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Abstract

We retrospectively studied 89 patients with chronic hepatitis C virus (HCV) infection, including 50 chronic hepatitis (CH) cases,
18 liver cirrhosis (LC) cases, and 21 LC with hepatocellular carcinoma (LC + HCC) cases, with regard to various factors related
with thrombocytopenia. The platelet count decreased with the stage advancement of liver diseases. Multiple regression analysis
revealed that splenomegaly and von Willebrand factor (YWF) were explanatory variables that correlated with thrombocytopenia.
Splenomegaly appears to be the most responsible factor, although there are a considerable number of thrombocytopenic cases
without splenomegaly, suggesting other factors may also be responsible. The VWF level is inversely correlated with the platelet
count. Soluble thrombomodulin, a marker of endothelial dysfunction, increases with the advancement of liver fibrosis. It is posi-
tively correlated with VWF and inversely with the platelet count. Our present results imply that vascular endothelial dysfunction is
also involved in thrombocytopenia during chronic HCV infection.
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Introduction

The platelet count is known to decrease in proportion to the
advancement of the stage of liver disease in chronic hepatitis
C virus (HCV) infection. Liver biopsy is the golden standard
for evaluating the stage of fibrosis in HCV patients. It is, how-
ever, a considerably invasive procedure and more simple, non-
invasive laboratory methods capable of predicting the stage of
fibrosis would be of great help in clinical settings. A strong cor-
relation between liver fibrosis and thrombocytopenia has been
noted in a number of papers, and the platelet count is presently
used as an index for fibrosis staging.'*

Thrombocytopenia in liver fibrosis can be attributed to )
platelet destruction/sequestration by the spleen, (2) the
decreased production of platelets, and (3) platelet consumption.
Based on several papers that have reported a strong correlation
between spleen size and thrombocytopenia,™ platelet destruc-
tion/sequestration as a result of splenomegaly caused by portal
hypertension has been considered to be the most important
determinant. On the other hand, a splenectomy or portal vein
shunting does not necessarily normalize the platelet count,®’
suggesting that factors other than splenomegaly are also opera-
tive in reducing the platelet count during liver fibrosis.

Since thrombopoietin (TPO), which facilitates the prolifera-
tion and differentiation of the megakaryocytic lineage
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(resulting in the production of platelets), is released from the
liver, some reports have suggested that inadequate TPO pro-
duction is at least partly responsible for thrombocytopenia in
liver fibrosis.*®!' The expression level of c-mpl, the TPO
receptor, is also reportedly low in patients with liver cirrho-
sis.'> On the other hand, some reports have argued against a
correlation between thrombocytopenia and hepatic TPO pro-
duction,'® and whether decreased thrombopoiesis contributes
to thrombocytopenia during liver fibrosis awaits further
elucidation.

As for platelet consumption, several hypotheses related to
von Willebrand factor (vWF) have been proposed.
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Inflammatory changes that accompany chronic HCV hepatitis
and liver cirrhosis may lead to an increase in the vWF level,
resulting in platelet consumption.'*'® The impaired hepatic
production of ADAMTSI13 (a disintegrin and metalloprotease
with a thrombospondin type 1 motif, member 13) and its activ-
ity, which cleaves vWF, may also lead to an increase in ultra-
large multimers of vWF, resulting in platelet microthrombi
formation!” and consumptive thrombocytopenia, similar to the
conditions observed with thrombotic thrombocytopenic pur-
pura (TTP).

In the present study, we evaluated various factors, including
spleen size, TPO, vWF, and ADAMTSI13, as well as general
hematological, biochemical, and coagulation parameters in
patients with chronic HCV infection, with fibrosis stages rang-
ing from a relative early phase to an advanced stage of liver cir-
rhosis and attempted to determine the contributing power of
each factor to thrombocytopenia using a multiple regression
analysis and other analytical methods.

Materials and Methods
Patients

- Our study was made up of 89 patients with chronic HCV infec-
tion who had been referred to the outpatient clinic of the Uni-
versity of Yamanashi Hospital. Based on the chronic HCV
staging, 50 patients had chronic hepatitis (CH), 18 patients had
liver cirrhosis (LC), and 21 patients had liver cirrhosis plus
hepatocellular carcinoma (LC + HCC). The diagnosis of
chronic hepatitis and LC was made by an expert in hepatology
(M.S.), fundamentally using the score of Fib-4.'® Fib-4 was cal-
culated according to the formula of (age x AST/(platelets x
ALT®%)), and the cases exceeding the score of 3.25 were diag-
nosed as LC. The study was endorsed by the Institutional
Review Board of the University of Yamanashi (No. 224), and
all the patients gave their written informed consent prior to
participation in the study. Blood was withdrawn from the
ante-cubital vein; after laboratory measurements for diagnostic
purposes, the residual samples were used to assess various fac-
tors that may be involved in thrombocytopenia.

Methods

A complete blood count (CBC) analysis was performed using
an SE-3000 (Sysmex Co, Kobe, Japan). Serum and plasma
anticoagulated with citrate were obtained by centrifugation of
the whole blood within 2 hours of blood collection and were
stored at —80°C until measurement.

Repeated freezing was avoided as much as possible; when
necessary, the thawing of the frozen serum and plasma was per-
formed at 37°C. Biochemical parameters, including albumin,
alanine aminotransferase (ALT), and total bilirubin, were mea-
sured using a BM-2000 (JEOL Ltd, Tokyo, Japan). The vWF
antigen level was determined using STA-LIA kits (Roche
Diagnostics K.K., Tokyo Japan), and the ADAMTS13 antigen
level was determined using ADAMTS13 ELISA kits (Mitsu-
bishi Chemical Medience Co, Tokyo, Japan).! ADAMTS13
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activity was measured using the ADAMTSI13 Activity Kit
(Kainos Laboratories, Tokyo, Japan),?® thrombomodulin
(TM) was measured using TM (MKI) EIA kits (Mitsubishi
Kagaku Iatron Co Ltd), and TPO was measured using Human
TPO Immunoassay kits (R&D Systems, Minneapolis). For coa-
gulation and fibrinolysis testing, an LPIA A-700 (Mitsubishi
Chemical Medience Co) was used to measure the prothrombin
time, with results expressed as international normalized ratio
(PT-INR), p-dimers, and tissue plasminogen activator inhibitor
(t-PAI). The spleen size was determined using computed tomo-
graphy (CT), magnetic resonance imaging (MRI), or ultrasono-
graphic measurements. The splenic index (SI 4(long axis/2) x
short axis) was calculated, and spleens with an SI value higher
than 20 were considered to exhibit splenomegaly.

Statistical Analysis

The analysis of the biochemical parameters, coagulation/fibri-
nolysis factors, SI index, and so on, and the multiple regression
analysis were preformed using the data analysis software
STAT FLEX, Ver. 4.1 (Artec, Ltd, Osaka, Japan).

Results
Patient Background

The numbers and sex (male/female) of patients at each stage
was 50 patients (37/13) with CH, 18 patients (7/11) with LC,
and 21 patients (9/12) with LC + HCC. The patient age tended
to increase with the progression of the fibrosis stages: 57.4 +
10.6 years among patients with CH, 65.3 + 9.5 years among
patients with LC, and 70.0 1+ 9.1 years among patients with
LC + HCC. The CBC profile, biochemical parameters, coagu-
lation/fibrinolysis factors, and inflammation markers are sum-
marized according to each stage in Table 1.

Platelet Count

The platelet count decreased with the progression of fibrosis
staging, and significant differences in the platelet count were
observed between the stages: 182.8 + 47.5 x 10°/uL among
patients with CH, 85.9 + 33.6 x 10%/uL among patients with
LC, and 66.7 + 252 x 10°/uL among patients with LC +
HCC (Table 1 and Figure 1).

Liver Function

Prothrombin time-international normalized ratio (PT-INR),
which represents the overall coagulation capacity of the
extrinsic pathway, is a good marker for hepatic protein synth-
esis. Prothrombin time—international normalized ratio was
positively correlated with the progression of the fibrosis
stages; 1.03 + 0.05 among patients with CH, 1.18 + 0.16
among patients with LC, and 1.22 + 1.13 among patients
with LC + HCC; significant differences were observed
among the stages (P < .01; Table 1). A negative correlation
was seen between PT-INR and the platelet count (r = —.71,
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Table 1. Clinical Characteristics of Patients With Chronic HCV Infection

Variable CH LC LC + HCC
Platelet count (x 10°/uL) 182.4 + 48.7*° 91.3 + 33.0 65.7 + 23.I°
Splenic index (SI) 147 + 42°° 234 4+ 95 242 + 73
PT-INR 1.03 + 0.05%° .18 + 0.16 122 + 0.13
Albumin, g/dL 43 + 0.4*° 3.6 + 07 35 + 04
Total bilirubin, mg/dL 05 + 02*° 07 + 04 0.88 + 033
Thrombopoietin, pg/mL 425 + 33.19 399 + 378 703 + 687
von Willebrand factor, % 1534 4+ 52.6*° 208.7 + 83.1 243.6 + 65.3
Thrombomeodulin, U/mL 160 + 5.7*° 229 + 88 258 + 75
ADAMTSI3 antigen, % 1032 + 32.9° 138.6 + 58.1 107.6 + 31.2
ADAMTSI3 activity, % 972 + 28.8° 123.0 + 432 102.1 + 275
vWE/ADAMTSI3 activity 17 + 07° 20 + 13 27 + 15
o-Dimer, pgimL 0.44 + 0.28°¢ 0.72 + 0.60 0.87 + 0.82
PAI-1, ng/mL 189 + 65 198 + 7.1 19.1 + 105
CRP, mg/dL 0.1 + 0.02 0.11 + 0.02 0.13 + 0.05

Abbreviations: CH, chronic hepatitis; LC, liver cirrhosis; LC + HCC, LC complicated with hepatocellular carcinoma; PT-INR, prothrombin time—international
normalized ratio; vWF, von Willebrand factor; CRP, C-reactive protein; PAl-1, plasminogen activiator inhibitor |; ADAMTS13, a disintegrin and metalloproteinase

with a thrombospondin type | motif, member 13.
*P < .0l versus LC.

® P < 0l versus LC + HCC.

€P < .05 versus LC.

4P < .05 versus LC + HCC.
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Figure [. Platelet counts in chronic hepatitis C virus (HCV)
infection patients with chronic hepatitis (CH), liver cirrhosis
(LC), and liver cirrhosis complicated by hepatocellular carcinoma
(LC + HCC). The open circles represent each individual
patient, and the mean of each patient group is indicated by the
horizontal line. Statistical differences are indicated with *P < .05
and *P < 0].

P < .0001), suggesting that the platelet count decreases with
impaired liver function in patients with chronic HCV infec-
tion (Figure 2). A positive correlation (r = .59, P < .0001) was
observed between the platelet count and the albumin level, which
represents hepatic protein synthesis, and an inverse correlation
was observed between the platelet count and the total bilirubin
level, the elevation of which represents a fibrosis-related impair-
ment in bile secretion (r = —.49, P <.0001). Of these markers of
liver function, the coefficient value of PT-INR exceeded those of
the others. A negative correlation was also observed between
PT-INR and the albumin level (» = —.73, P < 0.0001), and a
positive correlation was observed between PT-INR and the total
bilirubin level (» = .76, P < .0001).

Splenomegaly

Splenomegaly is considered to be one of the major causes of
thrombocytopenia during chronic HCV infection. The SI was
14.7 + 4.2 among the patients with CH, 23.7 + 9.2 among the
patient with LC, and 25.3 + 8.2 among the patients with LC +
HCC. These values were significantly different (P < .01; Table
1), suggesting that splenomegaly increases in size with the pro-
gression of the fibrosis stage. A negative correlation was
observed between the platelet count and the splenomegaly
(r = —.65, P <.0001; Figure 3), confirming the previous notion
that the thrombocytopenia was attributable to splenomegaly in
proportion to the stage of progression. On the other hand, of the
33 patients with a platelet count of less than 100 x 10*/pL, 8
patients had no significant splenomegaly, while 25 patients had
splenomegaly with SI values higher than 20. These findings
imply that there are some cases of thrombocytopenia that are
unexplainable by splenomegaly. '
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Figure 2. Scattergram showing the correlation between prothrombin
time—international normalized ratio (PT-INR) and the platelet count
(r = —.71, P < .0001). The line represents the linear regression of
PT-INR versus platelet count. The symbols represent the patients as
follows: open circle, chronic hepatitis (CH); square, liver cirrhosis
(LC); and triangle, liver cirrhosis complicated by hepatocellular carci-
noma (LC + HCC).

Thrombopoietin

The TPO concentrations were 42.5 + 33.1 pg/mL among
patients with CH, 39.9 + 37.8 pg/mL among patients with
LC, and 70.3 + 68.7 pg/mL among patients with LC + HCC,
respectively; no significant differences were observed among
the stages (Table 1). No correlation between the platelet count
and the TPO concentration was seen (r = —.23, P < .0475).

von Willebrand factor Antigen
The vWF antigen values were 153.4% =+ 52.6% among

patients with CH, 208.7% + 83.1% among patients with LC,
and 243.6% + 65.3% among patients with LC + HCC. These
values were significantly different (P < .01; Table 1), suggest-
ing that vWF antigen increases with the progression of the
stage of chronic HCV infection. A negative correlation was
observed between the platelet count and the vWF antigen value

(r = —.54, P <.0001; Figure 4).

Thrombomodulin

Thrombomodulin is often used as a marker of endothelial cell
damage. As expected, the TM values were 16.0 + 5.7 U/mL
among patients with CH, 22.9 + 8.8 U/mL among patients
with LC, and 25.8 + 7.5 U/mL among patients with LC +
HCC. These values were significantly different (P <.01; Table
1). A negative correlation was observed between the platelet
count and the TM value (r = —.51, P < .0001; Figure 5A), and
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Figure 3. Scattergram showing the correlation between the platelet
count and the splenic index (Sl; r = —.65, P < .0001). The horizontal
and vertical lines denote the cutoff values used to define splenomegaly,
with Sl values higher than 20 and thrombocytopenia with a platelet
count less than 100 x 107 cells/pL, respectively. The symbols repre-
sent the patients as follows: open circle, chronic hepatitis (CH);
square, liver cirrhosis (LC); and triangle, liver cirrhosis complicated
by hepatocellular carcinoma (LC + HCC).

a positive correlation was observed between the vWF antigen
value and the TM value (r = .48, P < .0001; Figure 5B).

ADAMTSI3

A decrease in ADAMTSI3 activity is known to result in an
increase in ultra-large vVWF multimers, which is associated
with a low platelet count. The ADAMTSI13 activities were
97.2% + 28.8% among patients with CH, 123.0% + 43.2%
among patients with LC, and 102.1% + 27.5% among patients
with LC + HCC. No significant differences were observed
among the stages (Table 1). Neither a correlation between
ADAMTSI13 activity and the platelet count (r = —.22, P <
.0825; Figure 6) nor a correlation between ADAMTS13 activ-
ity and the VWF antigen value was observed (r = —.02, P <
.8746).

Multiple Regression Analysis

With the parameters measured in this study, we performed a
multiple regression analysis using thrombocytopenia as the tar-
get index. As a result, splenomegaly, PT-INR, and the vWF
antigen value were extracted as factors that were significantly
responsible for thrombocytopenia (Table 2, panel A). Since
splenomegaly is related to the impairment of liver function,
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with which the PT level is assumed to be associated, we also £
performed an analysis without PT-INR, revealing splenome- -
galy and the vWF antigen value as significant factors (Table 2,
panel B). We further performed a stratified analysis, in which
the patients were subdivided into 4 groups, based on 2 para- 0 5 M " . 5
meters: splenomegaly (+, SI > 20) or (—) and thrombocytope- O 100 200 300 400 500
nia (+, platelet count < 100 x 10* cells/uL) or (—). In the VWF (%}

splenomegaly (+) group, significant differences in spleen size
(SD), liver function, and the vWF antigen value were observed
between the thrombocytopenia (+) group and () group (Table
3). Taking into consideration the fact that impaired liver func-
tion is related to splenomegaly and that these 2 factors may be
evaluated as one in this group, splenomegaly appears to be
the major determinant of thrombocytopenia. However, among
the 55 cases without splenomegaly, a significant increase in the
vWF antigen value and PT-INR was observed in the thrombo-
cytopenia (+) group compared with the (—) group, while no
difference in spleen size or platelet count was observed. Thus,
in the group of patients without splenomegaly, some factors
related to the vWF antigen increase or liver function impair-
ment may play a role in inducing thrombocytopenia.

Other Markers

Fibrinolysis markers such as p-dimer and PAI-1 were evaluated
in reference to thrombocytopenia. However, no correlation was

Figure 5. Scattergram showing the correlation between thrombomo-
dulin (TM) and the platelet count (r = —51, P < .0001) (A) and
between TM and the von Willebrand factor (WWVF) antigen value (r
= .48, P <.0001) (B). The line represents the linear regression. The
symbols represent the patients as follows: open circle, chronic hepa-
titis (CH); square, liver cirrhosis (LC); and triangle, liver cirrhosis com-
plicated by hepatocellular carcinoma (LC + HCC).

observed between these markers and the platelet count in
patients with chronic HCV infection. Furthermore, no correla-
tion was observed between the platelet count and the CRP
level, which is often used a marker of systemic inflammation.

Discussion

Thrombocytopenia in chronic HCV infection may be caused by
platelet destruction/sequestration, the decreased production of
platelets, or platelet consumption. In this study, we sought to
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Figure 6. Scattergram showing the correlation between ADAMTSI3
activity and the platelet count (r = —.22, P < .0825). The symbols
represent the patients as follows: open circle, chronic hepatitis (CH);
square, liver cirrhosis (LC); and triangle, liver cirrhosis complicated by
hepatocellular carcinoma (LC + HCC).

evaluate the roles of various factors that may contribute to
thrombocytopenia. ‘

Platelet destruction/sequestration by splenomegaly induced
by liver fibrosis is a major cause of thrombocytopenia. In this
study, examining 89 patients infected with HCV, splenome-
galy, impaired liver function as represented by PT, and the
vWF antigen value were correlated well with thrombocytope-
nia, and a multiple regression analysis also extracted these 3
parameters as explanatory variables for thrombocytopenia,
confirming the results of previous reports.****¢ Since spleno-
megaly and PT are partially dependent, we removed PT from
the analysis to extract other underlying factors; only splenome-
galy and the vWF antigen value were identified as major deter-
minants of thrombocytopenia, with splenomegaly exhibiting
the stronger dependence. On the other hand, a splenectomy
or the shunting of the portal veins does not necessarily correct
the low platelet count,*! suggesting that some mechanism
other than splenomegaly is responsible for thrombocytopenia
in liver fibrosis induced by HCV infection. In our stratified
analysis of 55 cases without splenomegaly (SI < 20), signifi-
cant differences in the vWF antigen value and PT were
observed between the thrombocytopenia (+) group and the
thrombocytopenia (—) group, although no significant differ-
ence in spleen size was noted. These findings suggest that even
among cases without splenomegaly, thrombocytopenia is
induced by some other factors that may be related to an eleva-
tion in the vWF antigen level or the impairment of liver
function.

D d from cat.35

Table 2. Multiple Regression Analysis of Variables Associated With
Thrombocytopenia

A. Analysis with PT, splenic index, and vWF antigen

Variable t P

4.662
3.079
2410

.000013
.002905
018406

PT-INR
Splenic index (S1)
vWEF antigen, %

B. Analysis with splenic index and vWVF antigen
Splenic index (Sl) 6413
vWEF antigen, % 3.484

<.00001
.00078

Abbreviation: PT-INR, prothrombin time—international normalized ratio; vWF,
von Willebrand factor.

The impaired production of platelets, that is, impaired
thrombopoiesis, may be partially responsible for thrombocyto-
penia in patients infected with HCV. Thrombopoietin is a
major cytokine that stimulates the proliferation and differentia-
tion of the megakaryocytic lineage, with resultant platelet pro-
duction.*** Since TPO is produced by the liver, impaired liver
function in chronic HCV infection may lead to a low level of
TPO in the blood, which cannot maintain normal thrombopoi-
esis in the bone marrow and the peripheral platelet count.”* In
agreement with this hypothesis, a negative correlation between
the blood TPO level and the progression of the stage of liver
disease has been reported in patients with HCV infection.?®
On the other hand, a previous study hypothesized that the total
blood TPO is maintained at a certain level, irrespective of liver
function, and that the blood TPO level is inversely related to the
platelet count since TPO binding to its receptors on platelets
and megakaryocytes tends to lower the blood TPO level *®
Based on this hypothesis, it follows that the blood TPO is ele-
vated in proportion to the severity of thrombocytopenia in
patients with chronic HCV infection. In the present study, we
found that no correlation existed between the platelet count and
the blood TPO level, although the blood TPO level tended to be
elevated in the LC + HCC group. A multiple regression anal-
ysis did not recognize TPO as an explanatory factor, and it is
likely that TPO contributes minimally to thrombocytopenia
in patients with chronic HCV infection. Consistently, recent
reports have proposed that TPO produced by stromal cells in
the bone marrow acts locally on megakaryocytes”’*® and that
the blood TPO level does not reflect thrombopoiesis in the bone
marrow.®

Other hypotheses have also been presented in relation to
vWF-induced platelet consumption, which accounts for the
thrombocytopenia in patients infected with HCV. von Willeb-
rand factor associates with Glycoprotein IB (GPIB) molecules
on the platelet membrane and leads to platelet adhesion/aggre-
gation at sites of vascular damage. If the blood VWF level is
increased in patients with liver fibrosis, its interaction with pla-
telets may lead to the increased consumption of platelets,
resulting in thrombocytopenia.'*%3% von Willebrand factor
antigen has been reported to increase significantly with the pro-
gression of the stage of liver fibrosis,>® and vWF production
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Table 3. Stratified Analysis of Patients with Thrombocytopenia With or Without Splenomegaly

Splenomegaly — - + +
Platelet >10%/uL <10°/uL >10°/uL <10°/uL

n 47 8 8 25

Splenic index (SI) 135 + 29 154 + 25 233 + 34 293 + 6.1°
Platelet (x 10%/L) 182.5 + 47.1 794 + 175° 1405 + 29.1 61.2 + 217
von Willebrand factor, % 152.7 + 482 202.8 + 75.3¢ 179.1 + 292 268.7 + 88.6°
Thrombomodulin, U/mL 180 + 9.9 187 £ 52 20.5 + 10.2 274 + 9.1
PT-INR 1.03 + 0.06 112 + 0.04 1.07 + 0.05 126 + 0.15°

Abbreviation: PT-INR, prothrombin time~international normalized ratio.
* P < .05 versus splenomegaly (+) plus platelet > 10°/uL.
® P <.0! versus splenomegaly (—) plus platelet > 105/uL.
© P < .0l versus splenomegaly (-+) plus platelec > 10°/uL.
4P < .05 versus splenomegaly () plus platelet > 10°/uL.
© P < .01 versus splenomegaly (+) plus platelet > 10°/uL.
P < .0l versus splenomegaly (-) plus platelet > 105/uL.

has been postulated to be facilitated by the remodeling of the
liver tissue or endotoxic damage to the hepatocytes®' or extra-
hepatic organs, such as the spleen.’? Recent reports on vWF
regulation in patients with chronic HCV infection have focused
on ADAMTSI13 activity, which cleaves the vWF multimers.
An elevated vWF antigen level in patients with chronic HCV
infection may reflect a proportional decrease in ADAMTS13
activity and the existence of ultra-large vWF multimers, which
are apt to react with platelets.* possibly leading to thrombocy-
topenia. In accordance with this notion, a recent report has
demonstrated a correlation between the platelet count and
ADAMTSI13 activity in patients with advanced stages of liver
fibrosis, including HCV infection.”

Contrary to our expectation, we were unable to observe a
significant correlation between ADAMTS13 antigen/activity
(data not shown) and the platelet count in this study, and no sig-
nificant differences in these ADAMTS13-related parameters
were observed among the stages of liver fibrosis. The discre-
pancy between our study and previous reports, particularly that
of Uemura,'” appears to be attributable to the overall severity
of liver fibrosis in patients evaluated in each study. The report
of Uemura et al deals with a number of patients with consider-
ably advanced stages of liver fibrosis, such as those compli-
cated with ascites. The patient profile in terms of Child’s
classification corresponded to 33 cases of CH, 35 cases of
LC Child A, 33 cases of Child B, and 41 cases of Child C, with
mean ADAMTSI3 activities of 87%, 79%, 63%, and 31%,
respectively. A clear difference in the ADAMTSI13 activities
was observed among the stages of liver fibrosis, with the lowest
level observed with Child C. On the other hand, the patients in
our study all attended our outpatient clinic on a regular basis,
and the overall severity of liver fibrosis was far less than that
of the series reported by Uemura, which was comprised of 50
cases of CH, 23 cases of LC Child A, 13 cases of Child B, and
3 cases of Child C; the ADAMTSI3 activities were 95.9%,
119.5%, 92%, and 81%, respectively. Of note, the ADAMTS13
activities of even our Child B and C groups were fairly well
retained  (81%-92%), although these patients exhibited

considerably severe thrombocytopenia. Recent reports on the
pathogenesis of TTP have demonstrated that severe
ADAMTSI13 activity of less than 3% is required to increase
ultra-large vVWF multimers, resulting in thrombocytopenia.>*3
It is also now known that a simple deficiency in ADAMTS13
does not lead to overt TTP.?” Furthermore, hepatic stellate cells
have been reported to possibly be a key factor in the reduction of
plasma ADAMTS13 activities in rats with liver injury.>® Taken
together with the findings of these previous reports, our findings
that thrombocytopenia occurs in the apparent absence of clear
changes in ADAMTSI13 activity suggests that ADAMTSI3
changes may not be heavily involved in thrombocytopenia dur-
ing chronic HCV infection.

Stellate cells appear to play an important role in liver fibro-
sis, and it is well known that the number of hepatic stellate cells
is increased in cirrhotic liver in humans as well as rats. Further-
more, the current study revealed a relation between the
increased production of ADAMTS13 and the enhanced plasma
ADAMTSI3 activity in a rat model of steatohepatitis during
the process of liver fibrosis, where hepatic stellate cells are
known to proliferate, suggesting that hepatic stellate cells in the
liver play a significant role in the regulation of plasma
ADAMTS13 activity.?® Thus, it is speculated that stellate cells
remain functional until the very last stage of liver fibrosis,*’
and the level of ADAMTSI13, which is produced by stellate
cells, may be maintained until the most advanced stage of liver
cirrhosis,*® which agrees well with our findings and those of a
previous report®” in which little difference in the ADAMTS13
level was noted among the different stages of liver fibrosis. The
regulatory mechanism responsible for ADAMTS13 production
by hepatic stellate cells in advanced cirrhosis and the inactiva-
tion of ADAMTSI13 in humans requires further elucidation.

The vWF antigen value increased significantly with the pro-
gression of the stage of liver fibrosis in this study, in agreement
with the results of a previous report.*® Since the vVWF value was
not correlated with that of ADAMTSI13, the increase in the
vWF antigen value is likely due to its release from activated
endothelial cells. von Willebrand factor antigen is negatively
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correlated with the platelet count; in the multiple regression
analysis, it was extracted as an explanatory variable for
thrombocytopenia, although the P value was significance less
than that for splenomegaly. Thus, an elevation in the vWF anti-
gen value may be partly responsible for the thrombocytopenia
in patients with chronic HCV infection. However, the reference
value for vWF antigen is considerably wide among healthy
individuals, and further studies are needed to determine
whether the difference in the vWF antigen value according to
the stage of fibrosis is related to thrombocytopenia and to elu-
cidate the possible mechanism.

Thrombomodulin is expressed on vascular endothelial
cells and acts to regulate coagulation pathways by interacting
with thrombin, producing activated protein C. Since TM is
cleaved and released into the circulation during inflammatory
processes, it is used as a marker of endothelial cell damage.
Of particular interest is that this marker can be used to pre-
dict endothelial damage in the liver, independent of systemic
circulation.*’ In this study, we found that the TM level
increased with the progression of the stage of liver fibrosis,
in the absence of an elevation in the CRP level, representing
systemic inflammation. In chronic HCV infection, inflamma-
tory processes in the liver are assumed to play a role in fibro-
tic changes, and our findings suggest that TM can be a good
marker in predicting endothelial damage, that is, the process
of inflammation and fibrosis in the liver. Although a negative
correlation was observed between TM and the platelet count,
this factor was not extracted as an explanatory variable in the
multiple regression analysis. We found a good correlation
between the VWF antigen value and TM (r = 48, P <
.0001; Figure 4B), suggesting that both parameters may rep-
resent endothelial dysfunction induced by inflammatory
changes in the liver. Thrombomodulin might not have been
extracted as an explanatory variable in the multiple regres-
sion analysis as a result of its close association with vWF
antigen. Our notion is in good agreement with a previous
report that in liver damage induced by HBV and HCV infec-
tion in children, vWF antigen and TM can predict endothelial
cell function.** Taken together, our findings, along with those
of the previous report, suggest that TM can serve as a marker
for inflammatory changes in the liver in patients with chronic
HCV infection. Furthermore, thrombocytopenia in this disor-
der may be related to endothelial dysfunction revealed by its
activation, that is, vWF release, and its damage, that is TM
cleavage. This hypothesis seems consistent with previous
results indicating that TM and vWF change in parallel as
endothelial dysfunction markers.**
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Upshaw-Schulman syndrome (USS), also called hereditary
thrombotic thrombocytopenic purpura, is an autosomal reces-
sive disease characterized by thrombocytopenia and microang-
iopathic hemolytic anemia. USS is associated with hereditary
severe deficiency of plasma ADAMTS13 activity; patients with
USS have homozygous or compound heterozygous mutations
in the ADAMTSI3 gene [1-5]. ADAMTSI13 is a plasma
metalloprotease that regulates platelet aggregation through the
cleavage of von Willebrand factor (VWF) multimers. ADAM-
TS13-deficient plasma derived from patients with USS contains
unusually large VWF multimers, which can induce unwanted
hyperaggregation of platelets and microvascular thrombi. In
this study, we analyzed the relationship between genetic
variation of ADAMTSI3 and plasma ADAMTSI13 activity
in the Japanese general population. In addition, on the basis of
the data obtained via our genetic analysis, we estimated the
number of patients with USS in Japan.

The population examined is based on the Suita Study [6], an
epidemiologic study consisting of randomly selected Japanese
residents of Suita City, which is located in the second largest
urban area in Japan. Our study protocol was approved by the
ethical review committee of the National Cerebral and
Cardiovascular Center, and only subjects who provided written
informed consent for genetic analyses were included.

To identify common polymorphisms in the population, we
first sequenced all 29 exons and exon-intron boundaries of
ADAMTSI3 using 346 consecutive subjects, by means of
previously described methods [2]. We identified 25 polymor-
phisms with allele frequencies of the respective minor allele
> 0.01, including two in the promoter region, 10 in the exons,
and 13 in the introns. Of these, six were missense single-
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nucleotide polymorphisms (SNPs): p.T339R (c.1016C>G),
p-Q4MBE (c.1342C>G), p.P475S (c.1423C>T), p.P618A
(c.1852C>G), p.S903L (c.2708C>T), and p.Gl18IR
(c3541G>A). Next, we performed TagMan genotyping
assays (Applied Biosystems, Tokyo, Japan) for the missense
SNPs, using 3616 subjects whose plasma ADAMTS13 activ-
ities had been measured with the FRETS-VWF73 assay [7].
Allele frequencies for the minor alleles were 0.027 for p.T339R,
0.192 for p.Q448E, 0.050 for p.P475S, 0.027 for p.P618A, 0.048
for p.S903L, and 0.022 for p.G1181R. The observed genotypes
did not deviate significantly from Hardy-Weinberg equilib-
rium. The p.T339R and p.P618A SNPs were in absolute
linkage disequilibrium (> = 0.97), whereas the other missense
SNPs were not strongly linked (/* < 0.11).

The p.Q448E and p.P475S SNPs, but not the other missense
SNPs, were significantly associated with plasma ADAMTSI3
activity (Fig. 1A). The ADAMTSI3 activity (97% + 25% in
men, 111% + 28% inwomen, mean + standard deviation) of
p-Q448E heterozygotes (QE) and minor allele homozygotes
(EE) was slightly but significantly higher than that of major
allele homozygotes (QQ) (91% + 24% inmen, 104% = 26%
in women). In contrast, the ADAMTS13 activity (79% =+ 20%
inmen, 92% =+ 24% in women) of p.P475S heterozygotes (PS)
and minor allele homozygotes (SS) was significantly lower than
that of major allele homozygotes (PP) (94% + 24% in men,
108% =+ 27% in women). The difference in activity was
consistent with the observation that the recombinant ADAM-
TS13-P475S mutant has approximately 70% of the activity of
wild-type ADAMTSI13 [8]. It is interesting that p.P618A was
not associated with plasma ADAMTSI3 activity in the present
study, whereas the conditioned medium of HEK293 cells
expressing the A618 variant showed lower levels of activity
(27%) and antigen (14%) than the wild type [9]. POLYPHEN-2, a
program that predicts damaging missense mutations [10],
identified p.T339R and p.P618A as ‘possibly damaging’ and
‘probably damaging’, respectively, whereas the other four SNPs
were predicted to be ‘benign’.

As the ADAMTSI3 locus is near (130-190 kb) the ABO
locus on chromosome 9q34, we compared the frequencies of
the SNPs among ABO blood group genotypes (Fig. 1B). The
relative frequencies of p.T339R minor allele homozygotes and

© 2011 International Society on Thrombosis and Haemostasis
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Fig. 1. ADAMTSI3 variation in a Japanese general population. (A) Box-and-whisker plot (5th-95th percentiles) of plasma ADAMTS13 activity in each
genotype of p.Q448E and p.P475S. P, Kruskal-Wallis test. (B) The relative frequency of minor homozygotes, heterozygotes and major homozygotes for
each genetic polymorphism. (C) Scatter dot plot of plasma ADAMTS13 activity for men and women. On the basis of these activity measurements, 128
subjects were selected for sequencing of 4DAMTSI3. (D) The numbers of minor allele carriers in each group. One in eight p.Q448E carriers and two in nine
p-P475S carriers in the minimum group were homozygotes for the respective minor alleles.

heterozygotes were higher for AA, AO and AB than for BB,
BO and OO, suggesting that p.T339R is associated with the
blood group A allele. The p.P618A SNP, which is tightly
associated with p.T339R, exhibited the same pattern. The
p.P475S and p.S903L SNPs tended to be associated with the
blood group O allele.

We then utilized the plasma ADAMTSI3 activity data to
estimate the frequency of hereditary ADAMTSI13 deficiency.
In the population, 3200 DNA samples (1500 men and 1700
women) were available, from a quantitative standpoint, for
sequencing of ADAMTSI3. We selected 128 subjects according

© 2011 International Society on Thrombosis and Haemostasis

to their plasma ADAMTSI3 activity (Fig. 1C): 32 subjects of
the ‘minimum’ group (average activity, 47.1%), consisting of 15
men and 17 women with the lowest activities in each gender; 32
subjects of the ‘second minimum’ group (53.1%), consisting of
15 men and 17 women with the second lowest activities; 32
subjects of the ‘median’ group (97.6%), consisting of 15 men
and 17 women with median activities; and 32 subjects of the
‘maximum’ group (183%), consisting of 15 men and 17 women
with the highest activities. Each group corresponds to 1% of
the population examined. All DNA samples from the four
groups were subjected to ADAMTSI3 sequencing, which
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revealed that 70 individuals had at least one of the six missense
SNPs described above (Fig. 1D). Of these, only p.P475S
showed a significant difference in minor allele frequency among
four groups (P = 0.028, chi-square test). In addition, 14
individuals had rare non-synonymous mutations: seven
(p.F324L, p.F418L, pI673F, p.Q773X, p.Y1074AfsX46,
p-R1095Q, and p.S1314L) in the ‘minimum’ group; three
(p.I380T, p.Y1074AfsX46, and p.R1274C) in the ‘second
minimum’ group; two (p.Q723K and p.N1321S) in the ‘median’
group; and two (p.L19F and p.R268Q) in the ‘maximum’
group. Of these, p.I673F (c.2017A>T) and p.Y1074AfsX46
(c.3220delTACC) had been identified as causative mutations in
patients with USS [11,12]. All of the others were newly
identified mutations.

To estimate the number of individuals with a hereditary
ADAMTSI13 deficiency, we generated several hypotheses: (i) as
two individuals in each of the ‘median’ and ‘maximum’ groups
had rare mutations, two of every 32 people should have a
mutation that does not cause a functional defect of ADAM-
TS13; (i) thus, five (= 7 - 2) individuals in the ‘minimum’
group and one (= 3 - 2) individual in the ‘second minimum’
group should be the heterozygotes carrying a mutation with a
functional defect; (iii) other than these six (= 5 + 1)individuals
in the ‘minimum’ and ‘second minimum’ groups, no individual
should have any mutations that confer a functional defect. These
hypotheses were consistent with a prediction based on Pory-
PHEN-2: the p.S1314L, p.I380T, p.Q723K, p.N1321S, p.L19F
and p.R268Q mutations are ‘benign’, p.1673F and p.R1274C are
‘possibly damaging’, and the others are ‘probably damaging’.
According to the hypotheses, we estimated that six of 3200
individuals were heterozygotes for ADAMTS13 deficiency. This
estimation suggested that ~ 1 individual in 1.1 x 10° (= 6/
3200 x 6/3200 x 1/4) should be a homozygote or a compound
heterozygote for ADAMTS13 deficiency. In Japan, which has a
population of approximately 1.3 x 10, ~ 110 individuals may
have hereditary ADAMTS13 deficiency or USS. If we adjusted
our estimate of ADAMTSI3 deficiency from 6/3200 to 7/3200
or 5/3200, the number of patients would be 160 or 80,
respectively. The validity of these calculation procedures was
confirmed by StaGen Co., Ltd (Chiba, Japan), a company
specializing in genetics, statistics, and data analysis.

In conclusion, this study demonstrated that, in the Japanese
general population, there are six common missense SNPs:
p.T339R, p.Q448E, pP475S, p.P618A, p.S903L, and
p.G1181R. Of these, p.Q448E and p.P475S are significantly
associated with plasma ADAMTSI3 activity. Allele frequen-
cies of these SNPs correlate with ABO blood group. Finally, we
estimated the number of patients with USS in Japan, yielding a
figure that corresponds to approximately three times the
number of patients already diagnosed as having this condition.
Because of insufficient sample sizes, we may have underesti-
mated the prevalence of USS. Further studies are needed to
obtain more reliable conclusions.
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Successful fertility management of a patient with
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Congenital factor V (FV) deficiency is a rare bleeding disorder
caused by homogenous or compound heterozygous mutations of
the FV gene. It is an inherited autosomal recessive trait, and more
than 60 mutations associated with FV deficiency have been reported
(1). No precise epidemiologic data exist for congenital FV defi-
ciency, but its prevalence has been estimated to be 1 in 1,000,000
persons (2). Patients with FV deficiency experience bleeding,
mainly into the skin, mucous membranes, joints, and muscles (3).
In the field of gynecology, menorrhagia is one of the most com-
mon bleeding symptoms in females with inherited bleeding disor-
ders, including FV deficiency (1). In those with normal hemostatic

Received November 25, 2010; revised December 27, 2010; accepted
January 5, 2011; published online February 3, 2011.

A.l has nothing to disclose. M.G. has nothing to disclose. S.M. has noth-
ing to disclose. W.H. has nothing to disclose. H.K. has nothing to dis-
close. T.N. has nothing to disclose. S.T. has nothing to disclose. T.K.
has nothing to disclose. S.S. has nothing to disclose. H.T. has nothing
to disclose. T.N. has nothing to disclose. N.S. has nothing to disclose.
T.M. has nothing to disclose. F.K. has nothing to disclose.

Reprint requests: Akira lwase, M.D., Department of Obstetrics and Gynecol-
ogy, Nagoya University Graduate School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466-8550, Japan (E-mail: akiwase@med.nagoya-u.
ac.jp).

Fertility and Sterility® Vol. 95, No. 6, May 2011

Copyright ®2011 American Society for Reproductive Medicine, Published by Elsevier Inc.

function, ovulation-related hemoperitoneum may be of little clinical
consequence. However, more serious bleeding episodes have been
described in female patients with von Willebrand disease (4, 5,
hemophilia A (6), congenital afibrinogenemia (7, 8), factor X
deficiency (9), and factor XIII deficiency (10). We report the case
of an FV-deficient patient who desired to become pregnant and
was treated with the prophylactic administration of fresh frozen
plasma (FFP) accompanied with anaphylactic reactions against re-
peated occurrences of ovulation-related hemoperitoneum.

CASE

The patient’s coagulation defect was diagnosed at 3 months of age
because of an intracranial hemorrhage. Her plasma FV activity
was 0.7%, and molecular analysis revealed compound heterozygous
defects. She had repeated bleeding into the skin, muscles, and joints
and was treated with FFP. She had experienced menorrhagia since
menarche at the age of 13 years. However, she needed neither
FFP administration nor the routine use of oral contraceptives. At
the age of 18 years, she first experienced intraabdominal bleeding
after ovulation. Oral contraceptive pills were routinely administered
starting at the age of 22 years, and successfully prevented the relapse

0015-0282/$36.00
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of ovulation-related hemoperitoneum. At 28 years of age, she
wanted to become pregnant and discontinued oral contraceptive
pills. Transvaginal ultrasound showed a leading follicle of 16 mm
in diameter on the thirty-third day of menstruation. She had acute
abdominal pain the next day. Ultrasonographic examination showed
a hemorrhagic cyst in the right ovary and a moderate amount of
free fluid in the pelvis. A blood test showed a prothrombin time of
47.4 seconds (17% of control), an activated partial thromboplastin
time of 145.3 seconds (18% of control), and a fall in hemoglobin
level from 13.5 to 10.4 g/dL. FFP was administered for 2 days,
and her symptoms improved. Because of previous allergic reactions
to FFP, 100 mg of hydrocortisone sodium succinate (Solu-Cortef;
Pfizer Japan, Tokyo, Japan) was administered intravenously as pre-
medication. Because the prophylactic FFP administration was nec-
essary for every ovulation period, controlled ovarian stimulation
using gonadotropin (Gonapure; ASKA Pharmaceutical, Tokyo,
Japan) and intrauterine insemination was performed to achieve preg-
nancy. The follicle development was monitored with transvaginal
ultrasound every other day, and 5,000 IU of human chorionic gonad-
otropin (Gonatropin; ASKA Pharmaceutical) was administered in-
tramuscularly in the moming of the day before intrauterine
insemination when a leading follicle reached >18 mm in diameter;
10 IU of FFP with 100 mg of hydrocortisone sodium succinate was
administered after hCG. Intrauterine insemination was performed at
approximately 9:00 aM the next day. It was confirmed with transva-
ginal ultrasound 1 or 2 days after ovulation that no hemorrhagic
cysts or no intraabdominal bleeding occurred. Pregnancy was
achieved in the fifth treatment cycle with a similar protocol, which
resulted in a 9-week spontaneous complete abortion, and neither
FFP nor dilatation and curettage was needed. On-going pregnancy
was achieved in the third treatment cycle after miscarriage. The
course of the pregnancy was uneventful until 30 weeks’ gestation.
The patient then had severe lower abdominal pain at 31 weeks’ ges-
tation. An emergency Cesarean section, accompanied by FFP ad-
ministration, was performed under general anesthesia. Blood loss
during surgery was 1065 g. The infant was born with a weight of
1642 g (1- and 5-min American Pediatric Gross Assessment Record
scores were 4 and 7, respectively); 10 IU of FFP was administered
daily for 4 consecutive days after the operation. The patient’s post-
operative course was uneventful, and the patient was discharged on
the seventh day after the birth of a healthy boy.

Pregnancy and
delivery

Management

Details on
hemoperitoneum

Age at
onset

oral contraceptive; RBC

DISCUSSION

Severe FV deficiency is characterized by FV levels <10% and rep-
resents the phenotypic expression of mutations in a homozygous or
combined heterozygous state (11). Patients who are homozygous
have a median FV activity of <0.01 U/mL (range < 0.01-0.05).
All ultimately experience bleeding, mainly into the skin and mucous
membranes (44%), joints and muscles (23%), and genitourinary
(19%) and gastrointestinal tracts (6%) (3). The mainstay of treat-
ment for bleeding episodes including menorrhagia is FFP, because
no FV-specific concentrate is available (11).

After ovulation, the follicles may form hemorrhagic ovarian
cysts, which cause a hemoperitoneum if rupture occurs (12). This
ovulation-related hemoperitoneum has been seldom described in in-
herited bleeding disorders, although life-threatening bleeding epi-
sodes might occur. Girolami et al. (13) reviewed patients with rare
coagulation disorders who had ovulation-related hemoperitoneum
as a bleeding manifestation. Only three cases, including the present
case, have been reported regarding treatment for ovulation-related
hemoperitoneum in FV deficiency (Table 1) (13, 14). The

Other
symptoms

whole blood; OC

Year

fresh frozen plasma; WB
Iwase. Pregnancy attempt in FV deficiency. Fertil Steril 2011.
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prevention of recurring ovulation-related hemoperitoneum is desir-
able in order to avoid life-threatening bleeding and loss of ovarian
function because of surgery.

Combined oral contraceptive pill use has been widely accepted
for its efficacy in managing of dysmenorrhea, menorrhagia, and
metrorrhagia. Patients with menorrhagia owing to inherited bleed-
ing disorders may also benefit from hormonal therapy (3). More-
over, hormonal suppression of ovulation with the use of the
combined oral contraceptive pill has successfully prevented
recurrence in patients with rare bleeding disorders, including
FV deficiency (12, 13). However, a problem can arise if the
woman wishes to suspend contraceptive treatment in order to
conceive. In addition, pregnancy and delivery seem to represent
a dangerous challenge for patients with severe FV deficiency.
Moreover, it is possible that such factors may have been
involved in a small number of pregnancies and deliveries
reported previously (15, 16). In our case, the patient had been
taking oral contraceptive pills for 6 years and wished to become
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Abstract The epidemiology of primary immune thrombo-
cytopenia (ITP) is not well-characterized in the general popu-
lation. Most published studies, which have included relatively
small numbers of ITP patients, have been conducted in Eng-
land or Scandinavian countries. No epidemiologic data from
Asian countries have been published. This study describes the
epidemiology of ITP in a Japanese population. We analyzed
the database registry of the Ministry of Health, Labour, and
Welfare of Japan, and extracted newly diagnosed acute and
chronic ITP patients with a platelet count of <100 x 10°/L.
From 2004 to 2007, 7,774 cases of ITP were reported, giving
an overall incidence of 2.16/100,000/year. The incidence
differed greatly between males and females, being 1.72 and
2.58, respectively. The median age of the total affected pop-
ulation was 56 years old. In male patients, there was a striking
preponderance of boys below 4 years and a very high peak
among those aged 75-89 years. In female patients, the number
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of ITP patients appeared to show a trimodal distribution by
age, with the first peak representing patients below 4 years,
the second peak those aged 20~34 years, and the third peak
those aged 50-89 years. In conclusion, the incidence of ITP in
Japan is not markedly different from that of European coun-
tries studied to date. This population-based study reveals that,
contrary to previously published studies, the maximum age-
specific incidence is in the eighth decade.

Keywords ITP - Epidemiology - Incidence

1 Introduction

Primary immune thrombocytopenia (ITP) is an autoim-
mune bleeding disorder in which antiplatelet autoantibod-
ies bind to antigens on the surface of platelets and cause
accelerated destruction [1]. Impaired platelet production
may also contribute to the low platelet counts [2].

There are only limited data on the incidence of ITP
[3-12]. Published studies describe a relatively small
number of ITP patients.

We aim to update earlier estimates of the incidence of
this disease, as these are essential in designing treatment
trials and planning services for the patient population. In
the present study, we report up-to-date estimates of the
incidence of ITP using the large database of the Ministry of
Health, Labour, and Welfare of Japan.

2 Materials and methods
2.1 Patients

The diagnosis of ITP was based on thrombocytopenia
(platelet count less than 100 x 109/L), normal or increased
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Table 1 Overall and sex-specific incidence of child and adult ITP

Overall Childhood Adult

Number of patients Incidence Number of patients Incidence Number of patients Incidence
Overall ITP 7,774 2.16 929 1.91 6,845 2.20
Male 3,043 1.72 505 2.01 2,538 1.68
Female 4,731 2.58 424 L.79 4,307 2.69
bone marrow megakaryocytes without morphologic evi- 68
dence of dysplasia, and no secondary immune or non- ;
immune disease that could account for the thrombocyto- i Females! g
penic state [13]. Acute and chronic ITP patients were g
included in this analysis.

2.2 Health care system for intractable disease in Japan

In Japan, ITP is considered to be an intractable disease and
treated as a specified disease. Specified diseases are sub-
sidized partly or totally based on the severity of the disease
by public expense. A physician who newly diagnoses and
treats an ITP patient issues a medical certificate and an
application form for the recognition of the specified dis-
ease, which certifies that the patient is suffering from ITP
and describes detailed clinical information. The patient
applies for the recognition of the specified disease to the
Department of Health and Medical Care of the regional
prefecture through the regional public health center. Before
the application form is registered in the centralized data-
base, the form undergoes a series of quality checks, such as
the accuracy of diagnosis according to the criteria men-
tioned above. Thereafter, the data are sent from the
Department of Health and Medical Care of the regional
prefecture to the database of the Ministry of Health,
Labour, and Welfare of Japan.

2.3 Data analyses

We analyzed the database for the years 2004-2007. The
database includes details of patient characteristics, hem-
orrhagic symptoms, prescription information, and labora-
tory tests. Population information was obtained from the
census of the Ministry of Internal Affairs and Communi-
cations. The population included in this study comprised an
average of 90.0 million inhabitants, corresponding to 71%
of the total Japanese population.

ITP patients were divided by age into those with child
and adult ITP. Child ITP was that in patients below
14 years.

Comparisons of therapies and platelet counts were
performed using the x> test with Yates’s correction. Sig-
nificance was defined as a probability value of less than
0.05.
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Fig. 1 Age/gender-specific incidence of ITP per 100,000 population

3 Results
3.1 Incidence

There were 7,774 patients in the database, and they con-
sisted of 4,731 females (61%) and 3,043 males (39%) in
the years 2004—2007 (Table 1). The annual incidence was
2.16 per 100,000. The incidence differed greatly for males
and females. The incidence in females was 2.58, while that
in males was 1.72. ITP patients were divided into those
with child and adult ITP. The 7,774 patients consisted of
929 with child ITP (females 424; males 505), and 6,845
with adult ITP (females 4,307; males 2,538). The incidence
of child ITP was 1.91 (females 1.79; males 2.01), and that
of adult ITP was 2.20 (females 2.69; males 1.68).

3.2 Age and sex distribution

The median age of the entire population was 56 years
(females 54 years; males 60 years). Figure 1 shows the
age/gender-specific incidence, and Fig. 2 shows the age
and sex distribution of ITP patients.

In male patients, there was a marked preponderance of
boys among newborns and infants below 4 years, after
which the incidence fell to a low level between 10 and
49 years old, thereafter rising gradually with increasing
age. The highest peak of the incidence was among those
aged 75-89 years (Fig. 1), but the peak of the number of
patients moved to those aged 65-79 years (Fig. 2). Male
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