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Abstract Inherited antithrombin deficiency, an estab-

lished risk factor for venous thromboembolism (VTE), can

be classified into type I (quantitative deficiency) or type II

(qualitative deficiency). In the present study, we assessed

the VTE risk associated with the phenotypes of anti-

thrombin deficiency in patients admitted to our hospital.

We found that patients with type I deficiency (n = 21) had

more VTE events and earlier onset of VTE than those with

type II deficiency (n = 10). The VTE-free survival analy-

sis showed that the risk for VTE in patients with type I

deficiency was sevenfold greater than that in patients with

type II deficiency (hazard ratio: 7.3; 95% confidence

interval: 1.9–12.2; P = 0.0009). The prevalence of type I

deficiency in the VTE group (5.6%, 6/108) was higher than

that in the general population (0.04%, 2/4,517) (odds ratio:

132.8; 95% confidence interval: 26.5–666.1; P \ 0.0001).

However, the prevalence of type II deficiency was not

different between the VTE group and the general popula-

tion. Our study indicated that the risk for VTE in patients

with type I deficiency was much higher than that in patients

with type II deficiency. Thus, simple phenotypic classifi-

cation of antithrombin deficiency is useful for assessment

of VTE risk in Japanese.
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1 Introduction

Antithrombin is a serine protease inhibitor and functions as

a potent natural anticoagulant by inactivating proteases in

the coagulation cascade [1–3]. Since Egeberg’s [4] first

report of antithrombin deficiency in a Scandinavian family

in 1965, numerous additional families with antithrombin

deficiency have been reported [5, 6]. The majority of

individuals with antithrombin deficiency are heterozygotes,

and homozygotes are extremely rare.

Antithrombin deficiency is phenotypically classified into

two types. In type I deficiency, both antithrombin activity

and antigen levels are low in the plasma, indicating that the

protein is not produced by the mutant allele. In type II

deficiency, low antithrombin activity within normal antigen

limits is observed, indicating a functional impairment of

the molecule. Type II deficiency can be further divided into

three subtypes: a heparin-binding site subtype, in which

heparin binding is abnormal; a reactive site subtype, in

which the reactive center loop is abnormal; and a pleio-

tropic effect subtype, in which the influence is pleiotropic

[3, 5].
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Antithrombin deficiency or low antithrombin levels are

associated with increased incidence of VTE and are a risk

for first and recurrent VTE [1–3, 7–12]. Asymptomatic

antithrombin deficiency is present as frequently as 1:600

[9, 13, 14], and type II deficiency is more prevalent than

type I deficiency in the general population [13]. In a

cumulative analysis of the literature, more than half of the

patients with antithrombin type I deficiency or the reactive

site or pleiotropic effect subtypes of type II deficiency

manifested VTE events [15–17]. However, the incidence of

VTE events in patients with the heparin-binding site sub-

type of type II deficiency was very low (only 6%), although

patients who were homozygous or compound heterozygous

for the heparin-binding site subtype mostly manifested

VTE events [15–18]. These observations were obtained

from cumulative evidence collected worldwide from

patients with antithrombin deficiency. However, the

methods used for identifying antithrombin deficiency in

each institution were different and not standardized. To

date, there has been no direct comparison of the differential

thrombotic risk associated with type I and type II anti-

thrombin deficiency at a single institution.

We have measured hemostatic factors including anti-

thrombin, protein C, and plasminogen in patients admitted

to the National Cerebral and Cardiovascular Center Hos-

pital [9, 19, 20]. We have thus far identified 31 patients

with antithrombin deficiency based on their heparin-

dependent activity [9]. We also measured antithrombin

activity in a Japanese general population consisting of

more than 4,500 individuals, who were selected randomly

from the municipal population registry stratified by sex and

10-year age group. Comparing the prevalence of anti-

thrombin deficiency in the VTE patient group with that in

the general population, we concluded that antithrombin

deficiency is a strong risk factor for VTE with an odds ratio

of 38 [9].

Here, we extend our previous study to clarify the VTE

risk associated with the antithrombin deficiency pheno-

types (type I and type II) using two studies. In the first

study, 31 patients with antithrombin deficiency admitted to

our hospital were classified as type I or type II and their

VTE events were retrospectively collected and compared

between the two types. In the second study, we compared

the prevalence of type I and type II antithrombin deficiency

in the VTE patient group and that in the general population

and assessed whether the phenotypes of antithrombin

deficiency affected VTE events. Both studies showed that

type I antithrombin deficiency was a stronger risk factor for

VTE than type II deficiency. Thus, the phenotypic classi-

fication of antithrombin deficiency is important for

assessing VTE risk, and a simple phenotypic classification

for type I and type II is useful for assessment of VTE risk

in Japanese.

2 Materials and methods

2.1 Study population: retrospectively followed patients

with antithrombin deficiency classified

by phenotypes

We measured antithrombin and protein C activities, in

response to a doctor’s request, in addition to routine hemo-

static parameters including prothrombin time and activated

partial thromboplastin time in patients admitted to the

National Cerebral and Cardiovascular Center Hospital from

January 1986 to May 2006. We ultimately identified 31

patients with antithrombin deficiency from 30 families on the

basis of antithrombin and protein C activities and the family

study. We classified them into type I or type II antithrombin

deficiency groups based on the antithrombin activity/antigen

ratio. These patients were admitted to our hospital due to

cardiovascular problems and did not always have VTE. We,

therefore, retrospectively followed them for VTE events and

VTE onset age by their medical records for assessment of

thrombotic risk. Information on hypertension, hyperlipid-

emia, diabetes mellitus, and current smoking status was also

collected. The diagnosis of deep vein thrombosis was based

on radioisotope venography, contrast venography, magnetic

resonance imaging, and/or continuous-wave Doppler ultra-

sonography. The diagnosis of pulmonary embolism was

confirmed by pulmonary angiography, computed tomogra-

phy, and/or magnetic resonance imaging.

2.2 Study populations: the VTE group and the general

population

We previously enrolled 108 outpatients with VTE (54 men

and 54 women), who were admitted to the National Cerebral

and Cardiovascular Center Hospital between 1994 and

1998, and identified 6 patients with antithrombin deficiency

[9]. These 6 patients were included in the 31 patients with

antithrombin deficiency described above. We also previously

enrolled 4,517 individuals (2,090 men and 2,427 women),

who were randomly selected from the residents of Suita city in

Japan and stratified by sex and 10-year age group as a general

population, and identified 7 individuals with antithrombin

deficiency [9, 21, 22]. Here, we measured the antigen levels of

antithrombin in these 13 patients (6 with antithrombin defi-

ciency described above and 7 from Suita city), classified them

as having type I or type II deficiency, and compared the

prevalence of the phenotypes of antithrombin deficiency in the

VTE patient group with that in the general population.

2.3 Assay methods

Blood samples were collected in siliconized plastic vacuum

tubes containing a 1/10 volume of 3.13% trisodium citrate.
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The tubes were centrifuged at 4,000 rpm for 10 min at

room temperature and the plasma samples were obtained.

Antithrombin activity was determined as heparin-cofactor

activity based on the antithrombin assay by the use of

chromogenic substrate S-2238 (CHROMOGENIX AB,

Stockholm, Sweden) [9, 19]. Protein C activity was mea-

sured using the chromogenic substrate S-2236 (CHRO-

MOGENIX AB) after activation by Protac (Pentapharm,

Basel, Switzerland) [9, 19]. Antithrombin antigen levels

were determined using a latex photometric immunoassay

kit (Mitsubishi Chemical Medience Co., Tokyo, Japan) and

LPIA-A700, a fully automated quantitative latex photo-

metric immunoassay instrument (Mitsubishi Chemical

Medience Co.). The activity and antigen levels were

expressed as percentages of the levels obtained from

commercially available standard human plasma (Siemens

AG, Bayern, Germany). As measured in our laboratory, the

inter-assay coefficients of variation were 2.2% for the

antithrombin activity assay, 1.9% for the antithrombin

antigen assay, and 2.4% for the protein C activity assay.

Antithrombin deficiency was defined by the antithrombin

and protein C activities and the family study. In this study,

patients having an antithrombin activity \3 standard

deviations below the mean (70%) and a protein C/anti-

thrombin activity ratio [3 standard deviations above the

mean (1.65) [9] and at least one relative with antithrom-

bin deficiency were considered to have antithrombin

deficiency.

2.4 Statistical analysis

Statistical analysis was performed using Prism (GraphPad

Software, La Jolla, CA, USA). Quantitative data were

assessed using the Mann–Whitney test. Associations

between qualitative variables were analyzed with the Chi-

square test. Odds ratios with 95% confidence intervals were

used to assess the differences between prevalence rates in

the different groups. VTE-free curves in patients with type

I or type II antithrombin deficiency were created using the

method of Kaplan–Meier and compared using the log-rank

test.

3 Results

3.1 Classification of type I and type II antithrombin

deficiency

To classify antithrombin deficiency into type I and type II,

the antithrombin activity/antigen ratio (AT-act/AT-ag

ratio) was calculated. Figure 1 shows the distribution and

box plots of the AT-act/AT-ag ratio in the 31 patients with

antithrombin deficiency. We arbitrarily divided the patients

into two groups based on this ratio; the median (range) of

the ratio in the two groups was 0.98 (0.84–1.29) and 0.52

(0.42–0.62), respectively. We considered 0.75 as the cut-

off value for discrimination between the two groups. This

cut-off value was calculated as the mean of the median in

the two groups. There was no overlap of the AT-act/AT-ag

ratio between the two groups. Based on these criteria, 21

patients with type I (circles) and 10 patients with type II

(triangles) were identified.

3.2 Retrospective follow-up study to compare

VTE-free curves in patients with type I

and type II antithrombin deficiency

We retrospectively collected the VTE events of the 21

patients with type I antithrombin deficiency and the 10

patients with type II antithrombin deficiency (Table 1). In

the type I group, 33 VTE events occurred in 18 of the 21

patients (85.7%), and 16 patients (76.2%) experienced a

VTE event before 50 years of age. Recurrent VTE events

were observed in 6 of the 18 patients with VTE. The

median age for VTE events was 37 years with a range of

15–89 years of age. In contrast, in the type II group, only 3

VTE events occurred in 2 of the 10 deficient patients

(20.0%), and the first VTE events occurred at the ages of

57 and 70. There were no significant differences in the risk

factors for coronary artery disease, including hypertension,

hyperlipidemia, diabetes mellitus, and smoking, between

the type I and type II groups.

To evaluate the VTE risk for patients with type I and type

II antithrombin deficiency, we compared the VTE-free

curves between the groups (Fig. 2). The VTE risk was

increased by approximately sevenfold in patients with type I
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Fig. 1 Discrimination of antithrombin deficiency phenotypes using

the antithrombin activity/antigen ratio. Thirty-one patients with

antithrombin deficiency admitted to our hospital were classified into

type I (circles, n = 21) or type II (triangles, n = 10) deficiency

groups using the antithrombin activity/antigen ratio (AT-act/AT-ag)

of 0.75. In the box plots, the error bars represent minimum and

maximum values, the horizontal rules indicate median values, and the

ends of the boxes indicate interquartile ranges
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deficiency relative to those with type II deficiency (hazard

ratio: 7.3; 95% confidence intervals: 1.9–12.2; P = 0.0009).

3.3 Comparison of the prevalence of type I and type II

antithrombin deficiency in the VTE patient group

and the general population

We previously identified 6 patients with antithrombin

deficiency among 108 consecutive outpatients with VTE

[9]. We also identified 7 individuals with antithrombin

deficiency in a general population consisting of 4,517

individuals. Comparing these frequencies, we reported that

antithrombin deficiency was a strong risk factor for VTE

with an odds ratio of 38 [9]. To extend this previous work,

we measured the antithrombin antigen levels in these

patients in the present study. We found that all 6 VTE

patients with antithrombin deficiency were type I

(Table 2). In the general population, two individuals were

type I and the remaining 5 were type II (Table 2). The

prevalences of type I antithrombin deficiency in the VTE

group (6/108, 5.56%) and the general population (2/4,517,

0.04%) were significantly different, and the odds ratio

between the two groups was 132.8 (95% confidence

intervals: 26.5–666.1; P \ 0.0001). In contrast, the preva-

lences of type II antithrombin deficiency in the VTE group

(0/108, 0.00%) and the general population (5/4,517,

0.11%) were not significantly different (odds ratio: 3.8;

95% confidence interval: 0.2–68.9; P = 0.7294).

4 Discussion

In the present study, we identified 21 patients with type I

antithrombin deficiency and 10 patients with type II anti-

thrombin deficiency. Among these patients, more than 75%

with type I deficiency had VTE events before the age of 50;

in contrast, only 2 out of 10 patients with type II deficiency

had VTE events, and these occurred at the ages of 57 and

70. The VTE-free curves showed that type I antithrombin

Table 1 Characteristics of

patients with type I or type II

antithrombin deficiency

VTE venous thromboembolism,

Hypertension systolic blood

pressure C 140 mmHg and/or

diastolic blood

pressure C 90 mmHg or

antihypertensive medication,

Hyperlipidemia total

cholesterol C 5.68 mmol/L

(220 mg/dL) or

antihyperlipidemia medication,

Diabetes fasting plasma

glucose C 7.0 mmol/L

(126 mg/dL) or non-fasting

plasma glucose C 11.1 mmol/L

(200 mg/dL) or HbA1c C 6.5%

or antidiabetic medication

Phenotypes P value

Type I Type II

Number of patients 21 10

Sex (male/female) 11/10 4/6 0.52

Antithrombin levels

Activity, median (range) (%) 54 (29–69) 62 (40–68) 0.27

Antigen, median (range) (%) 55 (30–71) 116 (87–127) \0.0001

Activity/antigen ratio, median (range) 0.97 (0.84–1.29) 0.51 (0.42–0.61) \0.0001

Onset of VTE events

Number of total events 33 3

Number of patients (%) 18/21 (85.7) 2/10 (20.0) \0.0001

Number of patients, age \ 50 years (%) 16/21 (76.2) 0/10 (0.0) \0.0001

Recurrence of VTE onset

Number of patients (%) 6/18 (33.3) 1/2 (50.0) 0.64

Age at VTE onset (years)

Median (range) 37 (15–89) 64 (57–70) 0.09

Risk for coronary artery disease

Hypertension (%) 2/21 (10) 3/10 (30) 0.30

Hyperlipidemia (%) 2/21 (10) 3/10 (30) 0.30

Diabetes (%) 0/21 (0) 2/10 (20) 0.10

Current smoking (%) 8/21 (38) 5/10 (50) 0.70
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Fig. 2 VTE-free curves of patients with type I or type II antithrombin

deficiency. In type I antithrombin deficiency, 18 out of 21 patients

developed VTE. In type II antithrombin deficiency, only 2 out of 10

patients developed VTE. For the Kaplan–Meier analysis, the

remaining three or eight patients were treated as the censored patients
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deficiency was a strong risk factor for VTE, with a hazard

ratio of 7.3 compared to type II deficiency. These findings

were reinforced by a comparison of the prevalence of type I

and type II deficiency in the VTE group and the general

population, which showed very high odds ratio for VTE for

type I, but not for type II.

Based on a cumulative analysis of the literature, type I

antithrombin deficiency as well as both the reactive site and

the pleiotropic subtypes of type II deficiency have an

increased risk for VTE [15–17]. However, the heparin-

binding site subtype of type II deficiency showed a rela-

tively low risk for VTE [15–17]. Thus, the VTE risk

conferred by type I antithrombin deficiency was consistent

between our study and the cumulative analysis. However,

the risk assessment of type II antithrombin deficiency for

VTE is in part debatable. In our analysis, we could not

classify our patients with type II deficiency into three

subtypes, a heparin-binding site subtype, a reactive site

subtype, and a pleiotropic effect subtype, due to the sample

limitations. Therefore, we could not evaluate the risk

assessment for VTE by subtypes. Despite this limitation,

we demonstrated that type I antithrombin deficiency was a

greater risk for VTE than type II.

The plausible explanation for type II deficiency as a low

VTE risk would be that mutations responsible for a low VTE

risk, the heparin-binding defects, would be more common

than those for a high VTE risk, the reactive site defects and

pleiotropic effect defects, in a Japanese population. This

could explain the clearly differentiated risk between type I

and type II deficiency in our study. In the public database,

the cases of at least three Japanese VTE patients homozy-

gous for the R47C mutation, that causes a heparin-binding

defect, have been deposited (Japanese Thrombophilia

Mutation Database, http://hes.met.nagoya-u.ac.jp/KENSA

WEB/labo/blood/bunshi_hp/mutation.html, Antithrombin

Mutation Database, http://www1.imperial.ac.uk/medicine/

divisions/olddivisions/is/haematology/coag/antithrombin/)

[18, 23, 24], suggesting the prevalence of this mutation in

the Japanese population. As for the reactive site defects in

the Japanese population, two heterozygous patients, one

with the R425C mutation [25] and another with the R425H

mutation [26] have been deposited in the public database.

Thus, the frequency of patients with the reactive site

defects seemed lower than those with the heparin-binding

defects.

We identified 2 individuals with type I antithrombin

deficiency and 5 individuals with type II deficiency out of

4,517 individuals, who were selected randomly from the

municipal population registry stratified by sex and 10-year

age group. Thus, the prevalences of type I and type II

deficiency in the Japanese general population were 0.04%

(2/4,517) and 0.11% (5/4,517), respectively, which were

similar to those obtained in western Scotland (type I:

0.02%, type II: 0.15%) [13], although the selection criteria

for antithrombin deficiency were different. The Japanese

population is now about 128 million. Extrapolating from

the prevalence, we estimate that as many as 57,000 Japa-

nese have type I antithrombin deficiency and are at risk of

developing VTE.

In conclusion, considerable differences in VTE risk

were observed between Japanese individuals with type I

and type II antithrombin deficiency and a simple pheno-

typic classification for type I and type II antithrombin

deficiency was shown to be useful for assessment of VTE

risk in Japanese.
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