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Abstract Venous thromboembolism (VTE) is a life-

threatening medical disorder worldwide. A great deal of

evidence suggests that prevalence of VTE varies signifi-

cantly among ethnic populations, with consistently lower

incidence found in Asians. While the distribution of genetic

risk factors may vary among races, genetic risk factors can

play a major role among individuals with different genetic

backgrounds. Two clinically evaluated low-frequency

genetic mutations that predispose to VTE—the factor V

Leiden mutation and prothrombin G20210A mutation—are

found predominantly in Caucasians, and virtually never in

Asians. The findings of a recent genetic study of VTE in

northeast Asians, which greatly advanced our knowledge in

this area, indicate that the most frequent genetic risk factors

for VTE in northeast Asians can be attributed to a dys-

function of the protein C anticoagulant system. Several

low-frequency genetic mutations, PROS1 p.Lys196Glu in

Japanese and PROC p.Arg189Trp and p.Lys193del in

Chinese, are significantly associated with increased risk for

VTE, with odds ratio more than 2 through the reduced

protein C anticoagulant activity. Construction of a multi-

factorial model based on the genetic risk factors in the

protein C anticoagulant system could facilitate genetic

counseling for VTE risk in these populations. The influence

of prevalent genetic mutations on the risk of VTE should

be further investigated in Asian countries.

Keywords Asian thrombophilia � Genetic risk

factor � Protein C anticoagulant system � Venous

thromboembolism

Introduction

Venous thromboembolism (VTE), a multifactorial disorder

consisting of deep venous thrombosis (DVT) and pul-

monary embolism (PE), represents a major thrombotic

medical disorder worldwide. Despite acknowledged prob-

lems with different criteria and misclassification in deter-

mining VTE, there is strong evidence that the prevalence of

VTE varies significantly among different ethnic/racial

populations. Among the few studies with sufficiently

diverse ethnic population samples to make direct compar-

isons [1–4] (Table 1), the most notable findings were from

epidemiological studies based on ethnically diverse popu-

lations in California [1.3.4]. They suggested that the annual

incidence of idiopathic DVT in persons over 18 years is

higher among African Americans (29 per 100,000 indi-

viduals per year) than among Caucasians (23 per 100,000

individuals per year), is significantly lower among His-

panic populations (14 per 100,000 individuals per year),

and is strikingly lower among Asian-Pacific Islanders (6

per 100,000 individuals per year) [1]. Population-based

epidemiological studies of VTE are relatively rare in

Asians. Recently, Sakuma et al. [5] reported the annual

estimated incidence of PE and DVT in Japanese to be 6.19

and 11.55 patients per 100,000 individuals per year,

respectively. Lee et al. [6] analyzed the incidence of

symptomatic VTE in almost the entire population of
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Taiwan. The incidence of PE and DVT among Taiwanese

adults was 4.8 and 16.5 per 100,000, respectively, which is

lower than among Caucasians and African-Americans, and

similar to that of other Asians. Nevertheless, prevalence of

PE and DVT in Asia may be increasing with improvements

in diagnosis and access to healthcare [7].

VTE is recognized to be a multifactorial, complex dis-

order, which results from an interaction between environ-

mental, clinical, and genetic risk factors. While racial

differences in the incidence of VTE have been well

established, interactive risk factors also vary by race [8].

Generally accepted environmental and clinical risk factors

for VTE—such as obesity and access to complex surgery

and cancer treatments—as well as prevalence of VTE risk

factors such as human immunodeficiency virus and the

sickle cell trait, are likely to emerge as important mediators

of the racial difference in VTE [7]. Data from studies in

Asian patients indicate a lower incidence of symptomatic

VTE complicating trauma, immobilization, surgery, and/or

use of thalidomide [7]. In addition to these well-established

risk factors for VTE, it is conceivable that genetic risk

factors may vary and play a major role in the different

distribution of VTE among people from different genetic

backgrounds [8].

The involvement of genetic factors in increased risk for

VTE was confirmed in family-based studies in Caucasians,

where genetics were thought to account for up to 60 % of

risk [9]. Well-established genetic risks for VTE include

increased pro-coagulant activities and hereditary deficien-

cies of natural anticoagulants. Two well-known and clini-

cally evaluated genetic mutations associated with VTE are

factor V Leiden mutation (factor V p.Arg506Gln mutation)

and prothrombin G20210A mutation, which are found

predominantly in populations with European ancestry, and

are virtually non-existent in Asians without European

admixture [8]. The relatively lower incidence of VTE in

Asians compared to Caucasians may partly be due to the

lower prevalence of these predisposing genetic factors.

Recently, in northeast Asian populations, where VTE

incidence appears low, the most represented genetic risk

factors are congenital deficiency of natural anticoagulants,

especially genetic deficiency concerning the dysfunction

of the protein C anticoagulant system [10]. The purpose

of this review is to discuss the prevalence of this defi-

ciency in Asians, and to evaluate the influence of genetic

mutations in the protein C anticoagulant system on the

risk of VTE in these populations. In this review, the A of

the ATG initiator Met codon is denoted as nucleotide ?1,

and the initial Met residue is denoted as amino acid ?1

[11].

Protein C anticoagulant system

Natural anticoagulation in healthy individuals is primarily

achieved through the actions of the anticoagulant systems,

which include antithrombin, tissue factor pathway inhib-

itor, protein C, and protein S. Antithrombin plays a major

role through the inhibition of thrombin and factor Xa.

Tissue factor pathway inhibitor performs its physiological

and pathological roles through the inhibition of factor Xa

and factor VIIa-tissue factor complex. Unlike these pro-

tease inhibitors, the inactive serine-protease zymogen,

protein C, must first be activated by thombomodulin

(TM)-bound thrombin on the endothelial surface, with the

help of the endothelial cell protein C receptor (EPCR);

this produces activated protein C (APC) that then pro-

teolytically inactivates factors Va and VIIIa in the pre-

sence of protein S. Protein S also stimulates factor Xa

inhibition by tissue factor pathway inhibitor, resulting in

the down-regulation of the extrinsic coagulation pathway.

Thus, the protein C anticoagulant system, consisting of

protein C, protein S, TM, and EPCR, regulates the bal-

ance between procoagulant and anticoagulant activities.

Thrombus formation occurs when this balance is

disturbed.

Table 1 Prevalence of VTE in diverse ethnic populations

Population origin Diagnosis Incidence rate per 100,000 individuals/year Year Reference

African Caucasian Hispanics Asian Others

Hospital patients Idiopathic DVT 29 23 14 6 – 1991–

1994

White et al. [1]

General population PE or DVT 22 21 9 2 15a 1978–

1985

Klatsky et al. [2]

Hospital patients Total VTE 141 104 55 21 64 1996 White et al. [3]

Hospital patients Idiopathic VTE 32 28 15 6 – 1996 White et al. [3]

General population First-time VTE 141 103 62 29 23 1996 White and Keenan [4]

VTE venous thromboembolism; DVT deep vein thrombosis; PE pulmonary embolism
a In mixed or other ethnic populations
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Deficiency of natural anticoagulants and prevalence

in Asians

Deficiencies of proteins C and S result in the dysfunction of

the protein C anticoagulant system. Hereditary protein C

deficiency is usually inherited as an autosomal dominant

trait. It is associated with an increased risk of VTE, and is

thus considered hereditary thrombophilia. Protein C defi-

ciency is classified into type I (low plasma concentration of

both functional and immunological protein C) and type II

(low concentration of functional protein C with normal

antigen concentration). The inheritance pattern of protein S

deficiency is usually autosomal-dominant. Protein S defi-

ciency is classified as type I (quantitative deficiency of both

activity and antigen concentration), type II (qualitative

deficiency characterized by decreased activity with normal

antigen concentration), or type III (normal concentration of

total protein S and low concentration of free protein S).

The frequency of deficiencies of protein C, protein S,

and antithrombin in VTE patients of Western ethnicity was

reported to be 1.4–8.6, 1.4–7.5, and 0.5–4.9 %, respec-

tively [12]. Compared with Caucasians, deficiencies of

protein C and protein S in Asians were higher in both the

general population and in VTE patients [13–23]. As shown

in Table 2, the most prevalent deficiencies in Asian VTE

patients were protein S deficiency, followed by protein C

deficiency. A report from Hong Kong claimed that as many

as 42 % of Chinese VTE patients have reduced activity of

the protein C anticoagulant system [13]. In the Taiwanese

population, about 50 % of VTE patients showed reduced

activity of protein C and protein S [24]. In the Japanese

population, the frequency of mutations of the protein C

gene was almost three times higher than in Caucasian

patients, and protein S deficiency was approximately 5–10

times more prevalent in Japanese VTE patients [20]. These

studies suggested that Asian individuals have thrombo-

philias that differ from those of Caucasians, with a high

likelihood of thrombophilia being due to an abnormality of

protein C or protein S. They also indicate that there may be

an overall higher prevalence of abnormality in protein C or

protein S in Asian populations in general, and that a higher

occurrence of this class of genetic risk factors may be

expected in patients with VTE from the same genetic

background [8].

Genetic mutations in the protein C anticoagulant

system with VTE in Asians

Recently, several genetic mutations that are associated with

a reduction of protein C anticoagulant activity and

increased risk for VTE have been confirmed in the protein

C anticoagulant system in Japanese and Chinese

populations. While differences in VTE by race due to

genetic predisposition will probably always be present,

understanding the racially specific genetic risk factors for

VTE can provide important information about etiological

mechanisms, as well as novel therapeutic targets.

PROS1 p.Lys196Glu as a genetic risk of VTE

in Japanese

Approximately 8–47 % of Japanese and Chinese individ-

uals who develop VTE have reduced activities of protein S

(Table 2). At present, more than 200 mutations have been

described in the protein S gene (PROS1), and large dele-

tions/duplications can also be identified as causes of pro-

tein S deficiency [25, 26]. The most common PROS1

mutation is a p.Lys196Glu mutation (rs121918474,

c.586A[G, protein S Tokushima, p.Lys155Glu in the

mature protein numbering), which accounts for 9–30 % of

protein S molecule abnormalities in people of Japanese

decent [10, 20, 27–29].

An abnormal protein S molecule with the p.Lys196Glu

mutation was identified in thrombophilic Japanese patients

almost simultaneously by two independent groups in 1993

[30, 31]. It is a missense mutation that causes Lys196 to be

replaced by Glu, formerly known as protein S Tokushima.

This mutation is present in the second EGF-like domain of

the protein S molecule. The allele frequency is approxi-

mately 0.9 % in the Japanese population, which means that

1 out of 55 Japanese carries the mutation as a heterozygote

[29, 32, 33]. The frequency is much higher, approximately

6–10 % among DVT patients (Table 3) [20, 28, 32]. While

homozygotes for this mutation have been identified in VTE

patients, with a prevalence of one homozygote out of

approximately 85 patients [20, 32], they have thus far not

been identified in the general population [29]. The protein

S p.Lys196Glu mutation can also be found in VTE patients

with congenital protein C deficiency, thereby facilitating

the development of VTE [34], and is frequently seen in

VTE patients who are pregnant [35]. So far, 3 independent

case–control studies, all performed in Japan, have reached

the conclusion that the protein S p.Lys196Glu mutation is a

risk factor for VTE, with odds ratio between 3.74 and 8.56

[20, 28, 32] (Table 3).

A genotype–phenotype study of the general Japanese

population showed that individuals heterozygous for the

mutant Glu-allele had a 16 % mean reduction in plasma

protein S anticoagulant activity compared to wild-type

individuals [27]. A patient with DVT who is a homozygote

of protein S p.Lys196Glu mutation showed 35 % protein S

anticoagulant activity and 37 % specific anticoagulant

activity (activity/amount of protein S) [20]. In vitro studies

using the recombinant proteins have shown that mutant

protein S with Glu196 had impaired APC cofactor function

58 T. Yin, T. Miyata
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[36]. Plasma protein S activities in carriers of the

p.Lys196Glu mutation showed reduced activity as descri-

bed, but antigen levels were within normal limits [27, 30, 31].

The protein S p.Lys196Glu mutation is race-specific; so

far this mutation has not been identified in any population

other than Japanese. Chinese and Koreans populations,

despite being geographically and genetically close to Jap-

anese, did not carry this mutation [37]. Thus, the protein S

p.Lys196Glu mutation must be a recent occurrence and

fixed within the Japanese population.

PROC p.Arg189Trp and p.Lys193del as genetic risks

of VTE in Chinese

At least 161 different protein C gene (PROC) mutations

have been reported, and most of them are missense muta-

tions. The predominant genetic defects in the PROC gene

may be different for different races. Recently, the

p.Arg189Trp mutation of protein C (rs146922325,

c.565C[T, p.Arg147Trp in the mature protein numbering)

was reported by two independent studies to be not only the

most frequent variant for protein C deficiency but also a

significant risk factor for VTE in Chinese populations [38,

39]. This missense mutation was initially described in an

American patient with symptomatic protein C deficiency

[40], and was later reported in an asymptomatic individual

[41]. Although a rare mutation in Western populations, the

p.Arg189Trp mutation was present in approximately 0.9 %

of the general Chinese population (Table 3) [38, 39]. The

heterozygous state of the p.Arg189Trp mutation is associ-

ated with decreased plasma functional activity and a rela-

tively normal protein C antigen level, indicating type II

protein C deficiency. This mutation was identified in almost

half of the probands with hereditary protein C deficiency

[38, 39]. First-degree relatives bearing this variant had an

8.8-fold increased risk of VTE [39]. Two independent

population-based case–control studies showed the odds

ratio of VTE in carriers of the variant ranged from 5 to 7

(Table 3) [38, 39]. The p.Arg189Trp mutation is located at

the C-terminal region of the light chain adjacent to the EGF-

2 like domain, and may impair the interaction of protein C

with other molecules suggesting that Arg189 may constitute

an exosite for the binding of factor Va and/or the thrombin–

thrombomodulin complex. Further functional studies are

needed to elucidate the deleterious effect of this mutation on

the activation of protein C and the inactivation of factor Va

by APC. Data on the prevalence of this mutation and the

thrombotic risk associated with it in other populations

(especially other Asian populations) are still quite limited,

and should be further evaluated.

Recently, using coagulation screening tests, resequenc-

ing, and a case–control study, Tang et al. revealed that the

PROC p.Lys193del mutation (rs199469469, c.574_576del,

p.Lys151del in the mature protein numbering) was asso-

ciated with both decreased protein C anticoagulant activity

and an increased risk of VTE in Chinese, with an odds ratio

of 2.7 (Table 3) [23]. The nomenclature of one amino acid

deletion in this case is somewhat complicated, as positions

192 and 193 of protein C are both Lys and one of the Lys

residues is deleted in this case. We call the mutation the

‘‘p.Lys193del’’ according to the recommendation of the

Human Genome Variation Society [11]. This variant was

first described in three Japanese patients who suffered from

protein C deficiency [42]. In other studies on protein C and

protein S deficiencies in Japanese individuals, this mutation

was identified in 2 of 85 VTE patients, as well as in 1 of 30

healthy individuals in one study [20], and in 4 of 173 VTE

patients in another [34]. Despite being identified as a rare

genetic mutation in Japanese, the contribution of the vari-

ant to the risk for VTE was not further evaluated in the

general Japanese population. Another recent study found

that the prevalence of p.Lys193del mutation was 2.36 % in

the general Chinese population [23]. It was identified in 68

of 1,003 VTE patients (6.78 %) and in 25 of 1,031 healthy

individuals (2.42 %), therefore, it conferred an increased

risk of VTE with an adjusted odds ratio of 2.7 (Table 3)

[23]. Patients with the p.Lys193del mutation showed lower

anticoagulant activity of protein C, but relatively normal

amidolytic activity compared to the wild-type carriers [23,

34, 42]. The anticoagulant activity of the recombinant

mutant protein C showed about 40 % of the wild-type,

consistent with the value of plasma from the homozygous

patient [23]. Although this mutation has been reported

previously in Japanese populations, further studies are

needed to evaluate its prevalence in other Asians, and to

determine whether this polymorphism is a risk factor for

VTE in other Asian populations.

Some other PROC mutations were also reported in VTE

patients from Asia [39, 40, 43–45]. Both protein C

p.Arg211Trp and p.Met406Ile (p.Arg169Trp and

p.Met364Ile in the mature protein numbering), which are

related to type I protein C deficiency, were first reported in

Japanese patients with VTE [43, 44]. Protein C p.Arg211Trp

is a recurrent mutation occurring at a CpG mutation hotspot

at the thrombin cleavage site in the heavy chain; it has also

been described in Caucasian patients with VTE. It was

reported to account for about 10 % of PROC mutations in

Japanese [45]. In contrast, p.Met406Ile, which occurs at a

non-CpG site of the serine protease domain, has been

described exclusively in Japan, accounting for *8 % of

PROC mutations in Japanese VTE patients [45]. In rese-

quencing the PROC gene in probands of protein C defi-

ciency, 8 novel coding sequence mutations contributed to 7

amino acid exchanges; 3 evidently detrimental novel null

mutations were also supposed to contribute to the develop-

ment of VTE in Chinese [39].
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THBD mutations as VTE risk in Asians

Thrombomodulin (TM encoded by THBD), another critical

component of the protein C anticoagulant system, is a

transmembrane glycoprotein of 557 amino acids, and is

expressed mainly on the endothelial cells. TM binds

thrombin and alters its substrate specificity. The resulting

TM–thrombin complex efficiently catalyzes protein C acti-

vation. The intron-less human THBD gene is 3.6 kb in

length. Based on the important anticoagulant role of TM,

mutations within THBD could predispose individuals to

VTE. In addition, THBD mutations may affect the plasma-

soluble TM level. Several studies have focused on the

influence of genetic polymorphisms in THBD on soluble TM

level and VTE. One study conducted in the USA found

mutations—including c.127G[A (p.Ala43Thr), c.1418C[T

(p.Ala473Val), c.1752C deletion, and c.3645A[G—were

not associated with VTE [46]. An association study of the

Japanese population that included 2,247 individuals showed

that c.2729A[C in tight linkage disequilibrium with

c.1418C[T (p.Ala473Val) was associated with the soluble

TM level [47]. This mutation also showed a marginal asso-

ciation with VTE, but only in males (Table 3).

A recent large study of the Chinese population showed an

association of the soluble TM levels with c.-151G[T in

THBD (Table 3) [48]. Furthermore, this genetic mutation

increased risk of VTE. The study enrolled 1,304 individuals

with VTE and 1,334 age- and sex-matched controls. By

resequencing and genotyping of the THBD gene, the study

showed that c.-151G[T in THBD could cause a predispo-

sition to VTE, with a 2.8-fold increased risk of developing

VTE in the population and a 3.42-fold increased risk of VTE

in the family [48]. The prevalence of this variant in the

Chinese population was 0.97 %, indicating an allele fre-

quency of 0.49 %. Compared with the wild-type allele, the

c.-151G[T mutation significantly reduced the reporter

gene-expression level in cultured cells [48].

In addition, rare nonsynonymous mutations,

p.Ser190Trp, p.Ser212Ter, p.Leu220Ter, and p.Asp126Tyr

in THBD were also identified in 108 thrombophilic indi-

viduals with VTE [48]. The prevalence and relative risk of

VTE with these mutations in other populations, especially

in Asians, will require further evaluation.

The extensive resequencing studies on THBD in VTE

patients revealed yet another aspect of the THBD mutations,

that is, a possible link between the nonsynonymous muta-

tions and atypical hemolytic uremic syndrome (aHUS), a

type of microangiopathy characterized by uncontrolled

complement activation. One of the causative genes for aHUS

is THBD [49]. In vitro, TM binds to C3b and complement

factor H and negatively regulates the complement by

accelerating complement factor I-mediated inactivation of

C3b. The TM mutations were less effective than wild-type

TM in enhancing factor I-mediated inactivation of C3b.

Thus, some missense mutations of TM are characterized as

causative for the development of aHUS [49]. A missense

mutation, p.Asp486Tyr, in the Ser/Thr rich domain of TM,

which has been identified in both VTE patients and controls

[46–48], was characterized as a causative mutation for

aHUS. Missense mutations in the lectin-like domain of TM

are also reportedly causative for aHUS. Thus, nonsynony-

mous mutations in THBD would affect not only VTE but also

aHUS to a certain degree.

PROCR mutations as VTE risk in Asians

On the pathway of the protein C anticoagulant system,

protein C is activated on the endothelial surface by the

membrane-bound TM–thrombin complex. Protein C acti-

vation is enhanced approximately 20-fold when protein C

binds to the endothelial protein C receptor (EPCR) encoded

by PROCR. EPCR also serves as a cellular binding site for

factor VII and factor VIIa. A soluble form of this receptor

(sEPCR) in plasma inhibits both APC activity and protein

C activation by competing for protein C with membrane-

bound EPCR. These findings suggest an important role for

EPCR in VTE.

Several studies have reported that the PROCR

p.Ser219Gly mutation (rs867186, c.655A[G) present within

the membrane-spanning region reduced plasma sEPCR

levels to 56–87 % [50]. Significantly higher levels of factor

VII, factor VIIa, and downstream markers of activated

coagulation in the extrinsic pathway (factor IX activation

peptide, factor X activation peptide), and prothrombin

F1 ? 2 were also identified in Gly carriers, compared to Ser/

Ser [51]. Evidence for the association between the

p.Ser219Gly mutation and VTE is conflicting in ethnically

diverse populations. A recent meta-analysis in 4,821 VTE

patients and 6,070 controls found a significant association of

this mutation with VTE [50]. Under an additive genetic

model, the odds of VTE increased by a factor of 1.22 for

every additional copy of the G allele in all ethnic populations,

suggesting a moderate effect for VTE. The reported fre-

quency of the G allele in northeast Asians is approximately

10 % [52, 53]. Thus far, only two independent, small-scale

studies of Chinese populations have reported a significant

association between the p.Ser219Gly mutation and VTE in

Asian populations (Table 3) [52, 53]. Further studies

restricted to idiopathic VTE patients in Asian might facilitate

the positive association of this variant.

Perspectives

The genetic mutations in the protein C anticoagulant sys-

tem (PROS1 p.Lys196Glu, PROC p.Arg189Trp, PROC
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p.Lys193del, and THBD c.-151G[T) associated with risk

of VTE in Asians are all classified into low-frequency

variations with allele frequencies of less than 5 %. Three

genetic mutations in the protein C anticoagulant system

(PROC p.Arg189Trp, PROC p.Lys193del, and THBD

c.-151G[T) were detected concurrently in the Chinese

population, with a respective frequency of 0.90, 2.40, and

0.97 %, and a respective odds ratio for VTE of 6.06, 2.84,

and 2.80. Their estimated population-attributable risks

were therefore calculated to be 4.67, 4.14, and 1.48 %,

respectively [48]. Taken together, about 10 % of VTE

events in the general Chinese population could be

explained by these mild to moderate thrombophilic risk

factors. Hence, as we have described [29], these low-fre-

quency genetic variations could play an important role in

the development of VTE. The risk loci may act in concert

with each mutation adding or detracting a small amount

from the phenotype; the environment also interacts with the

genotype to produce the final phenotype [8].

Recent genome-wide association studies have found

additional genetic polymorphisms that are potentially related

to VTE risk, but most have been detected predominately in

European-ancestry populations [54, 55]. Genome-wide

association studies do serve an important role in identifying

new loci of interest, as well as confirming previously sug-

gested loci for VTE. However, their main potential is for

identifying common mutations ([5 %) with relatively lower

risk (odds ratio\1.5). The candidate gene resequencing in

the protein C anticoagulant system or the exome sequencing

would facilitate the discovering of low-frequency variations

with high risk for VTE in Asians. An accumulating body of

evidence strongly suggests that genetic studies should be

carried out in ethnically diverse populations, and that studies

of common variations, as well as low-frequency variations,

are warranted [29].

As VTE is a complex disease with genetic factors

accounting for part of the risk, a multifactorial non-Men-

delian inheritance model that includes the influence of

genetic and environmental factors should be proposed for

genetic counseling of VTE risk. Recently, a multiple sin-

gle-nucleotide polymorphism test based on 31 VTE-asso-

ciated polymorphisms or the 5 most strongly associated

polymorphisms was found to improve risk prediction of

first venous thrombosis in Caucasians [56]. Future studies

should consider the construction of a multifactorial model

based on the genetic risk factors in the protein C antico-

agulant system, which is specific for Asian populations.

In summary, the genetic mutations leading to dysfunc-

tion of the protein C anticoagulant system could be a major

risk factor for VTE in northeast Asian populations, espe-

cially in Japanese and Chinese. Conditions where the pro-

coagulant activity surpasses the anticoagulant activity,

including the protein C anticoagulant system, could trigger

the development of thrombosis in individuals with risk

genetic variants. Genetic analysis for VTE is highly

restricted in Japanese and Chinese populations, and other

Asian populations are not yet well studied. Even in geo-

graphically close populations, such as Japanese and Chi-

nese, low-frequency mutations are not evenly distributed.

The PROS1 p.Lys196Glu mutation, for example, is

exclusively identified in Japanese populations. Whether

dysfunction of the protein C anticoagulant system occurs in

other Asian countries is an important unresolved issue of

the thrombophilia study among Asians, and an interna-

tional survey is warranted to disclose it.
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