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H I G H L I G H T S

• Monocyte-platelet aggregates (MPA) are a robust marker of platelet activity and inflammatory monocytes.

• MPA are higher in patients with cardiovascular disease.

• MPA are highest in patients with peripheral artery disease (PAD).
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A B S T R A C T

Background and aims: Platelets are a major culprit in the pathogenesis of cardiovascular disease (CVD).
Circulating monocyte-platelet aggregates (MPA) represent the crossroads between atherothrombosis and in-
flammation. However, there is little understanding of the platelets and monocytes that comprise MPA and the
prevalence of MPA in different CVD phenotypes. We aimed to establish (1) the reproducibility of MPA over time
in circulating blood samples from healthy controls, (2) the effect of aspirin, (3) the relationship between MPA
and platelet activity and monocyte subtype, and (4) the association between MPA and CVD phenotype (coronary
artery disease, peripheral artery disease [PAD], abdominal aortic aneurysm, and carotid artery stenosis).
Methods and results: MPA were identified by CD14+ monocytes positive for CD61+ platelets in healthy subjects
and in patients with CVD. We found that MPA did not significantly differ over time in healthy controls, nor
altered by aspirin use. Compared with healthy controls, MPA were significantly higher in CVD (9.4% [8.2, 11.1]
vs. 21.8% [11.5, 44.1], p< 0.001) which remained significant after multivariable adjustment (β = 9.1
[SER = 3.9], p = 0.02). We found PAD to be associated with a higher MPA in circulation (β = 19.3 [SER = 6.0],
p = 0.001), and among PAD subjects, MPA was higher in subjects with critical limb ischemia (34.9% [21.9,
51.15] vs. 21.6% [15.1, 40.6], p = 0.0015), and significance remained following multivariable adjustment
(β = 14.77 (SE = 4.35), p = 0.001).
Conclusions: Circulating MPA are a robust marker of platelet activity and monocyte inflammation, unaffected by
low-dose aspirin, and are significantly elevated in subjects with CVD, particularly those with PAD.

1. Introduction

Platelets play a key role in the pathogenesis of atherosclerosis and
thrombosis [1]. Upon activation, platelets degranulate and P-selectin
translocates to the platelet surface [2]. Surface bound P-selectin binds

to P-selectin glycoprotein ligand-1 (PGSL-1) on monocytes, allowing a
monocyte-platelet aggregate (MPA) to form [3,4]. Ex vivo measurement
of MPA in the circulation has been proposed to represent a robust
biomarker of platelet activation in vivo [5,6]. Cross-talk between pla-
telets and monocytes is considered a crucial pathophysiological
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mechanism linking thrombosis and inflammation and contributes to the
pro-inflammatory action induced by activated platelets [7]. Several
studies have found increased MPA in patients with coronary artery
disease (CAD), aortic stenosis, unstable angina, and acute myocardial
infarction [8–11]. However, there is a paucity of data comparing MPA
across CVD phenotypes or their association with disease severity.

Circulating monocytes are a heterogeneous cell population with
three dominant subtypes distinguished by their differential surface ex-
pression of the LPS co-receptor CD14 and FCγIII receptor CD16: clas-
sical CD14++CD16−, intermediate CD14++CD16+, and nonclassical
CD14+CD16++ [12]. These distinct subtypes differ phenotypically in
their infiltrative [13], migratory [14], inflammatory [15], and gene
expression profiles [16]. Classical monocytes are reported to be pha-
gocytic with no inflammatory attributes [17]. Intermediate monocytes
have been shown to contribute to atherosclerosis [18] and display both
phagocytic and inflammatory functions while the non-classical subtype
performs in vivo patrolling and have a pro-inflammatory phenotype
[17]. Platelets can act as effector cells to promote monocyte in-
flammation [19], however it remains unclear if platelets preferentially
bind to a specific monocyte subtype.

In the present study, we sought to assess [1] MPA measurement over
time in a group of healthy volunteers [2], ex vivo and in vitro effect of
aspirin on MPA within healthy subjects, [3] activity of platelets and
inflammatory status of monocytes in MPA, and [4] circulating MPA in
subjects with various phenotypes of CVD, including CAD, peripheral
artery disease (PAD), abdominal aortic aneurysm (AAA), and carotid
artery stenosis (CAS).

2. Patients and methods

2.1. Study population

The study was performed in accordance with policies of the New
York University School of Medicine Institutional Review Board, and
informed consent was obtained from each subject. As previously de-
scribed [20], healthy volunteers > 21 years of age were recruited for a
reproducibility study of platelet activity. Exclusion criteria included
history of cardiovascular disease, use of medications known to affect
platelet function (e.g. non-steroidal anti-inflammatory drugs [NSAIDs],
anti-histamines, and selective serotonin reuptake inhibitors) 5 days
prior to baseline phlebotomy, platelet count < 100 × 109/L or > 450
× 109/L, chronic kidney disease, anemia, or any known hemorrhagic
diathesis.

Patients with CVD were recruited into ongoing studies (thrombosis
[THoR] registry, platelet activity and cardiovascular events [PACE] and
platelet activity and vascular thrombosis and bleeding [PIVOTAL]) in-
vestigating the role platelet activity and platelet transcriptomics in CVD
[19–22]. For this cohort, subjects > 21 years of age with diagnosed
CAD, CAS, PAD or AAA were recruited from the New York University
Langone Medical Center Tisch Hospital, Bellevue Hospital, or the Ve-
terans Affairs NY Harbor Healthcare System. Subjects were excluded if
they used NSAIDs (other than aspirin) in the past week, antithrombotic
therapy, platelet count < 100 × 109/L or > 450 × 109/L, renal failure
(Cr Cl < 30 ml/min or on dialysis), presence of co-existing in-
flammatory disease (e.g. rheumatoid arthritis, lupus, etc.), cancer, ac-
tive infection, anemia, or any known hemorrhagic diathesis.

2.2. Study design

Demographics and medical history were obtained via direct inter-
view and medical record, if available. Healthy volunteers had a blood
collection weekly for four consecutive weeks and took 81 mg aspirin
daily for 7 consecutive days between weeks 3 and 4. Subjects fasted
overnight and refrained from intensive exercise and tobacco use prior to
an early-morning phlebotomy to avoid circadian changes in platelet
activity. A cohort of patients with established CVD was included for

comparison.

2.3. Blood collection

For healthy controls and patients with CVD, peripheral blood sam-
ples were drawn using a 19 gauge needle without the use of a tourni-
quet. A subset of patients with CVD scheduled to undergo arterial re-
vascularization had blood samples collected from the radial artery prior
to incision. After an initial 2 cc discard, blood was collected into tubes
containing 3.2% (0.105 mol/L) sodium citrate for platelet activity
measures. Samples were processed immediately. Prior data from our
group demonstrated excellent intraclass correlation coefficient (0.71,
p< 0.0001) for MPA between arterial and venous collection [23].

2.4. Measurement of monocyte-platelet aggregates

MPA were identified in citrate anticoagulated blood as previously
described [24]. Briefly, whole blood was fixed with 1% formaldehyde
(Sigma) 15 min after blood collection. Fixed whole blood was stained
with 5 μL CD61-FITC (Dako) to identify platelets and 5 μL CD14-APC
(BD Biosciences) to identify monocytes. After lysis of red blood cells,
monocytes were collected based on side-scatter properties and positive
staining for CD14 using an Accuri C6 flow cytometer (BD Biosciences,
San Jose, CA). MPA were identified as having a positive stain for CD14
and CD61, and were recorded as a percent of 2000 total monocytes
collected.

2.5. Platelet activity measurements

Platelet activation was determined by platelet surface expression of
GPIIb/IIIa (PAC-1), P-selectin, and CD40 with whole blood flow cyto-
metry, as previously described [20]. Briefly, activated GPIIb/IIIa was
assessed with a fluorescein isothiocyanate (FITC)-conjugated PAC-1
antibody (BD Biosciences), P-selectin expression was determined with a
FITC-conjugated anti-CD62P antibody (BD Biosciences), and CD40 ex-
pression was determined with a FITC-conjugated anti-CD40 antibody
(BD Biosciences). Gates were established to include platelets with and
without aggregation to monocytes. Monocytes were identified by
staining with CD14-APC (BD Biosciences), and platelets were identified
by staining with CD42-PE (BD Biosciences). The expression of platelet
activation markers were assessed individually.

2.6. Monocyte type measurements

Monocyte characterization was performed by flow cytometry ana-
lysis on whole blood collected in sodium citrate. Ten thousand mono-
cytes were collected based on their forward-side-scatter properties.
Monocyte subsets were identified by double immunostaining for CD14
and CD16. Monocytes were grouped into classical (CD14++CD16−),
intermediate (CD14++CD16+), and non-classical (CD14+CD16++). In
each monocyte category, the percent of CD42b-positive events were
recorded. To further assess the monocyte type composition within MPA,
CD42b positive or CD42b negative monocytes were divided into clas-
sical (CD14++CD16−), intermediate (CD14++CD16+), and non-clas-
sical (CD14+CD16++) phenotypes and reported as percent of total
monocytes.

2.7. Aspirin in vitro experiments

Aspirin (Sigma) was diluted to a stock concentration of 300 μM in
0.01% DMSO. Whole blood was incubated with or without 30 μM as-
pirin, corresponding to a dose of 81 mg aspirin [25], 15 min after blood
collection for 30 min at 37 °C. Following the incubation period, blood
was then fixed with 1% formaldehyde for 15 min. Assessment of MPA
was performed as described.
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2.8. Statistical analysis

Data were analyzed using standard descriptive and multivariable
methods. Skewed continuous variables (Shapiro–Wilk) are presented as
median [interquartile range] and examined using non-parametric tests.
Measurements of MPA were compared between weeks 1, 2, and 3 using
the Friedman test. Difference between MPA pre- and post-aspirin was
measured with the Wilcoxon Signed Rank test. Correlations were ana-
lyzed using Spearman's test. Circulating MPA was compared between
groups using non-parametric independent sample tests (Kruskal–Wallis
for multiple group comparisons and Mann–Whitney for comparisons
between 2 groups). Multivariable linear regression analysis was used to
estimate the association between CVD status and circulating MPA,
controlling for age, sex, race/ethnicity, body mass index (BMI),
smoking status, and family history of CVD. For analysis of phenotypes
of CVD, the presence of CAS, CAD, PAD and AAA as well as diabetes,
hyperlipidemia and hypertension were additional covariates into the
model. A two-sided p-value < 0.05 was considered statistically sig-
nificant. Statistical analysis was conducted with SAS 9.4 and the R
program for scientific computing (available at www.r-project.org).

3. Results

Baseline characteristics of healthy controls that presented for four
consecutive visits are shown in Supplemental Table 1. Median age was
29.0 [24.5, 36.5], 50% were female and 54% were white.

3.1. MPA over time

Circulating MPA was evaluated in whole blood of healthy controls
(n = 48) for three consecutive weeks by flow cytometry (Fig. 1A).
Values did not significantly differ between weeks 1, 2, and 3 (8.7% [8.0,
11.2] in week 1, 9.7% [8.4, 10.4] in week 2, and 8.9% [7.2, 11.4] in
week 3, p = 0.93; Fig. 1B and C).

3.2. Demographics and MPA

Next, we assessed if MPA was associated with demographics and
clinical variables within our healthy cohort. Healthy controls aged
21–49 with a median age of 28 [25.4, 33] were compared to healthy
controls aged 51–72 with a median age of 59.5 [54, 64]. MPA values

Fig. 1. Monocyte-platelet aggregates are independent of baseline characteristics and unaffected by low-dose aspirin in healthy controls.
(A) Monocyte-platelet aggregates (MPA) characterization by flow cytometry. Monocytes were first gated by characteristic forward scatter (FSC)-side scatter (SSC),
shown in the circle, and expression of CD14, shown in the middle panel. The percentage of CD14+ events that were also CD61+ were considered MPA, shown in the
right panel. To assess MPA measurements over time, healthy controls (n = 48) were analyzed over three consecutive weeks. (B) An example of a single subjects MPA
over three weeks. (C) MPA percent over time in the healthy control cohort. Monocyte-platelet aggregates (MPA) did not significantly differ with age (D and E), sex
(F), race (G), ethnicity (H), smoking status (I), family history (FH) of cardiovascular disease (CVD) (J), or body mass index (BMI) (K) in the healthy control cohort. (L)
Monocyte-platelet aggregates (MPA) were assessed in healthy controls (n = 48) before and after seven days of in vivo aspirin monotherapy (81 mg daily, p = 0.40).
(M) Healthy donor whole blood (n = 5) was incubated with a physiological dose of 30 μM aspirin in vitro (aspirin) or buffer (control) before assessment of MPA (p =
0.63).

N. Allen et al. Atherosclerosis 282 (2019) 11–18

13

http://www.r-project.org


did not significantly differ between groups, (8.7% [8.0, 11.1] in
younger controls vs. 10.9% [10.0, 13.3] in older controls, p = 0.44;
Fig. 1D), and there was no significant correlation between age and MPA
(r = 0.09, p = 0.51; Fig. 1E). Furthermore, MPA was not significantly
different when stratified by sex (Fig. 1F), race (Fig. 1G), ethnicity
(Fig. 1H), smoking status (Fig. 1I), family history of CVD (Fig. 1J), or
body mass index (Fig. 1K).

3.3. Aspirin does not affect MPA

Healthy volunteers had their platelet function measured before and
after 1-week of low-dose aspirin (81 mg daily). Aspirin compliance was
evaluated by measuring platelet aggregation in response to arachidonic
acid. Platelet aggregation decreased from 90.6% [89.3, 92.5] to 13.1%
[8.2, 21.1] (p< 0.0001) demonstrating excellent COX-1 inhibition
(data not shown). MPA did not significantly differ with low-dose aspirin
(pre-aspirin 8.9% [7.3, 11.5] vs. post-aspirin 9.1% [7.3, 10.8], p =
0.40; Fig. 1L). To confirm these findings, we investigated the effect of in
vitro aspirin on MPA. MPA did not differ when whole blood was in-
cubated with aspirin at physiological concentrations (30 μM [25]) (no
aspirin 14.4% [11.5, 26.4] vs. aspirin 16.6% [10.5, 21.5], p = 0.63;
Fig. 1M).

3.4. Platelet activity and monocyte subtype in MPA

Platelet activity of platelets aggregated versus not aggregated to
monocytes was assessed via surface expression of PAC-1, P-selectin, and
CD40. All activation markers investigated were significantly increased

on platelets aggregated with monocytes versus platelets not aggregated
to monocytes (p< 0.05 for each comparison; Fig. 2A and B). To assess
the robustness of MPA as a marker of platelet activity, we investigated
the correlation between these measures. MPA was significantly corre-
lated with P-selectin and CD40 (Fig. 2C and D). No significant corre-
lation was detected between MPA and platelet PAC-1 expression
(Supplemental Fig. 1).

We next assessed if platelets preferentially aggregate to specific
monocyte subtypes. Monocytes from healthy controls were stratified
into monocyte subtype: classical (CD14++CD16−), intermediate
(CD14++CD16+), or nonclassical (CD14+CD16++), then each subtype
was individually assessed for percent of platelets attached. We found
that proportionally more intermediate and non-classical monocytes
were aggregated to platelets than classical monocytes (p< 0.05, Fig. 3A
and B). We then investigated if platelet aggregation to monocytes
within whole blood was monocyte subtype specific. Classical mono-
cytes are less likely to be associated with platelets (p = 0.024) while a
significantly greater proportion of nonclassical monocytes are found in
MPA within the circulation (p = 0.027). No significant difference was
noted in the intermediate monocyte population (Fig. 3C). These data
demonstrate that platelets preferentially bind to the nonclassical pro-
inflammatory monocyte subtype.

3.5. MPA are elevated in patients with CVD

We next sought to examine if circulating MPA were higher in pa-
tients with CVD. Baseline characteristics of healthy controls (n = 73)
and CVD subjects (n = 345) are shown in Supplemental Table 2.

Fig. 2. Platelets are more hyperactive in monocyte-platelet aggregates. Surface expression of PAC-1, P-selectin, and CD40 was assessed on platelets alone versus
platelets aggregated to monocytes within the same healthy donor blood sample.
(A) Representative flow cytometry plot of analysis, and (B) quantification of platelet activation markers (*p< 0.05 between platelets alone versus platelets ag-
gregated to monocytes). (C) Monocyte-platelet aggregates (MPA) are significantly correlated with platelet P-selectin (Psel) (r = 0.2455, p< 0.0001) and (D) CD40
surface expression (r = 0.2301, p< 0.0004) (n = 302). MFI= Mean Fluorescence Intensity.
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Fig. 3. Intermediate (CD14++CD16+) and non-classical (CD14+CD16++) monocytes are associated with monocyte-platelet aggregates.
(A) Monocytes were first isolated by their characteristic forward scatter (FSC) side scatter (SSC) (i) then split into monocyte phenotypes based on CD14 and CD16
expression. Classical monocytes (CD14++CD16−) are shown in red, intermediate monocytes (CD14++CD16+) are shown in green, and nonclassical monocytes
(CD14+CD16++) are shown in blue (ii). Each monocyte subtype was then divided and MPA assessed (panel iii-v). MPA was reported as the percent of each monocyte
subtype positive for the platelet marker CD42b. (B) Healthy donor monocytes (n = 6) were divided into subtypes then assessed for percent MPA, *p< 0.05 as
determined via one-way ANOVA with Tukey's multiple comparison test. (C) Assessment of platelet aggregation to monocytes in whole blood as determined by
monocyte subtype. Classical monocytes are less likely to be associated with platelets (p = 0.024), while non classical monocytes are more likely to be associated with
platelets (p = 0.027), as determined by a paired students t-test. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 4. Monocyte-platelet aggregates are increased in cardiovascular disease.
(A) Healthy subjects on aspirin monotherapy (n = 64) were brought in for assessment of monocyte platelet aggregates (MPA). Subjects with established cardio-
vascular disease (CVD) on aspirin were analyzed for comparison (n = 351). After adjustment for differences in smoking status, sex, age, race, and BMI, the CVD group
is associated an increased number of MPA (*p = 0.02). MPA was determined by quantification of CD14 and CD61 positive events. (B) Subjects with established CVD
on aspirin (n = 345) were broken up by specific phenotypes, including carotid artery disease (CAD), peripheral artery disease (PAD), abdominal aortic aneurysm
(AAA), carotid artery stenosis (CAS), and multiple phenotypes and had MPA assessed. (C) MPA levels are significantly elevated in patients with PAD presenting with
critical limb ischemia (CLI) ***p< 0.0001; **p< 0.001.
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Circulating MPA were higher in CVD than controls (21.8 [11.5, 44.1]
vs. 9.4 [8.2, 11.1], p< 0.0001; Fig. 4A). After adjustment for age, sex,
race/ethnicity, smoking status, BMI, and family history of CVD, circu-
lating MPA remained significantly associated with CVD (β = 9.1
(SER = 3.9), p = 0.02).

Each phenotype of CVD within our patient cohort (CAD, PAD, AAA,
CAS, or polyvascular disease) had significantly higher MPA than
healthy controls (Fig. 4B). We next performed a multivariable linear
regression analysis to investigate the association of different pheno-
types of CVD with MPA. After adjustment for age, sex, race/ethnicity,
smoking status, BMI, hyperlipidemia, hypertension, diabetes, and each
phenotype of disease, PAD was significantly associated with an increase
in MPA (β = 19.3 (SE = 6.0), p = 0.001; Table 1). The only other
variable associated with increasing MPA was black race (versus white;
β = 5.1 (SE = 3.4), p = 0.02). Next, we categorized PAD by severity of
disease (Demographics in Supplementary Table 3). We found that PAD
subjects with versus without critical limb ischemia (CLI) had an in-
creased MPA (34.9% [21.9, 51.15] vs. 21.6% [15.1, 40.6], p = 0.0015).
This difference remained statistically significant after multivariable
adjustment (β = 14.77 (SE = 4.35), p = 0.001).

4. Discussion

The binding of platelets and monocytes in CVD highlights the in-
tegral overlap between inflammation and thrombosis in cardiovascular
disease [7]. The role of platelets in the recruitment of leukocytes to sites
of vascular injury is a well-established immune response [26]. Acti-
vated platelets bind to leukocytes in circulating blood, where the
binding of platelet P-selectin to PSGL-1 on leukocytes is the dominant
molecular event in these interactions. The interaction of platelets with
monocytes has physiological inflammatory consequences, and in-
creasing evidence indicates they contribute to the propagation of in-
flammatory damage in disease [19,27]. Given the non-standardized
nature of MPA measurements [28], we first investigated the reliability
of this biomarker over time. We found that our measurement of cir-
culating MPA in whole blood did not differ over time, and was in-
dependent of baseline demographics. Additionally, we found MPA
measurements to be unaffected by aspirin. However, we found that
MPA significantly correlated with platelet activity markers associated
with increased adhesion, e.g. surface expression of P-selectin and CD40.
Altogether, these data strongly suggest that circulating MPA is a robust
marker of platelet activity in vivo.

Human monocytes display a range of heterogeneity, with at least
three subtypes routinely reported, defined by expression of the surface
markers CD14 and CD16. Each subtype is hypothesized to have a un-
ique function (i.e. chemokine release, migration) and the association
between monocyte subtype and MPA is relatively unexplored. In our
cohort of healthy individuals, we found intermediate (CD14++CD16+)
and non-classical (CD14+CD16++) monocytes had increased aggreg-
ability to platelets than classical monocytes (CD14++CD16−,
Fig. 3B–C). The significance of this observation is currently unknown,
however given the key role of non-classical monocytes in the mon-
itoring of the endothelium [29] we hypothesize platelets play an es-
sential role in this process. A recent study suggests that the interaction
of platelets with monocytes induces a phenotypic switch in monocytes
from healthy donors, by inducing CD16 expression, however whether
this occurs in vivo is unknown [30]. In addition to these findings, it is
thought that CD16+ monocytes aggregated to platelets (i.e. inter-
mediate and nonclassical monocytes) exhibit increased adhesiveness to
activated endothelium, further highlighting the effector function of
platelets to these circulating cells [30]. Thus, identification of CD16+

monocyte-platelet aggregates may represent a superior biomarker for
platelet activity in vivo.

Circulating MPA have been shown to be elevated in subjects with
PAD [31], CAD [8], unstable angina [10], and acute MI [11], and are
heightened in acute versus stable coronary subjects [32]. However, this
is the first study to investigate circulating MPA levels across the CVD
spectrum. We found a significant increase in MPA in patients with each
phenotype of CVD, and in particular patients with PAD. Notably, dif-
ferences remained significant following adjustment for age, sex, race/
ethnicity, smoking status, BMI, hyperlipidemia, hypertension, diabetes,
and CVD phenotype (Fig. 4B, Table 1).

Following additional adjustment for clinical phenotype, circulating
MPA was most linked with PAD. Among patients with PAD, MPA was
higher in those with the most severe subtype of PAD, CLI, and remained
so after adjustment for demographics and clinical risk factors. Prior
data from our group found increased platelet activity in patients with
PAD and the potent effect of PAD platelets on monocyte inflammation
and migration [19]. Our new data suggest that the platelet-monocyte
interaction is significantly pronounced in PAD and requires under-
standing of this observation. Circulating inflammatory MPA may re-
present a biomarker and therapeutic target in PAD. Patients with PAD
are at heightened risk of a platelet mediated events, including myo-
cardial infarction, stroke, death and acute limb ischemia [33,34]. Data
from clinical trials suggest that aspirin may not be particularly effective
in decreasing cardiovascular events in patients with PAD [34,35], in
contrast to the well-described effect of aspirin in patients with CAD and
prior stroke [36]. These data demonstrate that in the setting of PAD,
antiplatelet therapies with different therapeutic targets may be re-
quired. Our data demonstrating that aspirin did not change circulating
MPA is consistent with prior data in patients with CAD showing no
association between MPA and aspirin or its downstream targets
[37–39]. However in our current study we did not directly assess MPA
and aspirin use in patients with CVD. Of note, clopidogrel was able to
decrease circulating MPA [39] and was particularly effective in redu-
cing cardiovascular events compared to aspirin [36,40].

Our findings indicate a heightened cross talk between platelets and
monocytes in the setting of PAD, and provide novel insight to the
heightened risk of CVD in patients with PAD. MPA are likely to be of
significant relevance to patients with PAD as the vasculature of the
lower limbs generally has larger vessel lengths making them more
susceptible to inflammatory monocyte entry to the sub endothelium, a
process elevated by the presence of platelet-bound monocytes [30].
Multivariate adjustment of CVD patients also revealed that black sub-
jects have elevated MPA compared to white subjects. Blacks are known
to have increased platelet activity [41], increased MPA [42], and are at
higher risk for PAD and its complications [43].

Platelet activity tracks with a range of inflammatory vascular

Table 1
Linear regression analysis of CVD cohort by disease phenotype.

Parameter β Standard error p-value

CVD
CAD only 0.663 5.209 0.899
PAD only 19.346 5.995 0.001
AAA only 4.736 7.747 0.541
CAS only 0.206 5.823 0.972
Multiple 5.057 5.589 0.366

Smoker: Current 2.385 3.495 0.495
Smoker: Former −0.157 2.398 0.948
Race: Black 7.838 3.365 0.020
Race: Asian −4.135 4.093 0.312
Race: Other 3.597 3.613 0.320
Age −0.004 0.089 0.962
BMI −0.279 0.185 0.131
Female −2.272 2.158 0.293
Family History of CVD −3.494 2.269 0.124
Diabetes 1.890 2.385 0.428
Hyperlipidemia 5.286 3.914 0.177
Hypertension 2.363 2.916 0.418

CVD = cardiovascular disease; CAD = coronary artery disease;
PAD = peripheral artery disease; AAA = abdominal aortic aneurysm;
CAS = carotid artery stenosis; BMI = body mass index.
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disorders, and recent studies have demonstrated the importance of the
effector cell properties of platelets in inflammatory and immune re-
sponse [27,44]. Our study highlights the interplay between active
platelets and inflammatory monocytes in CVD and demonstrates the
importance of circulating MPA as a predictive marker of CVD and
disease severity. Additionally, we find that the platelet-monocyte in-
teraction is particularly elevated in PAD. Future therapeutic studies
should investigate targeting of MPA in this high-risk population.
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