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Review Article

The “sticky platelet syndrome”: thirty years after its identification 
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Abstract: Holiday described the sticky platelet syndrome (SPS) and since then, reports from different parts 
of the world have become available. Initial data on SPS was acquired from studies conducted on Caucasian 
populations, however, it is imperative to note that further investigations have been undertaken on diverse 
ethnic groups, such as the Mexican population, which have revealed the existence of certain variations and 
disparities in the manifestation and characteristics of this syndrome. The Mexican population is defined 
as “mestizo” and encompasses individuals born in Mexico but with Amerindian and white ancestors. The 
Mexican Genome Diversity Project (MGDP) showed that the genetic diversity generated by the “mestizaje” 
is most relevant for some pathologies, including autoimmune disease among others. In Mexico, SPS is 
the second most common hereditary thrombophilic condition and that most frequently associated with 
arterial thrombosis, followed by the antiphospholipid syndrome. The preferred therapeutic intervention for 
patients diagnosed with SPS lies in the administration of antiplatelet medications, as this particular course of 
action effectively rectifies the phenomenon of platelet hyperaggregability in approximately 75% of afflicted 
individuals, thus resulting in a notable reduction in the likelihood of rethrombosis to a rate that falls below 
the 4% threshold. In the last two decades, SPS has become the second most common cause of primary 
thrombophilia in the Mexican mestizo population, and it is manifested as an autosomal dominant disease, 
very frequently combined with other coagulopathies. The medical community needs to recognize SPS as a 
frequent cause of thrombophilia since once identified, its treatment is inexpensive and effective. We herein 
present data accrued over 32 years, on SPS in Mexico.
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Introduction

Background

Soon after the discovery of platelets in 1882 by Giulio 
Bizzozero (1), its disorders began to be described. Four 
decades ago, Holiday et al. (2) described a group of patients 
with arterial or venous thromboembolic disease associated 
with inherited platelet hyperreactivity and named it as 
“sticky platelet syndrome” (SPS). SPS is a rare autosomal 
dominant disease, although not all patients have relatives 
with the disorder; it is defined as platelet hyperaggregability 
after stimulation with minimum concentrations of platelet 
inducers such as adenosine diphosphate (ADP) and/or 
epinephrine in vitro, in the context of normal platelet 
response to other aggregation inducers (3,4). According to 
the platelet aggregation pattern with different ADP and 
epinephrine concentrations, three forms of SPS have been 
identified (5) (Table 1). SPS does not follow a clear clinical 
pattern, and its manifestations are very similar to those of 
other hereditary or secondary thrombophilias; its primary 
identifying features are: 

(I) It is an autosomal dominant hereditary syndrome.
(II) The first thrombotic event typically occurs in 

adults, between the third and fourth decade of life 
(individuals with no clinical history of thrombotic 
disease). 

(III) Manifestations are more common in women, 
they tend to develop during pregnancy and may 
be related to inadequate vascularization of the 
placenta, intrauterine fetal growth delays, and 
in the worst cases, fetal loss. These thrombotic 
manifestations can be precipitated by the use of 
anovulatory and replacement hormones. 

(IV) Thrombosis occurs in typical sites such as the 
veins of the lower limbs in the case of venous 
thromboembolism, and in the coronary and 
cerebral arteries in cases of arterial thrombosis.

(V) Migraine is a very commonly associated clinical 
manifestation, and antiplatelet therapy can control 
the migraine episodes.

(VI) One of its most suggestive manifestations is its lack 
of response to anticoagulation with either low-
molecular-weight heparin or vitamin K antagonists 
such as warfarin, or in the setting of rethrombosis.

Thromboembolism is one of the main causes of mortality 
and morbidity worldwide (7). In Mexico, SPS is the second 
most common hereditary thrombophilic condition and 
that most frequently associated with arterial thrombosis, 

followed by the antiphospholipid syndrome. Its incidence is 
approximately 21% (4).

The  e t io logy  o f  SPS  r ema in s  unce r t a in ,  bu t 
apparently, the glycoprotein (GP) receptors on platelet 
surface membranes may play a role in causing platelet 
hyperfunction (3). The most significant advance in the study 
of hereditary thrombophilia has been the identification 
of activated protein C resistance (APCr) as a common 
prothrombotic abnormality (8).

Rationale and knowledge gap

In this review, we analyze a series of studies on primary 
thrombophilias, including SPS, in the Mexican mestizo 
population. In 1999, the Ruiz-Argüelles group began to 
study and treat patients with inherited and/or acquired 
thrombophilia, and developed a series of prospective 
studies on primary thrombophilia in Mexican Mestizo 
individuals. Most of these studies focused on identifying the 
thrombophilic conditions with a clinical marker suggesting 
an inherited hypercoagulable state.

The Mexican population is defined as “mestizo” 
and encompasses individuals born in Mexico but with 
Amerindian and white ancestors. The Mexican Genome 
Diversity Project (MGDP) showed that the genetic diversity 
generated by the “mestizaje” is most relevant for some 
pathologies, including autoimmune disease among others. 
The genetic composition of Mexican Mestizos includes 56% 
of Indian genes, 40% of Caucasian genes, and 4% of Black 
genes. Ethnic differences in disease must be thoroughly 
studied since they may translate, as an example, into the 
greater prevalence of autoimmune disorders in Mexican 
Mestizos in comparison with Caucasian populations (9,10).

Objective

The objective of this study is to analyze data collected 
over 32 years on SPS in Mexico.

Table 1 Diagnostic criteria for SPS (6)

SPS type Diagnosis

I Hyperaggregation after EPI and ADP

II Hyperaggregation after EPI alone

III Hyperaggregation after ADP alone

SPS, sticky platelet syndrome; EPI, epinephrine; ADP, adenosine 
diphosphate.
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Historical data on the study of thrombophilia in 
Mexican mestizos

The first paper on thrombophilic conditions in Mexico 
was published in 1987 (11). Lobato-Mendizabal et al. 
identified the first Mexican patient with a congenital 
deficiency of the coagulation protein C (PC) (11). They 
subsequently published a paper reviewing the activity 
mechanisms of PC, protein S (PS), and thrombomodulin 
as natural antithrombotics (12). A group of Mexican 
mestizo patients with apparent primary thrombophilia was 
then studied (n=102), and 40 (39%) patients had an APCr 
phenotype, 4 (3.9%) had a factor V (FV) Leiden mutation, 
and 5 (5.1%) patients had a functional deficiency of PC, 
one of whom with associated PC antigenic deficiency. 
Two percent (2%) of patients had PS deficiency. None of 
the patients presented abnormalities in antithrombin III  
(AT-III), plasminogen, tissue-type plasminogen activator 
(TPA), or plasminogen activator inhibitor (PAI) (6). These 
results contrast with the data reported at the time in 
Caucasian populations, in whom the APCr phenotype was 
found in 20–60% of the study cohort (13), while in Mexican 
mestizos, only 4% of patients with thrombophilia displayed 
the APCr phenotype.

A comparison of allele mutations linked to the risk 
of venous thrombosis in Caucasians and Mexicans was 
conducted. In Caucasian patients, factor V1691 was 
detected in 21%, the methylenetetrahydrofolate reductase 
(MTHFR) gene in 10%, and the prothrombin 20210 variant 
in 6% of the patients (14-18). In the Mexican mestizo 
population, factor V1691 was found in 10.8% of patients, 
the MTHFR gene in 61%, and prothrombin 20210 in 6%. 
The frequency of the MTHFR 677 mutation in Mexican 
mestizos was significantly higher in patients (61%) but 
was also detected in healthy individuals (78%), so it does 
not appear to play a major role in thrombogenesis among 
Mexicans (8).

A group of 10 patients with clinical markers associated 
with a primary hypercoagulable state was studied to 
determine if they harbored SPS, following the Mammen 
method; the results revealed that in Mexican mestizo 
thrombophilic patients, SPS was associated with other 
thrombosis-prone conditions, so the authors now refer to this 
platelet abnormality as “multifactorial thrombophilia” (19).

Other mutations were slowly being associated with 
thrombophilic states, and were also investigated in the 
Mexican mestizo population; these include:

(I) FV Leiden mutation, named for the city in which it 

was identified (Arg506Gln) (20). 
(II) FV HR2, characterized by a constellation of six 

polymorphisms in FV and marginally low FV 
levels, and associated with a slightly decreased APC 
response (20,21).

(III) FV Cambridge, described in an English patient 
with thrombosis (Arg306Thr mutation in the FV 
gene) (22).

(IV) FV Hong Kong, found in Chinese patients with 
thrombosis (Arg306Gly mutation in the FV 
gene) (23).

(V) FV Liverpool, found in two siblings with the APCr 
phenotype (Ile359Thr) (24).

None of the patients studied by the Mexican group 
presented the Cambridge nor the Liverpool mutations, 
so these polymorphisms of the FV gene were not major 
contributors to the thrombophilic state observed in 
Mexican mestizos. Ten percent (10%) of patients were 
heterozygous for the FV Leiden mutation, 28% had the 
HR2 haplotype, and only 1 patient (2%) presented the 
Hong Kong mutation (25).

Mutation typification continued in Mexico, and a group 
of 46 patients with a primary hypercoagulable state were 
studied: 48% of the patients had SPS, whereby 80.4% of 
them developed two or more coagulation abnormalities 
previously associated with SPS. Twenty-four percent 
(24%) presented the APCr phenotype, 11% had a FV 
Leiden mutation, 15% a prothrombin gene mutation, 
63% showed the MTHFR gene mutation, 24% had the FV 
HR2 haplotype, 24% had antiphospholipid antibodies, 9% 
displayed PS deficiency, 13% PC deficiency, one patient had 
the FV Hong Kong mutation, and one patient had AT-III  
deficiency. These results led to the conclusion that most 
cases of thrombophilia in Mexico were multifactorial (26).

In a cohort of 100 Mexican mestizo patients, 63% 
manifested the SPS, and 81% were found to have 2 to 5 
coexisting abnormalities; however, the only significant 
association was between the FV Leiden gene mutation and 
the APCr phenotype (r=0.495, P<0.001). The study also 
established that the MTHFR 677 mutation was present as 
a heterozygous or homozygous gene and that it does not 
determine the presence or absence of thrombophilia unless 
associated with other pro-thrombotic conditions (27).  
In addition, the results supported the model proposed by 
Schafer et al. (28), suggesting that patients with venous 
thromboembolism are genetically predisposed to one or more 
inherited thrombophilic conditions that determine individual 
hypercoagulability, the so-called “thrombosis threshold”.
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In patients with chronic myeloproliferative disorders, 
essential thrombocythemia and polycythemia vera (PV), a 
mutation in the JAK2 gene has been described and found 
to foster thrombophilia; in Mexican patients (n=77), the 
specific V617F mutation of the JAK2 gene could not be 
identified; Garcés-Eisele et al. concluded that the V617F 
JAK2 gene mutation is an unlikely cause of primary 
thrombophilia in Mexican mestizos, and the study of those 
genes should be limited to specific patients (29).

To determine the role of genetics in SPS expression and 
its inheritance pattern, five kindreds with several family 
members presenting the SPS phenotype were analyzed. 
Three of 5 of the studied kindred had a co-existing SPS 
phenotype and the MTHFR 677 gene mutation, one 
presented clinical SPS and the thalassemia phenotype, and 
another only had the SPS phenotype with no associated 
prothrombotic conditions. This family study suggests that, 
most likely, the SPS phenotype has a genetic origin, and 
is apparently inherited as an autosomal dominant trait. 
Also, as suggested in previous studies, in most cases SPS 
is manifested in the context of co-existing prothrombotic 
conditions and markers. The MTHFR gene mutation is the 
most frequently associated with this genetic demographic 
context. However, it is possible to find SPS as the only 
thrombophilia marker. This platelet abnormality further 
underscores the multifactorial thrombophilia concept (30).

Núñez-Martínez et al. conducted a cross-sectional 
study of 967 patients with thrombosis, between 2003 
and 2008. They identified 25 patients fulfilling the SPS  
criteria (31). Some results obtained in this series do 
not agree with those reported by Azamar-Solis et al., 
interestingly, the incidence of venous thrombosis reported 
by Núñez-Martínez was 40%, while Azamar-Solis found it 
was 70%. Another discordance was detected in the male-
female ratio, whereby the Núñez-Martínez series reported 
11 males and 14 females, while the Azamar-Solis series 
found that 83% of their patients were females. Both authors 
agreed that type I was the most frequent (31,32).

Weiss et al. reported that there is a strong association 
between the PlA2 polymorphism of the glycoprotein IIIa 
gene and acute coronary thrombosis, specially in patients 
who had had coronary events before the age of 60 years (33). 
However, Kubisz et al. investigated if the glycoprotein IIIa 
PlA1/A2 polymorphism is a defect responsible for the sticky 
platelet syndrome and their study reported that they are not 
related. Nevertheless, they had a limited number of patients 
investigated and for this reason, the patient group must be 
extended in order to give a more reliable answer to their 

hypothesis (34).
SPS treatment is based on the decrease of excessive 

platelet activity with medications such as acetylsalicylic 
acid (ASA). Velázquez-Sánchez-de-Cima et al. conducted 
a study in which patients were monitored before and after 
treatment with a daily dose of 100 mg ASA. They found 
that 75% of the patients responded to ASA treatment, while 
the remaining 25% warranted an alternative antiplatelet 
medication such as clopidogrel. Three-point six percent 
(3.6%) of patients developed a vaso-occlusive episode after 
treatment at 52 and 129 months respectively, after initiating 
therapy, and both were cases of rethrombosis of the central 
retinal artery (35).

Statistically, the rate of freedom from rethrombosis 
in these patients was found to be 96.4% at 129 months. 
According to the study, the platelet aggregation response to 
ADP and epinephrine in patients with the SPS phenotype 
was reverted after the administration of antiplatelet drugs. 
This strongly suggests that therapy with ASA or other 
antiplatelet agents is efficient, not only in the treatment 
of thrombotic events in patients with SPS but also in the 
prevention of these phenomena (36-38). Kubisz et al. 
proposed that this treatment was only pertinent when 
SPS was the only identified abnormality and did not 
coexist with other prothrombotic conditions. On the other 
hand, combined abnormality cases may require different 
therapeutic measures (39).

The correlation between the primary thrombophilic 
condition and APCr was evaluated in a prospective study 
(n=96 Mexican mestizos), and an abnormal APCr phenotype 
was identified in 19% of individuals; 44% had a FV Leiden 
mutation, 22% had an increased level of factor VIII, 16% 
antiphospholipid antibodies, and 6% a lupus anticoagulant. 
By odds ratio means, some results were significantly 
associated:
	APCr phenotype and FV Leiden mutation (odds 

ratio: 97.8; P=0.0022).
	APCr phenotype and the use of  direct  oral 

anticoagulants (DOA) (odds ratio: 4.7; P=0.0065).
	Antiphospholipid antibodies and lupus anticoagulant 

(odds ratio: 29.8; P=0.0001).
The use of DOA was reported in 61% of the APCr 

patients, of which 39% of cases were associated with an 
additional cause of an abnormal APCr phenotype, and in 
the remaining cases, it was the only possible explanation of 
the abnormal phenotype (40).

Pregnancy predisposes to thrombosis as a result of low 
blood pressure and a turbulent flow circulation pattern in the 
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placenta, in association with its characteristic hypercoagulable 
state (41). In Mexico, the rate of miscarriage in the general 
population is 12% (42). SPS is the second most common 
thrombophilic condition that causes recurrent miscarriage or 
fetal loss syndrome (43-45). A prospective study conducted 
between 1989 and 2016 that included 108 thrombophilic 
female patients, revealed that 37% had a history of 
miscarriage, and 86% of them had SPS (46). In a subset of 
73 patients with SPS who had experienced pregnancy at 
least once, 32% referred to a miscarriage. A comparison of 
the percentage of miscarriages in the general population and 
in SPS patients revealed that the risk of miscarriage is 2.66 
times greater in patients with SPS (47).

At that time, studies by Škereňová et al.  (47) in 
women with recurrent fetal loss and diagnosed with SPS 
established a strong association with 4 single-nucleotide 
polymorphisms (SNPs) in the GP6 gene (rs1613662, 
rs654416, rs304167, and rs671152) in allelic equilibrium 
and the creation of minor haplotypes at the protein level 
with PENA protein residues.We hypothesized that the 
abnormal phosphorylation due to the previously mentioned 
disequilibrium could lead to platelet hyperaggregability in 
SPS patients.

A retrospective, descriptive study evaluating 30 years of 
work with Mexican patients with primary thrombophilia 
and a history of thrombosis, was undertaken to determine 
the main localization of the thrombotic events. The cohort 
included 86 patients with SPS as the single thrombophilic 
condition and at least one clinical marker of thrombophilia. 
Thirty percent of episodes were arterial, including 
pulmonary embolism (50%), central nervous system (CNS) 
involvement (38%), placental infarction (9%), and 1 case 
of myocardial infarction. The venous thrombotic events 
were most frequent (70%) in the lower limbs (59%), CNS 
(13%), upper limbs (8%), mesenteric veins (7%), and retinal 
veins (5%). According to the SPS type classification, the 
results showed that type I was the cause of 65% of cases, 
type II accounted for 10%, and type III for 25% of the 
cases. There was no association between SPS type and the 
location of the vaso-occlusive episode, nor between gender 
and localization, or gender and SPS subtype (48).

There is controversy among different authors on 
the existence or not of the SPS. One reason for this 
discrepancy could hinge on the diagnostic criteria used 
to identify patients; or perhaps, it depends on the sample 
since the laboratory requires fresh blood samples. In a 
literature review (49), García-Navarrete et al. identified 
67 papers published since 1988 when SPS was first 

described by Mammen et al. to 2019; these studies included 
a total of 1,783 patients studied in the United States  
(14 papers), Slovakia (12 papers), Germany (8 papers), 
Mexico (6 papers), Hungary, Turkey, Russia, and New 
Zealand (1 paper).

The main hindrance to the definitive recognition of 
the syndrome is the lack of reliable molecular markers in 
the general population that could be associated with SPS 
throughout the world (49).

García-Navarrete et al. analyzed different treatments used 
worldwide. A total of 16 papers that studied 332 patients 
with SPS were found, and the main treatment modality was 
aspirin alone (303 patients), and some cases warranted its 
combination with heparin or coumadin (29 patients) (49). 
In most of the analyzed studies, platelet aggregation studies 
were not repeated once treatment had begun, and despite 
this lack of control, the rate of rethrombosis was very low 
(1.5%). This data proves that physicians worldwide are 
aware that the best treatment for people with SPS is the use 
of antiplatelet drugs to minimize the rate of rethrombosis 
(50,51).

Findings to date, have allowed us to define, identify, 
characterize, classify, and describe both the syndrome and 
its treatment. In Mexico, SPS is the most frequent cause 
of venous and arterial thrombophilia. SPS is a hereditary 
condition whose phenotype is well-established, but not its 
genotype. The untimely diagnosis of SPS appears to depend 
on the mismanagement of the necessary laboratory studies 
such as the use of non-fresh blood samples or the lack of 
adequate platelet aggregometry equipment.

SPS rarely triggers a thrombotic event, but if combined 
with other thrombophilic conditions, thrombotic events can 
develop, particularly as a result of estrogen administration. 
The treatment of choice for SPS is the use of antiplatelet 
drugs, since it reverses platelet hyperaggregability in 75% 
of patients, thus decreasing the risk of rethrombosis to 
less than 4%. In conclusion, physicians should be aware of 
SPS in order to establish a timely diagnosis and initiate the 
required simple and low-cost treatment (52).

Discussion

Since studies on SPS are scant, the prevalence of SPS 
is unclear. As of 2019, only 43 papers from 8 different 
countries had been published. Mexico has played a role in 
expanding our understanding of SPS (Table 2). Notably, in 
the Mexican mestizo population, SPS is the second most 
common inherited thrombotic condition, with an estimated 
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Table 2 Studies conducted in Mexico on SPS, markers used in each study, results, and main conclusion

Author Year Study design Markers associated with thrombophilia Results Conclusion

Lobato-
Mendizabal  
et al. (11)

1987 Case report PC First case of inherited PC deficiency in Mexico Type II deficiency

Ruiz-Argüelles  
et al. (6)

1999 Prospective cross-
sectional, 36-month 
period (n=102)

APCr phenotype, factor V Leiden mutation, PC, PS, AT-III, TPA, PAI, APLA, lupus 
anticoagulants 

4% patients factor V Leiden mutation, 39.2% APCr phenotype Most of the cases were acquired or unrelated to the factor V mutation; this result could be 
associated with the composition of the Mexican mestizo group analyzed

Ruiz-Argüelles  
et al. (8)

2001 Prospective case-
control study, 37 
thrombophilic Mexican 
patients vs. 50 healthy 
controls

APCr phenotype, coagulation PC activity and antigen, PS, AT-III, plasminogen, 
TPA, PAI, IgG and IgM antiphospholipid isotypes, factor V Leiden mutation, 677 C 
to T mutation in the 5, 10-MTHFR, G20210A polymorphism in the 3'-untranslated 
region of the prothrombin gene

Frequency of MTHFR 677 gene mutation was significantly higher (59%), 
the prothrombin was presented in 16%, and factor V Leiden (13.5%)

In Mexican Mestizo thrombophilic patients, the prevalence of factor V Leiden gene 
mutation is significantly lower when compared with the results found in Caucasians, while 
the MTHFR 677 and the prothrombin 20210 gene mutation is significantly more frequent

Ruiz-Argüelles  
et al. (19)

2002 Prospective cross-
sectional study (n=10)

APCr phenotype, coagulation PC activity and antigen, PS, AT-III, plasminogen, 
TPA, PAI, IgG and IgM antiphospholipid isotypes, factor V Leiden mutation, 677 C 
to T mutation in the 5, 10-MTHFR, G20210A polymorphism in the 3'-untranslated 
region of the prothrombin gene

6/10 patients presented SPS. Five of the six patients were heterozygous 
for MTHFR 677

SPS is a relatively frequent finding in Mexican mestizo thrombophilic individuals

SPS is, in most cases, associated with other pro-thrombotic conditions, the most 
representative one being the MTHFR 677 gene mutation

Ruiz-Argüelles  
et al. (25)

2004 Prospective cross-
sectional study (n=39)

Factor V Leiden, factor V HR2, factor V Cambridge, factor V Hong Kong, factor V 
Liverpool

10% of patients, heterozygous for the FV Leiden mutation There are differences in the genetic background of thrombophilia across ethnicities

28% HR2 haplotype The studied polymorphisms are not relevantly implicated in thrombophilia in Mexican 
Mestizos

1 patient, Hong Kong mutation

Ruiz-Argüelles  
et al. (26)

2005 Prospective cross-
sectional study, 
36-month period 
(n=46)

APCr phenotype, coagulation PC activity and antigen, PS, AT-III, plasminogen, 
TPA, PAI, IgG and IgM antiphospholipid antibodies, factor V mutation, 677 C to 
T mutation in the 5, 10-MTHFR, G20210A polymorphism in the 3'-untranslated 
region of the prothrombin gene 

22 (48%) presented SPS with APCr phenotype Abnormalities found in the normal anticoagulant system are not always the explanation to 
the manifested thrombosis. Most cases are multifactorial

5 (11%) with factor V Leiden mutation

7 (15%) with prothrombin gene mutation

32 (69%) with the MTHFR 677 gene mutation

Ruiz-Argüelles  
et al. (27)

2007 Prospective cross-
sectional study 
(n=100)

APCr, factor V Leiden, factor V HR2, factor V Cambridge, factor V Hong 
Kong, factor V Liverpool, 677 C to T mutation in the 5, 10-MTHFR, G20210A 
polymorphism in the 3'-untranslated region of the prothrombin gene

57 patients were found with SPS Thrombophilia in Mexican mestizos is a multifactorial disease

36 (63%) of them presented type I, 7 (12%) type 2, and 14 (25%) type 3 Most abnormalities detected are not associated with one another

81% presented 2 to 5 co-existing abnormalities The MTHFR 677 either presented as a heterozygous or homozygous gene mutation, does 
not determine the presence or absence of thrombophilia unless associated with other pro-
thrombotic conditions

The only significant association between factor V Leiden gene mutation 
and APCr phenotype (r=0.495, P<0.001)

Garcés-Eisele   
et al. (29)

2008 Prospective cross-
sectional study (n=77)

JAK2 V617F mutation None of the individuals studied presented the mutation According to these results, it was concluded that the V617F JAK2 gene mutation is an 
unlikely cause of primary thrombophilia in Mexican Mestizos

Ruiz-Argüelles  
et al. (30)

2011 Cross-sectional study 
(5 kindred)

APCr, factor V Leiden, factor V HR2, factor V Cambridge, factor V Hong 
Kong, factor V Liverpool, 677 C to T mutation in the 5, 10-MTHFR, G20210A 
polymorphism in the 3'-untranslated region of the prothrombin gene, JAK2 V617F 
mutation

3 out of 5 of the studied kindred had co-existing SPS phenotype and 
MTHFR 677 gene mutation

This family study suggests that the SPS phenotype most likely has a genetic origin and is 
apparently inherited as an autosomal dominant trait

1 presented SPS and thalassemia phenotype The MTHFR gene mutation is the most frequent

1 presented only SPS phenotype, with no other prothrombotic conditions. It is possible to find SPS as the only thrombophilia marker. This suggests that this platelet 
abnormality contributes to the concept of multifactorial thrombophilia

Núñez-Martínez  
et al. (31)

2011 Cross-sectional study factor V Leiden, prothrombin mutation G20210A, functional and antigenic protein 
C tests, and functional and antigenic protein S test, antithrombin were analyzed 
but all reported as normal

Venous thromboses are more common than arterial thromboses. Slightly 
more frequent in women than men. Group I was the most frequent among 
these patients

These results coincide with other descriptive studies worldwide, with some differences in 
other bibliographies in the Mexican series

Ruiz-Argüelles  
et al. (36)

2013 Cross-sectional study 
(n=160)

GPIIIa, PLA1/A2 (HPA-1a/b) gene polymorphism 11 of the healthy patients and 16 of the patients with SPS, the A2 allele for 
GP IIb/IIIA was found. Statistically, the association between the two, was 
found to be weak and not significant (OR 2.14, 95% CI: 0.94–4.85)

In the Mexican mestizo patients, the platelet GP IIIa PLA1/A2 gene polymorphism does not 
lead to the SPS phenotype

Table 2 (continued)
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Table 2 (continued)

Author Year Study design Markers associated with thrombophilia Results Conclusion

Velázquez-
Sánchez-de-Cima 
et al. (35)

2015 Cross-sectional, 
prospective study

2 (3.6%) out of 55 patients developed another vaso-occlusive episode after 
treatment. The rethrombosis rate of the cohort was 96.4% at 129 months

Using aspirin or clopidogrel as treatment for SPS patients, results in a substantial decrease 
in the rethrombosis rate

Vallejo-Villalobos 
et al. (40) 

2017 Prospective study, 
276-month period 
(n=96)

APCr and FV Leiden APCr/FV Leiden: OR 97.8, P=0.0022 61% of the 18 individuals referred recent use of direct oral anticoagulants, 39% of cases 
were associated with an additional cause of abnormal APCr phenotype, and in the rest of 
the cases it was the only possible explanation for the abnormal phenotype

APCr/DOACs: OR 4.7, P=0.0065

Antiphospholipid antibodies and lupus anticoagulant: OR 29.8, P=0.0001

Azamar-Solis  
et al. (32)

2019 Retrospective 
descriptive study, 30 
years

Cohort of 86 patients describing: SPS I in 65% The predominant subtype of SPS in the cohort was type II (commonly seen in Mexican 
mestizos). Venous thrombotic events were more common than arterial events. There 
was no association between SPS type and vaso-occlusive episode location nor between 
gender and localization or gender and subtype of SPS

SPS II in 10% SPS III in 25%

Ruiz-Delgado  
et al. (46)

2017 Retrospective study, 
27-year period (n=268)

In a subset of 73/108 patients with a history of pregnancy, 23 (32%) had a 
miscarriage. In general, in the Mexican pregnant population, only 12–13% 
of all pregnancies end in miscarriage

The relative risk of miscarriage is 2.66 times greater in female patients with SPS in 
comparison with the general population (P=0.001)

SPS, sticky platelet syndrome; PC, protein C; APCr, activated protein C resistance; PS, protein S; AT-III, antithrombin III; TPA, tissue-type plasminogen activator; PAI, plasminogen activator inhibitor; APLA, antiphospholipid antibodies; FV, factor V; HPA, human platelet antigen; GP, glycoprotein; OR, odds 
ratio; DOAC, direct oral anticoagulant.
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prevalence of 44%, notably different from that reported 
among Caucasians. As previously noted by Kubisz et al. 
the epidemiological data of SPS remains limited since 
most population-based studies have been conducted in 
Caucasians in whom the prevalence of SPS is 15–20% in 
patients with unexplained thromboembolism, and in women 
with recurrent miscarriages (53). 

As a result of years of study of SPS in Mexico, it has 
become clear that there are differences determined by the 
studied populations’ ethnic composition; for example, the 
FV Leiden mutation is unusual while APCr is the most 
frequent condition in Mexican mestizos (6), but other 
thrombophilic conditions such as PC and PS deficiency have 
been identified in similar proportions to those described in 
Caucasians. In Mexican mestizos, the SPS phenotype is the 
second most frequent thrombophilic condition identified 
in individuals with a clinical marker of thrombophilia, only 
surpassed by the 677 C->T mutation in the MTHFR gene, 
which alone, may not be a fully recognized thrombophilic 
condition as it is usually associated with other thrombosis-
prone states (30,31).

In the first study conducted in Mexico on inherited 
thrombophilic conditions, the markers used at the time 
precluded the Ruiz-Argüelles group from detecting primary 
thrombophilic conditions in 54% of patients (6); but five 
years later, with the availability of the necessary markers, 
patients without an identifiable cause of thrombophilia 
decreased to 8%. The search for  new molecular 
markers such as miRNAs (miRNA-26b, miRNA-233, 
and miRNA-126) is imperative, since they can mediate 
intracellular communication, and have been proposed 
as novel biomarkers of diseases associated with platelet 
function.

Finally, once a patient is diagnosed with SPS, treatment 
begins with antiplatelet drugs to decrease abnormal platelet 
activity. One such drug is ASA, a cost-effective option with 
excellent results.

Conclusions

In Mexico, according to the data presented in the 
summarized studies, and thirty years after its initial 
identification in the country, the following generalities on 
SPS can be ascertained:

(I) SPS is associated with arterial and venous thrombosis.
(II) SPS is a hereditary condition that follows an 

autosomal inheritance pattern.
(III) SPS is one of the most frequent causes of hereditary 

thrombophilia in Mexico.
(IV) SPS is a frequent cause of miscarriage and obstetric 

complications.
(V) SPS is usually associated with another thrombophilic 

condition to be fully expressed as a thrombotic 
episode.

(VI) SPS reverts with the use of antiplatelet drugs, and 
the re-thrombosis rate is very low.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editors (Peter Kubisz and Pavol Holly) for 
the series “Sticky Platelet Syndrome” published in Annals of 
Blood. The article has undergone external peer review.

Peer Review File: Available at https://aob.amegroups.com/
article/view/10.21037/aob-22-47/prf

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at https://aob.
amegroups.com/article/view/10.21037/aob-22-47/coif). 
The series “Sticky Platelet Syndrome” was commissioned 
by the editorial office without any funding or sponsorship. 
The authors have no other conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved. 

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

https://aob.amegroups.com/article/view/10.21037/aob-22-47/prf
https://aob.amegroups.com/article/view/10.21037/aob-22-47/prf
https://aob.amegroups.com/article/view/10.21037/aob-22-47/coif
https://aob.amegroups.com/article/view/10.21037/aob-22-47/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Blood, 2024 Page 9 of 11

© Annals of Blood. All rights reserved. Ann Blood 2024 | https://dx.doi.org/10.21037/aob-22-47

References

1. Ribatti D, Crivellato E. Giulio Bizzozero and the discovery 
of platelets. Leuk Res 2007;31:1339-41.

2. Holiday PL, Mammen E, Gilroy J. Sticky platelet 
syndrome and cerebral in-farction in young adults. Paper 
presented at: The Ninth International Joint Confer-ence 
on Stroke and Cerebral Circulation; Phoenix, AZ, USA; 
1983.

3. Staško J, Bartošová L, Mýtnik M, et al. Are the platelets 
activated in sticky platelet syndrome? Thromb Res 
2011;128:96-7.

4. Mammen EF. Ten years experience with the “sticky platelet 
syndrome”. Clin Appl Thromb Hemost 1995;1:66-72.

5. Mammen EF. Sticky platelet syndrome. Semin Thromb 
Hemost 1999;25:361-5.

6. Ruiz-Argüelles GJ, González-Estrada S, Garcés-Eisele 
J, et al. Primary throm-bophilia in Mexico: a prospective 
study. Am J Hematol 1999;60:1-5.

7. Wendelboe AM, Raskob GE. Global Burden of 
Thrombosis: Epidemiologic As-pects. Circ Res 
2016;118:1340-7.

8. Ruiz-Argüelles GJ, Garcés-Eisele J, Reyes-Núñez V, 
et al. Primary thrombo-philia in Mexico. II. Factor V 
G1691A (Leiden), prothrombin G20210A, and meth-
ylenetetrahydrofolate reductase C677T polymorphism 
in thrombophilic Mexican mestizos. Am J Hematol 
2001;66:28-31.

9. Lisker R, Ramirez E, Briceño RP, et al. Gene frequencies 
and admixture esti-mates in four Mexican urban centers. 
Hum Biol 1990;62:791-801.

10. Pons-Estel BA, Catoggio LJ, Cardiel MH, et al. The 
GLADEL multinational Latin American prospective 
inception cohort of 1,214 patients with systemic lupus 
erythematosus: ethnic and disease heterogeneity among 
"Hispanics". Medicine (Baltimore) 2004;83:1-17.

11. Lobato-Mendizabal E, Anaya-Galindo R, Ruiz-Argüelles 
A, et al. Identificación del primer paciente mexicano con 
deficiencia congénita de proteína C de la coagu-lación. 
Sangre 1987;32:260.

12. Lobato-Mendizábal E, Ruiz-Argüelles GJ. Protein 
C, protein S and thrombo-modulin: one of the 
natural antithrombotic mechanisms. Rev Invest Clin 
1990;42:54-62.

13. Florell SR, Rodgers GM. Inherited thrombotic disorders: 
an update. Am J Hematol 1997;54:53-60.

14. Rees DC, Cox M, Clegg JB. World distribution of factor 
V Leiden. Lancet 1995;346:1133-4.

15. Rosendaal FR, Doggen CJ, Zivelin A, et al. Geographic 
distribution of the 20210 G to A prothrombin variant. 
Thromb Haemost 1998;79:706-8.

16. Franco RF, Santos SE, Elion J, et al. Prevalence of the 
G20210A polymorphism in the 3'-untranslated region of 
the prothrombin gene in different human populations. 
Acta Haematol 1998;100:9-12.

17. Girelli D, Friso S, Trabetti E, et al. 
Methylenetetrahydrofolate reductase C677T mutation, 
plasma homocysteine, and folate in subjects from northern 
Italy with or without angiographically documented 
severe coronary atherosclerotic disease: evi-dence for 
an important genetic-environmental interaction. Blood 
1998;91:4158-63.

18. Cumming AM, Shiach CR. The investigation and 
management of inherited thrombophilia. Clin Lab 
Haematol 1999;21:77-92.

19. Ruiz-Argüelles GJ, López-Martínez B, Cruz-Cruz D, et 
al. Primary thrombo-philia in Mexico III: A prospective 
study of the sticky platelet syndrome. Clin Appl Thromb 
Hemost 2002;8:273-7.

20. Dahlbäck B. Activated protein C resistance and 
thrombosis: molecular mecha-nisms of hypercoagulable 
state due to FVR506Q mutation. Semin Thromb Hemost 
1999;25:273-89.

21. Bernardi F, Faioni EM, Castoldi E, et al. A factor V genetic 
component differing from factor V R506Q contributes 
to the activated protein C resistance phenotype. Blood 
1997;90:1552-7.

22. Williamson D, Brown K, Luddington R, et al. Factor 
V Cambridge: a new mu-tation (Arg306-->Thr) 
associated with resistance to activated protein C. Blood 
1998;91:1140-4.

23. Chan WP, Lee CK, Kwong YL, et al. A novel mutation of 
Arg306 of factor V gene in Hong Kong Chinese. Blood 
1998;91:1135-9.

24. Mumford AD, McVey JH, Morse CV, et al. Factor V 
I359T: a novel mutation associated with thrombosis 
and resistance to activated protein C. Br J Haematol 
2003;123:496-501.

25. Ruiz-Argüelles GJ, Poblete-Naredo I, Reyes-Núñez V, 
et al. Primary throm-bophilia in Mexico IV: frequency of 
the Leiden, Cambridge, Hong Kong, Liverpool and HR2 
haplotype polymorphisms in the factor V gene of a group 
of thrombophilic Mexican Mestizo patients. Rev Invest 
Clin 2004;56:600-4.

26. Ruiz-Argüelles GJ, López-Martínez B, Valdés-Tapia 
P, et al. Primary throm-bophilia in Mexico. V. A 



Annals of Blood, 2024Page 10 of 11

© Annals of Blood. All rights reserved. Ann Blood 2024 | https://dx.doi.org/10.21037/aob-22-47

comprehensive prospective study indicates that most cases 
are multifactorial. Am J Hematol 2005;78:21-6.

27. Ruiz-Argüelles GJ, González-Carrillo ML, Estrada-
Gómez R, et al. Trombofilia primaria en Mexico Parte 
VI: Falta de asociación estadística entre las condiciones 
trombofílicas heredadas. Gac Med Mex 2007;143:317-22.

28. Schafer AI, Levine MN, Konkle BA, et al. Thrombotic 
disorders: diagnosis and treatment. Hematology Am Soc 
Hematol Educ Program 2003;520-39.

29. Garcés-Eisele J, González-Carrillo ML, Reyes-Núñez V, 
et al. Primary throm-bophilia in México VII: the V617F 
mutation of JAK2 is not a frequent cause of thrombosis. 
Hematology 2008;13:244-6.

30. Ruiz-Argüelles GJ, Alarcón-Urdaneta C, Calderón-García 
J, et al. Primary thrombophilia in Mexico VIII: Descriptive 
of five kindreds of familial sticky platelet syndrome 
phenotype. Rev Hematol Mex 2011;12:73-8.

31. Núñez-Martínez ME, Martínez-Murillo C, Simón-
Domínguez JI, et al. Trom-bosis asociada a síndrome de 
plaquetas pegajosas. An Med (Mex) 2011;56:5-10.

32. Azamar-Solis B, Cantero-Fortiz Y, Olivares-Gazca JC, et 
al. Primary Throm-bophilia in Mexico XIII: Localization 
of the Thrombotic Events in Mexican Mestizos With the 
Sticky Platelet Syndrome. Clin Appl Thromb Hemost 
2019;25:1076029619841700.

33. Weiss EJ, Bray PF, Tayback M, et al. A polymorphism of 
a platelet glycoprotein receptor as an inherited risk factor 
for coronary thrombosis. N Engl J Med 1996;334:1090-4.

34. Kubisz P, Ivankov J, Holly P, et al. The glycoprotein IIIa 
PL(A1/A2) polymor-phism--a defect responsible for the 
sticky platelet syndrome?. Clin Appl Thromb Hemost 
2006;12:117-9.

35. Velázquez-Sánchez-de-Cima S, Zamora-Ortiz G, 
Hernández-Reyes J, et al. Primary thrombophilia in 
México X: a prospective study of the treatment of the 
sticky platelet syndrome. Clin Appl Thromb Hemost 
2015;21:91-5.

36. Ruiz-Argüelles GJ, Garcés-Eisele J, Camacho-Alarcón 
C, et al. Primary thrombophilia in Mexico IX: the 
glycoprotein IIIa PLA1/A2 polymorphism is not associated 
with the sticky platelet syndrome phenotype. Clin Appl 
Thromb Hemost 2013;19:689-92.

37. Moncada B, Ruíz-Arguelles GJ, Castillo-Martínez C. The 
sticky platelet syn-drome. Hematology 2013;18:230-2.

38. Ruiz-Arguelles GJ. Comment on Sticky platelet syndrome. 
Semin Thromb Hemost 2014;40:273.

39. Kubisz P, Stasko J, Holly P. Sticky platelet syndrome. 
Semin Thromb Hemost 2013;39:674-83.

40. Vallejo-Villalobos MF, León-Peña A, León-González M, 
et al. Primary Thrombophilia in México XI: Activated 
Protein C Resistance Phenotypes are Mul-tifactorial. 
Indian J Hematol Blood Transfus 2017;33:375-9.

41. Sokol J, Biringer K, Skerenova M, et al. Different models 
of inheritance in se-lected genes in patients with sticky 
platelet syndrome and fetal loss. Semin Thromb Hemost 
2015;41:330-5.

42. Fernández Cantón SB, Gutiérrez Trujillo G, Viguri Uribe 
R. La mortalidad materna y el aborto en México. Bol Med 
Hosp Infant Mex 2012;69:77-80.

43. Bick RL, Hoppensteadt D. Recurrent miscarriage 
syndrome due to blood coag-ulation protein/platelet 
defects: a review and update. Clin Appl Thromb Hemost 
2005; 11-13.

44. Bick RL, Laughlin HR, Cohen BM, et al. Fetal Wastage 
Syndrome due to Blood Protein/Platelet Defects: Results 
of Prevalence Studies and Treatment Outcome with Low-
Dose Heparin and Low-Dose Aspirin. Clin Appl Thromb 
Hemost 1995;1:286-92.

45. Bick RL. Recurrent miscarriage syndrome due to blood 
coagulation pro-tein/platelet defects: prevalence, treatment 
and outcome results. DRW Metroplex Recurrent 
Miscarriage Syndrome Cooperative Group. Clin Appl 
Thromb Hemost 2000;6:115-25.

46. Ruiz-Delgado GJ, Cantero-Fortiz Y, Mendez-Huerta MA, 
et al. Primary Thrombophilia in Mexico XII: Miscarriages 
Are More Frequent in People with Sticky Platelet 
Syndrome. Turk J Haematol 2017;34:239-43.

47. Škereňová M, Sokol J, Biringer K, et al. GP6 Haplotype 
of Missense Variants is Associated with Sticky Platelet 
Syndrome Manifested by Fetal Loss. Clin Appl Thromb 
Hemost 2018;24:63-9.

48. Ruiz-Argüelles GJ. Comment on: Inherited 
Thrombophilia and Pregnancy Complications: Should We 
Test? Semin Thromb Hemost 2019;45:554.

49. García-Navarrete YI, Vallejo-Villalobos MF, Olivares-
Gazca JM, et al. Primary thrombophilia XV: 
antithrombotic treatment of sticky platelet syndrome 
worldwide. Ann Blood 2019;4:15.

50. Vallejo-Villalobos MF, Gomez-Cruz GB, Cantero-
Fortiz Y, et al. Primary Thrombophilia XIV: Worldwide 
Identification of Sticky Platelet Syndrome. Semin Thromb 
Hemost 2019;45:423-8.

51. Ruiz-Argüelles GJ, Ruiz-Delgado GJ. Algunas reflexiones 
sobre el síndrome de plaquetas pegajosas en 2019. Rev 
Hematol Mex 2019; 20:243-6.

52. García-Villaseñor E, Bojalil-Álvarez L, Murrieta-Álvarez 



Annals of Blood, 2024 Page 11 of 11

© Annals of Blood. All rights reserved. Ann Blood 2024 | https://dx.doi.org/10.21037/aob-22-47

doi: 10.21037/aob-22-47
Cite this article as: Soto-Vega E, Rivadeneyra-Espinoza L,  
Cuan-Baltazar Y, Gómez-Gómez S, Reyes-Cisneros OA, 
Melgar-de-la-Paz M, Gallardo-Pérez MM, Ruiz-Argüelles GJ.  
The “sticky platelet syndrome”: thirty years after its 
identification in Mexico. Ann Blood 2024. 

I, et al. Primary Thrombophilia XVI: A Look at the 
Genotype of the Sticky Platelet Syndrome Phe-notype. 
Clin Appl Thromb Hemost 2021;27:10760296211044212.

53. Kubisz P, Holly P, Stasko J. Sticky Platelet Syndrome: 
35 Years of Growing Evidence. Semin Thromb Hemost 
2019;45:61-8.


