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Direct oral anticoagulants: a new 
therapy against Alzheimer’s disease?

More than 40 mill ion people worldwide 
are thought to be affected by Alzheimer´s 
disease (AD). Of these, estimated less than 
10% develop symptoms usually well before 
the age of 65, due to familial (hereditary) AD 
predisposition (Sierksma et al., 2020). AD is 
a multifactorial disorder, which includes a 
multitude of progressive degenerations in the 
brain parenchyma, but also in the vascular 
and hemostatic system. Currently, no drug 
is available or recognizable in the research 
pipeline for the effective treatment of this 
terrible disease. Therefore, the search for 
novel more effective drugs is an urgent task 
of pharmaceutical research. Already in the 
1970s, clinical studies with small groups of 
senile dementia patients showed a positive 
effect of anticoagulant treatment on disease 
development (Grossmann, 2020). Particularly, 
results of basic research in the last 6 years on 
a contribution of cerebrovascular dysfunction 
to AD have brought back to light this idea. 
This perspective paper summarizes the role of 
toxic proteins of amyloid-beta (Aβ), thrombin 
and fibrin as key drivers in triggering vascular 
dysfunction and derived neurodegenerative 
changes, which leads to AD, and discuss 
how they can be treated with direct oral 
anticoagulants (DOACs).

Anticoagulants are drugs that are used 
prophylactically or therapeutically to inhibit 
blood clotting and thus, avoid the formation 
of thrombosis or embolisms (Grossmann, 
2020). A medication based on anticoagulants 
for treatment of neurodegenerative brain 
amyloidoses, such as AD, is not yet in use. In 
the phase of blood clotting (coagulation), which 
leads to the closure of the wound and wound 
healing, a soluble protein from the blood, the 
fibrinogen, is converted into insoluble fibrin. 
Fibrin forms a fiber network with integrated 
erythrocytes and platelets,  a f ibrin clot 
(thrombus). The synthesis of the responsible 
serine protease thrombin is induced cascadingly 
by a variety of tissue and coagulation factors 
(e.g. factor Xa). A part of these factors is 
activated in a vitamin K-dependent process. 
Anticoagulants can inhibit blood clotting in 
different ways (Grossmann, 2020): Indirectly, 
such as in the case of vitamin K antagonists 
(VKAs, e.g. warfarin, with oral effect) and in 
heparins (e.g. enoxaparin, with parenteral 
effect), or directly, such as in the case of 
DOACs, which include the thrombin inhibitor 
dabigatran etexilate and blood clotting factor 
Xa-inhibitors. Oral anticoagulants are prescribed 
in Germany alone in nearly 3 million patients, 
who are predominantly over 70 years old, due 
to the indication areas for antithrombosis. To 
treat acute venous thrombosis and thrombosis 
prophylaxis in risk situations, e.g. after surgery, 
short-term antithrombosis is indicated. For 
the prophylaxis, e.g. of cardiac thrombosis and 
embolisms in patients with cardiac arrhythmias, 
such as atrial fibrillation, long-term permanent 
anticoagulation is prescribed. Anticoagulants 

reduce the risk of a fatal heart attack or 
stroke in vulnerable persons, but they also 
increase bleeding risks, including intracerebral 
hemorrhage (Grossmann, 2020).

Recent research revealed that the factors 
crucial for triggering AD pathogenesis are 
accumulation of misfolded, toxic proteins of 
Aβ in brain tissue (Zott et al. 2019; Greenberg 
et al., 2020). Sequentially acting secretase 
enzymes from α-, β- and γ-type release Aβ 
from the Aß-precursor protein AβPP. AβPP is 
anchored in the cell membrane of neurons and 
provides fission products of different lengths 
that are important for synapse function. In 
contrast, toxic Aβ accumulates as soluble dimers 
and oligomers, and as insoluble, deposited 
f ibri ls (Aβ plaques), which are localized 
between neurons, especially in neocortical and 
hippocampal brain parenchyma. Soluble Aβ 
aggregates hyperactivate and damage neurons 
and synapses (Zott et al., 2019), and are able to 
activate microglia cells (Venegas et al., 2017). 
Aβ is also actively transported into the blood 
system via the blood-brain barrier (BBB), and 
aggregates deposit around and in cerebral 
blood vessels (Strickland, 2018). All major gene 
modifications, leading to an increased risk for 
AD, are related to Aβ generation, aggregation, 
and clearance, and associated microglia 
responses (Sierksma et al., 2020). In addition, 
intraneural deposits and spread of tau-protein 
fibrils, disruption of BBB, neuroinflammation, 
and ultimately, death of synapses and neurons 
are characteristic for disease progression. 
Especially, neuroinflammatory processes, 
initiated from activated microglia cells and 
their release of proinflammatory cytokines and 
protein complexes, trigger the production and 
spread of cerebral Aβ deposits (Venegas et al., 
2017), via upregulation of γ-secretase activity 
for Aβ production (Hur et al., 2020), and 
synaptic loss in AD. It is estimated that cerebral 
Aβ and serum biomarkers for neuron cell death 
accumulate in people who develop AD, 10–20 
years before the symptoms of the disease occur 
(Grossmann, 2020).

Also typical of the early development of AD, 
but nearly disregarded in therapeutic research, 
are Aβ-initiated pathological processes in the 
cerebral blood vessels, a disorder, known as 
cerebral amyloid angiopathy (CAA; Figure 1). In 
clinical studies, CAA and AD pathology co-occur 
in the same brain with an incidence of 82–98% 
(Jellinger, 2002). In the CAA, Aβ aggregates 
accumulate and deposit around and into the 
walls of cerebral arteries and capillaries, leading 
to cerebrovascular dysfunction (Jellinger, 
2002; Greenberg et al., 2020). In particular, 
neocortical and hippocampal brain areas are 
disturbed in perfusion and no longer supplied 
adequately with blood and its constituents, 
such as oxygen and nutrients (Strickland, 2018). 
In addition, perivascular clearance of Aβ from 
the interstitial brain fluid into the blood is 
hindered by the damaged blood vessels. This 
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boosts Aβ accumulation in the brain tissue and 
thus, the progression of AD. Investigations in 
AD patients and transgenic mouse lines with 
gene alterations in Aβ for human AD risk (AD 
mouse models; Sierksma et al., 2020) revealed 
that CAA is caused by deposition of Aβ in 
the cerebral blood vessels (Jellinger, 2002; 
Greenberg et al., 2020). The consequences 
are that the cortical CBF decreases by about 
25%, and therefore, blood circulation suffers in 
certain areas of the brain (Grossmann, 2020). 
This hypoperfusion leads to undersupply 
of the brain tissue, especially with oxygen 
(hypoxia) and nutrients. Hypoxia induces Aß 
synthesis, inflammatory and neurodegenerative 
processes, and ultimately, cognitive decline 
(Figure 1). Studies involving living brain tissue 
showed that deposits of Aß, especially around 
cortical capillaries, cause pericytes on the 
outer wall of the vessel to contract (Nortley 
et al., 2019). This diminishes the diameter of 
the capillaries and leads to vasoconstriction. 
CBF declines and a chronic hypoperfusion with 
hypoxia is caused. Hypoperfusion is considered 
to be an essential pathophysiological factor 
that stimulates AD, together with additional 
effects of vascular dysfunction in CAA. These 
include, besides vasoconstriction, microvascular 
infarctions and hemorrhages, which injure BBB 
and stimulate inflammatory and degenerative 
changes in brain tissue (Figure 1). Moreover, 
investigations in AD mouse models and AD 
patients showed that, in parallel with Aβ, 
fibrin and thrombin accumulate in the brain 
(Strickland, 2018). Aβ is able to bind to 
fibrinogen and fibrin, thereby triggering the 
formation of Aβ-containing fibrin clots. These 
clots have an abnormal structure of the fibrin 
mesh, which makes them resistant to clot-
dissolving enzymes in plasmin fibrinolysis 
(Strickland, 2018). They were detected in blood 
vessels of CAA, as well as in brain parenchyma 
(Strickland, 2018; Figure 1), where formation 
is facilitated by the fact that BBB becomes 
increasingly permeable for plasma proteins like 
thrombin and fibrin(ogen) in AD (Grossmann, 
2020). In total, these Aβ-containing fibrin 
clots can hamper cerebral blood flow, evoke 
inflammatory and degenerative alterations 
in brain parenchyma, and can ultimately lead 
to the death of synapses and neurons. In 
addition, Aβ was shown to activate the blood 
clotting factor FXII in the coagulation cascade 
for the production of thrombin (Strickland, 
2018). As a result, proinflammatory thrombin, 
as well as the formation of fibrin and fibrin-
Aβ deposits increases in vascular tissue and 
in brain parenchyma. Thrombin and fibrin are 
recognized as key mediators of a multitude 
of inflammatory processes in the vessel walls 
and parenchymal tissue in the AD brain, 
including direct activation of microglia cells 
and astrocytes, and neuronal injury (Strickland, 
2018; Grossmann, 2020; Iannucci et al., 2020; 
Figure 1). Activation of the blood clotting factor 
FXII by Aβ additionally induces the synthesis 
of proinflammatory bradykinin, which appears 
to be causally linked to neuroinflammatory, 
degenerative and cognitive changes in AD 
(Strickland, 2018). These findings suggest a 
key role of Aβ, fibrin and thrombin in CAA, 
with dramatic implications for AD. Due to 
increasing vascular dysfunction particularly 
in neocortical and hippocampal brain areas, 
CBF and consequently, brain perfusion and 
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tissue supply with oxygen and nutrients 
decrease. As a result, neuroinflammatory and 
neurodegenerative processes are intensified 
by hypoxia-induced synthesis of Aβ and fibrin-
Aβ deposits, disruption of BBB, reduced 
perivascular Aβ clearance, fibrin and thrombin 
accumulation, activation of microglia cells, 
Aβ-induced neuronal hyperactivation, and 
neuroinflammation (Figure 1). This circulus 
vitiosus from steadily deteriorating vascular 
disorders and resulting degenerative effects 
promotes death of synapses and neuron cells 
and ultimately, contributes to cognitive decline.

A therapy against AD with anticoagulants 
is based on the hypothesis that the drugs 
counteract the formation and effects of 
key factors in CAA and neuroinflammation, 
contributing to AD (Figure 1). By inhibiting 
thrombin (synthesis or enzymatic activity) and 
formation of fibrin, anticoagulants can block 
thrombin- and fibrin-triggered inflammatory 
processes, as well as progressive fibrin-Aβ 
deposition in brain parenchyma and vascular 
system. In the latter case of CAA, fibrin-Aβ 
clots reduce regional CBF and brain perfusion. 
Treatment with anticoagulants can maintain CBF 
and therefore, can avoid shortage with oxygen 
and nutrients, and resulting neurodegenerative 
changes in brain tissue. Given complete cerebral 
perfusion and low Aβ-, thrombin- and fibrin-
piling and inflammatory milieu, anticoagulants 
could decrease vascular-driven progression in 
neurodegenerative and cognitive changes. In 
this respect, previous studies with AD mouse 
models suggested that thrombin inhibitors 
can alleviate symptoms in AD, because of 
their inhibitory effect on proinflammatory 
thrombin and cortical Aβ deposition (Iannucci 
et al.,  2020). Meanwhile, Cortes-Canteli 
et al. (2019) have reported results in AD 
mouse model, which support a therapy with 
anticoagulants. Long-term anticoagulation 
with dabigatran etexilate prevented toxic fibrin 
deposition in the brain, hypoperfusion and 
memory decline. The extent of cortical Aβ 
oligomers and plaques, and neuroinflammatory 
activity decreased, while function of BBB was 
preserved. No hemorrhages or intracranial 
bleeding was observed (Cortes-Canteli et al., 
2019). With respect of their application, oral 
anticoagulants are an advantage for therapy 
of vascular disturbance in AD. However, VKAs, 
such as warfarin, have undesirable effects, 
which include bleeding complications and 
pharmacodynamic interactions (Grossmann, 
2020). Specific acting DOACs, with the direct 
thrombin inhibitor dabigatran etexilate and the 
blood clotting factor Xa-inhibitors rivaroxaban, 
apixaban, edoxaban, and betrixaban, are much 
more suitable. Of these, dabigatran etexilate 
could be preferred for therapy. Dabigatran 
etexilate is the prodrug form that releases in 
vivo the active drug dabigatran. In contrast to 
factor Xa-inhibitors, which block the production 
of thrombin, dabigatran binds directly to 
existing thrombin and inactivates enzymatic 
thrombin for f ibr in formation,  but also 
soluble thrombin for proinflammatory effects 
(Grossmann, 2020; Iannucci et al., 2020). 
Compared to the VKA warfarin, dabigatran has 
a shorter half-life in humans, and, observed 
in elderly patients with atrial fibrillation, a 
reduced risk of ischaemic stroke, intracranial 
brain haemorrhage by up to 66%, and death 
(Graham et al., 2015). The latter study by 

the U.S. Food and Drug Administration found 
an incidence rate for harmful intracranial 
brain hemorrhage per 1000 person-years 
of 3.3 after anticoagulation with dabigatran 
etexilate, whereas a rate of 9.6 was observed 
for warfarin treatment (Graham et al., 2015). 
Dabigatran leads to predictable and reliable 
anticoagulation, which can be neutralized 
by a specific antidote within minutes and 
therefore, reduces bleeding risk (Grossmann, 
2020). Likewise, specific reversal agents for 
factor Xa-inhibiting DOACs are available since 
recently. Nevertheless, permanent therapy 
with DOACs in AD patients that are more prone 
to bleeding, given the causal link of CAA and 
vascular fragility, must be carefully evaluated 
for bleeding risk, using e.g. clinical HAS-BLED-
Score criteria and imaging methods.

DOAC-type anticoagulants offer the possibility 
to treat vascular dysfunction and resulting 
neurodegenerative processes in AD. Provided, 
they are applied early, therapeutically or, in the 
case of genetic predisposition, prophylactically. 
The listed DOACs are clinically approved and 
over years prescribed medicaments with 
known safety profile. Hence, approval for this 
new indication should be faster and more 
cost effective to achieve. If further preclinical 
studies strengthen this therapeutic approach, 
clinical studies would be highly recommended. 
Then, it would be desirable, if clinical institutes, 
supported by pharmaceutical companies 
and funding programs, are stimulated by this 
research impulse to study the therapeutic value 
of DOACs against AD. 
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Figure 1 ｜ Cerebral amyloid angiopathy (CAA) 
and triggered cascade of brain alterations, 
present in Alzheimer´s disease, and proposed 
mechanism of action of direct oral anticoagulant 
for therapy. 
Direct (solid lines) and indirect (dotted lines) 
stimulatory effects, reported in literature, and 
hypothesized central point of anticoagulant 
intervention. Aβ: Amyloid-beta proteins; CBF: 
cerebral blood flow.  


