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Background: Platelet hyperactivity is deleterious in coronary artery disease (CAD),

requiring lifelong antiplatelet therapy, and is associated with worse cognitive outcomes.

Upon activation, platelets release Brain-Derived Neurotrophic Factor (BDNF), a

neurotrophin protective against cognitive decline. Given these apparently opposing

effects of platelet activation on cognitive health, we investigated whether BDNF levels

intercede in the relationship between platelet activation and cognitive function; and

whether this relationship is moderated by the presence of CAD.

Methods: In this cross-sectional study, 1,280 participants with (n = 673) and without

CAD (n = 607) completed the Montreal Cognitive Assessment (MoCA). Plasma BDNF

and soluble P-selectin (a marker of platelet activity) levels were assessed using multiplex

flow cytometry.

Results: In a mediation model, platelet activity was correlated with higher plasma

BDNF concentrations (b = 0.53, p < 0.0001). The relationship between sP-selectin

and BDNF concentrations was stronger for individuals without CAD (b = 0.71, p <

0.0001) than for CAD participants (b = 0.43, p < 0.0001; pinteraction < 0.0001). Higher

BDNF concentrations were associated with higher MoCA scores (b = 0.26, p = 0.03).

The overall effect of platelet activity on cognitive performance was non-significant (total

effect: b = −0.12, p = 0.13), and became significant when accounting for BDNF as a

mediating factor (direct effect: b = −0.26, p = 0.01). This resulted in a positive indirect

effect of platelet activity (via BDNF) on MoCA scores (b = 0.14, CI 95% 0.02–0.30), that

was smaller in CAD participants than in non-CAD participants [1 −0.07 (95% CI −0.14

to −0.01)].

Conclusions: BDNF released from activated platelets could be a mitigating factor in a

negative association between platelet activity and cognitive function.
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INTRODUCTION

While cardiovascular diseases and dementia share common risk
factors, the mechanistic pathways underlying the heart-brain
connection are not clearly understood (1). Platelet hyperactivity,
one of the cardinal pathophysiological elements in coronary
artery disease (CAD), is also an independent predictor of the
severity of cognitive impairment (2–4). Indeed, platelet activation
levels are negatively associated with cognitive health, and patients
suffering from dementia often display higher platelet activation
markers (2, 5, 6). Microvascular thrombosis could explain this
association (7). However, as platelets contain an abundance of
growth factors and vascular mediators released upon platelet
activation at sites of vascular injury, platelet activity is central
to vascular wound healing (8). Thus, platelets perform a delicate
balancing act between thrombosis and vascular healing in the
context of microvascular injury.

Interestingly, platelets are believed to be the largest peripheral
reservoir of the Brain-Derived Neurotrophic Factor (BDNF),
as evidenced by over 100-fold differences between plasma
and serum BDNF levels (9), and it has been shown that
platelet activation can release large quantities of BDNF into
the bloodstream (10, 11). BDNF is a neurotrophin known to
drive neuronal survival and differentiation, synaptic plasticity
and connectivity in the brain, as well as memory formation and
processing, learning, and cognition (12). In the largest study
to prospectively associate circulating BDNF levels to cognitive
health, Weinstein et al. have shown higher serum BDNF levels to
be negatively associated with future occurrence of dementia and
Alzheimer’s disease (13).

The current study examined the interplay between platelet
activity, BDNF, CAD, and cognitive health. We hypothesized
that BDNF released by platelet activation would be a positive
mediating factor in an otherwise negative relationship between
platelet activation and cognitive function.

MATERIALS AND METHODS

BEL-AGE Cohort
Participants Selection
This study is part of an ongoing prospective investigation (BEL-
AGE) that seeks to examine the role of psychological burden on
pathological aging.

Between September 2012 and June 2017, 1,280 men and
women were recruited from the André and France Desmarais
Hospital Cohort of the Montreal Heart institute (MHI), as
previously described (14). Briefly, individuals were excluded
from participating in BEL-AGE if they: (a) were diagnosed
with bipolar disorder, schizophrenia, Alzheimer’s disease, or
irreversible dementia; (b) were diagnosed with a life-threatening
degenerative disease, other than CAD, such as cancer (except
skin cancer), AIDS, Creutzfeldt-Jakob disease, and amyotrophic
lateral sclerosis; (c) were pregnant or breastfeeding; or (d) if

Abbreviations: CAD, Coronary Artery Disease; BDNF, Brain-Derived

Neurotrophic Factors; P-selectin, soluble P-selectin; MoCA, Montreal Cognitive

Assessment; BMI, Body mass index.

a family member (including spouses) previously participated
in BEL-AGE or was scheduled to participate. CAD at the
time of enrollment into BEL-AGE was documented by the
presence of coronary angiography (at least 50% stenosis),
prior myocardial infarction, coronary artery bypass graft, or
percutaneous coronary intervention. Absence of CAD was
defined as no current or past history of CAD, angina, arrhythmia,
congenital heart disease, heart failure, cardiomyopathy, and
stroke. Medical history was self-reported and corroborated by
consultation of participants’ medical file in the case of CAD.
The study was approved by the Research Ethics Committee
of the Montreal Heart Institute [2011-202 (11–1313)] and all
participants gave written informed consent.

Baseline Characteristics
At recruitment, data on sex, age, ethnicity, weight and height,
years of education, smoking habits, hours spent exercising per
week, personal and family medical history, as well as a current
list of medication taken by the participant was collected.

Cognitive Testing
All participants were administered the Montreal Cognitive
Assessment (MoCA) by a trained research assistant. TheMoCA is
a pragmatic, rapid and validated tool, that is sensitive to cognitive
domains affected in early phases of vascular disease (15), and
is recommended to evaluate overall cognitive functioning (16).
Scored out of a possible total of 30 points, severe, moderate, mild,
and no cognitive impairment, respectively reflect MoCA scores
<10, between 10 and 17, between 18 and 26, and ≥26.The test
was developed to screen milder forms of cognitive impairment
through the assessment of six cognitive domains: executive
functions; visuospatial abilities; memory; language; attention,
concentration; and temporal and spatial orientation. To correct
for education effects, one point was added for participants with
≤12 years of education (17). The MoCA score was used as a
continuous variable in all analyses.

Blood Draw and Plasma Collection
Participants were scheduled for a laboratory appointment
between 8:00 and 10:00 a.m. on a weekday to control for circadian
rhythms. They were asked to abstain from eating, drinking (with
the exception of water), smoking, and strenuous exercise for 12 h
prior to testing. They were also asked to refrain from using illicit
drugs or alcohol 24 h preceding their appointment but could
continue taking medications as prescribed. Blood was drawn
into EDTA-containing collection tubes (BD Vacutainer) and
processed within 30min of collection. The whole blood samples
were centrifuged at 4◦C at 1,500g for 15min to obtain plasma.
Plasma samples were aliquoted at 500µl per tube and kept frozen
at −80◦C until analysis. Aliquots were used only once, i.e., a
single freeze-thaw cycle, to avoid protein degradation. Thawed
plasma samples were centrifuged at 4◦C at 3,000g for 5min to
remove debris prior to quantification.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 2 September 2021 | Volume 8 | Article 739045

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles


Bélanger et al. BDNF, Platelets, and Cognition

Assessment of Platelet Activation and Circulating

BDNF Levels
Endogenous platelet activation was measured by assessing
circulating levels of soluble P-selectin (sP-selectin) in plasma, as
they are directly associated with platelet activation and correlate
withmajor adverse cardiovascular events (18). The quantification
of plasma sP-selectin and BDNF was carried out by flow
cytometry (MACSQuant Analyzer 10 flow cytometer, Miltenyi
Biotec, Germany) with multiplexed bead kits from AimPlex
Biosciences (Pomona, CA, USA) as per the manufactures
instructions. All samples were quantified in duplicate; if the
coefficient of variation between duplicates exceeded 20%, samples
were re-analyzed. Mean fluorescence intensity signals were
acquired using the MACSQuantify software (Miltenyi Biotec,
Germany) and analyzed using the FCAP array software (BD
biosciences, San Jose, CA). Laboratory personnel were blinded to
the clinical characteristics of the participants.

Statistical Analysis
All data are expressed as the mean (standard deviation) for
approximatively normally distributed data, and median (25th,
75th percentile) otherwise for continuous variables; and as
frequency and percentage for categorical variables. BDNF and
sP-selectin level were log-transformed prior analyses to satisfy
the normality assumption. Continuous variables were compared
between CAD status using the Student T-test or the Mann-
Whitney U-test, and categorical variables were compared using
the χ2 test. The association between sP-selectin and BDNF levels,
sP-selectin and MoCA score, BDNF levels, and MoCA score
was assessed using linear regression analyses, using sex and age
as covariates.

In order to verify the moderating role of the CAD status,
the potential interaction effects were tested using hierarchical
regressions. To test for the mediating role of BDNF levels, we
used the SPSS macro (v3.3) created by Preacher and Hayes (19).
When significant mediation was established, conditional indirect
effect procedures were used to determine whether mediation
depended on CAD status (moderator). The Bootstrapping
method was also used to obtain 95% confidence intervals. A two-
sided p-value <0.05 was considered significant. All analyses were
performed using SPSS 25.0 for MAC (SPSS Institute, Chicago,
IL, USA).

RESULTS

BEL-AGE Participant Characteristics
Of the 1,280 participants enrolled in this study, 673 presented
with CAD and 607 were in the non-CAD group. Individuals with
CAD were more often male and older (Table 1). As expected,
cardiovascular risk factors, including smoking, dyslipidemia,
hypertension, sedentary lifestyle, and diabetes were more
prevalent in the CAD group. Most participants in the CAD
group were taking antiplatelet, antihypertensive and cholesterol-
loweringmedications, and their estimated 10-year cardiovascular
risk was higher than for non-CAD participants.

As shown with the log-transformed data in Figure 1A,
individuals with CAD presented with higher platelet activation

levels as measured by sP-selectin (8,504 (4,611; 19,815) vs. 7,150
(4,312; 14,388) pg/ml, p = 0.0001), despite more commonly
receiving antiplatelet therapy (88% of CAD participants and 23%
of non-CAD participants received antiplatelets, p < 0.0001).
Plasma BDNF levels [784 (458; 1,253) vs. 866 (483; 1.563) pg/ml,
p< 0.0001] (Figure 1B), andMoCA scores [26 (20, 21) vs. 27 (22,
23), p < 0.0001] were lower in CAD vs. non-CAD participants.

Higher Platelet Activity Correlates With
Higher BDNF Levels: Moderation by CAD
Status
Regression analysis adjusted for age and sex in the whole
population showed sP-selectin to be significantly correlated
with BDNF levels (b = 0.53, p < 0.001, Figure 2A;
Supplementary Table 1). A significant CAD status by sP-
selectin interaction predicted BDNF plasma levels (b =

−0.28, p < 0.0001), even after adjustment for covariates
(Supplementary Table 1). More specifically, correlations
between sP-selectin and BDNF were smaller in CAD participants
(b = 0.43, p < 0.001) as compared with non-CAD participants
(b= 0.71, p < 0.001, Figure 2B).

We considered that the moderating effect of the group could
be due to antiplatelet therapy, which was frequent in CAD
participants vs. non-CAD participants. Regardless of whether
or not an antiplatelet drug was taken, the moderating effect
of CAD remained significant. The correlation between sP-
selectin and plasma BDNF was lower in CAD participants
(without antiplatelets: b = 0.54, p < 0.0001, Figure 2C; with
antiplatelets: b = 0.42, p < 0.0001, Figure 2D) than in
subjects without CAD (without antiplatelets: b = 0.70, p <

0.0001, Figure 2E; with antiplatelets: b = 0.74, p < 0.0001,
Figure 2F). The group interaction effect remained significant
in the analysis with (pinteraction < 0.0001, Figure 2D) and
without antiplatelet therapy (pinteraction = 0.04, Figure 2C). In
addition, no significant interaction of antiplatelet drugs and sP-
selectin was found either for CAD participants (pinteraction =

0.11, Figure 2F) or non-CAD participants (pinteraction = 0.59,
Figure 2E). Finally, there was no significant difference in either
plasma sP-selectin (Figures 1C,D; Supplementary Table 2) or
BDNF levels (Figures 1E,F; Supplementary Table 2) between
individuals taking antiplatelet therapy or not.

Higher BDNF Levels Are a Reverse
Mediator in the Negative Relationship
Between Platelet Activity and Cognitive
Function
In the overall sample, the association of sP-selectin levels
and MoCA score was not significant (total effect: b =

−0.12, p = 0.13). However, once BDNF was included within
the regression as a mediator, higher platelet activity became
negatively associated with cognitive function (direct effect:
b=−0.26, p = 0.01; Figure 3A). Indeed, the model showed
that higher platelet activity was associated with higher plasma
BDNF concentrations (b = 0.53, p < 0.0001), and higher
BDNF concentrations were associated with better cognitive
function (b = 0.26, p = 0.03). Thus, in a case of inconsistent
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TABLE 1 | Baseline characteristics.

Variables CAD (n = 673) Non-CAD (n = 607) P-vaclue Total (n = 1,280)

Demographics

Age, years 66.3 (6.5) 64.3 (7.8) <0.0001 65.3 (7.2)

Women, n (%) 158 (24) 352 (58) <0.0001 510 (40)

Years of education 13.8 (3.6) 14.9 (3.5) <0.0001 14.3 (3.6)

Physical exercise, hours per week 2 (0–5) 3 (1–5) 0.003 2.3 (0–5)

Clinical characteristics

BMI, kg/m2 30.1 (6.1) 29.1 (6.3) 0.007 29.6 (6.2)

Tobacco use, n (%) 94 (14) 36 (6) <0.0001 130 (10)

Diabetes, n (%) 137 (20) 43 (7) <0.0001 180 (14)

Dyslipidemia, n (%) 628 (93) 278 (46) <0.0001 906 (71)

Hypertension, n (%) 465 (69) 203 (33) <0.0001 668 (52)

10-year CV risk, % 24.4 (14.5) 17.6 (11.7) <0.0001 21.1 (13.7)

MoCA score 26 (24–28) 27 (25–29) <0.0001 27 (25–28)

No impairment, n (%) 322 (48) 376 (62) <0.0001 698 (55)

Mild cognitive impairment, n (%) 344 (51) 229 (38) <0.0001 573 (45)

Moderate cognitive impairment, n (%) 7 (1) 2 (0.3) 0.129 9 (1)

Previous CV history

Myocardial infarction, n (%) 428 (63.6) 0 (0)

Percutaneous coronary intervention, n (%) 472 (70) 0 (0)

CABG, n (%) 246 (37) 0 (0)

Stroke, n (%) 51 (8) 0 (0)

Arrhythmia, n (%) 162 (24) 0 (0)

Defibrillator, n (%) 37 (6) 0 (0)

Pacemaker, n (%) 24 (4) 0 (0)

Laboratory data

Systolic blood pressure (mmHg) 140 (127–154) 142 (129–155) 0.074 141 (127–154)

Diastolic blood pressure (mmHg) 69 (60–77) 73 (65–81) <0.0001 71 (63–79)

Total cholesterol (mmol/l) 3.5 (3.0–4.0) 4.8 (4.1–5.6) <0.0001 4.0 (3.3–5.0)

LDL cholesterol (mmol/l) 1.9 (1.6–2.4) 3.0 (2.4–3.7) <0.0001 2.3 (1.8–3.2)

HDL cholesterol (mmol/l) 1.1 (1.0–1.4) 1.4 (1.2–1.7) <0.0001 1.3 (01.0–1.6)

Triglycerides (mmol/l) 1.5 (1.1–2.0) 1.4 (1.0–2.0) 0.059 1.5 (1.1–2.0)

Glucose (mmol/l) 5.9 (5.5–6.8) 5.7 (5.3–6.2) <0.0001 5.8 (5.4–6.4)

Insulin (pmol/l) 75 (47–119) 59 (37–91) <0.0001 66 (41–104)

C-reactive protein (mg/l) 1.2 (0.6–2.8) 1.4 (0.6–2.9) 0.198 1.3 (0.6–2.9)

IL-6 (pg/ml) 2.1 (1.4–3.2) 1.6 (1.1–2.2) <0.0001 1.8 (1.2–2.7)

sIL-6Rα (ng/ml) 24.6 (20.1–29.5) 24.6 (18.8–30.2) 0.722 24.6 (19.6–29.8)

Medication

Antiplatelets, n (%) 594 (88) 138 (23) <0.0001 732 (57)

Aspirin monotherapy, n (%) 485 (72) 133 (22) <0.0001 618 (48)

P2Y12 inhibitor monotherapy, n (%) 26 (4) 5 (1) 0.0004 31 (2)

Dual antiplatelet therapy, n (%) 83 (12) 0 (0) 0.003 83 (7)

Anticoagulants, n (%) 93 (14) 3 (1) <0.0001 96 (8)

Antihypertensive, n (%) 595 (88) 250 (41) <0.0001 845 (66)

Cholesterol-lowering medications, n (%) 615 (91) 264 (44) <0.0001 879 (69)

Antidepressants, n (%) 78 (12) 69 (11) 0.901 147 (11)

Values are means (SD) if normally distributed or median (25th−75th percentile) otherwise. 10-year cardiovascular (CV) risk was calculated using the Framingham Risk Score. Scored out

of a possible total of 30 points, severe, moderate, mild, and no cognitive impairment, respectively reflect MoCA scores <10, between 10 and 17, between 18and 26, and ≥26. BMI,

body mass index; CABG, coronary artery bypass grafting; CV, cardiovascular; HDL, high-density lipoprotein; IL-6, interleukin-6; LDL, low-density lipoprotein; sIL-6Rα, soluble interleukin

6 receptor alpha.
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FIGURE 1 | Distribution of sP-selectin levels and BDNF concentrations. (A) sP-selectin and (B) BDNF levels in CAD group (n = 673) and non-CAD group (n = 607).

(C,D) sP-selectin and (E,F) BDNF levels distributed among users and non-users of antiplatelet therapy. The lines represent the median value; the box marks the 75th

and the 25th percentiles; and whiskers indicate the 90th and 10th percentiles. An independent t-test was used to test for significant log-transformed sP-selectin and

BDNF levels difference.

mediation, the indirect effect of sP-selectin levels on the
MoCA score through BDNF (b = 0.14, CI = 0.02–0.30)
was in opposition to the direct effect of sP-selectin on

the MoCA score (b = −0.26, p = 0.01), resulting in the
overall non-significant association between platelet activity and
cognitive function.
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FIGURE 2 | Relationship between platelet activity and BDNF concentrations. (A) Association of sP-selectin to BDNF concentrations in the overall population

(n = 1,280). (B) Interaction with CAD status. Association of sP-selectin to BDNF concentrations in subjects (C) without and (D) with antiplatelet therapy. (E,F)

Interaction with antiplatelet medication. sP-selectin and BDNF concentrations were log-transformed to account for a skewed distribution. b: unstandardized

coefficient.
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FIGURE 3 | Interplay between platelet activity, BDNF levels, CAD status, and cognitive performance. (A) Mediation model between sP-selectin (independent variable),

plasma BDNF concentrations (mediator), and the MoCA score (dependent variable) in the overall population (n = 1,280), (B) moderated by CAD status, showing

unstandardized coefficients. sP-selectin and BDNF concentrations were log-transformed to account for a skewed distribution.

CAD Moderates the Mediation
Relationship Between Platelet Activity,
Plasma BDNF, and Cognitive Function
CAD status significantly influenced the effect of sP-selectin on
plasma BDNF levels (b = −0.28, p < 0.0001). Specifically, the
relationship between sP-selectin and BDNF concentrations was
stronger for individuals without CAD (b= 0.71, p< 0.0001) than
for CAD participants (b = 0.43, p < 0.0001) (Figure 3B). This
resulted in an indirect effect of sP-selectin levels on the MoCA
score through BDNF in CAD participants (b = 0.11, CI = 0.01–
0.22) that was significantly weaker than in non-CAD participants
(b = 0.18, CI = 0.02–0.35), with a difference of −0.07 (−0.14 to
−0.01) (Figure 3B).

DISCUSSION

In the present study, we have shown: (1) patients with CAD
exhibited lower plasma BDNF levels and higher soluble P-selectin
levels than their non-CAD counterparts, despite the use of
antiplatelet therapy; (2) soluble P-selectin levels were correlated
with plasma BDNF levels, an association that was significantly
influenced by the presence of CAD, and (3) plasma BDNF was
a reverse mediator in the negative relationship between platelet
activation and cognitive function.

Relationship Between BDNF and CAD
Patients with CAD exhibited significantly lower plasma BDNF
levels than their non-CAD counterparts in the current study. This
is in line with previous investigations that have also reported
lower plasma BDNF levels in patients suffering from CAD
(24, 25). Importantly, low serum BDNF levels in patients with
CAD were shown to associate with an increased risk of adverse
cardiovascular events and mortality (26). As platelets are the
largest peripheral reservoir of BDNF, it would be expected that
circulating BDNF levels would be a reflection of platelet activity,

and it is indeed what was seen here and elsewhere (20, 22, 27).
What was perhaps surprising was that the use of antiplatelet
therapy, which reduces the risk of thrombotic complications
through inhibition of platelet activity, did not significantly
modulate circulating BDNF levels. This could be explained by
the fact that most patients in our study were receiving aspirin
monotherapy, and very few were treated with dual antiplatelet
therapy with a P2Y12 inhibitor. Indeed, Stoll et al. have shown
that administration of clopidogrel, but not aspirin, significantly
reduced circulating BDNF levels in healthy volunteers (28).

It was noteworthy that CAD per se was associated with
lower BDNF levels in our study, independent of antiplatelet
treatment, and that the presence of CAD significantly influenced
the relationship between platelet activity and circulating BDNF
levels. Indeed, while we have found that P-selectin levels were
positively correlated with BDNF levels in both CAD and non-
CAD participants, the association was more pronounced in
participants without CAD. Given the cross-sectional nature
of our study, we cannot infer whether lower BDNF levels
confer greater cardiovascular risk, or whether the presence of
CAD lowers BDNF levels through an unknown mechanism.
Interestingly, analyses from the Framingham Heart Study found
lower BDNF levels to precede incident stroke, cardiovascular
disease and mortality (21, 29). Longitudinal follow-up of our
cohort is planned to address the directionality of effect between
lower BDNF levels and CAD.

Relationship Between Platelet Activity,
BDNF, and Cognitive Performance
In animal models of stroke, local application of BDNF has been
shown to improve recovery of neuronal function after ischemic
injury (23). In humans, several lines of evidence support the
positive association between higher circulating levels of BDNF
and better cognitive health. Indeed, lower BDNF levels have
been associated with lower cognitive performance (30), and
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patients with lower BDNF levels have been found to be at
greater risk of progressing toward dementia (13). The ability of
platelets to regulate BDNF bioavailability in circulation renders
them potentially important vectors of BDNF to the site of
cerebrovascular injury (9, 10).

In contrast, higher platelet activity has been reported
in patients with cognitive impairment and dementia (2,
31). Increased platelet activity could contribute to cognitive
dysfunction through several mechanisms. For example, platelet
activation is associated with progression of carotid artery disease
(32), while aggregating platelets contribute to vasoconstriction
with hypoperfusion (2, 33, 34). Conversely, platelets help
maintain vascular integrity and heal wounds (35). They are
versatile cells that contain an abundance of growth factors and
vascular mediators (36), which can be released upon platelet
activation at sites of vascular injury (37, 38). Like these bioactive
mediators, the platelet release of BDNF could therefore be
beneficial in the healing of vascular and nerve damage in
cerebrovascular disease.

Indeed, we found evidence that plasma BDNF partially
mediated the relationship between platelet activity and the
MoCA score, and this mediating effect was moderated by
the presence of CAD. Surprisingly, while platelet activity was
not significantly related to MoCA scores in analyses that
did not include BDNF, the latter’s inclusion as a mediator
revealed a negative association between platelet activity and
cognitive health. Moreover, analyses suggested that plasma
BDNF mitigated the adverse effects of platelet activity on
MoCA scores in a case of inconsistent mediation. It therefore
appears possible that platelet activation may have two opposing
effects on cognitive health. More specifically, our model suggests
that platelet activity could have a positive effect via the
release of BDNF at the site of cerebrovascular injury, while
a deleterious effect could occur via an increased risk of
thrombosis, resulting in a scenario of inconsistent mediation.
Interestingly, the mediating effect of plasma BDNF on platelet
activity related cognitive decline was significantly lower in
CAD patients than in subjects without CAD. Knowing that
patients with CAD are at higher risk of cognitive impairment
(39), the mechanisms behind this weakened protective effect
of BDNF on platelet-related cognitive deterioration is worthy
of further investigation. Future studies should examine in vitro
the content and release of BDNF from platelets isolated from
CAD and non-CAD individuals, to have a better understanding
of mechanisms regulating platelet BDNF secretion in health
and disease.

Limitations
Our results should be interpreted with caveats in mind. First,
because of the cross-sectional design of the study, it is not
possible to infer a direction or a causal link between BDNF
levels, platelet markers and cognitive decline. Secondly, although
platelets are the largest extra-cerebral reservoir of BDNF, other
sources of BDNF such as endothelial cells, immune cells or the
skeletal muscle, could be responsible for the different levels seen
in this study (40–43). The relative contribution of extra-platelet
sources to plasma BDNF levels is unknown. For example, while

BDNF protein is highly expressed in human skeletal muscle and
is increased after exercise, muscle-derived BDNF appears not
to be released into circulation (42). Indeed, almost all BDNF
contained in blood appears to be stored in platelets, and to
be secreted upon platelet activation (10, 11). This is consistent
with the high level of correlation between P-selectin and BDNF
levels seen herein, but does not preclude other contributors to
circulating BDNF levels. Similarly, although platelets are the
major source of plasma sP-selectin, activation of endothelial
cells could also have contributed to circulating levels (44–46).
We cannot exclude false negatives (type II errors), due to the
limited statistical power in subgroup analyses involving use
of antiplatelets, requiring replication in larger samples. We
have used plasma concentrations as a reflection of in vivo
platelet activation and BDNF levels. Caution is required when
comparing studies having measured BDNF levels in plasma vs.
serum, as serum production induces in vitro platelet activation
and massive release of BDNF by a factor >100 (9, 10). As
such, studies using serum could be seen as a reflection of
platelet reserves of BDNF, while studies using plasma could
be seen as an in vivo reflection of circulating BDNF levels.
Whether circulating vs. platelet-borne BDNF levels have the
same biological function remains to be elucidated. Finally, our
sample was constituted mainly of Caucasian francophones and
it is not certain to what extent results apply to individuals of
different ethnicity.

CONCLUSION

In summary, our results suggest that the relationship between
platelet activity and cognitive health is complex. In the context of
vascular disease, where potential vascular damage to the cerebral
microvasculature may lead to maladaptive platelet activation and
thrombosis, the nefarious effects of cerebral thrombi on cognitive
health are anticipated. However, future models should integrate
the effects of biologically-active molecules secreted by platelets
at the site of vascular injury, as platelet activation may also
bring needed neuronal and angiogenic growth factors essential
for recovery and may thus actively contribute to vascular healing.
Approaches to balance the tipping point between hemostatic and
maladaptive platelet activation are needed.
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