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Abstract

Some studies suggest that mean platelet volume (MPV) correlates with increased risk for

cardiovascular morbidity and mortality. In this study, we aim to assess reproducibility, need for

standardized measurements, effect of aspirin, and association with other established markers of

platelet activity. Following an overnight fast, 48 healthy volunteers had weekly assessment of

platelet activity and were administered aspirin 81 mg daily for 7 d between weeks 3 and 4. We

investigated the influence of time between phlebotomy and MPV measurement (n=10).

Reproducibility was assessed by coefficient of variation (CV) and intraclass correlation coefficient

(ICC). MPV measurements were reproducible (Week 1: 10.6 fL [9.9–11], Week 2: 10.6 fL [10.0–

10.9], Week 3: 10.6 fL [9.8–11]). CV was ≤4% and ICC>0.85 (p<0.001) for each comparison,

indicating excellent reproducibility. There was no effect of aspirin on MPV (10.6 fL [9.8–11]

versus 10.5 fL [9.9–11]; p=0.81). MPV significantly increased as time between phlebotomy and

MPV measurement increased (Spearman’s rho=0.94, p=0.001). Increasing MPV tertiles was

associated with collagen- and thrombin receptor-activated peptide-induced platelet aggregation but

not with ADP- or arachidonic acid-induced or spontaneous platelet aggregation. In conclusion,

when standardized, MPV is a reproducible marker of platelet size and not affected by low-dose

aspirin. MPV is modestly associated with some, but not all, markers of platelet activity.
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Introduction

Platelets play a key role in atherothrombosis, and the measurement of platelet activity is

independently associated with cardiovascular events and long-term mortality [1–5].

Although, light transmission aggregometry has long been considered as the historical gold

standard for measurement of platelet activity, this technique requires a large volume of

blood and time for processing and is associated with poor standardization and wide

variability [6]. Platelets are heterogenous in size, and larger platelets are metabolically and

enzymatically more active, with greater prothrombotic potential [7–9]. Mean platelet

volume (MPV), a marker of platelet size, is readily available on automated hemograms, and

some studies have shown significant correlations between larger MPV and increased risk for

cardiovascular morbidity and mortality [10–12]. A recent study from our group found that

serial measurements of MPV over time are more predictive of long-term mortality than a

single measurement [13]. While increasing data has emerged demonstrating MPV as a

potential biomarker in cardiovascular disease, there is no systematic data evaluating the

stability of MPV over time, the effect of low-dose aspirin on MPV, and the association

between MPV and other measures of platelet activity.

Methods

Study population

A group of 48 volunteers >18 years of age, who had not taken anti-platelet agents for at least

5 d, were selected to participate. These volunteers were selected after evaluation for the

following exclusion criteria: (1) history of cardiovascular disease, including myocardial

infarction, history of percutaneous coronary angioplasty or stent, peripheral vascular disease

or stroke; (2) medications known to affect platelet function, including non-steroidal anti-

inflammatory drugs, anti-histamines, and selective serotonin reuptake inhibitors, during the

5 d prior to baseline phlebotomy; (3) platelet count <100 000 or >450 000; (4) creatinine

clearance <30 cc/minute; or 5) any known hemorrhagic diathesis. The New York University

School of Medicine Institutional Review Board approved this study, and informed consent

was obtained from each volunteer.

Study design

Baseline characteristics and medical history was obtained via direct interview,

questionnaire, and physical exam. Volunteers (n=48) had assessment of platelet activity

every week for four consecutive weeks and took aspirin 81 mg daily for 7 d between weeks

3 and 4. Volunteers fasted overnight and refrained from intensive exercise and tobacco use

for 4 h prior to an early-morning phlebotomy to avoid any circadian changes in platelet

activity.

Phlebotomy and markers of platelet activity

Blood samples were collected using a 19-gauge needle (after a 2 cc discard) into tubes

containing EDTA for complete blood count (CBC) and tubes containing 3.2% (0.105

moles/L) sodium citrate for platelet activity measures. CBC, including MPV, was performed

within 30 min of phlebotomy using a Sysmex XE-2100 hematology analyzer (Mundelein,
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Illinois, USA), which uses the impedance method to measure MPV. Ten of these volunteers

had repeat MPV measurements from one blood sample at 15 n, 30, 60, 90, 120, 180, 240,

300, and 360 min after phlebotomy to assess the effect of time between phlebotomy and

MPV measurement.

In all volunteers (n=48), whole blood impedance platelet aggregometry was performed

within 60 min of phlebotomy using the Multiplate system (Diapharma, Franklin, Ohio).

Platelet aggregation was assessed in response to saline (spontaneous platelet aggregation),

3.2 µg/mL of type 1 collagen from equine tendon, 32 µM of thrombin receptor-activated

peptide (TRAP), 0.5 mM of arachidonic acid, and 6.4 µM of adenosine diphosphate (ADP).

Results are expressed as percent aggregation following a 6-min evaluation.

In 47 of the volunteers, PAC-1 expression was measured by activation of the platelet

integrin αIIbβ3 activity using a FITC-conjugated PAC-1 antibody (no agonist). Platelets

were labeled with anti-CD42b PE antibody, and the mean fluorescent intensity (MFI) of

PAC-1 expression across MPV tertiles was assessed. To further investigate the association

between platelet size and platelet activity, a gated sample of 10 000 platelets from each

volunteer (n=47) was separated into quartiles of platelet size, as determined by forward

scatter using an Accuri C6 flow cytometer (BD Biosciences, San Jose, CA). This allowed

for assessment of PAC-1 expression in each quartile of platelet size, rather than MPV.

Statistical analyses

Categorical variables are presented as proportions. Skewed continuous variables (Shapiro–

Wilk) are presented as median [interquartile range] and examined using non-parametric

tests. MPV was compared between weeks 1, 2, and 3 using the Kruskal–Wallis test, and

reproducibility was assessed by coefficient of variation (CV) and intraclass correlation

coefficient (ICC). Difference between MPV pre- (week 3) and post- (week 4) aspirin was

measured with the Wilcoxon Signed Rank test. Correlation between time from phlebotomy

and average MPV obtained from 10 individuals at nine different time points was assessed

using Spearman’s test. Platelet aggregation and PAC-1 was compared across MPV tertiles

(1st tertile n=16; 2nd tertile n=15; 3rd tertile n=17) using non-parametric independent

sample tests from blood samples obtained during week 1 (Kruskal–Wallis for 3-way

comparisons and Mann–Whitney for comparisons between 1st and 3rd MPV quartile).

Analysis was repeated as a correlation between measures of platelet activity and MPV using

Spearman’s test. Platelet size was divided into four equal distributions based on platelet size

as determined by the forward scatter. Mean fluorescent intensity of PAC-1 was assessed

overall and for each distribution based on platelet size. Significance was set at p<0.05.

Results

Baseline characteristics of the study population are shown in Table I. MPV values were

similar between weeks 1, 2, and 3 (median [interquartile range, IQR] 10.6 fL [9.9–11.0] in

week 1, 10.6 fL [10.0–10.9] in week 2, and 10.6 fL [9.8–11.0] in week 3, p=0.94; Figure 1).

Reproducibility was excellent with CV ≤4% and ICC>0.85 (p<0.001) for each comparison

(Week 1 and 2: CV 3.4%, ICC 0.95; Week 2 and 3: CV 3.9%, ICC 0.93; Week 1 and 3: CV
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4.0%, ICC 0.92). After 7 d of aspirin therapy, there was no significant change in MPV (pre-

aspirin 10.6 fL [9.8–11.0] versus. post-aspirin 10.5 fL [9.9–11.0], p=0.81; Figure 1).

To assess the pre-analytical effect of time between phlebotomy and MPV measurement,

MPV was measured at different post-phlebotomy time-points in a subset of 10 volunteers

(15 min: 10.9 fL [10.5–11.0], 30 min: 11.1 fL [10.8–11.2], 60 min: 11.2 fL [10.9–11.4], 90

min: 11.2 fL [11.2–11.5], 120 min: 11.4 fL [11.3– 11.6], 180 min: 11.6 fL [11.1–11.7], 240

min: 11.5 fL [11.1–11.7], 300 min: 11.6 fL [11.2–11.7], 360 min: 11.5 fL [11.2–11.7]).

MPV significantly increased as time between phlebotomy and MPV measurement increased

(Spearman’s rho of averaged data 0.941, p=0.001) (Figure 2).

Platelet activity, as measured by platelet aggregation and PAC-1 expression, across MPV

tertiles are shown in Figure 3. While markers were numerically higher in subjects with

increased MPV, only collagen-induced and TRAP-induced platelet aggregation was

significantly higher in participants in the 3rd compared with the 1st MPV tertile. When

analyzed as continuous variable correlations, only collagen-induced (Spearman’s rho 0.33,

p=0.02) and spontaneous (Spearman’s rho 0.32, p=0.03) platelet aggregation significantly

correlated with MPV; TRAP- (Spearman’s rho 0.21, p=0.16), Arachidonic Acid-

(Spearman’s rho 0.06, p=0.68), ADP-induced platelet aggregation (Spearman’s rho 0.23,

p=0.13), and PAC-1 expression (Spearman’s rho 0.18, p=0.23) was not statistically

significant. We further investigated platelet activation across quartiles of platelet size within

each individual, and PAC-1 expression was significantly increased in larger platelets (1st

quartile 247 [222–292], 2nd quartile 274 [258–310], 3rd quartile 319 [295–347], 4th quartile

423 [380–445], p<0.001; Figure 4).

Discussion

This study demonstrates that, when standardized, MPV measurements are reproducible and

not affected by the use of low-dose aspirin. Prior to this study, the potential confounding

effects of anti-platelet agents on MPV measurements were unclear. One study showing

patients with an elevated MPV and aspirin resistance (assessed using PFA-100) had a

significantly increased rate of the composite endpoint of death, myocardial infarction, and

target vessel revascularization [14]. Our results in a healthy population are consistent with

the only other published study retrospectively demonstrating no effect of low-dose aspirin

therapy on MPV in patients with paroxysmal atrial fibrillation [15]. While our prospective

analysis is not adequately powered to detail the effects of aspirin therapy on MPV

measurements, we demonstrate not even a hint of effect. A recent single-center prospective

analysis by de Luca et al. demonstrated an increase in MPV after starting dual anti-platelet

therapy in patients with acute coronary syndrome [16]. However, they did not tease out the

individual effects of clopidogrel versus aspirin.

When evaluating platelet activity, several pre-analytical considerations should be made,

including the method of venipuncture, choice of anti-coagulant, and time interval between

phlebotomy and measurement, but there is little data to support a detailed standardized

protocol of measurement [17, 18]. In this study, all pre-analytical components were

standardized. We used an automated hematology analyzer that uses the impedance method
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to measure MPV, which determines particle size based on the conduction properties of cells.

The other commonly used automated technique of platelet counting and MPV measurement,

the light scatter flow cytometry method, uses light scatter produced by a laser illuminating

the cells, which is then measured at two angles and converted to electrical pulses. The

number of pulses and amplitude correspond to cell count and volume, respectively. MPV

has been shown to be up to 40% different when measured using the light scatter versus

impedance methods, making the type of hematology analyzer used an important

preanalytical consideration when measuring MPV [19]. We also studied in detail the effect

of time between phlebotomy and MPV measurement in a subset of patients. Our data is

consistent with other studies demonstrating the time-dependence of MPV measurement due

to swelling of platelets in EDTA until 120 min [20, 21].

Lastly, this is the only study to systematically evaluate the relationship between MPV and a

variety of measures of platelet activity, and takes a closer look at individual platelet size and

platelet activity. We demonstrated that MPV is associated with some, but not all, metrics of

platelet activity evaluated in this study. These results are consistent with de Luca’s analysis

demonstrating no relationship between baseline MPV and platelet activity measured by

impedance aggregometry using the agonist arachidonic acid [16]. It is possible that this

study is underpowered to make any conclusions whether MPV is more strongly associated

with platelet aggregation to one agonist versus another. Future adequately powered studies

are needed to assess whether a true difference between MPV and different platelet agonists

exist. However, while multiple studies have demonstrated increased MPV to be a predictor

of adverse clinical outcomes in large populations [7–9], we suggest that this may not be as

useful in an individual patient.

Limitations

This study is not designed to address long-term follow-up or associations with clinical

endpoints but does provide insight into future study designs utilizing MPV as the biomarker

of interest. Second, we selected whole blood impedance platelet aggregometry and PAC-1

expression via flow cytometry as comparative measures of platelet activity, but there are

other methods of measuring platelet activity that were not chosen for this study. Similarly,

we only used one concentration of agonist to evaluate maximal extent of platelet

aggregation, and this may not be sensitive enough to evaluate hyper-reactivity. Third, the

effect of a longer duration of aspirin or other more potent anti-platelet medications such as

clopidogrel, prasugrel, and ticagrelor were not studied. Fourth, although tobacco use is a

known influence on platelet activity and tobacco users were not excluded from participation,

only a minority (6%) of subjects in this study were current tobacco users. Nonetheless, this

is the only study, to date, to systematically evaluate the reproducibility of standardized MPV

measurements, the effect of aspirin on MPV measurements, the association of MPV with

different markers of platelet activity, and the association of individual platelet size with

platelet activity (measured by PAC-1 binding on flow cytometry).
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Conclusions

When standardized, MPV is a reproducible marker of platelet size. MPV is not affected by

low-dose aspirin but is significantly affected by time between phlebotomy and

measurement, emphasizing the need for standardization of MPV measurements. Platelet

size, rather than MPV, may be a more useful marker of platelet activity in an individual

patient. MPV measurements should be standardized and larger studies correlating

standardized MPV measurements with clinical outcomes are needed.
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Figure 1.
Reproducibility and effect of aspirin on MPV. Reproducibility of MPV was assessed in

healthy volunteers (n=48) by weekly measures for 3 weeks under standardized conditions.

Asprin 81 mg was then administered for 7 d between week 3 and week 4 and MPV was re-

assessed. Data presented as median [interquartile range] (box) and range (whiskers);

compared between Weeks 1, 2, and 3 using the Kruskal–Wallis test; and compared between

Weeks 3 and 4 using the Wilcoxon Signed Rank test.
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Figure 2.
Effect of time between phlebotomy and MPV measurements. MPV was assessed in healthy

volunteers (n=10) at nine different time points from the time of phlebotomy. Correlation is

shown between time from phlebotomy and average MPV levels using Spearman’s test. Data

presented as median [interquartile range] (box) and range (whiskers).
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Figure 3.
Platelet aggregation and PAC-1 expression across tertiles of MPV. Platelet aggregation was

assessed in response to (A) saline, (B) 3.2 µg/mL of collagen, (C) 32 µM of thrombin

receptor-activated peptide, (D) 0.5 mM of arachidonic acid, and (E) 6.4 µM of adenosine

diphosphate following a 6-min evaluation across tertiles of MPV in healthy volunteers

(n=48). (F) PAC-1 expression (mean fluorescence intensity) was assessed in response to

saline across tertiles of MPV in healthy volunteers (n=47). PAC-1 expression was also

assessed in response to epinephrine (546 [399–668], 557 [416–727], 604 [475–715]; p=0.51,
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p=0.27 between 1st and 3rd MPV tertile) and adenosine diphosphate (630 [458–844], 739

[502–1046], 799 [579–1132]; p=0.43, p=0.25 between 1st and 3rd MPV tertile) (not shown

in figure). Data presented as median [interquartile range] (box) and range (whiskers);

compared across tertiles using the Kruskal–Wallis test; and compared between 1st and 3rd

tertile of platelet size using the Mann–Whitney test.
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Figure 4.
PAC-1 expression across quartiles of platelet size from a gated sample of 10 000 platelets. A

gated sample of 10 000 platelets from each healthy volunteer (n=47) was separated by

quartiles of platelet size based on forward scatter, and PAC-1 binding (mean fluorescence

intensity) was assessed in response to saline in each quartile. Data presented as median

[interquartile range] (box) and range (whiskers); compared across quartiles using the

Kruskal–Wallis test; and compared between 1st and 4th quartile of platelet size using the

Mann–Whitney test.
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Table I

Baseline characteristics.

Volunteers (n =48)

Age (years) 27 [23–32]

Male (%) 50

Race (%)

  White 56.3

  Black 2.1

  Asian 31.3

Ethnicity (%)

  Hispanic 6.5

Body mass index (kg/m2) 24 [22–26]

Tobacco use (%) 25.5

  Current 6.3

Family history of cardiovascular disease (%) 14.6
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