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eaths from pulmonary thromboembolism (PTE)
have increased in Japan annually.1 The numbers of
symptomatic PTE patients were estimated in both

1996 and 2000, and tended to increase between those
years.2,3 Independent risk factors for PTE were proposed in
the United States,4 and their incidence in Japan has been
reported;2,3,5 however, the odds ratio (OR) of each factor
has not been examined in Japan. Moreover, it is controver-
sial whether cardiovascular risk factors are causally related
to PTE.6–8

Our aims for this present study were to assess the poten-
tial risk factors for PTE and to estimate the recent incidence
of symptomatic PTE per year in Japan.

Methods
The present study was approved by the Ethics Committee

of Tohoku University. In July 2004, we sent questionnaires
to the clinical departments (all departments of internal
medicine, surgery, pediatrics, psychiatry, obstetrics and
gynecology, orthopedics, otorhinolaryngology, ophthal-
mology, dermatology and urology) of university schools of
medicine or medical colleges and to hospitals with more

than 100 beds in Japan. Based on the replies, we prospec-
tively assessed the number of new patients with PTE from
August 1, 2004 to September 30, 2004 and the potential
risk factors for PTE (obesity, prolonged immobilization,
recent major surgery, pregnancy/postpartum, recent major
trauma/fracture, cancer, coagulation disorders, diabetes
mellitus, hypertension, hyperlipidemia, smoking, and
drinking). Each case of PTE was paired with a control case
without PTE (matched for gender and age within 5 years,
and admitted closest after the case). Alcohol consumption
was calculated as g/day=amount of drink (ml/day)×con-
centration of alcohol (%)×0.8 (g/ml)/100, where the con-
centration of alcohol in beer, wine, sake, shochu (Japanese
distilled liquor), and whisky is 5%, 12%, 15%, 25%, and
40%, respectively, and 0.8 is the specific gravity of alcohol.
The number of patients with PTE per year was calculated
as the number of patients with PTE per year= the number
of patients with PTE per 2 months ×6/the response rate.

Definition of Terms
PTE was definitely diagnosed by (1) enhanced computed

tomography, (2) pulmonary angiography, (3) pulmonary
perfusion scintigraphy and/or pulmonary ventilation scin-
tigraphy, (4) magnetic resonance imaging, or (5) autopsy.
Acute PTE was defined as acute onset of less than 2 weeks.
Chronic thromboembolic pulmonary hypertension (CTEPH)
was defined as stable pulmonary thromboembolic lesions
for 6 months or longer with a mean pulmonary artery pres-
sure greater than 25mmHg, and pulmonary capillary wedge
pressure less than 12mmHg.9,10 Chronic PTE was the cases
that did not satisfy the criteria for acute PTE or CTEPH and
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included the subacute type in which acute onset of PTE is
diagnosed late, and acute-with-chronic type in which the
patient complains of slight symptoms for a long time be-
fore having an acute episode.11 Recurrent PTE was defined
as acute onset illness of less than 2 weeks with a past
history of acute PTE. Finally, unclassified PTE was defined
as the cases that did not fit any of the preceding categories
according to the participating doctor. Major surgery was
defined as abdominal surgery and/or surgery lasting more
than 45min within the previous 3 months.12–14 Immobiliza-

tion was defined as strict bed rest for longer than 3 continu-
ous days within the previous 3 months.14

Statistical Analysis
Analyses were performed using SPSS 13.0 (SPSS Inc,

Chicago, IL, USA), and StatXact 6 and LogXact 6 (Cytel
Software Corporation, Cambridge, MA, USA). All con-
tinuous variables were analyzed by Mann-Whitney test 
and expressed as mean±standard deviation. Potential risk
factors for acute PTE were assessed using conditional logis-

Table 1 Prognosis of Pulmonary Thromboembolism

Acute
Chronic CTEPH Recurrent Unclassified

In-hospital Out-hospital
(n=104*1) (n=65*2)

(n=17) (n=2) (n=4) (n=17)

30-day death 25 (25%) 11 (17%) 0 0 1 0
Cause of death
    First attack 19 6 0 0 0 0
    Recurrent attack   4 2 0 0 1 0
    Pre-existing disease       1*3     2*4 0 0 0 0
    Intracranial bleeding   1 1 0 0 0 0

*1Two of 104 cases were missed 30 days after diagnosing pulmonary thromboembolism. *2Two of 65 cases were missed. *3One with 
cancer, *4one with pneumonia and one with congestive heart disease. CTEPH, choronic thromboembolic pulmonary hypertension.

Table 2 Univariate Conditional Logistic Analyses of Potential Risk Factors for Pulmonary Thromboembolism

Case-control pairs, no.*1

Odds ratio (95%CI) p-value
+/+ +/– –/+ –/–

BMI (10 kg/m2) 2.37 (1.44–4.01)    0.0004
Prolonged immobilization   9 50   7 142 7.14 (3.22–18.67) <0.0001
Recent major surgery 26 46 10 126 4.60 (2.29–10.22) <0.0001
Pregnancy or postpartum   2   3   1 134 3.00 (0.24–157.5) 0.63 
Recent major trauma and/or fracture   3 18   3 184 6.00 (1.75–31.8)   0.002
Cancer 18 31 16 143 1.94 (1.03–3.79)  0.04  
Coagulation disorders   1   5   3 199 1.67 (0.32–10.73) 0.73  

*1+/+, indicates that both the case and the control had the characteristic; +/–, that the case had the characteristic while the control 
did not; –/+, that the case did not have the characteristic while the control did; –/–, that neither the case nor the control had the 
characteristic. BMI, body mass index.

Table 3 Chronic Diseases and Personal Habits

Case-control pairs, no.*1

Odds ratio (95%CI) p-value
+/+ +/– –/+ –/–

Diabetes mellitus
    All pairs   9 21 29 145 0.72 (0.39–1.31) 0.32
    Selected pairs   3 18 18   88 1.00 (0.49–2.04) 1.00
Hypertension
    All pairs 87 34 45   74 0.76 (0.47–1.21) 0.26
    Selected pairs 30 21 26   51 0.81 (0.43–1.49) 0.56
Hyperlipidemia
    All pairs 13 35 35 119 1.00 (0.61–1.65) 1.00
    Selected pairs   6 21 15   83 1.40 (0.69–2.92) 0.41
Smoking*2

    All pairs 0.93 (0.62–1.38) 0.78
    Selected pairs 0.93 (0.62–1.38) 0.78
Drinking*3

    All pairs 1.00 (0.62–1.61) 1.00
    Selected pairs 1.00 (0.62–1.61) 1.00

*1+/+, indicates that both the case and the control had the characteristic; +/–, that the case had the characteristic while the control 
did not; –/+, that the case did not have the characteristic while the control did; –/–, that neither the case nor the control had the 
characteristic.
*2We gave a score of 0 to non-smokers, 1 to ex-smokers (≥3 months), and 2 to current smokers for conditional logistic regression.
*3We gave a score of 0 to non-drinkers, 1 to occasional drinkers, and 2 to drinkers for conditional logistic regression. Selected 
pairs indicate excluding pairs in which control admitted due to coronary artery disease, lung cancer, diabetes mellitus, or hyper-
tension.
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tic regression and the results are presented as estimated OR
with the corresponding 95%confidence intervals (CI). All
significant tests were 2-tailed, with p<0.05 considered as
statistically significant.

Results
A total of 6,321 questionnaires were sent, but 18 insti-

tutes were excluded from the analysis because they had
closed or merged. We received 1,878 valid replies, giving a
response rate of 29.8% (1,879/6,303). The response rate
was 36.0% for universities and 26.3% for hospitals. We
registered 209 cases (acute =169, chronic =17, CTEPH=2,
recurrent =4, and unclassified =17) for the case – control
study. Five cases were excluded from the calculation of the
incidence of PTE, because the occurrence of disease dif-
fered from the stated period. The rates of PTE cases were
6.9% for universities and 8.4% for hospitals. The number
of registered cases was 79 (0.0958cases/institute) in uni-
versities and 125 (0.1186cases/institute) in hospitals.

Case–Control Results
There were 209 case –control pairs (69 men pairs, 140

women pairs) and the respective ages and body mass index
(BMI) for the cases and controls were 64.7±14.9 and
64.3±15.2 years (p=0.16), and 24.4±5.0kg/m2 and 22.8±
3.8 (p=0.001). BMI ≥25 was found in 69 of 196 cases
(35.2%) and in 54 of 209 controls (25.8%) and ≥30 in 20 of
the cases (10.2%) and in 10 of the controls (4.8%). The 
30-day mortality and causes of death are shown in Table1.
The 30-day mortality for all PTE and the acute PTE cases
was 18.0% and 22.1%, respectively.

In the univariate analyses, BMI (OR, 2.37 (per 10kg/m2

increase); 95% CI, 1.44–4.01), prolonged immobilization
(OR, 7.14; 95%CI, 3.22–18.67), recent major surgery (OR,
4.60; 95% CI, 2.29–10.22), recent major trauma and/or
recent major fracture (OR, 6.00; 95%CI, 1.75–31.8), and
cancer (OR, 1.94; n 95%CI, 1.03–3.79) were significant
risk factors (Table 2). Oral contraceptive was excluded
from the analysis because only 1 subject had used contra-
ceptives (1 of the cases and none of the controls). Diabetes
mellitus, hypertension, hyperlipidemia, smoking, and
drinking were not significant risk factors in either all

matched-pairs or selected pairs excluding those in which
the controls were admitted because of coronary artery
disease, lung cancer, diabetes mellitus, or hypertension
(Table3). There were no significant differences in fasting
blood sugar, mean blood pressure, total cholesterol or
triglycerides (Table4). The levels of smoking in current
smokers and alcohol consumption in drinkers are shown in
Fig1.

Deep vein thrombosis was proved in only 62 cases
(29.8%). As an additional potential risk, antipsychotic
agents were reported in 6 cases, steroid use in 6 cases, vari-
cose veins in 3 cases, chemotherapy in 2 cases, and an
association with travel in 2 cases.

In the multivariate analysis, BMI (OR, 2.85 (per 10kg/m2

increase); 95% CI, 1.51–5.39), prolonged immobilization
(OR, 8.14; 95%CI, 3.15–20.99), recent major surgery (OR,
6.78; 95%CI, 2.67–17.32), and cancer (OR, 2.72; 95%CI,
1.25–5.95) were independent risk factors for PTE (Table5).

Incidence of PTE
The number of new patients with PTE was 204 (0 in

1,733 institutes, 1 in 104, 2 in 29, 3 in 10, and 4 in 3) dur-
ing the 2 months of the present study period (69 men, 135
women; mean age 64.8±15.1 years; excluding cases diag-

Case Control p-value

Fasting blood glucose (mg/dl)
    All pairs 120±59 113±40 0.11
    Selected pairs 121±60 111±34 0.09
Systolic blood pressure (mmHg)
    All pairs 125±17 126±17 0.26
    Selected pairs 125±16 127±18 0.48
Diastolic blood pressure (mmHg)
    All pairs   73±12   73±13 0.39
    Selected pairs   73±12   73±11 0.94
Total cholesterol (mg/dl)
    All pairs 186±49 191±50 0.71
    Selected pairs 184±52 185±53 0.73
HDL-cholesterol (mg/dl)
    All pairs   50±44   52±28 0.11
    Selected pairs   47±24   53±36 0.24
Triglycerides (mg/dl)
    All pairs 117±53 128±84 0.51
    Selected pairs 118±59 121±81 0.79

Table 4 Laboratory Date

HDL, high-density lipoprotein.

Fig1. Levels of smoking in current smokers and alcohol consump-
tion in drinkers. p=0.61 and p=0.45 respectively.
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nosed as PTE before August 1, 2004 or after September 30,
2004).

The estimated number of new patients with PTE per year
was 4,108 (95%CI, 3,564–4,712) and the incidence of PTE
was 32.2 (95%CI, 27.9–36.9) patients per 1,000,000 peo-
ple per year in Japan.

Discussion
Risk Factors for PTE

The results of the present study shows that the inde-
pendent risk factors for PTE in Japan are BMI, prolonged
immobilization, recent major surgery, and cancer.

The larger BMI is, the higher the risk for PTE. The
Japanese Society of Pulmonary Embolism Research
(JaSPER) reported that BMI was greater in PTE patients
than that in the general population,15 which indicates that
obesity is a risk for PTE also in Japan where extreme obe-
sity is less than in Western countries.16 Many Western
reports have demonstrated that obesity is one of the risk
factors for PTE,6,7,17 although Hansson et al reported that 
an increase in BMI was not a risk, rather an increase in
waist circumference.18 Venous congestion and an imbal-
ance of both coagulation and fibrolytic activity have been
thought of as mechanisms by which obesity became a risk
for PTE. Conversely, if obesity is decreased, coagulation
and fibrolytic activity are improved. Primrose et al indi-
cated that, after surgical treatment for excessive obesity,
levels of factor VII, fibrinogen and plasminogen activator
inhibitor type-1 that were elevated before surgery were
lowered, and activity of tissue plasminogen activator that
was previously undetected was increased and normalized.19

Male obesity has been increasing in Japan,16 so reducing
obesity is important for the prevention not only of coronary
artery disease and cerebral vascular disease but also PTE.

Prolonged immobilization, recent major surgery, and
cancer were risk factors for PTE in the present study and
have been known as potential risks for PTE in Western
countries.4 In Japan, PTE occurred in 0.05% of all surgeries
(440/925,260), and the mortality was 18.9%.20 As for major
surgery, PTE occurred in 1.15% of thoracic surgeries, and
in 0.32% of abdominal surgeries.21 These incidences are
higher than the present incidence of PTE in the whole
population of Japan (0.0032%).

Western studies have shown that PTE is increased not
only by cancer itself but also by anticancer drugs.22 The in-
cidence is higher in cancer surgery than in non-cancer
surgery also in Japan (1.55% vs 0.20%).21 However, the
degree of risk of cancer for PTE had not been reported in
Japan and the present data indicate that cancer and surgery
are independent risk factors for PTE.

Pregnancy or the postpartum period, and recent major
trauma and/or recent major fracture did not constitute sig-
nificant risk factors. One of the reasons may be the small
number of cases with these factors. The incidence of PTE
is 0.02% of all deliveries and 0.06% of cesarean births in
Japan,23 which are higher than the incidence of PTE in the
whole population (0.0032%). In orthopedics, total knee
replacement and total hip replacement augment the inci-
dence of PTE.24 And the rate of deep vein thrombosis after
major joint surgery without prophylaxis in Asian patients is
similar to that in Western countries.25 However, there are no
reports assessing the independent risk of trauma and/or
fracture for PTE in Japan, excluding the effect of surgery.
Further examination is needed to clarify the risk factors for

PTE in obstetrics and orthopedics.
Oral contraceptive use is a risk for PTE in Western

countries,26 but excluded from our analysis, because there
was only 1 case in the present study, reflecting the low use
in Japan.

In the present study, smoking, alcohol consumption,
hyperlipidemia, hypertension and diabetes mellitus were
not risks for PTE. Previous findings are controversial about
whether the risks for atherosclerosis are also those for ve-
nous thromboembolism. As for smoking, some have shown
it to be a risk for PTE,7,18,27 but others have not.6,8,28 Pahor 
et al indicated that an increase in alcohol consumption
reduced the risk,28 but Tsai did not recognize a significant
relation between the amount of alcohol consumed and risk.8
In a case–control study, hypercholesterolemia was a risk
for deep vein thrombosis,29 but Lippi et al failed to demon-
strate an association.30 On the other hand, von Depka et al
suggested that increased lipoprotein (a) was an independent
risk factor for venous thromboembolism.31 Detailed evalua-
tions of US communities showed that total cholesterol,
high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol and lipoprotein (a) were not risk factors for
venous thromboembolism, and that, compared with a
triglyceride level of less than 91mg/dl, only levels from 91
to less than 140 increased the risk for venous thromboem-
bolism.8 Hypertension has been identified as a risk,7 but not
confirmed,6,8 and similarly for diabetes mellitus.6–8 Further
studies are needed to reach a conclusion on the relationship
between venous thromboembolism and the risks for athero-
sclerosis.

Mortality From PTE
The 30-day mortality rate from acute PTE (22.1%) in all

of Japan obtained in the present survey was high compared
with recent data from JaSPER (8.0%)32 and a possible
reason for the difference is the treatment regimens. How-
ever, a reduction in the mortality from PTE in Japan can
result from an increment in the number of diagnosed cases
of minor PTE,32 so another possible reason was insufficient
diagnosis of minor PTE in the present survey. On the other
hand, 30-day mortality from all types of PTE was 18.0% in
the present study, which was similar to that in the 2000
survey (16%).3

Incidence of PTE
There was no apparent increase in the number of clini-

cally diagnosed patients in the data from 2000.3
In the United States, age-adjusted mortality from PTE is

0.9 cases per 100,000 per year in non-black, non-white
Americans,33 and approximately 0.8 per 100,000 in Japan.1
The difference is small but the clinical cases between the 
2 populations differed: 7 diagnoses in 100,000 people per
year in non-black, non-white Americans34 and 3.22 in
Japan in 2004. The difference in the number of clinical

Odds
(95%CI) p-value

ratio

Body mass index (10 kg/m2) 2.85 (1.51–5.39)   0.001
Prolonged immobilization 8.14 (3.15–20.99) <0.0001
Recent major surgery 6.78 (2.65–17.32) <0.0001
Recent major trauma and/or fracture 3.57 (0.86–14.78) 0.08 
Cancer 2.72 (1.25–5.95)  0.01 

Table 5 Multivariate Conditional Logistic Analyses of Potential Risk 
Factors for Pulmonary Thromboembolism
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cases may relate to a difference in the diagnostic power for
PTE between Japan and the United States.

The diagnostic power of PTE in Japan is thought to have
improved in selected institutes.35 On the other hand, in insti-
tutes actively preventing venous thromboembolism, deep
vein thrombosis was found more often than before, but the
incidence of PTE was decreasing.36 These facts may be
responsible for the unchanged incidence of PTE as a whole
compared with that in 2000.

The prevalence of PTE in 2002 was 6,000 patients per
year, based on the patient survey by the Ministry of Health,
Labour and Welfare, Japan.37 This is larger than our estima-
tion, but a simple comparison between our results and the
prevalence cannot be made because our data included the
incidence, whereas the data from the national government
were estimated in 1,000’s.

Study Limitations
We selected potential risks thought have a high inci-

dence. Therefore, we did not assess central venous cathe-
ters, catheter examination/therapy, congestive heart disease,
and varicose veins. With further studies it will be possible
to assess these factors as risks for PTE.

The response rates for questionnaires regarding less
common diseases are low in general. The response rate of
studies on the incidence of PTE performed by us was
40.7% (2,341/5,748) in 1996, 30.6% (1,702/5,565) in 2000,
and 29.8% (1,878/6,303) in the present study. When the re-
sponse rate is 100%, the number of patients is made up from
questionnaires. But if not, random return of questionnaires
is necessary to estimate the number of patients. A low
response rate may give the assumption some bias. There-
fore, a low response rate is one of our study limitations.

Seasonal variation in the occurrence of PTE was not
taken into consideration when calculating the incidence of
PTE. However, the existence of such variation is contro-
versial.38,39 In a previous study of a small number of cases
we could not find a seasonal variation in Japan.40

Conclusion
The independent risk factors for PTE in Japan are BMI,

prolonged immobilization, recent major surgery, and can-
cer. The estimated number of newly diagnosed patients
with PTE per year was 4,108 (95% CI, 3,564–4,712) in
2004, and did not apparently increase from that in 2000.
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