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Platelet Aggregation in Healthy Participants
is Not Affected by Smoking, Drinking Coffee,
Consuming a High-Fat Meal, or Performing
Physical Exercise

Joyce P.M. Krekels, BSc1 , Paul W.M. Verhezen, Ing1,
and Yvonne M.C. Henskens, PhD, MSc1

Abstract
Platelet aggregation can be measured using optical aggregation (light transmission aggregometry, LTA) as well as by impedance
(Multiplate analyzer). The LTA (the gold standard method) can be influenced by many preanalytical variables. Several guidelines differ
in recommendations for the duration patients should refrain from smoking, coffee, fatty meals, and physical exercise prior to blood
collection for performing platelet function tests. In this pilot study, the influence of smoking, coffee, high-fat meal, or physical exercise
on platelet aggregation was investigated to improve patient friendliness and laboratory logistics in platelet function diagnostics.
Standardized blood collection was performed when participants were fasting and after each parameter (n¼5 per group). As a control
for diurnal fluctuations, participants (n¼6) were fasting during both blood collections. Platelet aggregation was executed using
standardized methods for LTA and Multiplate analyzer. Statistical analysis of the results using Wilcoxon signed-rank test did not
show any significant differences in platelet aggregation in healthy participants under different preanalytical variables. Therefore, these
variables are not expected to adversely affect testing, which can avoid canceling tests for those patients who inevitably did.
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Introduction

Platelet aggregation can be measured in vitro by light transmis-

sion aggregometry (LTA) or by multiple electrode impedance

aggregometry (MEIA; Multiplate analyzer, Roche Diagnostics,

Almere, the Netherlands). Since 1962, LTA has been consid-

ered the gold standard for platelet function testing and is carried

out in citrated platelet-rich plasma (PRP).1 Besides LTA,

MEIA is also performed in platelet function testing and mon-

itoring of antiplatelet drugs. In vitro platelet aggregation with

the Multiplate analyzer is carried out in whole blood, which

reflects the in vivo interactions between blood cells.2 MEIA is

not as labor intensive as LTA, which leads to less analytical

variables in performing aggregation with Multiplate, while

LTA can be influenced by many preanalytical variables. Sev-

eral guidelines differ in recommendations for executing plate-

let function tests in the preanalytical phase.3-5 In Table 1, the

guidelines from the International Society on Thrombosis and

Haemostasis, Clinical and Laboratory Standards Institute, and

the British Committee for Standards in Haematology are com-

pared (Table 1). Their recommendations differ in the duration

patients should abstain smoking, caffeine, fatty meals, and

physical exercise prior to a blood collection for platelet func-

tion testing. These variables could possibly stimulate or inhibit

platelet aggregation and therefore can lead to less reliable

results by LTA or MEIA. When performing platelet function

tests, patients should be fasting for 10 to 12 hours prior to blood

collection; therefore, platelet function tests can only be carried
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out before noon. In this study, the influence of smoking, drink-

ing coffee, consuming a high-fat meal, or performing physical

exercise were investigated to possibly improve patient friendli-

ness and logistics in platelet function diagnostics.

Methods

Participants and Study Design

Participants (n¼26) were included in 6 groups regarding the

different parameters. All participants gave their written consent

to participate in this study, and the study was approved by our

local medical ethics committee. The included participants were

healthy and had no bleeding history. All participants did not take

any medication that could have an effect on platelet function for

at least 3 days in the case of non-steroidal anti-inflammatory

drugs and 7 days for medication containing acetylsalicylic acid

and platelet aggregation inhibitors. All participants were 10 to 12

hours fasting, nonsmoking, and nonexercising prior to the first

blood collection. Participants in the smoking group were

included in our study if they were smoking for at least 5 years

prior to participating in our study. Blood was drawn between 8

and 9 o’clock in the morning. A second blood collection was

performed 2 hours after the first collection. In one group, the

participants were allowed to smoke 1 cigarette half an hour prior

to the second blood collection (based on stereotypical behavior).

Another group of participants drank 1 cup of coffee after the first

blood collection, and another group consumed a high-fat meal.

The high-fat meal contained on average 55.8 grams of fat

(12.4% fat) of which 8.1% of the meal consisted of saturated

fats. The meal consisted of croissants with cheese or high-fat

meat, a dessert, and milk products. Two hours (based on average

digestion period) after drinking the coffee or consuming the

high-fat meal, a second blood collection was performed. In a

separate group, participants were included who performed phys-

ical exercise directly before the second blood collection (to rep-

resent patients who are in a hurry). These participants rapidly

walked up and down the stairs (5 levels). As a control on diurnal

fluctuations, a group of participants who were fasting, in phys-

ical rest, and nonsmoking during both blood collections were

included. Complete blood counts (CBCs) were measured from

each blood collection. To control the fasting state of the partici-

pants and to monitor the effect of the high-fat meal consumption,

triglyceride concentrations were measured using Cobas 8000

modular analyzer series (Roche Diagnostics, Almere, the

Netherlands).

Blood Collection

One EDTA tube (BD Vacutainer 7.2 mg K2EDTA, 4.0 mL,

Becton Dickinson & Company, Plymouth, UK), 2 citrated tubes

( 9NC Coagulation Sodium Citrate 3.2%, 9.0 mL, Greiner Bio-

One GmbH, Frickenhausen, Germany), 1 hirudin tube (Hirudin

tube, 3.0 mL, Roche Diagnostics, Almere, the Netherlands), and

a serum tube (Z Serum Sep Clot Activator, 9.0 mL, Greiner Bio-

One GbmH, Frickenhausen, Germany,) were filled using a BD

Vacutainer Eclipse (Becton Dickinson & Company, Plymouth,

UK) needle of 21 Gauge with preattached holder. Blood

collection was performed following a standardized protocol

with minimal use of a tourniquet.

Light Transmission Aggregometry

The collected blood was analyzed within 4 hours. Citrated PRP

was obtained by centrifuging for 10 minutes at 170 � g.

Platelet-poor plasma (PPP) was obtained by first centrifuging

the remaining PRP at 2500 � g during 5 minutes. Second, the

tubes were centrifuged at 10.000 � g during 10 minutes (at

Table 1. Comparison Between the ISTH,3 CLSI,4 and BCSH5 Guidelines for Preanalytical Variables in Platelet Function Tests.

ISTH CLSI BCSH

Blood samples for LTA should be collected after a
short rest period for the participant, to attenuate
the effect of exercise-induced adrenaline release on
platelet aggregation.

– Blood samples should only be collected from
resting participants.

Blood samples for LTA should be collected from
participants who refrain from smoking for at least
30 minutes, to attenuate the effect of exercise-
induced adrenaline release on platelet aggregation.

– Blood samples should only be collected from
participants who have refrained from
smoking on the day of testing.

Blood samples for LTA should be collected from
participants who abstain from caffeine for at least 2
hours.

– Blood samples should only be collected from
participants who have refrained from
caffeine ingestion on the day of testing.

It is uncertain whether blood samples for LTA should
be collected from fasting participants. Although
variations in glycemia and lipemia might slightly
affect the results of LTA studies, it is uncertain
whether these effects interfere significantly with the
diagnosis of platelet function disorders.

If medically possible, patients should
be fasting and should also avoid fatty
meals prior to collection.

Blood samples should only be collected from
fasting participants.

Abbreviations: BCSH, British Society for Hematology; CLSI, Clinical and Laboratory Standards Institute; ISTH, International Society on Thrombosis and
Hemostasis; LTA, light transmission aggregometry.
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18�C). Complete blood counts were performed of the PRP

(Sysmex XN-9000; Sysmex Corporation, Kobe, Japan). Here-

after, the PRP was standardized and diluted with autologous

PPP to 250 � 109 platelets/L. The standardized PRP was

allowed to rest for 30 minutes to stabilize prior to testing. To

induce platelet aggregation, agonists were added to the cuvette

(250 mL PRP) with a final concentration of 1 mM arachidonic

acid (NAAA, LS101297; Bio/Data Corporation, Horsham,

Pennsylvania, USA), 5 mM adenine diphosphate (ADP,

CH384, Chrono-Par Chrono-log Corporation, Havertown,

Pennsylvania, USA), 2 mg/mL collagen (CH385, Chrono-Par,

Chrono-log Corporation, Havertown, Pennsylvania, USA), and

5 mM epinephrine (CH393, Chrono-Par, Chrono-log Corpora-

tion, Havertown, Pennsylvania, USA; final concentrations) and

measured with the aggregometer (Chronolog model 700,

Chrono-log Corporation, Havertown, Pennsylvania, USA).

After 15-minute measurements, AGGRO/LINK8 software

(Chrono-log Corporation, Havertown, Pennsylvania, USA)

was used to determine the amplitudes.

Multiple Electrode Impedance Aggregometry

Hirudin whole blood was tested within 30 to 180 minutes after

blood collection. Of this, 20 mL of the agonists were added to

the test tube with final concentrations of 6.4 mM ADP

(06675794190, Roche Diagnostics, Almere, the Netherlands),

0.5 mM arachidonic acid (ASPI, 06675816190, Roche Diag-

nostics, Almere, the Netherlands), 3.2 mg/mL collagen

(CH385, Chrono-Par, Chrono-log Corporation, Havertown,

Pennsylvania, USA), and 32mM thrombin receptor-activating

peptide (TRAP, 06675883190, Roche Diagnostics, Almere, the

Netherlands). Of this, 300 mL hirudin whole blood was 1:1

diluted with 0.9% NaCl in each test cell of the Multiplate

analyzer (Roche Diagnostics, Almere, the Netherlands). After

a 3-minute incubation step at 37�C, the agonist was added to

each test cell. After 6minutes, the area under the curve (AUC)

was determined using the Multiplate software. Remaining

blood in the tube was centrifuged for 5 minutes at 2000 � g

and checked for hemolysis. None of the samples showed a

hemolytic aspect; therefore, all samples could be included in

this study.

Statistics

The maximal variation coefficient of the LTA was estimated at

12.5%. With the Multiplate, variation coefficients of 9.9%,

9.1%, 8.8%, and 8.4% were determined for, respectively, 6.4

mM ADP, 0.5mM ASPI, 3.2 mg/mL collagen, and 32mM TRAP

in an internal validation report. Sample size calculations

showed that 3 participants per group for the Multiplate were

sufficient enough to detect a clinically relevant difference,

based on a standard deviation of 10 U. For the LTA, 5 partici-

pants per group are sufficient enough, based on the standard

deviation estimated around 12.5%. Medians of the LTA and

Multiplate per group were analyzed with a paired Wilcoxon

signed-rank test using GraphPad Prism software (version 5.5;

La Jolla, California). Results were considered significant at

P < .05.

Results

Complete Blood Counts and Triglyceride Measurements

The results of CBCs and triglyceride measurements from every

blood collection are shown in Table 2 for each group. No

statistical differences in CBCs were observed between before

and after measurements in each group. Platelet counts and

mean platelet volume were excluded for 3 patients due to the

presence of platelet clumps in the EDTA tubes. We did observe

an increase, although not significant, in triglyceride levels in

participants who consumed the high-fat meal.

Light Transmission Aggregometry

Aggregation using the LTA was measured with NAAA, col-

lagen, ADP, and epinephrine as agonists. Results are shown in

Figure 1 and Table 3. Median amplitudes before and after every

parameter, including the control group, did not show signifi-

cant differences. After consuming the high-fat meal with 55.8 g

(+2.9) fat, the PPP aspect became very lipemic for 1 partici-

pant and slightly turbid for the other 4 participants.

Multiple Electrode Impedance Aggregometry
(Multiplate Analyzer)

Platelet aggregation using the Multiplate analyzer was per-

formed with ADP, ASPI, collagen, and TRAP as agonists.

Results are shown in Figure 2 and Table 3. Median AUC before

and after every parameter as well as in the control group did not

show significant differences.

Discussion

The results of this study indicate that it might not be necessary

for patients to refrain from coffee, cigarette smoking, or remain

completely fasting prior to blood collection for platelet func-

tion testing. Limitations of our study however are the use of

healthy individuals instead of patients who are typically

assessed for platelet function with a presumed hemostatic dys-

function, and the use of a single intervention in each case (1

cigarette, 1 cup of coffee, 1 meal, short pretest exercise), where

we do not know if our findings also hold true for all types of

fatty meals/cigarettes, larger volumes of (stronger) coffee/

meals, and long-term consumption of fatty meals and coffee.

For the smoking of cigarettes, we, however, handed the criteria

that participants had a history of smoking for at least 5 years,

and our results, therefore, give a long-term indication of the

influence of smoking on platelet aggregation in healthy indi-

viduals. Also, if there was a clinically relevant difference (pla-

telet aggregation lower than the reference values used), this

would be observed in our study, despite the small number of

participants used.

Krekels et al 3
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Figure 1. Results of light transmission aggregometry (LTA) for each group. Maximum amplitudes in percentages are depicted for 1 mM
arachidonic acid (NAAA), 2 mg/mL collagen, 5 mM adenosine diphosphate (ADP), and 5mM epinephrine. Measurements before and after smoking/
drinking coffee/consuming a high-fat meal or physical exercise are shown and linked by a continuous line. Reference values are shown as dotted
lines. In panel A, amplitudes before and after smoking are observed. In panel B, amplitudes before and after coffee consumption are shown. In
panel C, amplitudes before and after consuming a high-fat meal are observed. In panel D, amplitudes before and after physical exercise are
shown. Control group is shown in panel E. NS indicates not significant.
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Figure 2. Results of multiple electrode impedance aggregometry (MEIA) for each group using Multiplate. Areas under the curves (AUC) in U
are shown for 6.4 mM adenine diphosphate (ADP), 0.5 mM arachidonic acid (ASPI), 3.2 mg/mL collagen, and 32 mM thrombin receptor-activating
peptide (TRAP). Measurements before and after smoking/drinking coffee/consuming a high-fat meal or physical exercise are shown and linked by
a continuous line. Reference values are shown as dotted lines. In panel A, AUC before and after smoking are observed. In panel B, AUC before
and after coffee consumption are shown. In panel C, AUC before and after consuming a high-fat meal are observed. In panel D, AUC before and
after physical exercise are shown. Control group is shown in panel E. NS indicates not significant.
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Casey et al6 observed a significant difference in platelet

aggregation between young male smokers and a control group

using 2mM ADP. However, Casey et al did not carry out mea-

surements that point out the direct effect of smoking before a

blood collection, since they only compared long-term smokers

with nonsmokers. Also, platelet aggregation was measured

using a different aggregometer (PAP-4 model), different pre-

paration of the PPP, and only 2 mM ADP was used as agonist.

Platelet-poor plasma from the samples in our study was

obtained with a 2-step procedure to eliminate platelet debris

and microparticles from plasma, while Casey et al used a

single-step method. The method that is used in our study is a

standardized procedure that is currently being used in our

laboratory and is preferred, since the generated plasma could

also be used for other purposes such as thrombin generation,

where a second centrifugation step is preferred for plasma.7 In

our experience and based on a study of Hayward et al,8 the use

of lower concentration ADP leads to higher variation even in

healthy volunteers. Therefore, we chose to use a higher con-

centration of 5mM ADP.

Natella et al9 showed that coffee consumption 30 and 60

minutes prior to a blood collection leads to a decrease in plate-

let aggregation with 0.5 mM NAAA and 3 mg/mL collagen,

while caffeine intake (capsules) did not affect platelet aggrega-

tion induced by 0.5 mM NAAA, 3 mg/mL collagen, and 2mM

ADP. However, platelet function in their study was determined

using a different methodology for performing LTA (different

concentration of agonists, preparation of PRP, and other time

points for blood collection).

In the current study, no differences in platelet aggregation

were observed after consuming a high-fat meal. Earlier

research revealed conflicting results whether consuming a

high-fat meal has an effect on platelet aggregation.10-14 This

might be due to the use of different methodology: different

meals with higher/lower fat concentrations, differences in

executing LTA, and the use of other agonist concentrations.

Also, one of the factors that may play a role in affecting platelet

aggregation is the increased cloudiness of a lipemic sample.

This interferes with the ability of optical assays, such as LTA,

to properly measure platelet aggregation. According to San-

ders,14 an intake of 40 to 50 g of fat in a meal results in

significant lipemia in healthy adults and limiting the fat intake

to 30 g on each eating occasion would minimize postprandial

lipemia. In our study, only an increase, although not signifi-

cant, in triglyceride levels after consuming the high-fat meal

was observed. This insignificance could be due to the broad

range of triglyceride levels among our participants. The inter-

ference of a lipemic sample with LTA assays could also differ

with the type of aggregometer that is used. In our study, we

used the Chronolog model 700, although the PAP models are

also often used to carry out platelet function tests. The PAP

models could be more sensitive for changes in testing with a

lipemic sample since a different wavelength is used in these

models. We have not performed experiments with the PAP or

other models than the Chronolog 700; therefore, we can only

state that we observed no difference in platelet aggregation

with the Chronolog 700. Dobesh et al11 showed no significant

change in platelet aggregation between fasting and nonfasting

states for 5 and 20 mM ADP when measured with the Chron-

olog 700. However, a small, significant change was observed in

the AUC with 5mM from fasting to nonfasting time points.

Dobesh et al state that a meaningful increase in platelet aggre-

gation is not demonstrated without extreme fat intake.11 How-

ever, platelet function can also be affected by the type of fat

that is ingested. Bachmair et al15 state that saturated fatty acids

and trans-fatty acids have been shown to increase platelet

aggregation, while in other studies cis-, mono-, and polyunsa-

turated fatty acids have been shown to decrease platelet aggre-

gation.16-18 Also, in a review of McEwen,19 it is stated that

polyunsaturated fatty acids, present in fish, can decrease plate-

let aggregation when this was induced with ADP and collagen.

Nevertheless, in a study of O’Brien,20 it was described that by

replacing a normal diet with 120 g of polyunsaturated fats in

the form of linoleic acid, no significant results were found

when aggregation was tested with ADP and collagen. This was

also observed in a study from Cohen et al,21 where platelet

activation with omega-3 polyunsaturated fatty acids did not

lead to significant changes in platelet aggregation when mea-

sured with NAAA and ADP. However, variation in study popu-

lations, time points, and lack of comparability in methods that

assess platelet aggregation make it hard to draw a firm conclu-

sion from preexisting studies. Moreover, we believe that the

influence of specific fat types on platelet function is more

likely related to long-term use than by testing as a single meal.

Several studies have examined the influence of physical

exercise on platelet aggregation. However, this effect seems

to differ with the type, intensity, and duration of the exercise,

where especially strenuous exercise could lead to hypercoagu-

lation.22,23 Therefore, we believe that the effect of short phys-

ical exercise, such as rapidly walking up the stairs, would not

have a significant impact on platelet aggregation.

Although the influence of antiplatelet therapy, hematocrit

levels, or pressure or temperature changes in platelet function

assessed with multiple electrode aggregometry is described in

other studies, other preanalytical variables remain unstudied.

Recommendations

Based on our findings, it might not be necessary for patients to

refrain from coffee, cigarette smoking, or remain completely

fasting prior to blood collection for platelet function testing.

Therefore, we believe that platelet function testing can proceed

if patients have had a cigarette, a cup of coffee, a meal, or have

had to race up the stairs to come to their appointment. The real-

life events that we have investigated during our study are there-

fore not expected to adversely affect testing, which can avoid

canceling tests for those patients. However, definitive studies

need to be undertaken to ensure that this would also be the case

in patients with hemostatic dysfunction and in continuous con-

sumption of a fatty diet, more/stronger coffee consumption,

different types of cigarettes, and longer physical activity.
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