European Heart Journal (2014) 35, 2972-2979 CLINICAL RESEARCH
eurorean  doiz10.1093/eurheartj/ehut153 Prevention and epidemiology

SOCIETY OF
CARBHOLOGY ®

Association of circulating endothelial
microparticles with cardiometabolic risk
factors in the Framingham Heart Study

Nicolas Amabile’2f, Susan Cheng?4t, Jean Marie Renard"2, Martin G. Larson35,
Anahita Ghorbani®¢, Elizabeth McCabe>¢, Gabriel Griffin?, Coralie Guerin'2,
Jennifer E. Ho*%, Stanley Y. Shaw®28 Kenneth S. Cohen?, Ramachandran S. Vasan319,
Alain Tedgui'2, Chantal M. Boulanger'’?*¥, and Thomas J. Wang?3611%

TINSERM, U970, Paris Cardiovascular Research Center — PARCC, 56 Rue Leblanc, 75737 Paris cedex 15, France; 2Université Paris Descartes, Sorbonne Paris Cité, UMR-S970

Paris, France; 3Framingham Heart Study, Framingham, MA, USA; “4Cardiovascular Division, Brigham and Women’s Hospital, Boston, MA, USA; 5Depar‘tment of Mathematics and
Statistics, Boston University, Boston, MA, USA; ®Cardiology Division, Massachusetts General Hospital, Boston, MA, USA; "Duke University School of Medicine, Durham, NC, USA;
8CenterforSystems Biology, Massachusetts General Hospital, Boston, MA, USA; 9Section of Hematology/Oncology, University of Chicago Medical Center, Chicago, IL, USA; 19Sections of
Preventive Medicine and Cardiology, Boston University School of Medicine, Boston, MA, USA; and " Division of Cardiovascular Medicine, Vanderbilt University Medical Center, 2220
Pierce Avenue, 383 Preston Research Building, Nashville, TN 37232, USA

Received 26 June 2013; revised 10 February 2014; accepted 18 March 2014; online publish-ahead-of-print 16 April 2014

Objective To examine the relation of endothelial microparticles (EMPs) with cardiometabolic risk in the community.

Background Circulating EMPs are small membrane vesicles released after endothelial cell injury. Endothelial microparticles are report-
edly increased among individuals with a high burden of cardiovascular risk factors. However, prior investigations have
been limited to small, highly selected samples.

Methods We studied 844 individuals without a history of cardiovascular disease in the Framingham Offspring cohort (mean age
66 + 9 years, 57% women). We used standardized flow cytometry methods to identify and quantify circulating
CD144+ and CD314-/CD41— EMPs. We then used multivariable regression analyses to investigate the relations of
EMP phenotypes with cardiovascular and metabolic risk factors.

Results Inmultivariable analyses, the following cardiovascular risk factors were associated with one or more of the circulating EMP
populations: hypertension (P = 0.025 for CD144+,), elevated triglycerides (P = 0.002 for CD144+, P < 0.0001 for
CD314-/CD41—),and metabolic syndrome (P < 0.0001 for CD144+,). Overall, each tertile increase in the Framingham
risk score corresponded to a 9% increase in log-CD31+/CD41— EMPs (P = 0.022). Furthermore, the presence of
hypertriglyceridaemic waist status was associated with 38% higher levels of CD144+ EMPs (P < 0.0001) and 46%
higher levels of CD31+/CD41— EMPs (P < 0.0001).

Conclusion In a large community-based sample, circulating EMP levels were associated with the presence of cardiometabolic risk
factors, particularly dyslipidaemia. These data underscore the potential influence of high-risk metabolic profiles on endo-
thelial integrity.
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Introduction

Microparticles (MPs) are plasma membrane vesicle fragments
(ranging in size between 0.1 and 1 um) that are released from
various cell types during activation by physical or chemical stress, in-
cluding apoptosis.1 Recently, several reports have shed light on the
relationships between alterations in the endothelial homeostasis
and specific subpopulations of circulating MPs originating from the
vascular endothelium [i.e. endothelial MPs (EI"IPs)].1'2 Experimental
studies have demonstrated the ability of EMPs to promote vascular
inflammation and interfere with coagulation pathways and regulation
of vascular tone, thus pointing to a number of biologic mechanisms by
which EMPs may contribute to cardiovascular disease progression.’
Clinical pilot studies in small numbers and highly selected patients
have indicated that circulating EMPs levels are increased in the pres-
ence of cardiovascular risk factors such as diabetes, dyslipidaemia,
and uncontrolled systemic hypertension.>®

Research to date indicates that MPs derived from the endothelium
represent potentially important surrogate markers of endothelial
injury and cardiovascular risk.” However, because data on EMPs in
humans are limited to referral samples, the extent to which circulat-
ing EMPs may reflect chronic endothelial injury and cardiovascular
risk in the general population is unknown. Therefore, we conducted
a comprehensive study of circulating EMPs in a large community-
based sample and investigated whether high EMP concentrations
are associated with the presence of cardiovascular and metabolic
risk factors.

Methods
Study sample

The longitudinal cohort study design of the original Framingham Heart
Study (FHS) has been previously described.® A total of 5124 offspring
(and spouses of the offspring) of the original FHS study participants
were enrolled in the FHS Offspring Study in 1971.° All FHS Offspring
Study participants receive routine examinations approximately every
4 years, and a total of 3021 participants attended the eighth examination
cycle in 2005 through 2008. A total of 915 participants had fasting blood
samples available for characterization of circulation EMP quantity (see
details below). Of these individuals, 844 participants were free of cardio-
vascular disease (history of myocardial infarction, coronary insufficiency,
stroke, and heart failure) and were included in the current analysis. All
participants provided written informed consent, and the institutional
review board of the Boston University School of Medicine approved all
study protocols.

Clinical and risk factor assessment

Allstudy participants underwent a standardized assessment of cardiovas-
cular risk factors. Systolic and diastolic blood pressures were the average
of two physician-measured readings. Fasting blood samples were drawn
for glucose, total and high-density lipoprotein (HDL) cholesterol, and tri-
glycerides. Use of medications and cigarette smoking status were self-
reported. Diabetes mellitus was defined as having a fasting glucose
>126 mg/dL or taking medications to treat diabetes mellitus. A physical
activity index was calculated using the number of hours spent each day at
various activity levels, weighted according to the estimated oxygen con-
sumption required for each activity.'® Metabolic syndrome was defined
as the presence of >3 of the following component traits:"" waist

circumference >40 in. in men or >35 in. in women; serum triglycerides
>150 mg/dL or taking lipid-lowering medication; HDL cholesterol
<40 mg/dL in men or <50 mg/dL in women or taking medication for
low HDL; systolic blood pressure >130 mmHg or diastolic blood pres-
sure >85 mmHg or taking anti-hypertensive medication; and fasting
glucose >100 mg/dL. The presence of hypertriglyceridaemic waist, con-
sidered a marker of atherogenic metabolic status, was defined as the pres-
ence of triglycerides >177 mg/dL and waist circumference >90 cm in
men or >85 cm in women.""® C-reactive protein was assayed with
the immunoturbidimetric latex-enhanced high-sensitivity assay (Roche
Diagnostics, Indianapolis, IN, USA).

Circulating endothelial microparticle analyses

Participant blood samples were collected in citrated tubes following an
overnight fast and initially processed to separate platelet rich from
platelet-poor plasma, as previously described.™ All blood specimens
underwent a two-step centrifugation protocol (860 x g for 15 min at
4°C, followed by 1700 x g for 5 min at 20°C), prior to being stored at
—80°C. Analyses of EMP phenotypes were subsequently performed
on thawed specimens using a Guava EasyCyte 8HT flow cytometer
(Millipore, Billerica, MA, USA) that automatically processed batches of
up to 10 plasma specimens per multi-well microplate. Over the course
of the analysis period, a total of 10 batches (allowing the analysis of 100
samples total) were processed weekly. The following fluorochrome-
coupled antibodies and their corresponding isotypes were used for
EMP phenotyping: anti CD31+ PE (Beckman Coulter, Villepinte,
France), anti CD41+4 PC7 (Beckman Coulter, Villepinte, France) and
anti-CD144+ PE (eBioscience, Paris, France) Fluorescent Megamix
beads calibrated from 0.5 to 3.0 um (Biocytex, Marseille, France) were
used to define an analysis window (gate) consistent with the size of
EMPs. Events <1.0 wm diameter were identified in forward scatter and
side scatter intensity dot representation, gated as a microparticle, and
then plotted on 1- or 2-color fluorescence histograms. Endothelial
microparticles were defined as elements that were >0.1 and <1.0 pm
in size and that were positively labelled by specific antibodies (Supple-
mentary material online, Figure S7). Microparticle concentration was
assessed by comparison with calibrator Flowcount beads (Beckman
Coulter, Villepinte, France) with a predetermined concentration.
PECAM+ (CD31+/CD41—) and VE-cadherin (CD144+) EMP popula-
tions were defined according to previous reports.”> Two independent
examiners, unaware of the study participant clinical status, analysed the
data off-line using the FlowJo 8.8 software (Tree Star, Ashland, OR, USA).

Statistical analyses

Due to right-skewed distribution of values, natural logarithmic trans-
formation was applied to triglycerides and all EMP variables for analyses.
We used linear mixed effects regression analyses adjusting for ‘batch’asa
random effects term in all models (and all other covariates as fixed
effects).”® In regression analyses adjusting for age and sex, we examined
the association of circulating EMP phenotypes (CD144+ and CD31+/
CD41—) with traditional cardiovascular risk factors. We also examined
the associations of EMP phenotypes with risk factors in multivariable re-
gression models that adjusted simultaneously for several variables
selected a priori, specifically: age, sex, waist circumference, hypertension,
diabetes, total/HDL cholesterol, log triglycerides, and smoking status.
Among participants without prevalent diabetes, we examined the associ-
ation of each EMP phenotype with the presence vs. absence of metabolic
syndrome, number of metabolic syndrome component traits, and the
presence vs. absence of hypertriglyceridaemic waist. In the total
sample, we also investigated the relation of each EMP phenotype with
the Framingham risk score."
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In secondary analyses, we repeated the main multivariable analyses
with additional adjustment for natural log-transformed C-reactive
protein and statin medication use. We also tested for effect modification

Table I Sample characteristics

Characteristic Total sample

N = 844
Age (years) 66 +9
Female (%) 57
Systolic blood pressure (mmHg) 127 + 17
Diastolic blood pressure (mmHg) 74 £ 10
Body mass index (kg/m?) 281 + 5.1
Waist circumference (cm) 101 + 14
Cigarette smoking (%) 8
Physical activity index 355+57
Total cholesterol (mg/dL) 186 + 36
HDL cholesterol (mg/dL) 59 +18
Total/HDL cholesterol ratio 34+10
LDL cholesterol 106 + 30
Triglycerides (mg/dL) 109 + 55
Hypertension (%) 59
Diabetes mellitus (%) 12
Anti-hypertensive therapy (%) 48
Cholesterol-lowering therapy (%) 46
Metabolic syndrome (%) 48
Framingham risk score 846 +3.93

Values shown are means + SD or percentages.

by age, sex, and diabetes status using multiplicative interaction terms. All
analyses were performed with SAS statistical software (PROC MIXED),
version 9.3 (SAS Institute Inc, Cary, NC, USA), with a two-tailed value of
P < 0.05 considered statistically significant.

Results

Characteristics of the study sample are shown in Table 1. The median
(and inter-quartile range) of circulating concentrations of EMP
phenotypes in the sample were as follows: 131 (82, 178) events/pL
for CD144+ EMPs and 75 (42, 125) events/unL for CD31+/
CD41— EMPs.

In age- and sex-adjusted analyses (Table 2), we observed significant
associations of higher CD144+4 and CD314-/CD41— EMPs with
greater BMI, larger waist circumference, lower HDL cholesterol, and
higher triglycerides. CD144+ was significantly higher in men com-
pared with women and in the setting of hypertension. In multivariable-
adjusted analyses (Table 3), the associations of CD144+ and CD31+/
CD41— EMPs with triglyceride plasma levels remained statistically
significant. Each 1-SD increment (55 mg/dL) in log triglycerides was
associated with a 7% increase in log-CD144+4 (P = 0.002) and a
16% increase in log-CD31+/CD41— EMPs (P < 0.0001). CD144+
EMPs also remained significantly associated with blood pressure; indi-
viduals with hypertension had 8% higher log-CD144+ (P = 0.025)
when compared with individuals without hypertension. In spline
analyses, we did not detect any non-linear relationships between
covariates and EMP levels. We observed no significant collinearity
between covariates included in the main multivariable model (data
not shown).

Table 2 Age- and sex-adjusted relations of clinical characteristics with endothelial microparticle phenotypes

CD144+ EMPs

Age (year) —0.03 (0.03)
Female sex —0.11 (0.06)
Body mass index (kg/m?) 0.07 (0.03)
Waist circumference (cm) 0.09 (0.03)
Systolic blood pressure (mmHg) 0.04 (0.03)
Diastolic blood pressure (mmHg) 0.07 (0.03)
Hypertension 0.20 (0.06)
Total/HDL cholesterol ratio 0.11(0.03)
Total cholesterol (mg/dL) <0.01(<0.01)
LDL cholesterol (mg/dL) 0.01 (0.03)
HDL cholesterol (mg/dL) —0.0046 (0.001628)
Log triglycerides 0.15 (0.04)
Diabetes 0.05 (0.09)
Current smoker —0.04 (0.11)
Physical activity index —0.03 (0.03)

CD31+/CD41— EMPs

P-value Regression coefficient (SE)* P-value
0.2703 0.02 (0.03) 0.52
0.045 —0.06 (0.06) 0.37
0.020 0.06 (0.03) 0.043
0.002 0.09 (0.03) 0.003
0.15 0.05 (0.03) 0.13
0.024 0.06 (0.03) 0.050
0.0007 0.06 (0.07) 0.33

<0.0001 0.18 (0.031) <0.0001
0.16 <0.01 (<0.01) 0.31
0.76 0.04 (0.03) 0.24
0.005 —0.00892 (0.001739) <0.0001

<0.0001 0.23 (0.03) <0.0001
0.59 0.01 (0.10) 0.95
0.67 0.04 (0.12) 0.70
0.33 —0.02 (0.03) 0.54

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

“Regression coefficients represent standardized change in the natural log-transformed dependent variable (endothelial microparticle phenotype) per 1 SD change in the independent
variable (clinical characteristic) for continuous covariates and presence (vs. absence) for categorical covariates. For reference, 1 SD of log-CD 144 +- is 0.587 and log-CD31+/CD41—

is 0.878.
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Table 3 Multivariable-adjusted relations of clinical characteristics with endothelial microparticle phenotypes

CD144+ EMPs

Age (year) —0.04 (0.03)
Female sex —0.07 (0.06)
Waist circumference (cm) 0.03 (0.03)
Hypertension 0.14 (0.06)
Diabetes —0.07 (0.09)
Total/HDL cholesterol ratio 0.03 (0.04)
Log triglycerides 0.12 (0.04)
Current smoker —0.03 (0.10)

CD31+/CD41— EMPs

P-value Regression coefficient (SE)* P-value
0.16 0.02 (0.03) 0.59
0.22 —0.02 (0.07) 0.74
0.26 0.05 (0.03) 0.17
0.025 —0.02 (0.07) 0.81
0.41 —0.13(0.10) 0.20
0.40 0.04 (0.04) 0.27
0.002 0.19 (0.04) <0.0001
0.74 0.02 (0.11) 0.83

HDL, high-density lipoprotein.

?Regression coefficients represent standardized change in the natural log-transformed dependent variable (endothelial microparticle phenotype) per 1 SD change in the independent
variable (clinical characteristic) for continuous covariates and presence ( vs. absence) for categorical covariates. For reference, 1 SD of log-CD 144+ is 0.587 and log-CD31+/CD41—
is 0.878. All analyses adjusted for age, sex, waist circumference, hypertension, diabetes, total/HDL cholesterol, log triglycerides, and smoking status.

Table 4 Age- and sex-adjusted relations of metabolic traits with endothelial microparticle phenotypes in individuals

without diabetes

CD144+ EMPs

Metabolic syndrome 0.249 (0.061)
No. of metabolic syndrome components 0.106 (0.022)
Hypertriglyceridaemic waist® 0.404 (0.080)

CD31+/CD41— EMPs

P-value Regression coefficient (SE)* P-value
<0.0001 0.106 (0.065) 0.10
<0.0001 0.089 (0.024) 0.0002
<0.0001 0.427 (0.087) <0.0001

Regression coefficients represent standardized change in the natural log-transformed dependent variable (endothelial microparticle phenotype) per 1 unit change in the independent
variable (clinical characteristic) for continuous covariates and presence (vs. absence) for categorical covariates. For reference, 1 SD of log-CD 144+ is 0.587 and log-CD31+/CD41—

is 0.878. All analyses adjusted for age and sex.

®Presence of triglycerides >177 mg/dL and waist circumference >90 cm in men or >85 cm in women.

Notably, there was no association of diabetes status with either EMP
trait (P > 0.20); results were unchanged when analyses were repeated
to account for diabetes status based on concurrent glucose-lowering
medication or no medication use (P > 0.30). Even though diabetes
appeared associated with marginally higher EMP levels in age- and sex-
adjusted analyses (Table 2), these associations were not significant and
remained non-significant in fully-adjusted multivariable models
(Table 3). However, we did observe a significant effect modification
of diabetes on the association of triglycerides with both CD144+
EMPs (8=10.22, P=0.01 for interaction) and CD31+/CD41—
EMPs (B = 0.31, P = 0.0005 for interaction). Although analyses strati-
fied by diabetes status were limited by sample size, we observed that
each 1 SD increment in log triglycerides was associated with a larger
magnitude of change in each EMP trait in diabetics (N = 102) than in
non-diabetics (N = 741) (Supplementary material online, Table S1).

In participants without prevalent diabetes (N = 741), the pres-
ence of the metabolic syndrome was associated with higher levels
of CD144+ (Table 4). The regression coefficient for this association
was 0.249 + 0.061 (P < 0.0001). Thus, individuals with metabolic
syndrome had 15% higher log-CD 144+ EMP levels when compared
with individuals without metabolic syndrome. In fact, increasing
number of metabolic syndrome component traits was correlated

with both CD144+4 EMPs (P < 0.0001) and CD31+4/CD41—
EMPs (P = 0.0002) in age- and sex-adjusted analyses (Table 4). Fur-
thermore, the presence of hypertriglyceridaemic waist status was
also associated with significantly higher levels of CD144+ EMPs
and CD31+4-/CD41— EMPs (Figure 1). Individuals with hypertrigly-
ceridaemic waist had 24% higher log-CD144+ EMP levels when
compared with individuals without hypertriglyceridaemic waist, cor-
responding to a 27% increase in plasma levels of CD144+4 EMPs.
Similarly, individuals with hypertriglyceridaemic waist had 38%
higher log-CD314-/CD41— EMP levels when compared with indivi-
duals without hypertriglyceridaemic waist, corresponding to a 46%
increase in plasma levels of CD31+/CD41— EMPs (Figure 1).

We examined the association of Framingham risk score with EMPs
(Figure 1). Higher levels of circulating CD314-/CD41— EMPs were
significantly associated with increased Framingham risk score. Each
tertile increase in the Framingham risk score corresponded to a 9%
increase in log-CD31+4/CD41— EMPs (P = 0.022; corresponding
to a 47% increase in plasma levels of CD314/CD41— EMPs).
There was no significant association of CD144+ EMPs with overall
risk as represented by the score.

In secondary analyses, we also adjusted for log C-reactive protein
and statin use. There was no significant association between any of
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Figure | Log-CD144+ and log-CD31+/41— endothelial microparticle values are shown (mean =+ standard error) across increasing number of
metabolic syndrome component traits, by hypertriglyceridaemic status, and across increasing tertiles of the Framingham risk score.

the EMP phenotypes and C-reactive protein (P > 0.36). There was
also no significant association between EMP phenotypes and statin
use (P> 0.12). Accordingly, associations of each EMP phenotype
with the clinical covariates reported above remained unchanged.
There was also no significant effect modification by age or sex on
any of the observed associations between individual clinical correlates
and EMP phenotypes. In addition, we repeated the main analyses in the
total sample with EMP data available (N = 915), including individuals
with prevalent CVD. In these analyses, the main results reported
above were not substantially changed; furthermore, the presence of
CVD was not significantly associated with variation in either
CD1444 EMPs (P = 0.77) or CD31+4-/CD41— EMPs (P = 0.81).

Discussion

In this first study investigating EMPs levels in a community cohort, we
found that EMP plasma levels are associated with several cardiovas-
cular risk factors, including higher triglyceride levels, hypertension,
and metabolic syndrome. These findings raise the possibility that
one consequence of a high burden of metabolic risk factors is
increased endothelial activation or injury, in particular in individuals
with hypertriglyceridaemic waist.

Microparticles are plasma membrane vesicle fragments that are
released from various cell types during activation or apoptosis.
In recent years, a growing body of literature has highlighted the
role of MPs as mediators of intercellular communication, given that
the biological properties of MPs are influenced by both their cellular
origin and their composition. Routine MP measuresin clinical samples

require ongoing efforts to establish standardized protocols for
plasma preparation, anticoagulation, and storage conditions in add-
ition to techniques for quantification; these determinants are still
under investigation. Nonetheless, in clinical studies performed to
date, circulating MPs derived from the endothelium (EMPs) have
been shown to demonstrate a special relationship with alterations
in endothelial homeostasis. Increased levels of circulating EMPs
have been observed in patients with stable or unstable coronary
artery disease, stroke, and peripheral artery disease.” These
changes in plasma EMP levels usually averaged a 2- to 3-fold increase
in patients with cardiovascular diseases, when compared with healthy
controls. Elevated EMPs levels have also been measured in the pres-
ence of cardiovascular risk factors such as uncontrolled systemic
hypertension, diabetes, and dyslipidemia.’~® However, these
results were observed in highly selected groups of patients and
were limited by modest sample sizes. Thus, the influence of different
CV risk factors and medications (i.e. cholesterol-lowering therapy,
anti-hypertensive medications) on EMP levels has yet to be examined
in a larger community-based population.

Our data indicate that elevated triglycerides are strongly asso-
ciated with higher EMP levels. These results are consistent with
observations from previous pilot studies in humans. Ferreira et al.
showed that CD314 EMP levels increase along with triglyceride
levels following a high-fat meal in a sample of 18 healthy individuals
without known cardiovascular risk factors.® Similar findings were
also reported for CD1444 EMPs in 27 patients with diabetes.'®
High levels of triglycerides have been shown to impair endothelial
function in vivo,'”” which may be related to the pro-inflammatory
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and pro-apoptotic effects of remnant lipoprotein particles on the
endothelium'® that are potentially mediated by changes in local oxi-
dative stress."”

High triglyceride levels are associated with an increased risk for de-
velopment of cardiovascular disease in certain subgroups such as
women and young healthy men.'82°=22 Potential explanations for
this association include increased atherogenic cholesterol-enriched
remnant lipoprotein particle production, interference with HDL or
LDL metabolism, and enhanced recruitment and attachment of
monocytes to the vascular wall."® Interestingly, the association of
EMPs with triglycerides observed in our community-based sample
was independent of total cholesterol levels, other cardiovascular
risk factors, and the presence of any medication therapies for cardio-
vascular risk. Thus, our findings offer potentially new insights regard-
ingthe deleterious role of triglycerides on vascular homeostasis.'® As
EMPs interfere with coagulation, inflammation, regulation of vascular
tone, and angiogenesis,2 these vesicles might further support the ini-
tiation and promotion of vascular disease. We did not observe any
independent relationship between HDL or total cholesterol values
and EMPs levels. Although oxidized LDL cholesterol has been
shown to increase EMP release in vitro,® the current data suggest
that the previously observed links in vivo between these parameters
could have been influenced by the presence of confounding factors
(such as associated cardiovascular risk factors, including hyperten-
sion and diabetes)® or that the presence of lipid-lowering therapy
might have affected this rela‘cionship.z“’26

We also observed independent associations between circulating
levels of EMPs and the presence of metabolic profiles associated
with high cardiovascular risk. In particular, the present paper demon-
strates robust correlations between circulating EMP levels and hyper-
tryglyceridaemic waist, suggesting that the vascular endothelium of
these participants at high risk of coronary artery disease!>"3% may
be prematurely injured or inflamed.”® 3> Metabolic abnormalities
are associated with impaired endothelial function and altered vascu-
lar structure.”® The pathophysiology of the deleterious effects on
the endothelium has not been fully elucidated but may involve macro-
phage infiltration within white adipose tissue, release of adipokines by
adipocytes and pro-inflammatory cytokines by leukocytes, insulin re-
sistance, and changes in lipid profiles.>* All of these factors can nega-
tively impact endothelial homeostasis, leading to local inflammation,
increased oxidative stress, and cellular vesiculation.>* Inflammatory
cytokines are elevated in the presence of metabolic syndrome*
and have been shown to stimulate EMP release in vitro."> Thus, in
turn, EMPs may interfere with coagulation, inflammation, or
enhance endothelial damage, leading to increased endothelial vesicu-
lation and MP release.

Our data also show that hypertension is associated with an in-
crease in CD144 EMPs. Prior studies have reported increased circu-
lating EMPs levels in patients with uncontrolled severe hypertension®
and an effect of anti-hypertensive drugs on platelet or monocyte-
derived, but not endothelial, MPs.***” Our study highlights differ-
ences between the two EMP sub-populations (CD144+ or
CD314CD41— MPs) with regards to sex and hypertension,
which could result from the preparation or the conservation of the
plasma samples.®® Alternately, these differences might reflect a differ-
ent condition or site of endothelial injury39 or a different affinity of
CD144 and CD31 antibodies for their endothelial epitopes.

Notably, we observed no significantassociation between frank dia-
betes and EMP traits. Prior small studies of patients referred for cor-
onary angiography have suggested that circulating EMP levels may be
elevated in diabetics compared with non-diabetics.***' However,
Sabatier et al. reported higher levels of EMPs compared with
healthy controls in Type 1 but not Type 2 diabetics.* Notably, 99%
of individuals with diabetes in the Framingham Offspring cohort are
known to have Type 2 diabetes.* Thus, previously observed rela-
tions of EMPs with diabetes may be related to concomitant burden
of cardiometabolic risk factors, active coronary artery disease, or
both. Moreover, the absence of any apparent association between
diabetes and EMP traits may also be related to the presence of con-
founding factors. Notably, we observed that the association between
triglycerides and EMP levels was more pronounced in diabetics com-
pared with non-diabetics. This observation suggests the possibility
that diabetes enhances potentially deleterious effects of hypertrigly-
ceridemia on endothelium. Alternately, the presence of diabetes in
association with hypertriglyceridemia may reflect a more severe
grade of metabolic disorder that leads to greater endothelial injury.
Further research is needed to specifically investigate these observed
relations.

Interestingly, there was no significant association between
smoking status and EMP traits in our study sample. In previous
work, both active and passive smoking exposure has been associated
with a small but significant elevation in circulating EMPs in small
samples of healthy adults, with mean ages ranging from 30 to 47
years.*** By contrast, our larger study sample was older (mean
age 66 years) with a presumably larger burden of cardiometabolic
risk factors. Thus, it is possible that whereas smoking leads to ele-
vated EMP levels in otherwise healthy younger adults, this relation
is attenuated with advancing age and the cumulative burden of cardi-
ometabolic risk that is frequently seen in older adults.

Several limitations of this study merit consideration. The present
study was not designed to precisely assess quantity of small-sized
MPs, with diameters between 0.1 and 0.5 um; thus, our conclusions
are only valid for large EMPs with diameters ranging from 0.5 to
1.0 um.* The platelet-poor plasma preparation used in the
present study might have included residual platelets which could gen-
erate artifactual MPs; thus, findings related to platelet-derived MPs or
the overall pool of annexinV+ MPs expressing phosphatidylserine
would need to be interpreted with extreme caution in this cohort.
Because our analyses were cross sectional, we cannot determine
whether high-EMPs preceded or followed the development of meta-
bolic syndrome. Additionally, HOMA-IR and HbA1c data were not
available as concurrent assessments of insulin resistance or glycaemic
exposure. The lack of outcomes data for this ambulatory cohort with
low event rates precluded analyses of associations with incident car-
diovascular disease, which warrants future investigation. Concurrent
data on surrogate measures of subclinical atherosclerosis, such as
carotid intima media thickness, were also not available at the time
of the EMP assessment. Thus, further research is needed to
examine the relations of EMPs and such imaging based markers of
subclinical vascular disease in the community. Anti-hypertensive
medications including angiotensin receptors blockers, 3-blockers
or calcium channel blockers have an impact on various subgroups
of circulating EMPs. Endothelial microparticle traits have been
assessed in very few large samples because they are difficult to
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measure and require specialized specimen handling. In future pro-
spective cohorts, the ability to obtain samples suitable for EMP and
other cell-based phenotyping may help to provide confirmatory
data for our findings. Additionally, our sample was predominantly
white of European ancestry; therefore, the extent to which our find-
ings are generalizable to other racial/ethnic populations is unknown.

In conclusion, in this large community-based study, higher levels of
circulating plasma EMPs were associated with elevated triglycerides,
hypertension, and the metabolic syndrome. Our results support the
need for further studies exploring the potential mechanisms linking
metabolic and lipid abnormalities to the production of EMPs.
Further studies may also be warranted to determine whether EMP
levels might represent an appropriate biomarker for identification
of asymptomatic individuals at risk of developing cardiovascular
events.

Supplementary material

Supplementary material is available at European Heart Journal online.
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