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Chronic thromboembolic pulmonary hypertension (CTEPH) is char-
acterized by persistent thromboemboli in the pulmonary arteries,
which cause pulmonary hypertension and result in right heart failure
and death [1]. CTEPH occurs in 2-4% of patients with acute pulmonary
embolism (PE) [2], indicating a pathological relationship between the
two diseases. Several common risk factors for CTEPH and PE have
been reported, such as certain medical therapies, thrombophilia, and a
genetic predisposition [1,3,4]. However, no report has addressed the as-
sociation between CTEPH and schizophrenia, although an association
between PE and schizophrenia has been suggested due to enhanced
blood clotting from the long-term administration of antipsychotic
drugs and immobility syndrome [5]. We report a significantly higher
prevalence of schizophrenia in patients with CTEPH than in those with
pulmonary arterial hypertension (PAH) and the general population.

We treated 110 patients with CTEPH (63.1 4 1.3 years, 86 women)
and 150 patients with PAH (48.7 &+ 1.4 years, 110 women) diagnosed at
our hospital between December 1992 and June 2015. The diagnosis of
CTEPH and PAH, and schizophrenia was based on the current CTEPH
guideline [6] and Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, respectively. The mean pulmonary arterial pressure was
comparable between the two groups (CTEPH 42.0 + 0.9 mm Hg, PAH
43.7 4+ 1.5 mm Hg, P = 0.353). The prevalence of schizophrenia was
compared between patients with CTEPH and PAH, and the general
Japanese population in 2008 according to the Japanese government's
statistics [7,8] using Fisher's exact test with a significance level of
P < 0.016 for Bonferroni correction. The prevalence of schizophrenia
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was 8/110 patients with CTEPH, 1/150 patients with PAH, and
795,000/127,692,000 people in the general population; thus, it was sig-
nificantly higher in patients with CTEPH than in the other two groups
(both P < 0.01) (Fig. 1). The characteristics of patients with CTEPH and
schizophrenia are shown in Table 1. The period between the onset of
CTEPH and that of schizophrenia and antipsychotic medications was
valuable in each case.

This is the first report of such an association between CTEPH and
schizophrenia. The diagnosis of schizophrenia preceded the onset of
CTEPH in all cases. There are three possible reasons why schizophrenia
increased the prevalence of CTEPH. First, CTEPH is directly induced by
the activation of blood coagulation and enhanced blood clotting. Schizo-
phrenia and/or antipsychotics induce an increased release of adrenaline,
increased activation of the markers of thrombogenesis, increased level
of the antiphospholipid antibody, and changes in serotonin metabolism
in the platelets [5], all of which may cause CTEPH. Second, schizophrenia
and/or antipsychotics predispose individuals with PE to CTEPH. Three of
8 patients had a history of PE, which may have been underdiagnosed in
the other patients. Residual emboli and abnormalities on lung perfusion
scans are observed in 52% and 37% of patients, respectively, 1 year after
acute PE [9,10]. Therefore, antipsychotics may prevent thrombolysis
and anticoagulation of PE, and lead to CTEPH. Third, venous thrombo-
embolism may have been underdiagnosed and suboptimally treated
among patients with schizophrenia [5], which increased PE and
CTEPH. Although this needs confirmed in future studies with a large
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Fig. 1. Prevalence of schizophrenia in the general Japanese population, patients with PAH,
and patients with CTEPH. CTEPH, chronic thromboembolic pulmonary hypertension; PAH,
pulmonary arterial hypertension.
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Table 1
Characteristics of patients with CTEPH and schizophrenia.
Case no. Age at onset (years) Sex Onset of CTEPH after the diagnosis Medication Complication
of schizophrenia (years)
1 40 F 7 Risperidone -
2 61 M 2 Zotepine, lithium Hyperthyroidism
3 34 F 5 Quetiapine, haloperidol PE
4 47 F 10 Levomepromazine, valproate, lithium -
5 56 F 24 Risperidone, valproate, lithium PE
6 49 M 14 Paliperidone -
7 65 F 7 Haloperidol PE
8 72 M 35 Haloperidol, Chlorpromazine APS

APS, Antiphospholipid syndrome; CTEPH, chronic thromboembolic pulmonary hypertension; F, female; M, male; PE, pulmonary embolism; no., number.

sample, our finding suggests the importance of medical attention to the
pulmonary circulation of patients with schizophrenia.
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