Cohort profile: the healthy life in an
urban setting (HELIUS) study in Amsterdam, The Netherlands. BMJ Open 2017;7:
e017873.

[15] Stronks K, Snijder MB, Peters RJ, Prins M, Schene AH, Zwinderman AH. Unravel-
ling the impact of ethnicity on health in Europe: the HELIUS study. BMC Public
Health 2013;13:402.

[16] Stronks K, Snijder MB, Peters RJ, Prins M, Schene AH, Zwinderman AH. Unravel-
ling the impact of ethnicity on health in europe: the helius study. BMC Public
Health; 2013.

[17] 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;14:255–69.

[18] Pepys MB, Hirschfield GM. C-reactive protein: a critical update. J Clin Invest
2003;111:1805–12.

[19] C-reactive protein, fibrinogen, and cardiovascular disease prediction. N Engl J
Med 2012;367:1310–20.

[20] John S, Robledo KP, White Harvey D, et al. D-dimer predicts long-term cause-spe-
cific mortality, cardiovascular events, and cancer in patients with stable coronary
heart disease. Circulation 2018;138:712–23.

[21] Saladini F, Benetti E, Masiero S, Palatini P. Accuracy of microlife WatchBP Office
ABI monitor assessed according to the 2002 European Society of Hypertension
protocol and the British Hypertension Society protocol. Blood Press Monit
2011;16:258–61.

[22] Gerhard-Herman MD, Gornik HL, Barrett C, et al. 2016 AHA/ACC guideline on the
management of patients with lower extremity peripheral artery disease. Circula-
tion 2017;135:e726–79.

[23] Kollias A, Xilomenos A, Protogerou A, Dimakakos E, Stergiou GS. Automated
determination of the ankle-brachial index using an oscillometric blood pressure
monitor: validation vs. Doppler measurement and cardiovascular risk factor pro-
file. Hypertens Res Off J Jpn Soc Hypertens 2011;34:825–30.

[24] Rezai MR, Cowan BR, Sherratt N, Finn JD, Wu FCW, Cruickshank JK. A magnetic
resonance perspective of the pulse wave transit time by the Arteriograph device
and potential for improving aortic length estimation for central pulse wave veloc-
ity. Blood Press Monit 2013;18:111–8.

[25] Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-
density lipoprotein cholesterol in plasma, without use of the preparative ultra-
centrifuge. Clin Chem 1972;18:499–502.

[26] Rose chest pain questionnaire. Occas Pap R Coll Gen Pract 2002:43.
[27] ter Haar C, Cato K, Jan A, Peters Ron JG, et al. Prevalence of ECGs exceeding thresh-

olds for ST-segment�elevation myocardial infarction in apparently healthy indi-
viduals: the role of ethnicity. J Am Heart Assoc 2020;9:e015477.

[28] Mancia G, De Backer G, Dominiczak A, et al. 2007 Guidelines for the management
of arterial hypertension: the task force for the management of arterial hyperten-
sion of the European Society of Hypertension (ESH) and of the European Society
of Cardiology (ESC). Eur Heart J 2007;28:1462–536.

[29] Nehring SM, Goyal A, Bansal P, Patel BC. C reactive protein (CRP). Treasure Island
(FL): StatPearls Publishing; 2020 in: statpearlshttp://www.ncbi.nlm.nih.gov/
books/NBK441843/(accessed May 7, 2020).

[30] Neerman-Arbez M, Casini A. Clinical consequences and molecular bases of low
fibrinogen levels. Int J Mol Sci 2018;19. doi: 10.3390/ijms19010192.

[31] Kim YJ, Im S, Jang YJ, Park SY, Sohn DG, Park GY. Diagnostic value of elevated D-
dimer level in venous thromboembolism in patients with acute or subacute brain
lesions. Ann Rehabil Med 2015;39:1002–10.

[32] Shrier I, Platt RW. Reducing bias through directed acyclic graphs. BMC Med Res
Methodol 2008;8:70.

[33] Chambers JC, Shinichi E, Paul B, et al. C-reactive protein, insulin resistance, central
obesity, and coronary heart disease risk in Indian Asians from the United King-
dom compared with European Whites. Circulation 2001;104:145–50.

[34] Khaleghi M, Saleem U, McBane RD, Mosley TH, Kullo IJ. African American ethnicity
is associated with higher plasma levels of D-dimer in adults with hypertension. J
Thromb Haemost JTH 2009;7:34–40.

[35] Weng LC, Tang W, Rich SS, et al. A genetic association study of D-dimer levels
with 50K SNPs from a candidate gene chip in four ethnic groups. Thromb Res
2014;134:462–7.

[36] Albert MA, Pare G, Morris A, et al. Candidate genetic variants in the fibrinogen,
methylenetetrahydrofolate reductase and intercellular adhesion molecule-1
genes and plasma levels of fibrinogen, homocysteine, and intercellular adhesion
molecule-1 among various race/ethnic groups: data from the Women’s Genome
Health Study. Am Heart J 2009;157:77–83 e1.

http://www.heliusstudy.nl/en/researchers/collaboration
https://doi.org/10.1016/j.eclinm.2021.101012
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0001
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0001
https://doi.org/10.1016/j.ijcard.2019.12.028
https://doi.org/10.3390/ijms17122044
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0004
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0005
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0006
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0006
https://doi.org/10.1016/j.pcd.2021.02.008
https://doi.org/10.1007/s11892-013-0421-9
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0009
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0010
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0010
https://doi.org/10.1038/s41598-019-56596-4
https://doi.org/10.1038/s41598-019-56596-4
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0012
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0013
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0014
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0015
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0016
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0017
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0018
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0019
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0020
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0021
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0022
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0023
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0024
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0025
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0026
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0027
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0028
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0029
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0029
https://doi.org/10.3390/ijms19010192
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0031
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0032
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0033
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0034
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0035
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0036
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0036


C.F. Hayfron-Benjamin et al. / EClinicalMedicine 38 (2021) 101012 9
[37] C-reactive protein concentration and risk of coronary heart disease, stroke, and
mortality: an individual participant meta-analysis. The Lancet 2010;375:132–40.

[38] Lawlor DA, Harbord RM, Timpson NJ, et al. The association of C-reactive protein
and CRP genotype with coronary heart disease: findings from five studies with
4,610 cases amongst 18,637 participants. PLoS ONE 2008;3:e3011.

[39] Mehta A, Patel J, Al Rifai M, et al. Inflammation and coronary artery calcification in
South Asians: the mediators of atherosclerosis in South Asians living in America
(MASALA) study. Atherosclerosis 2018;270:49–56.

[40] Prabhu SD, Frangogiannis NG. The biological basis for cardiac repair after myocar-
dial infarction: from inflammation to fibrosis. Circ Res 2016;119:91–112.

[41] Hayfron-Benjamin CF, der ZAHM, den BBJ, et al. Association between C reactive
protein and microvascular and macrovascular dysfunction in sub-Saharan Afri-
cans with and without diabetes: the RODAM study. BMJ Open Diabetes Res Care
2020;8:e001235.

[42] van der Meer Irene M, de Maat Moniek PM, Elisabeth HA, et al. C-reactive protein
predicts progression of atherosclerosis measured at various sites in the arterial
tree. Stroke 2002;33:2750–5.

[43] Jain S, Khera R, Corrales-Medina VF, Townsend RR, Chirinos JA. Inflammation and
arterial stiffness in humans. Atherosclerosis 2014;237:381–90.
[44] Gregorio B, Giuseppe G, Linda B, Hiatt William R. Inflammation in peripheral
artery disease. Circulation 2010;122:1862–75.

[45] Ferguson JF, Patel PN, Shah RY, et al. Race and gender variation in response to
evoked inflammation. J Transl Med 2013;11:63.

[46] Kristian T, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White Harvey D. Third
universal definition of myocardial infarction. Circulation 2012;126:2020–35.

[47] Gottlieb RS, Duca PR, Kasparian H, Scariato A, Brest AN. Correlation of abnormal Q
waves, coronary pathology, and ventricular contractility. AmHeart J 1975;90:451–7.

[48] Rahman MA, Spurrier N, Mahmood MA, Rahman M, Choudhury SR, Leeder S. Rose
Angina Questionnaire: validation with cardiologists’ diagnoses to detect coronary
heart disease in Bangladesh. Indian Heart J 2013;65:30–9.

[49] ROC analysis of noninvasive tests for peripheral arterial disease - ScienceDirect.
https://www.sciencedirect.com/science/article/abs/pii/0301562996000361
(accessed July 8, 2019).

[50] van Woudenbergh GJ, Theofylaktopoulou D, Kuijsten A, et al. Adapted dietary
inflammatory index and its association with a summary score for low-grade
inflammation and markers of glucose metabolism: the Cohort study on Diabetes
and Atherosclerosis Maastricht (CODAM) and the Hoorn study. Am J Clin Nutr
2013;98:1533–42.

http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0037
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0038
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0039
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0040
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0041
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0042
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0043
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0044
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0045
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0045
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0046
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0046
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0047
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0047
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0048
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0050
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0050
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0050
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0050
http://refhub.elsevier.com/S2589-5370(21)00292-3/sbref0050

	Inflammation and its associations with aortic stiffness, coronary artery disease and peripheral artery disease in different ethnic groups: The HELIUS Study
	1. Introduction
	2. Methods
	2.1. Data statement
	2.2. Study design
	2.3. Assessments
	2.3.1. Biochemical analyses
	2.3.2. Definition of vascular dysfunction

	2.4. Statistical analysis
	2.5. Role of the funding source

	3. Results
	3.1. General characteristics
	3.2. Concentrations of inflammatory biomarkers in different ethnic groups
	3.3. Associations between inflammation and vascular dysfunction
	3.4. Ethnic differences in the associations between inflammation and vascular dysfunction

	4. Discussion
	Author contributions
	Data sharing statement
	Funding
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials
	References



