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Predictive value of platelet activation for the rate of
cognitive decline in Alzheimer’s disease patients
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Otfried-Mueller-Stra�e 10, Tübingen, Germany; 2Institut Schreier, Statistical Support, Tübingen,
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Vascular risk factors contribute to the progression of dementia in Alzheimer’s disease (AD) and
influence platelet activation. However, the degree of platelet activation as a possible underlying
mechanism of this progression has not been studied till now. Significantly higher baseline
expression of both platelet activation biomarkers, activated glycoprotein IIb–IIIa complex and
P-selectin, was observed in patients with AD with fast cognitive decline compared with AD patients
with slow cognitive decline during a 1-year follow-up period. These results suggest that platelet
activation could be a putative prognostic biomarker for the rate of cognitive decline and a potential
new treatment target in AD patients.
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Introduction

Alzheimer’s disease (AD) is the most common cause
of dementia in the elderly, affecting B30 million
individuals worldwide. Some patients with AD
experience rapid cognitive decline, whereas others
decline much slower. The biologic basis of the
different progression is not well understood. Both
AD and atherosclerosis have been found to share
similar vascular risk factors. In addition, several
epidemiologic studies have shown that vascular risk
factors such as arterial hypertension and hypercho-
lesterolemia also contribute to the progression of AD
(Helzner et al, 2009; Roselli et al, 2009). Moreover,
treatment of vascular risk factors has been associated
with reduced risk of developing AD (Forette et al,
2002) and with a slower cognitive decline in AD
patients (Deschaintre et al, 2009). In accordance
with these findings, the amount of cerebrovascular

degeneration with consecutive hypoperfusion of the
brain seems to influence clinical manifestation and
severity of cognitive decline in AD patients. How-
ever, the underlying mechanisms of this association
between vascular risk factors and AD are not yet
understood.

Platelet activation can be assessed by the detection
of surface activation markers through flow cytometry.
Activation of glycoprotein (GP)IIb–IIIa measured
by an activation-specific antibody (PAC-1) indicates
platelet activation. Persistent elevated platelet
activation (PAC-1) 3 months after stroke is asso-
ciated with increased incidence of recurrent stroke
and with progression of carotid artery disease (Fateh-
Moghadam et al, 2007). P-selectin is an adhesion
molecule stored in platelet a-granules that becomes
expressed on the surface of activated platelets
(Stellos et al, 2010). Increased P-selectin expression
on platelets is associated with silent cerebral
infarction in patients with atrial fibrillation, acute
cerebrovascular ischemia and extent of myocardial
necrosis and inflammation in patients with acute
myocardial infarction.

Taken together, as platelet activation predicts
recurrent stroke and previous stroke is the most
important predictor of incidence of dementia in
stroke survivors in a large stroke cohort (Tatemichi
et al, 1990), we investigated the expression of
activated fibrinogen receptor and P-selectin on
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circulating platelets in patients with AD and eval-
uated their association with cognitive decline in
patients with AD after a 1-year follow-up period.

Materials and methods

A detailed description of the methods used is included in
Supplementary Materials available on the JCBFM website.

Subjects

A total of 40 outpatients with AD and 30 healthy elderly
controls were included in the study. The clinical severity
of cognitive impairment was assessed by the Mini-Mental
State Examination (MMSE). All patients were followed
up prospectively and clinically reexamined estimating
the cognitive status with the help of MMSE 1 year later
(range 11 to 13 months). The ethics committee of the
University of Tuebingen approved the study and written
informed consent was obtained.

Whole-Blood Flow Cytometry

Platelets were studied for surface expression of activated
fibrinogen receptor (platelet membrane GPIIb–IIIa complex
activation) and P-selectin (CD62P) by flow cytometric
analysis, as described previously (Stellos et al, 2010).
Specific monoclonal antibody binding was expressed as
mean fluorescence intensity and was used as a quantitative
measurement of platelet proteins’ surface expression.

Data Analysis

All statistical analyses were carried out using the statistical
analysis software package SPSS 17 (SPSS, Munich,
Germany). The data are presented as mean±s.d. Signifi-
cance for the results was set at P < 0.05.

Results

The baseline demographic and laboratory parameters
of AD patients and healthy controls are displayed
in Supplementary Table 1. At the baseline time
point, no significant difference on the expression of
platelet membrane GPIIb–IIIa complex (P = 0.451)
and P-selectin (P = 0.950) was observed between AD
patients and healthy controls.

All patients were prospectively followed up and
clinically reexamined estimating the cognitive status
with the help of MMSE 1 year later (range 11 to 13
months). Among AD patients, 28 presented with a
slow cognitive decline (decrease of MMSE score p4
per year) and 12 patients displayed a fast cognitive
decline (decrease of MMSE score > 4 per year;
Supplementary Table 2). Patients with AD with fast
cognitive decline showed significantly higher base-
line expression of both platelet activation biomar-
kers, activated GPIIb–IIIa complex and P-selectin,

than AD patients with slow cognitive decline did
during the 1-year follow-up period (mean fluores-
cence intensity: mean±s.d.: fast versus slow cogni-
tive decline: GPIIb–IIIa: 20.7±8.1 versus 13.6±6.6;
P < 0.001; P-selectin: 26.4±11.9 versus 17.6±4.4;
P < 0.001; Figure 1A).

The rate of cognitive decline (defined as the
change D of MMSE scores) was significantly asso-
ciated with age (r = 0.315, P = 0.040), baseline MMSE
scores (r =�0.378, P = 0.012), platelet activated
GPIIb–IIIa (r =�0.573, P < 0.001; Figure 1B), and
P-selectin expression (r =�0.411, P = 0.009; Figure
1B) and showed a trend of association with history of
myocardial infarction (r =�0.292; P = 0.058). Apply-
ing a multiple logistic regression analysis for either
GPIIb–IIIa or P-selectin and baseline MMSE scores,
the age and history of myocardial infarction revealed
that platelet activation was the only significant
independent predictor of cognitive decline in AD
patients (Pp0.05 for both).

The baseline expression of platelet GPIIb–IIIa or
P-selectin was increased in patients with fast
cognitive decline independent of age, gender, years
of education, baseline MMSE, and cardiovascular
risk factors, as evaluated by a univariate analysis of
variance (Table 1). Antihypertensive treatment seems
to influence platelet GPIIb–IIIa activation in patients
with fast cognitive decline, whereas intake of aspirin
or cholinesterase inhibitors (ChEIs) showed at least
a trend.

Next, we performed a receiver operating character-
istic analysis to evaluate the ability of platelet GPIIb–
IIIa activation or P-selectin levels to predict a fast
cognitive decline. GPIIb-IIIa: area under the curve
0.762 (P = 0.009), 75% sensitivity, 68% specificity,
86% negative predictive value, and an odds ratio
of 6.3 at a level of X15.6; P-selectin: area under
the curve 0.737 (P = 0.021), 67% sensitivity, 71%
specificity, 83% negative predictive value and an
odds ratio of 5.0 at a level of X18.9 (Figure 1C).

Discussion

In this study, we report that baseline platelet
activation is significantly higher in AD patients with
later fast cognitive decline than in AD patients
with later slow cognitive decline independent of
age, gender, years of education, baseline MMSE, and
cardiovascular risk factors and is significantly asso-
ciated with the rate of cognitive decline during
1-year follow-up. Thus, platelet activity could be the
missing link for the known association between
vascular risk factors and progression of AD (Helzner
et al, 2009).

Increased platelet activity could contribute to
dementia progression through several mechanisms:
(1) Platelet-bound GPIIb–IIIa and P-selectin are
involved in the adhesion of platelets on endothelial
cells at the sites of vascular lesions and in the further
recruitment of leukocytes on vascular wall regulating
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vascular inflammation. This mechanism could trig-
ger perivascular inflammation in the brain contribut-
ing to dementia progression (Akiyama et al, 2000).

(2) Platelet activation is associated with progression
of carotid artery disease, while aggregating platelets
contribute to vasoconstriction with consecutive
hypoperfusion (Houston et al, 1986). In this context,
a recent study has shown reduced cerebral blood
flow using transcranial Doppler in early AD patients,
suggesting cerebral vasoconstriction (Claassen et al,
2009). Thus, platelet-mediated cerebrovascular dys-
function may trigger AD pathology and disease
progression caused by brain hypoperfusion, creating
a neuronal energy crisis (de la Torre, 2009).
(3) Platelets contain and secrete amyloid-b peptides
on stimulation into the peripheral blood, which
constitute the main component of amyloid plaques
in the brain from AD patients and also seem to be
deposited in the vasculature. Cognitive decline in
AD patients has been associated with an AD-specific
reduction in the platelet amyloid precursor protein
isoform ratio (Baskin et al, 2000). Moreover, in
accordance with our present findings, Prodan et al
(2008) have recently reported a significant linear
correlation between the initial coated-platelet levels,
which is a fraction of activated platelets, and AD
progression measured by MMSE scores in a 2-year
follow-up period.

Interestingly, comparing baseline and 1-year
follow-up MMSE scores, we identified 12 AD
patients who presented with cognitive improvement
1 year after the baseline examination. This finding is
in accordance with previous studies reporting that
up to 34% of the patients with untreated AD may

Figure 1 Platelet activation associates with cognitive decline
in Alzheimer’s disease (AD). (A) Box plot showing platelet
GPIIb–IIIa complex activation and P-selectin expression levels in
AD patients with fast versus slow cognitive decline defined after
a 1-year follow-up period. (B) Correlation between change of
MMSE score (one year after baseline) and platelet GPIIb–IIIa
activation (n = 40; r =�0.573; P < 0.001) and P-selectin
expression (n = 40; r =�0.411; P = 0.009) in AD patients.
(C) Receiver operating characteristic curve for platelet GPIIb–IIIa
activation and P-selectin expression for fast cognitive decline
after 1-year follow-up in AD patients. GPIIb–IIIa, glycoprotein
IIb–IIIa; MMSE, Mini-Mental State Examination.

Table 1 Univariate analysis of variance of platelet GPIIb–IIIa
complex activation and P-selectin expression in AD patients with
fast versus slow cognitive decline

GPIIb–IIIa
activation P-value

P-selectin
P-value

Characteristics
Gender 0.752 0.408
Age (years) 0.280 0.437
Education (years) 0.391 0.450
MMSE 0.503 0.466

CVRFs
Arterial hypertension 0.187 0.724
Hypercholesterinemia 0.522 0.348
Diabetes mellitus 0.861 0.424
Smoking 0.417 0.361
Alcohol 0.847 0.959
CAD 0.123 0.712
History of myocardial infarction 0.573 0.320
History of stroke 0.447 0.074

Medication
Aspirin 0.084 0.476
Statin 0.763 0.983
Antihypertensives 0.002 0.757
ChEI 0.055 0.899

AD, Alzheimer’s disease; CAD, coronary artery disease; ChEI, cholinesterase
inhibitor; CVRFs, cardiovascular risk factors; GPIIb–IIIa, glycoprotein IIb–IIIa;
MMSE, Mini-Mental State Examination.
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present with a better or unchanged MMSE score
after a 1-year follow-up period (Clark et al, 1999).
Moreover, patients treated with a ChEI may score
higher in MMSE after 1 year compared with placebo
(Lyle et al, 2008). For instance, in the Penn Hospital
cohort, 72% of survivors treated with a ChEI showed
a cognitive improvement after 1-year follow-up and
even 47% at the end of the second year (Lyle et al,
2008). Nevertheless, the differential mechanism
leading to a cognitive decline or improvement in
patients with AD is not fully understood. In this
study, 75% of the patients with cognitive improve-
ment 1 year later were under ChEI treatment, and
ChEI treatment showed at least a slight influence on
the association between platelet activity measured
by GPIIb–IIIa activation and cognitive decline.

Few of our AD patients showed an extraordinary
large decline in MMSE scores after the 1-year follow-
up period. This finding is in accordance with
previous studies reporting that the rate of cognitive
decline in AD patients considerably varies after
the 1-year follow-up period (Carcaillon et al, 2007).
For example, Carcaillon et al (2007) have previously
reported that the annual change in the MMSE score
in AD patients ranged from + 3.3 to �16.1 points.

Taken together, platelet activation, measured by
GPIIb–IIIa complex activation or P-selectin expres-
sion, could be a putative prognostic biomarker for
the rate of cognitive decline and a potential new
treatment target in AD patients.
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