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Abstract: Research over the last decade has shown that schizophrenia spectrum disorders (SSDs) 

cannot be viewed exclusively as a neurotransmitter pathology. A significant proportion of patients, 

especially those in the acute phase and with treatment resistance, exhibit signs of low-grade inflam-

mation (LGI), which is associated with cardiovascular comorbidity, including the risk of venous 

thromboembolism (VTE). The role of antipsychotics (APs), which are the mainstay of SSDs therapy, 

in the development of VTE remains controversial. On one hand, preclinical in vitro and in vivo stud-

ies demonstrate an antiplatelet effect of APs. This effect is mediated through blockade of adenosine 

diphosphate (P2Y1 and P2Y2) and serotonin (5-HT2A) receptors, and inhibition of thromboxane 

A2. On the other hand, clinical in vivo studies indicate the persistence or even increase of procoag-

ulant platelet activity and LGI, which significantly elevates the risk of VTE in patients with SSDs 

during long-term AP treatment. Materials and Methods: In this narrative review, we analyzed and 

summarized the results of preclinical and clinical studies on biomarkers of AP-induced platelet ac-

tivation, as well as their prognostic role in assessing VTE risk in patients with SSDs. Results: As a 

result, the knowledge of psychiatrists regarding the potential negative impact on platelet hemosta-

sis has been updated for first- and new-generation APs. It has been shown that asenapine and 

amisulpride carry the highest risk of developing AP-induced VTE. Haloperidol and droperidol 

have a dose-dependent risk of VTE. An increased risk of AP-induced pathological bleeding is ob-

served with the use of quetiapine, thioridazine, thiothixene, and flupentixol. Conclusion: The diverse 

effects of APs on platelet hemostasis have been demonstrated. This underscores the need for a dif-

ferentiated approach to selecting APs and the complexity of predicting the additive effect during 

AP polytherapy. Dynamic monitoring of hematological biomarkers (platelet and inflammatory) is 

important for reducing the risk of developing VTE in patients with SSDs. 

Keywords: platelets, schizophrenia spectrum disorders, antipsychotic, hematological biomarker, platelet he-

mostasis, low-grade inflammation, venous thromboembolism, pulmonary embolism, pathological bleeding, 

hematological adverse reaction. 

 
 
 
1. INTRODUCTION 
 

Schizophrenia spectrum disorders (SSDs, ICD-X: F20 - F29) are characterized by a 

diverse clinical picture [1] and are associated with the risk of developing somatic pathol-

ogies, particularly cardiovascular diseases, venous thromboembolism (VTE), including 

deep vein thrombosis of the extremities and pulmonary embolism (PE) [2]. Antipsychotic drugs (APs) are the main class 

of medications used for SSDs, and numerous studies have associated their use with the risk of platelet hemostasis im-

pairment [3,4]. However, in routine clinical practice, psychiatrists rarely or often fail to consider even standard platelet 

biomarkers [5] (Table 1).  

In recent years, low-grade inflammation (LGI), induced by APs intake in patients with SSDs, has been considered 

a mechanism increasing the risk of AP-induced VTE [10]. For a long time, SSDs were viewed primarily as a neurotrans-

mitter pathology. However, accumulated data from preclinical (in vivo and in vitro) and clinical (in vivo) studies 

convincingly demonstrate that a significant proportion of patients with SSD, especially in the acute phase of the illness, 

exhibit signs of LGI: increased C-reactive protein (CRP) and pro-inflammatory cytokines (interleukin-6 (IL-6), tumor 

necrosis factor-alpha (TNF-α), etc.), as well as shifts in peripheral blood cell ratios [11,12]. 
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Table 1. Standard platelet biomarkers in adult patients with schizophrenia spectrum disorders taking antipsychotics. 

Platelet biomarker Reference values Brief description Clinical role References 

PLT, 109/л М: 180-320*109/L 

F: 157-371*109/L 

Absolute platelet count per unit volume 

of blood 

Increased PLT* 

Decreased PLT** 

[6] 

MPV, fL (10-15л) 9.1 – 11.9 fL Mean cytometric platelet size 

 

Increased MPV * 

Decreased PLT * * 

[7] 

[8] 

PCT, % 0.15-0.4 % The proportion of blood volume occu-

pied by platelets 

Increased PCT * 

Decreased PCT * * 

 

[9] 

PDW, % 10-20 % Degree of platelet size heterogeneity Increased PDW * 

Decreased PDW *** 

 

[8] 

Note: * - increased risk of venous thromboembolism, including deep vein thrombosis, pulmonary embolism and its branches; ** - increased risk of pathological 
bleeding, including spontaneous and low-traumatic hematomas, nosebleeds, uterine and rectal bleeding, hemorrhages in internal organs; *** - rarely has independent 

clinical significance. Abbreviations: PLT - Platelets, MPV - mean platelet volume, PDW - platelet distribution width, PCT - plateletcrit, P-LCR - platelet - large 
cell ratio; fL - femtoliter, VTE - venous thromboembolism, M- male, F- female. 

 

A logical question arose: "Is this inflammation merely a concomitant background, or does it have pathogenetic 

significance and, moreover, can it be modified under the influence of AP therapy?" Concurrently, experimental studies 

in animal models, humans, and cell lines established that APs are not inert concerning platelets. APs can block adeno-

sindiphosphate (ADP)-receptors P2Y1/P2Y12, modulate the platelet-activating factor (PAF) pathway, and suppress 

thromboxane A2 synthesis [13, 14]. In vitro, many APs exhibited an antiplatelet effect. Consequently, they should protect 

patients from VTE and possibly even reduce LGI by inhibiting platelet activity. However, during long-term AP intake, 

despite the direct inhibitory effect of APs on platelets, signs of their activation and subsequent hypercoagulation per-

sisted or even increased [15]. 

Studies using the thrombodynamics method have demonstrated that in patients with SSD undergoing AP mono-

therapy, procoagulant activity does not normalize, and the risk of VTE persists or even increases [10]. Moreover, in 

patients with treatment-resistant schizophrenia (TRS) receiving clozapine, the highest values of hematological pro-in-

flammatory biomarkers for VTE were recorded [11, 12]. It became evident that standard quantitative parameters of 

platelet hemostasis (Table 1), including platelet count (PLT), mean platelet volume (MPV), platelet distribution width 

(PDW), plateletcrit (PCT), and the platelet-to-lymphocyte ratio (PLR), do not reflect the functional state of platelets 

under conditions of LGI. The need arose for a differentiated assessment of platelet levels and their functional activation. 

Also important is the verification of changes in the levels of additional platelet biomarkers (receptor, secretory, or pro-

coagulant), which are altered during long-term AP intake and are associated with interindividual variability in response 

to psychopharmacotherapy [10,13,14]. We have hypothesized that platelets and hematological biomarkers of their acti-

vation may serve as an integral link connecting three key components (APs, LGI, and platelet hemostasis impairment) 

in patients with SSDs in the short and long term. 

The aim of this narrative review is to update psychiatrists' knowledge on the role of hematological biomarkers of 

platelet activation and associated LGI for effective stratification of patients with SSD based on the degree of risk of AP-

induced VTE. 

 
2. MATERIALS AND METHODS  

 

An analysis was conducted of available clinical studies on the adverse drug reactions (ADRs) of first- and new-

generation APs on LGI, platelet hemostasis, and the risk of VTE in patients with SSDs, as well as on the relationship 

between AP-induced metabolic syndrome and secondary platelet dysfunction. The search for sources was carried out 

in the eLIBRARY, PubMed, Google Scholar, Cochrane, and Lens databases for the period 2020–2025. The review in-

cluded original studies, systematic reviews, meta-analyses, clinical observations, and preclinical (experimental) studies 

(in vitro and in vivo). Additionally, the authors analyzed the official prescribing information for APs available in the 

State Register of Medicines in Russia [16] and the Food and Drug Administration (FDA) in the USA [17]. 
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3. RESULTS 

 

The meta-analysis by Zheng Y. et al. [12] demonstrated that the PLR is the most accessible quantitative index re-

flecting the risk of developing AP-induced VTE. However, PLR is not a sensitive hematological biomarker for 

distinguishing between patients with SSDs undergoing AP therapy and healthy controls. This explains the insufficiency 

of routine hematological tests for assessing AP-induced LGI and VTE, and also justifies the need to search for additional 

biomarkers of platelet activation.  

Most studies acknowledge that PLT, MPV, PDW, and PCT (Table 1) are only suitable for primary screening of AP-

induced hematological ADRs. This explains the importance of understanding the role of additional biomarkers of AP-

induced platelet activation and their role in the risk of AP-induced VTE (Table 2). Such biomarkers may reflect key 

stages of activation, degranulation, and interaction of platelets with the inflammatory cascade and LGI [8,12,15].   

Screening and additional hematological biomarkers of AP-induced VTE can help differentially assess:  

(1) the expression of adhesion molecules (e.g., P-selectin, GPIb) that facilitate contact with the endothelium and 

leukocytes;  

(2) the intensity of intracellular signaling pathways (via serotonin levels, activity of platelet 5-HT2A receptors, 

thromboxane A2 production);  

(3) the degree of platelet degranulation and release of pro-inflammatory biomarkers (β-thromboglobulin, PF4);  

(4) the final coagulation activity (via the GPIIb/IIIa complex) [18, 23, 26].  

 

It is known that in a resting platelet, P-selectin is located inside the platelet within α-granules. Upon platelet acti-

vation, the granules fuse with the platelet membrane, and P-selectin is expressed on the surface. Here, P-selectin 

performs two key functions: it mediates platelet adhesion to the damaged vascular wall and facilitates binding to leu-

kocytes, forming monocyte-platelet aggregates (MPAs). A portion of P-selectin is cleaved from the platelet membrane 

and enters the bloodstream. The level of its soluble form in the systemic circulation correlates with the severity of SSDs 

[40]. 

The activated αIIbβ3 complex (GPIIb/IIIa) is a receptor responsible for platelet aggregation. At rest, it is inactive. 

However, upon receiving an activating signal, GPIIb/IIIa changes its spatial conformation and acquires the ability to 

bind fibrinogen and von Willebrand factor (vWF) [41]. 

Glycoprotein Ib (GpIb) is a receptor for vWF. It is known that GpIb is responsible for the initial adhesion of platelets 

to the vascular wall in areas of high shear blood flow. Upon platelet activation, a portion of GpIb receptors can cluster 

together or be cleaved from the platelet surface (a phenomenon known as "shedding"). Both processes reflect the degree 

of platelet activation and damage [42, 43]. 

Thanks to the studies by Wu C.C. et al. [14] and Kosidou S. et al. [13], it is known that assessing the platelet receptor 

status allows not only to confirm the very fact of their activation but also to understand which specific receptor path-

ways of platelet activation are associated with the adverse effects of APs and the risk of VTE (Table 3). 

One of the key pathways of AP-induced alteration of platelet hemostasis is realized through the blockade of P2Y1 

and P2Y12 receptors, which leads to the suppression of ADP-induced platelet aggregation. This mechanism is the basis 

for the antiplatelet effect observed in vitro [14]. 

Concurrently, APs interfere with the platelet-activating factor (PAF) signaling cascade. As shown by Kosidou S. et 

al. [13], some APs (e.g., fluphenazine, trifluoperazine, and chlorpromazine) are capable not only of inhibiting PAF-

induced platelet aggregation but also (at increased concentrations) of causing platelet lysis with the release of intracel-

lular contents into the extracellular space. Furthermore, APs affect arachidonic acid metabolism by suppressing the 

synthesis of thromboxane A2 and its stable metabolite, thromboxane B2 (TXB2). The reduction in platelet aggregation 

due to AP-induced blockade of the cyclooxygenase pathway has been confirmed experimentally [14]. 

Consequently, APs simultaneously affect three key points of platelet activation:  

(1) ADP receptors;  

(2) the PAF-dependent cascade;  

(3) the cyclooxygenase pathway.  

 

However, the clinical outcome of this effect depends on the concentration of the AP in the patient's blood, the 

duration of AP intake, and the baseline LGI in the specific patient with SSDs. 
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Table 2. Additional biomarkers of hemostasis, systemic inflammation, and platelet activation in patients with schizophrenia spec-

trum disorders taking antipsychotics. 

 

Platelet biomarker Reference  

values 

Brief description Clinical role References 

А. Platelet activation biomarkers 

P-selectin (CD62P), ng/mL 20 – 60 ng/mL Transmembrane glycoprotein that acts 

as a cell adhesion molecule and as one of 

the mediators of the systemic inflamma-

tory response 

Increased P-selectin 

level is a biomarker 

of increased risk of 

AP-induced VTE 

[18] 

Activated complex IIb/IIIa 

(integrin αIIbβ3), % 

50 – 90 % Reflecting the percentage of platelet ag-

gregation after the addition of activators 

(ADP, collagen, thrombin) 

Increased level of in-

tegrin αIIbβ3 is a 

biomarker of in-

creased risk of AP-

induced VTE (due to 

suppression of 

GPIIb/IIIa activation 

and alteration of fi-

brinogen structure) 

[13, 19, 20] 

TXB2, ng/mL < 100 ng/mL Biomarker reflecting the degree of plate-

let activation via the cyclooxygenase 

pathway 

Increased TXB2 

level is a biomarker 

of increased risk of 

AP-induced VTE 

[21] 

PF4, ng/mL < 10 ng/mL Chemokine protein that is produced by 

platelet alpha-granules and released 

into the blood upon their activation 

Increased PF4 level 

is a biomarker of in-

creased risk of AP-

induced VTE 

[22] 

β-TG, ng/mL 20 – 35 × 10-12 

g/L 

Chemokine protein released by platelets 

upon their degranulation; it reflects the 

degree of platelet activation in the blood 

Increased β-TG level 

is a biomarker of in-

creased risk of AP-

induced VTE 

[23] 

CD40L, pg/mL 2000 – 5000 

pg/mL 

Reflects platelet activation and their pro-

inflammatory activity 

Increased CD40L 

level is a biomarker 

of increased risk of 

AP-induced VTE, 

hypercholesterole-

mia, and 

cardiovascular risk 

[24, 25] 

GpIb ND Membrane protein, the main component 

of the platelet glycoprotein Ib-IX-V com-

plex, which binds von Willebrand 

factor, leading to platelet adhesion and 

aggregation 

Increased GpIb level 

is a biomarker of in-

creased risk of AP-

induced VTE 

[26] 

5-𝐻𝑇2𝐴 50 – 220 

ng/mL  

(blood  

serotonin) 

Serotonin 2A receptors on platelets re-

flect the state of the serotonergic system. 

By competitively binding to 5-HT2AR, 

APs trigger intracellular signaling path-

ways, increasing calcium levels, which 

leads to changes in platelet shape, en-

hanced aggregation, and clot 

stabilization, contributing to hemostasis 

and inflammation 

Increasing the level 

of serotonin in the 

blood is a biomarker 

for an increased risk 

of AP-induced VTE 

(typical for AP with 

high affinity for 5-

HT2A) 

[27] 

PAF ND Powerful phospholipid mediator, capa-

ble of inducing platelet aggregation and 

dilating blood vessels, participates in 

pro-inflammatory reactions 

Increasing the level 

of PAF is a bi-

omarker for an 

increased risk of AP-

induced VTE (due to 

platelet activation) 

[28] 
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Table 2. Сontinuation 

Platelet biomarker Reference  

values 

Brief description Clinical role References 

B. Inducers of thrombogenesis 

ADP  ND Low-molecular-weight platelet activa-

tor released from their dense granules, 

activating their aggregation 

Increasing the level 

of ADP is a bi-

omarker for an 

increased risk of AP-

induced VTE 

[13] 

vWF, U/ml 0.5–1.5 U/ml Large multimeric plasma glycoprotein 

that plays a central role in hemostasis, 

activating platelet aggregation 

Increasing the level 

of vWF is a bi-

omarker for an 

increased risk of AP-

induced VTE 

[15] 

Collagen, ng/mL ND Biomarker that activates platelet aggre-

gation, triggering a pathological process 

through direct binding to α2β1 (integ-

rin) and GPVI receptors, leading to the 

replacement of damaged tissue with 

connective tissue 

Increasing the level 

of collagen is a bi-

omarker for an 

increased risk of AP-

induced VTE 

[29] 

C. Biomarkers of endothelial damage 

TF (tissue factor, coagulation 

factor III, CD142), pg/ml 

ND When the vascular endothelium is dam-

aged, TF comes into contact with blood 

and binds factor VIIa, triggering a cas-

cade of blood coagulation and platelet 

aggregation 

Elevated TF level is 

a biomarker of in-

creased risk for AP-

induced VTE 

[30] 

Thrombomodulin, ng/ml 20 – 50 ng/ml Thrombomodulin is an indicator of vas-

cular endothelial damage (e.g., in AP-

induced endothelial dysfunction) 

Increasing the level 

of thrombomodulin 

is a biomarker for an 

increased risk of AP-

induced VTE 

[31] 

D. Biomarkers of fibrinolysis 

D-dimer, ng/ml < 500 ng/ml Reflects fibrinolytic activity Elevated D-dimer 

level is a biomarker 

of increased risk for 

AP-induced VTE 

[32] 

ТАТ-complex, ng/ml ND Reflects the level of thrombin in the vas-

cular system 

Increasing the level 

of TAT is a bi-

omarker for an 

increased risk of AP-

induced VTE 

[33] 

D. Coagulation tests 

APTT, sec 25.1 – 36.6 sec Clot formation time upon addition of 

specific reagents 

Decreased APTT 

level is a biomarker 

for an increased risk 

of AP-induced VTE 

[34, 35] 

Antithrombin III, % 75 – 125 % Glycoprotein that suppresses thrombin 

formation and inhibits factors IXa and 

Xa 

Decreased level of 

antithrombin III is a 

biomarker for an in-

creased risk of AP-

induced VTE 

[36] 

INR  0.8 – 1.2 Standardized indicator of the prothrom-

bin test that allows comparison of 

results obtained from different laborato-

ries 

Decreased INR level 

is a biomarker for an 

increased risk of AP-

induced VTE 

[35] 
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Table 2. Сontinuation 

Platelet biomarker Reference  

values 

Brief description Clinical role References 

PTT, sec 9 – 13 sec Biomarker reflecting the time required 

for blood clotting 

Decreased PT rate is 

a biomarker for an 

increased risk of AP-

induced VTE 

[37] 

PTI  Up to 26 years: 

69.0 – 121.0 

26 – 46 years: 

69.0 – 143.0 

Over 46 years: 

67.0 – 149.0 

The percentage ratio of the clotting time 

of control plasma (standard indicator of 

a healthy person) to the clotting time of 

a specific patient 

Increasing the level 

of PI is a biomarker 

for an increased risk 

of AP-induced VTE 

[38] 

E. Inflammatory biomarkers 

CRP, mg/L < 5 mg/L Highly sensitive acute-phase protein 

produced by the liver in response to in-

flammation or tissue damage 

CRP is a biomarker 

of AP-induced LGI 

and increased risk of 

AP-induced VTE 

[39] 

PLR 61 – 239 Ratio of the absolute platelet count to the 

absolute lymphocyte count 

Increased PRL level 

is a biomarker for an 

increased risk of AP-

induced LGI 

[2] 

P-LCR, % 13 – 43 % Large platelet count** or **Count of 

large platelets 

Increased P-LCR is a 

biomarker for an in-

creased risk of AP-

induced LGI 

[2] 

 

Note: 5-НТ2А – hydroxytryptamine 2A; ADP - adenosine diphosphate; AP – antipsychotic; APTT - activated partial thromboplastin time; β-TG - beta-Thrombo-
globulin; CD40L - CD40 ligand; CRP - C-reactive protein; GpIb - Glycoprotein I beta; GPIIb/IIIa -Glycoprotein II beta/III alpha; GPVI - Glycoprotein VI; INR - 

International Normalized Ratio; MPV - Mean Platelet Volume; PAF - Platelet-Activating Factor; PCT – Plateletcrit; PDW - Platelet Distribution Width; PF4 - 
Platelet factor 4; P-LCR - Platelet - Large Cell Ratio; PLR - Platelet-to-Lymphocyte Ratio; PLT – Platelets; PT - prothrombin time; PTI - prothrombin index; ТАТ 

- Thrombin-antithrombin complex; TF- Tissue Factor; TXB2- Thromboxane B2; VTE - venous thromboembolism; vWF- von Willebrand Factor. 
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Table 3. Effect of different generations of antipsychotics on platelet activation. 

 

Antipsychotic Mechanism of influence  

on platelet hemostasis 

 Clinical role 

(risk level) 

Reference 

A. First-generation antipsychotics 

Haloperidol Therapeutic concentration in blood: inhibits platelet biomarkers 

and P-selectin expression, integrates into the platelet plasma 

membrane and alters the relative spatial arrangement of phospho-

lipid-consuming enzymes, thereby changing the rate of enzyme-

catalyzed reactions 

High concentration in blood: causes thrombocytopenia and sup-

pression of P-selectin expression, inhibits platelet MAO and 5-

HT2A 

 Increased risk of 

bleeding (ND) 

 

 
 

[14,46] 

High concentration in blood: increases plasma protein coagula-

tion and suppresses platelet disaggregation via P2Y1 and P2Y12 

receptors 

 Increased risk of 

VTE (ND) 

Droperidol Therapeutic concentration in blood: does not typically inhibit 

platelet indicators (GpIb, GpIIb-IIIa) or P-selectin expression 

High concentration in blood: causes thrombocytopenia and 

suppression of P-selectin expression 

 Increased risk of 

bleeding (ND) 

 
 

[14,45,47] 

High concentration in blood: increases plasma protein coagulation 

and suppresses platelet disaggregation via P2Y1 and P2Y12 recep-

tors 

 Increased risk of 

VTE (ND) 

Zuclopenthixol Therapeutic concentration in blood: causes thrombocytopenia (ex-

act mechanism unknown, likely through immune-mediated 

platelet destruction) 

 Increased risk of 

bleeding (rarely) 
[48] 

Mechanism of increased VTE risk is unknown  Increased risk of 

VTE (very rarely) 

Levomepromazine High concentration in blood: inhibits ATP- and 5-HT2A-induced 

platelet aggregation, reduces ATP production, reduces platelet 

size, inhibits membrane vesiculation, causes thrombocytopenia 

 Increased risk of 

bleeding (ND)  
[49,50] 

Loxapine* 
 

Therapeutic concentration in blood: inhibits 5-HT2A-induced 

platelet aggregation, causes thrombocytopenia, significantly re-

duces blood coagulation 

 Increased risk of 

bleeding (ND) 
[51] 
 

Periciazine High concentration in blood: increases 5-HT2A-induced platelet 

aggregation 
 Increased risk of 

VTE (ND) 
[52] 

Perphenazine Therapeutic concentration in blood: competitively inhibits platelet 

MAO activity, causes thrombocytopenia 

High concentration in blood: induces platelet lysis via PAF, a po-

tent thromboinflammatory mediator 

 Increased risk of 

bleeding (ND) 
[13,53,54] 

Pimozide* Therapeutic concentration in blood: does not typically inhibit 

platelet indicators 

High concentration in blood: causes thrombocytopenia, inhibits 

the phosphoinositide (PI) signaling pathway, integrates into the 

platelet plasma membrane and alters the relative spatial arrange-

ment of phospholipid-consuming enzymes, thereby changing the 

rate of enzyme-catalyzed reactions, significantly reduces blood co-

agulation 

 Increased risk of 

bleeding (ND) 
[44]  

Prochlorperazine* Therapeutic concentration in blood: inhibits platelet aggregation, 

causes significant thrombocytopenia (possible agranulocytosis), 

integrates into the platelet plasma membrane and alters the rela-

tive spatial arrangement of phospholipid-consuming enzymes, 

thereby changing the rate of enzyme-catalyzed reactions; inhibits 

the metabolism of PIP and PIP2 in platelets 

 Increased risk of 

bleeding (ND) 
[44,55] 
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Table 3. Сontinuation 

Antipsychotic Mechanism of influence 

on platelet hemostasis 

 Clinical role 

(risk level) 

Reference 

Sulpiride High concentration in blood: suppresses bone marrow hematopoi-

esis 
 Increased risk of 

bleeding (ND) 
[56] 

Thioproperazine ND  ND [57] 

Thioridazine Therapeutic concentration in blood: causes thrombocytopenia, in-

hibits ATP- and 5-HT2A-induced platelet aggregation, reduces 

ATP production, reduces platelet size, inhibits membrane vesicu-

lation 

 Increased risk of 

bleeding (rarely) 
[58] 

Thiothixene* Therapeutic concentration in blood: causes thrombocytopenia (ex-

act mechanism unknown, likely through immune-mediated 

platelet destruction) 

 Increased risk of 

bleeding (rarely) 
[59] 

Trifluoperazine Therapeutic concentration in blood: causes thrombocytopenia 

High concentration in blood: >50 µM – induces platelet lysis, 

reaching 30 – 40% at 100 µM. 

In the non-lytic range (0 – 50 µM): causes pronounced inhibition 

of arachidonic acid release and phosphatidylcholine breakdown, 

which was complete at 25 µM. Phosphatidylinositol breakdown 

was partially inhibited (by approximately 50%) at 25 µM TFP, 

with further inhibition at higher concentrations being minimal 

 Increased risk of 

bleeding (ND)  
[60,61] 

Flupentixol High concentration in blood: causes thrombocytopenia, likely 

through immune-mediated platelet destruction 
 Increased risk of 

bleeding (rarely)  
[62] 

Fluphenazine Therapeutic concentration in blood: typically inhibits platelet in-

dicators, causes thrombocytopenia, reduces platelet size, 

decreases platelet membrane microviscosity. 

High concentration in blood: causes pronounced thrombocytope-

nia and reduced coagulation 

 Increased risk of 

VTE (ND)  
[63,64,65,66] 

High concentration in blood: enhances 5-HT2A-induced platelet 

aggregation and increases platelet 5-HT2A receptor binding sites 
 Increased risk of 

bleeding (ND) 

Chlorpromazine Therapeutic concentration in blood: inhibits ATP- and 5-HT-in-

duced platelet aggregation, reduces ATP production, reduces 

platelet size, inhibits membrane vesiculation. 

High concentration in blood: reduces blood coagulation 

 Increased risk of 

bleeding  

(commonly) 

 
 

[67,68,69] 

High concentration in blood: increases 5-HT2A-induced platelet 

aggregation 
 Increased risk of 

VTE (ND)  

Chlorprothixene Therapeutic concentration in blood: causes thrombocytopenia, 

likely through immune-mediated platelet destruction 
 Increased risk of 

bleeding (rarely) 
[70] 

High concentration in blood: mechanism of VTE is unknown  Increased risk of 

VTE (very rarely) 

B. Second-generation antipsychotics 

Asenapine ND  Increased risk of 

VTE (rarely) 
[71] 

Amisulpride Therapeutic concentration in blood: may cause VTE due to antag-

onism of platelet 5-HT2A receptors, stimulation of ADP-induced 

platelet aggregation, or indirectly (due to the development of hy-

perprolactinemia) 

 Increased risk of 

VTE  

(rarely) 

[72,73] 

Ziprasidone ND  ND [74] 

Quetiapine Therapeutic concentration in blood: integrates into the platelet 

membrane and alters the relative spatial arrangement of phospho-

lipid-consuming enzymes, thereby potentially destroying 

platelets and altering the rate of enzyme-catalyzed reactions 

 Increased risk of 

bleeding  

(uncommonly) 

[44,75] 
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Clozapine Therapeutic concentration in blood: integrates into the platelet 

plasma membrane and alters the relative spatial arrangement of 

phospholipid-consuming enzymes, can destroy platelets and alter 

the rate of enzyme-catalyzed reactions. 

Causes thrombocytopenia or thrombocytosis. 

 Increased risk of 

bleeding  

(very rarely) 

 
 

[44,76,77] 

 

High concentration in blood and long-term use: may cause throm-

bocytosis and increase platelet aggregation 
 Increased risk of 

VTE  

(very rarely) 

 

Lurasidone High concentration in blood: inhibits 5-HT2A-induced platelet ag-

gregation 
 Increased risk of 

bleeding (ND)  

[78,79]  

Olanzapine Therapeutic concentration in blood: causes thrombocytopenia of 

unclear origin, likely due to immune-mediated platelet destruc-

tion and direct bone marrow suppression 

 Increased risk of 

bleeding  

(very rarely)  

[80,81,82,83] 
 

High concentration in blood: increases platelet aggregation due to 

structural similarity between olanzapine and platelet receptors in 

patients with olanzapine-induced MS 

 Increased risk of 

VTE (ND)  

Paliperidone Therapeutic concentration in blood: may cause a decrease in the 

levels of coagulation factors VIII and IX 
 Increased risk of 

bleeding  

(rarely) 

[72,84,85,86,87] 
 

High concentration in blood and long-term use: may cause VTE, 

CTEPH, due to a decrease in the level of endogenous NO in blood 

plasma and reduced expression of NOS gene mRNA 

 Increased risk of 

VTE  

(very rarely) 

 

Risperidone Therapeutic concentration in blood: may cause thrombocytopenia, 

presumably due to effects on the bone marrow 
 Increased risk of 

bleeding  

(uncommonly) 

[85,88,89] 
 

High concentration in blood and long-term use: may induce VTE 

and CTEPH by reducing the level of endogenous NO in blood 

plasma and decreasing expression of the mRNA of the gene en-

coding eNOS 

 Increased risk of 

VTE  

(rarely) 
 

Sertindole* High concentration in blood and/or long-term use: may increase 

platelet aggregation due to affinity for 5-HT2A receptors and acti-

vation of 5-HT2A-induced platelet aggregation 

 Increased risk of 

VTE  

(ND) 

[72, 90] 
 

C. Third-generation antipsychotics  

Aripiprazole Mechanisms of thrombocytopenia and VTE development have 

not been studied 
 Increased risk of 

bleeding (ND). 

Increased risk of 

VTE (ND) 

[91] 

 

Brexpiprazole ND  Increased risk of 

VTE (ND) 
[92]  

Cariprazine ND  Increased risk of 

VTE (ND) 
[93]  

 
Note: ND – no data; * - the drug is not registered in the Russian Federation; according to the World Health Organization (WHO) classification, adverse reactions 

are presented according to their frequency of occurrence (where applicable) as follows: very common (≥1/10), common (≥1/100 to <1/10), uncommon (≥1/1000 to 
<1/100), rare (≥1/10,000 to <1/1000), very rare (<1/10,000), frequency unknown (cannot be estimated from the available data). Abbreviations: ADP - adenosine 

diphosphate, AP – antipsychotic; VTE – venous thromboembolism; PE – pulmonary embolism; eNOS – endothelial nitric oxide synthase; CTEPH - chronic throm-
boembolic pulmonary hypertension, MAO - monoamine oxidase, TFP - trifluoperazine, 5-HT - hydroxytryptamine, PAF - Platelet-Activating Factor, PI - 

Phosphoinositide, GpIb - Glycoprotein Ib, GPIIb/IIIa - Glycoprotein IIb/IIIa, P-selectin, D-dimer, PIP - Phosphatidylinositol Phosphate, MS – metabolic syndrome. 
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4. DISCUSSION 

 

This narrative review demonstrates that the negative effect of first- and new-generation APs on platelet hemostasis 

is multidirectional, which can be either dose-dependent [94] or dose-independent [95], and depends on the duration of 

AP intake. In this regard, assessing the risk of AP-induced VTE or bleeding at the start of AP therapy is a challenging 

task.  

To assess the safety profile of antipsychotics, the data presented in Table 3 are insufficient. Therefore, we ranked 

the adverse effects of APs on the hemostatic system: VTE and hemorrhage.  

The Figures 1-2 presented clearly demonstrate the incidence of VTE and hemorrhage during APs using (red - high 

incidence, yellow - moderate, green - rare). The information shown in the figures includes only those drugs with reliable 

data; others were excluded from the analysis due to insufficient study of the effect. 

 

 

 
Figure 1. Antipsychotic-induced risk of developing venous thromboembolism 

 

 
 

 
Figure 2. Antipsychotic-induced pathological bleeding. 
Note: the incidence of hemorrhage during antipsychotics using (red - high incidence, yellow - moderate, green - rare). 

 

Probably, a significant contribution to the risk of developing AP-induced VTE is made by still insufficiently studied 

genetic biomarkers that determine the interindividual variability in the risk and nature of AP-induced ADRs from plate-

let hemostasis (for example, polymorphism of genes encoding platelet receptors and key biomarkers that activate 

platelet adhesion and aggregation) [96]. Polymorphism of genes encoding platelet receptors (HTR2A, P2Y12), cyto-

chrome P450 system enzymes (CYP2D6, CYP3A4), as well as transporter proteins (ABCB1), may explain the 



Personalized Psychiatry and Neurology 2026, 6 (2): 10-28. https://doi.org/10.52667/2712-9179-6-2-10-28 20  
 

 

interindividual variability in response to APs [97, 98]. A promising direction for managing the risk of platelet hemostasis 

disorders is the development of personalized monitoring approaches that take into account both platelet biomarkers 

and the results of pharmacogenetic testing (PGx) before prescribing APs with a high risk of hematological ADRs. 

Furthermore, the risk of developing AP-induced VTE may be influenced by increased platelet aggregation associ-

ated with LGI in patients with AP-induced metabolic syndrome and AP-induced central/visceral obesity [99]. The 

information we have compiled on the effect of APs on platelet hemostasis is presented in Table 3 and demonstrates that 

the highest risk of developing AP-induced VTE, including deep vein thrombosis of the extremities, PE and its branches, 

is probably associated with asenapine (≥1/10,000 to <1/1,000 cases) and amisulpride (≥1/10,000 to <1/1,000 cases). A dose-

dependent risk, where the frequency of VTE increases in patients only when taking the maximum daily dose (MDD), is 

associated with haloperidol and droperidol. A low or very low risk of developing VTE is noted with the use of aripipra-

zole (frequency unknown), zuclopenthixol (<1/10,000 cases), clozapine (<1/10,000 cases), olanzapine (frequency 

unknown), paliperidone (<1/10,000 cases), risperidone (≥1/10,000 to <1/1,000 cases), fluphenazine (frequency unknown), 

chlorprothixene (<1/10,000 cases), and chlorpromazine (frequency unknown). However, their use increases the risk of 

AP-induced pathological bleeding, including nosebleeds, low-traumatic and spontaneous bleeding, subcutaneous he-

matomas, and (very rarely) gastrointestinal bleeding. Such hematological ADRs are observed with the use of quetiapine 

(≥1/1,000 to <1/100 cases), thioridazine (≥1/10,000 to <1/1,000 cases), thiothixene (≥1/10,000 to <1/1,000 cases), and 

flupentixol (≥1/10,000 to <1/1,000 cases). 

   Furthermore, the risk of developing hematological ADRs may be influenced by the platelet lifespan. According to 

various sources, platelets circulate in the systemic bloodstream for 7 to 10 days [100]. However, there are many modifi-

able and non-modifiable factors associated with a reduction in the platelet lifecycle (Figure 3) [15, 101, 102, 103, 104], 

which increases the risk of developing pathological bleeding in patients with SSDs taking maximum daily doses of APs. 

However, it is important to remember that the body strives to replenish the pool of missing cells, therefore it releases 

young and large platelets into the systemic circulation. These possess increased activity, leading to a paradoxical in-

crease in the risk of VTE during long-term AP intake [105]. 

 

 

Figure 3. Factors influencing platelet lifespan. 

Note: HVI- human immunodeficiency virus, DIC - disseminated intravascular coagulation, B12- cyanocobalamin. 

  

https://en.wikipedia.org/wiki/HIV
https://www.google.com/search?q=Disseminated+intravascular+coagulation&oq=DIC+syndrome&gs_lcrp=EgZjaHJvbWUyCQgAEEUYORiABDIHCAEQABiABDIHCAIQABiABDIHCAMQABiABDIHCAQQABiABDIICAUQABgWGB4yCAgGEAAYFhgeMggIBxAAGBYYHjIICAgQABgWGB4yCAgJEAAYFhge0gEIMTE5MmowajSoAgCwAgE&sourceid=chrome&ie=UTF-8&ved=2ahUKEwi6orDjs5eTAxUjTlUIHfOcHwkQgK4QegYIAQgAEA4
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Table 4. Results of clinical studies on antipsychotic-induced changes in platelet hemostasis in patients with schizophre-

nia spectrum disorders. 

 
Platelet  

parameter 
Study design Antipsychotics 

studied 

General sample 

characteristics 

Clinical significance Reference 

PLT, PTT, 

PTI 
Open-label,  

randomized, cross-over, 

two-period,  

two-sequence,  

single-center  

comparative  

clinical study,  

in vivo 

Aripiprazole 

Olanzapine 
Main group: 24 healthy 

volunteers (12 men and 

12 female), aged 18 to 65 

years 

Aripiprazole and olanzap-

ine may decrease PLT and 

PTI. Aripiprazole may   

increase PTT 

[121] 

 ND Open-label  

observational study, 

in vivo 

AP1 and AP2  Main group: 42 patients 

taking APs with idio-

pathic VTE 

AP1 significantly increase 

the risk of VTE in men and 

women under 60 years of 

age. Chlorpromazine and 

thioridazine have a very 

high risk of VTE 

[118] 

MPV Retrospective observa-

tional comparative 

study, 

 in vivo 

AP1 and AP2  Main group: 60 patients 

with paranoid schizo-

phrenia taking only APs 

Control group: 30 

healthy volunteers 

APs significantly increase 

MPV levels 
[119] 

Fibrinogen Open-label study,  

in vitro 
Clozapine Blood from healthy 

adult volunteers 

Clozapine increases the 

thrombogenic properties of 

fibrinogen 

[76] 

Fibrinogen, 

PAI-1, an-

tithrombin 

III, CRP, lep-

tin  

Open-label  

comparative study,  

in vivo 

Clozapine, 

Olanzapine 
Main group: 29 patients 

with paranoid schizo-

phrenia taking 

clozapine, 29 patients 

with paranoid schizo-

phrenia taking 

olanzapine, 29 patients 

with paranoid schizo-

phrenia taking APs. 

Control group: first-de-

gree relatives of patients 

taking clozapine (23), 

olanzapine (11) 

APs increase CRP and an-

tithrombin III levels; 

olanzapine increases PAI-1 

and leptin levels 

[120] 

PAF, ADP Open-label  

comparative study,  

in vitro 

Quetiapine, 

Perphenazine 
Blood from healthy 

adult volunteers 
Perphenazine inhibits PAF 

and ADP-induced platelet 

aggregation pathways 

[13] 

Note: PLT – platelets; PT - prothrombin time; PTI -prothrombin index; ND – no data; AP1 - first-generation antipsychotics; AP2 - new-generation antipsychotics; 

VTE - venous thromboembolism; MPV - mean platelet volume; PAI-1 - plasminogen activator inhibitor-1; CRP - C-reactive protein; PAF - platelet-activating factor; 
ADP - adenosine diphosphate. 
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Table 5. Results of preclinical studies on antipsychotic-induced changes in platelet hemostasis in patients with schizophrenia spec-

trum disorders. 

 

Platelet parameter Study 

design 

Antipsychotics 

studied 

General sample 

characteristics 

Clinical significance Reference 

Coagulation factors 

VIII and IX 
Healthy rats Paliperidone Female Wistar rats Paliperidone reduces coagulation 

factor VIII levels at a dose of          

3 mg/kg/day and increases coagula-

tion factor IX levels at a dose of       

1 mg/kg, causing bleeding or VTE,  

respectively 

[85] 

Ca2+, collagen, 

ADP, arachidonic 

acid 

Animal 

model of  

coronary 

thrombosis 

Droperidol Dogs and pigs Droperidol inhibits collagen-in-

duced and ADP-induced platelet 

aggregation and dose-dependently 

alters Ca2+ concentration in platelets 

 [45] 

Platelet count,  

TNF-α, IL-6, IL-10, 

glutathione, SOD 

 

  

Healthy rats Chlorpromazine Male rats Chlorpromazine reduces platelet 

count and increases the level of  

proinflammatory biomarkers 

[122] 

Note: VTE - venous thromboembolism; ADP - adenosine diphosphate; TNF-α - tumor necrosis factor-alpha; IL-6 - interleukin-6; IL-10 - interleukin-10; SOD - 
superoxide dismutase. 

 

This review demonstrates the importance of dynamic laboratory monitoring in patients with SSDs taking APs 

(especially over a long period), with assessment of the screening and additional platelet biomarkers presented in Tables 

1 and 2. The high and very high-risk group for AP-induced VTE includes patients who have a high cardiovascular risk 

according to the SCORE (Systematic Coronary Risk Evaluation) scale [106] and/or a high risk of VTE according to the 

Wells scale at the start of AP therapy [107]. Furthermore, psychiatrists in their clinical practice should remember the 

validated Padua [108] and International Medical Prevention Registry on Venous ThromboEmbolism (IMPROVE VTE) 

[109] scores, which are used to assess the likelihood of developing VTE in hospitalized non-surgical patients [110]. 

Given that some APs may increase the risk of pathological bleeding even when taking medium doses (therapeutic 

blood concentration), useful diagnostic tools include the WHO/CTCAE (Common Terminology Criteria for Adverse 

Events) scales [111], the GUSTO (Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded 

Coronary Arteries) classification [112], the TIMI (Thrombolysis in Myocardial Infarction) classification [113] - for as-

sessing the severity of an already occurred bleeding, as well as the HAS-BLED (Hypertension, Abnormal renal/liver 

function, Stroke, Bleeding history or predisposition) scale [114], the ATRIA (Anticoagulation and Risk Factors in Atrial 

Fibrillation) scale [115], the ABC-HBR (Academic Research Consortium for High Bleeding Risk) [116], and the IM-

PROVE Bleeding Score [117] - for predicting the risk of bleeding. 

We conducted a search for data from clinical and preclinical studies on the effect of APs on platelet biomarkers 

(Tables 4, 5). Despite the limited number of contemporary studies, 6 studies from the period 2000-2025 were included 

in Table 4. All studies confirm the effect of APs on platelet biomarkers and indicate an increased risk of VTE with their 

long-term use. 

However, the analysis of available publications revealed some methodological limitations. For example, the study 

by Zornberg G.L. and Jick H. [118] does not specify which particular APs were taken by patients with SSDs. This makes 

it impossible to assess which specific drugs carry the greatest thrombogenic risk and to implement the study results 

into clinical practice. In a study dedicated to examining the role of MPV [119], the authors associate its increase with the 

risk of VTE but do not indicate the criteria (confirmed deep vein thromboses, PE, or laboratory biomarkers) by which 

this risk was assessed. 

Other studies were more specific. For example, Ma X. et al. [76] showed that aripiprazole and olanzapine decrease 

platelet count and PTI, and aripiprazole also prolongs PT in healthy volunteers. This points to a potential undesirable 

effect of these APs on blood coagulation. An in vitro study demonstrated that clozapine alters the structure of fibrinogen, 

making clots denser and more resistant to breakdown. Carrizo E. et al. [120] showed that first-generation APs increase 
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levels of CRP and antithrombin III, while olanzapine increases the concentration of PAI-1 and leptin, which are bi-

omarkers of high VTE risk in the context of AP-induced metabolic syndrome. 

The effect of APs on the phenomenon of mutual aggravation between "LGI and VTE" is ambiguous. On one hand, 

risperidone and clozapine can reduce the level of pro-inflammatory biomarkers, presumably by suppressing CD40L 

expression on T-lymphocytes. On the other hand, clozapine, olanzapine, and first-generation APs (to a lesser extent) 

may exert procoagulant and pro-inflammatory effects, as evidenced by increased levels of CRP (a known additional 

biomarker of VTE risk). Kosidou S. et al. [13], using an in vitro model, showed that perphenazine suppresses platelet 

aggregation by blocking PAF- and ADP-dependent activation pathways. 

Preclinical studies (Table 5) clarify the mechanisms of action of individual APs. A study in rats revealed that pali-

peridone dose-dependently affects coagulation factors VIII and IX [85], which may explain both thrombotic and 

hemorrhagic ADRs. A study in dogs and pigs showed that droperidol suppresses platelet aggregation induced by col-

lagen and ADP, and alters intracellular calcium levels [45]. An experiment with chlorpromazine in rats confirmed that 

the AP reduces platelet count while simultaneously increasing the level of pro-inflammatory cytokines (TNF-α, IL-6), 

linking LGI and thrombocytopenia [122]. 

 
5. CONCLUSIONS 

  

This review demonstrates that platelets act not merely as participants in the hemostasis system, but as active mod-

ulators of LGI, linking AP intake with LGI and hematological ADRs (both thrombotic and hemorrhagic). For risk 

stratification of AP-induced platelet hemostasis disorders, psychiatrists in clinical practice are recommended to monitor 

standard platelet biomarkers (PLT, MPV, PDW, PCT), which are the most accessible, albeit less specific. More informa-

tive are additional biomarkers of platelet activation (P-selectin, GPIIb/IIIa, CD40L, PF4, β-TG, 5-HT2A receptors, PAF), 

which allow for the assessment of key stages of platelet activation. The most sensitive are 5-HT2A receptors and PAF, 

as they are direct pharmacological targets of APs. However, the influence of these biomarkers on the development and 

maintenance of LGI and VTE is a subject for further large-scale studies. 
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