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Objective

Several studies have shown that psychiatric disorders can be associated with venous thromboembolism (VTE) risk, i.e. pulmonary embolism (PE) and/or deep vein thrombosis (DVT). In this study, we provide a systematic review and meta-analyses of the studies addressing this issue.

Methods

All studies addressing the risk of VTE phenomena (whole VTE, PE, DVT, fatal VTE) in subjects with psychotic, mood and anxiety disorders published between 1998 and 2019 were reviewed and included in the meta-analyses. Main characteristics of the studies and data concerning VTE risk were extracted. The methodological qualities of the studies were also analysed.

A random-effects meta-analysis model was used. A meta-analysis was conducted separately for each disorder, as well as separately for unadjusted and adjusted studies. Metaanalyses were repeated considering only good-quality studies. Heterogeneity was assessed.

Results

Sixteen studies were reviewed and 15 included in the meta-analyses. Psychotic and bipolar disorders were significantly associated with VTE risk (VTE, DVT, PE, fatal VTE for psychotic disorder, ORs between 1.29 and 2.20; VTE, DVT and PE for bipolar disorder, ORs between 1.22 and 2.14). Depression and anxiety disorders were associated with VTE risk only in adjusted analyses (DVT and PE for depression, ORs = 1.29; VTE and PE for anxiety disorders, ORs between 1.14 and 1.49).

Conclusions

The risk of VTE among subjects with psychiatric disorders may be explained by hypercoagulability and stasis, with both being related to, and independent of, treatment sideeffects. VTE risk should be taken into consideration in the treatment of people with psychiatric disorders.

INTRODUCTION

Psychiatric disorders are associated with premature mortality. A recent cohort study in Denmark shows that the mortality rate ratio (MRR) of people with psychiatric disorders was 2.53 (95 % CI [2.52-2.54]), with variations according to the particular disorder (e.g., schizophrenia: MRR = 2.57, or mood disorders: MRR = 1.92) [START_REF] Plana-Ripoll | A comprehensive analysis of mortality-related health metrics associated with mental disorders: a nationwide, register-based cohort study[END_REF]. Considering all psychiatric disorders, the causes of this excessive mortality can be external (i.e., suicide, accidents or homicide) or natural, including circulatory (i.e., cardiovascular or cerebrovascular: MRR = 2.45, 95 % CI [2. 43-2.47]) and diabetes (MRR = 2.61, 95 % CI [2. 53-2.69]). A longitudinal study of subjects with psychotic or bipolar disorders in London found standardized mortality ratios (SMR) of 2.65 (95 % CI [2.45-2.86]) for circulatory system causes, 3.38 (95 % CI [3.04-3.74]) for respiratory system causes, and 1.45 (95 % CI [1.32-1.60]) for cancers deaths [START_REF] Das-Munshi | Ethnicity and excess mortality in severe mental illness: a cohort study[END_REF].

Venous thromboembolism (VTE), i.e. pulmonary embolism (PE) and/or deep vein thrombosis (DVT), are the third most common cardiovascular disorders, after coronary artery disease and heart failure, with an overall annual incidence of between 100 and 200 per 100,000 inhabitants [START_REF] Cohen | VTE Impact Assessment Group in Europe (VITAE). Venous thromboembolism (VTE) in Europe. The number of VTE events and associated morbidity and mortality[END_REF][START_REF] Delluc | Current incidence of venous thromboembolism and comparison with 1998: a community-based study in Western France[END_REF]. VTE is associated with high mortality rates. In a Canadian longitudinal study based on general populations registers, the 30-day and 1-year fatality was 2.0 % and 9.2 %, and was higher when PE alone was considered [START_REF] Alotaibi | Secular Trends in Incidence and Mortality of Acute Venous Thromboembolism: The AB-VTE Population-Based Study[END_REF].

Several studies and meta-analysis have shown that some psychotropic medications were associated with VTE phenomena, particularly concerning first-and second-generation antipsychotics (FGA: Odds-ratio (OR) = 1.74, 95 % CI [1. 28-2.37], SGA: OR = 2.07, 95 % CI [1.74-2.52]) [START_REF] Barbui | Antipsychotic drug exposure and risk of venous thromboembolism: a systematic review and meta-analysis of observational studies[END_REF], or antidepressants drugs (Relative-risk (RR) = 1.27, 95 % CI [1.06-1.51]) [START_REF] Kunutsor | Depression, antidepressant use, and risk of venous thromboembolism: systematic review and meta-analysis of published observational evidence[END_REF].

Other factors, such as low-grade inflammation, sedentary lifestyle, tobacco and substance use comorbidities, or metabolic syndrome are also associated with VTE phenomena [START_REF] Healy | Mortality in schizophrenia and related psychoses: data from two cohorts, 1875-1924 and 1994-2010[END_REF][START_REF] Leboyer | Can bipolar disorder be viewed as a multi-system inflammatory disease?[END_REF][START_REF] Saghazadeh | Inflammation as a cause of venous thromboembolism[END_REF][START_REF] Song | Metabolic Syndrome and Deep Vein Thrombosis After Total Knee and Hip Arthroplasty[END_REF][START_REF] Bonaldi | Hospitalizations for cardiovascular diseases attributable to tobacco smoking in France in 2015[END_REF][START_REF] Fond | Chronic low-grade peripheral inflammation is associated with ultra resistant schizophrenia. Results from the FACE-SZ cohort[END_REF]. These various factors are frequently and differentially associated with different psychiatric disorders.

Consequently, it would be interesting to gather and synthesize the different studies pertaining to the risk of VTE among patients with psychiatric disorders, independently of the risk factors.

Aims of the study

In the present systematic review and meta-analysis, our aim was to determine the risk of whole venous thromboembolism, pulmonary embolism, deep vein thrombosis, and fatal venous thromboembolism associated with different psychiatric disorders.

METHODS

We developed and followed a standard meta-analysis protocol previously registered (prospero registration number CRD42020136915, see Supplementary material).

Inclusion and exclusion criteria

The inclusion criteria of the different studies in this systematic review were:

-original studies; -clinical prospective or retrospective studies; -studies analysing the risk of VTE, PE, DVT, and/or fatal VTE among subjects/patients with psychiatric disorders in comparison to subjects/patients without psychiatric disorders (i.e., that published numbers of patients with and without VTE phenomena and with or without psychiatric disorders); -targeted psychiatric disorders were: psychotic disorders, bipolar disorders, depression, anxiety disorders and catatonia.

In addition to these criteria, and in order to be meta-analysed, the different psychiatric disorders need to be studied by at least two studies. Consequently, a psychiatric disorder with only one study would be added in the systematic review but not included in the meta-analysis.

The exclusion criteria were:

-no control population; -clinical psychiatric population (i.e. patients hospitalized in psychiatry settings, or subjects with psychiatric disorders) as control population; -in vitro studies; -no statistical comparison of VTE rates; -case reports or case series; -studies in populations of patients with a history of VTE disease (DVT and/or PE); -no details on the different types of psychiatric disorders (psychiatric disorders treated as a whole, without precision), and/or no data on psychiatric disorders.

Search strategy and study selection

The PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) guidelines were applied for systematic reviews and meta-analyses. The search covered two databases: MEDLINE and EMBASE. Only English language articles published between June 1, 1998 and December 31, 2019 were included. The search terms were designed to provide maximum sensitivity in the detection of studies (see Supplementary material for the details of the search strategy). Duplicates were removed.

All articles found in the databases searched were reviewed. This was first based on title and abstract screening, and secondly on full-texts. Two researchers (CK and BP) independently carried out the selection of the studies and the extraction of data. Discrepancies were subsequently addressed and discussed with a third researcher (HP).

Systematic review

The considered outcomes were: main characteristics of the studies (including prospective vs. retrospective, source of the data, duration of follow-up), number of patients with and without each considered psychiatric disorder in groups with and without VTE phenomena (whole VTE, DVT, PE, and/or fatal VTE), main characteristics of case and controls (age, sex and available clinical characteristics), adjustment factors, and statistic rates (hazard-ratio (HR), OR, RR, and 95 % CI), and p-values.

The methodological quality of studies was conducted with the Newcastle-Ottawa Scale (NOS). This scale has been developed to assess the quality of nonrandomised studies with its design, content and ease of use directed to the incorporation of the quality assessments in the interpretation of meta-analytic results. Studies were judged on three broad dimensions: the selection of the study groups, the comparability of the groups and the ascertainment of either the exposure or outcome of interest for case-control or cohort studies respectively. To separate studies according to their quality, values were attributed to each grade of the notation (a = 1, b = 2, c = 3, and d = 4). Based on the mean score in the different studied characteristics in NOS, studies were median-spited and separated in two samples (i.e., low and good quality studies).

Meta-analyses

We used a random-effects meta-analysis model, which assumes that the observed estimates of VTE, DVT, PE and fatal VTE can vary across studies because of real differences in each study as well as sampling variability. Analyses were conducted separately for the different psychiatric disorders. To examine the putative role of confounding factors, unadjusted and adjusted estimates were meta-analysed separately for each outcome (i.e. VTE, DVT, PE and fatal VTE) and each psychiatric disorder. We expected differences in the confounding variables taken into account in the adjusted model of the different studies. The robustness of the meta-analyses was determined by including only studies of good quality based on the NOS. Heterogeneity was assessed using the I 2 statistic, which represents the percentage of variation across studies due to heterogeneity, and ranges from 0 to 100 %; higher values indicate greater heterogeneity across studies [START_REF] Higgins | Measuring inconsistency in meta-analyses[END_REF]. Publication bias was assessed using funnel plots. Statistical analyses were performed using the R package "meta" for unadjusted ORs, and the R package "metaphor" (ORs were log-transformed following Chen and Peace (15) methods) for ORs that were adjusted on confounding variables.

RESULTS

Studies selection

The search revealed 6,211 potential studies. After duplicates were removed, and titles and abstracts screened, 398 records were selected. These 398 full-texts were then reviewed to assess eligibility according to inclusion and exclusion criteria. Of these 398 records, 381 were excluded, leaving 17 studies in the qualitative analysis. As adjustment disorder and post-traumatic stress disorder (PTSD) were each analysed in only one article [START_REF] Gradus | Associations between stress disorders and cardiovascular disease events in the Danish population[END_REF], they were not studied in the metaanalysis. No selected article assessed catatonia. As the study of Enga et al. [START_REF] Enga | Emotional states and future risk of venous thromboembolism: the Tromsø Study[END_REF] studied selfreported depression and loneliness without medical assessment, it was not included in the metaanalysis. Thus, 15 articles were included in the meta-analysis. See details in PRISMA diagram (Figure 1).
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Systematic review

Of the 17 studies included in the qualitative analysis, 15 studies concerned VTE [START_REF] Gradus | Associations between stress disorders and cardiovascular disease events in the Danish population[END_REF][START_REF] Enga | Emotional states and future risk of venous thromboembolism: the Tromsø Study[END_REF][START_REF] Strudsholm | Increased risk for pulmonary embolism in patients with bipolar disorder[END_REF][START_REF] Daumit | Adverse events during medical and surgical hospitalizations for persons with schizophrenia[END_REF][START_REF] Khaykin | National estimates of adverse events during nonpsychiatric hospitalizations for persons with schizophrenia[END_REF][START_REF] Parker | Antipsychotic drugs and risk of venous thromboembolism: nested case-control study[END_REF][START_REF] Menendez | Do Psychiatric Comorbidities Influence Inpatient Death, Adverse Events, and Discharge After Lower Extremity Fractures?[END_REF][START_REF] Menendez | Psychiatric disorders and major spine surgery: epidemiology and perioperative outcomes[END_REF][START_REF] Stundner | Demographics and perioperative outcome in patients with depression and anxiety undergoing total joint arthroplasty: a population-based study[END_REF][START_REF] Browne | Depression is associated with early postoperative outcomes following total joint arthroplasty: a nationwide database study[END_REF][START_REF] Buller | The influence of psychiatric comorbidity on perioperative outcomes following primary total hip and knee arthroplasty; a 17year analysis of the National Hospital Discharge Survey database[END_REF][START_REF] Hsu | A population-based cohort study on deep vein thrombosis and pulmonary embolism among schizophrenia patients[END_REF][START_REF] Lee | Depression and risk of venous thromboembolism: a population-based retrospective cohort study[END_REF][START_REF] Klement | Should We Think Twice About Psychiatric Disease in Total Hip Arthroplasty?[END_REF][START_REF] Drinane | Depression is associated with worse outcomes among women undergoing breast reconstruction following mastectomy[END_REF], and 2 concerned fatal VTE [START_REF] Søgaard | Atrial fibrillation in patients with severe mental disorders and the risk of stroke, fatal thromboembolic events and bleeding: a nationwide cohort study[END_REF][START_REF] Sundbøll | Impact of pre-admission depression on mortality following myocardial infarction[END_REF]. Sixteen were (prospective or retrospective) cohort studies, and one was a nested case-control study. The psychiatric disorders considered were depression (N = 12), schizophrenia (N = 10), anxiety disorders (N = 5), bipolar disorders (N = 4), and adjustment disorder and PTSD (N = 1). All of the studies used registers as source of data, except one that used interview to assess depression. Seven selected studies concerned post-operative risk of VTE. Six studies concerned only inpatients, whilst 10 studies involved inpatients and outpatients.

The details of the articles included in the systematic review are available in Table 1.
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Meta-Analysis

Of the 15 studies included in the meta-analysis, 13 studies concerned VTE [START_REF] Strudsholm | Increased risk for pulmonary embolism in patients with bipolar disorder[END_REF][START_REF] Daumit | Adverse events during medical and surgical hospitalizations for persons with schizophrenia[END_REF][START_REF] Khaykin | National estimates of adverse events during nonpsychiatric hospitalizations for persons with schizophrenia[END_REF][START_REF] Parker | Antipsychotic drugs and risk of venous thromboembolism: nested case-control study[END_REF][START_REF] Menendez | Do Psychiatric Comorbidities Influence Inpatient Death, Adverse Events, and Discharge After Lower Extremity Fractures?[END_REF][START_REF] Menendez | Psychiatric disorders and major spine surgery: epidemiology and perioperative outcomes[END_REF][START_REF] Stundner | Demographics and perioperative outcome in patients with depression and anxiety undergoing total joint arthroplasty: a population-based study[END_REF][START_REF] Browne | Depression is associated with early postoperative outcomes following total joint arthroplasty: a nationwide database study[END_REF][START_REF] Buller | The influence of psychiatric comorbidity on perioperative outcomes following primary total hip and knee arthroplasty; a 17year analysis of the National Hospital Discharge Survey database[END_REF][START_REF] Hsu | A population-based cohort study on deep vein thrombosis and pulmonary embolism among schizophrenia patients[END_REF][START_REF] Lee | Depression and risk of venous thromboembolism: a population-based retrospective cohort study[END_REF][START_REF] Klement | Should We Think Twice About Psychiatric Disease in Total Hip Arthroplasty?[END_REF][START_REF] Drinane | Depression is associated with worse outcomes among women undergoing breast reconstruction following mastectomy[END_REF], and 2 fatal VTE [START_REF] Søgaard | Atrial fibrillation in patients with severe mental disorders and the risk of stroke, fatal thromboembolic events and bleeding: a nationwide cohort study[END_REF][START_REF] Sundbøll | Impact of pre-admission depression on mortality following myocardial infarction[END_REF]. Among the 13 studies on non-fatal VTE, 6 assessed whole VTE phenomena without details on DVT and/or PE, 5 assessed DVT and PE, and 2 assessed only PE. The 15 articles included in the meta-analysis have been assessed according to NOS. Overall, 3 studies were considered as representative of the target population. The comparability of the groups and the follow-up (adequacy and period) were judged appropriate in the 15 studies. More details of the different fields assessed by NOS are available in supplementary table (Supplementary Table 1).

Detailed results of the different meta-analyses are shown in Table 2. Funnel plots of unadjusted meta-analyses of associations between VTE and psychiatric disorders are depicted in Figure 2. The meta-analyses of the good quality studies and the forest and funnel plots of adjusted meta-analyses are available in supplementary materials (Supplementary Figure 1 and Table 2). The different adjustment factors used in the adjusted analyses was available in supplementary table (Supplementary Table 3).
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In unadjusted analyses, VTE was associated with psychotic disorders (OR = 2.20, 95 % CI [1.06-4.59]), in contrast to DVT, PE, and fatal VTE. Heterogeneity was high (above 99 %).

The funnel plot was consistent with this high heterogeneity (Figure 2), but did not indicate any publication bias in favour of a positive association. Considering only adjusted analyses, VTE, DVT, PE, and fatal VTE were all associated with psychotic disorders (ORs between 1.29 and 2.88). In comparison with unadjusted analyses, heterogeneity was reduced (I 2 = 21.3 % for VTE, 79.1 % for DVT, and 47.4 % for PE). Considering only good quality studies, VTE, DVT and PE were associated with psychotic disorders in both unadjusted and adjusted analyses (ORs between 1.82 and 2.78 in unadjusted analyses, ORs between 1.49 and 2.02 in adjusted analyses). There were no good quality studies concerning fatal VTE and psychotic disorders.

In unadjusted analyses, VTE was associated with depression (OR = 1.86, 95 % CI [1.19-2.92]), in contrast to DVT, PE, and fatal VTE. Heterogeneity was high (I 2 above 99 %). As with psychotic disorders, the funnel plot shows this high heterogeneity, without indication of a publication bias. Considering only adjusted analyses, VTE, DVT and PE were associated with depression (ORs between 1.19 and 1.29), in contrast to fatal VTE. In comparison with unadjusted analyses, heterogeneity was reduced (I 2 = 43.6 % for VTE, and 92.1 % for PE, only 1 study for DVT). When only good quality studies were considered, no studies were considered DVT, PE and fatal VTE, whereas VTE was found not to be associated with depression in both unadjusted and adjusted analyses.

In unadjusted analyses, no VTE phenomena were associated with anxiety disorders (OR = 0.64, 95 % CI [0.29-1.42]). Heterogeneity was high (I 2 above 99 %). The number of studies (N = 3) makes the funnel plot difficult to interpret. There were no studies concerning fatal VTE and anxiety disorders. Considering only adjusted analyses, VTE and PE were considered only in one study, and were found associated with anxiety disorders (ORs between 1.14 and 1.49).

Considering only good quality studies, VTE and PE were also considered in only one study in both unadjusted and adjusted analyses (whilst DVT was not studied). VTE was associated with anxiety disorders only in adjusted analyses (OR = 1.14, 95 % CI [1.00-1.29]), while PE was associated in both unadjusted and adjusted analyses (ORs between 1.42 and 1.49).

In unadjusted analyses, all VTE phenomena, except fatal VTE, were associated with bipolar disorders (ORs between 1.48 and 1.59). Heterogeneity was high (above 99 %). As for anxiety disorder, the number of studies (N = 2) makes the funnel plot difficult to interpret.

Considering only adjusted analyses, VTE and DVT were considered only in one study, with only DVT associated with bipolar disorders (OR = 2.14, 95 % CI [1.87-2.45]). PE was associated with bipolar disorders (OR = 2.06, 95 % CI [1.26-3.37]), with high level of heterogeneity (I 2 = 93.3 %). When considering only good quality studies, PE remained associated with bipolar disorders in both unadjusted and adjusted analyses (ORs between 1.22 and 1.29), whilst VTE was not associated with bipolar disorder in unadjusted and adjusted analyses, and DVT was not considered.

DISCUSSION

The systematic review and meta-analysis indicate significant associations between psychiatric disorders and VTE, DVT and PE risk. Among the psychiatric disorders, psychotic disorders were associated with the highest and most consistent ORs (except for the meta-analysis of unadjusted analyses on DVT and PE). Bipolar disorders were also associated with an increased risk of VTE, DVT and PE in the meta-analyses of unadjusted and adjusted studies, with the exception of the meta-analysis of adjusted studies on VTE risk. Meta-analyses of unadjusted analyses of depression and anxiety disorders did not show any significant associations, whereas meta-analyses of adjusted analyses of indicated associations of DVT and PE with depression, as well as VTE and PE for anxiety disorders.

Several mechanisms have been proposed to explain these associations. To develop VTE, pathophysiological studies assume that one or a combination of Virchow's triadhypercoagulability, stasis of blood flow and vein wall injuryare necessary [START_REF] Goldhaber | Pulmonary embolism and deep vein thrombosis[END_REF][START_REF] Jönsson | Venous Thromboembolism During Treatment with Antipsychotics: A Review of Current Evidence[END_REF]. Psychiatric disorders may be particularly associated with hypercoagulability and stasis factors.

Psychotic disorders and venous thromboembolism

Regarding psychotic disorders and schizophrenia, antipsychoticsin particular SGAhave been associated with VTE risk in several studies [START_REF] Barbui | Antipsychotic drug exposure and risk of venous thromboembolism: a systematic review and meta-analysis of observational studies[END_REF][START_REF] Zhang | Antipsychotics and venous thromboembolism risk: a meta-analysis[END_REF], although not all [START_REF] Ray | Antipsychotic and Antidepressant Drug Use in the Elderly and the Risk of Venous Thromboembolism[END_REF][START_REF] Ferraris | The Effect of Antipsychotic Treatment on Recurrent Venous Thromboembolic Disease: A Cohort Study[END_REF]. As the side-effects of antipsychotics include sedation, negative symptoms and sedentary behaviour [START_REF] Leucht | Comparative efficacy and tolerability of 15 antipsychotic drugs in schizophrenia: a multipletreatments meta-analysis[END_REF][START_REF] Vancampfort | Sedentary behavior and physical activity levels in people with schizophrenia, bipolar disorder and major depressive disorder: a global systematic review and meta-analysis[END_REF], they can increase the risk of venous stasis. Moreover, sedentary behaviour has been associated with inflammation-induced hypercoagulability [START_REF] Carrizo | Coagulation and inflammation markers during atypical or typical antipsychotic treatment in schizophrenia patients and drug-free first-degree relatives[END_REF][START_REF] Stubbs | Sedentary behaviour is associated with elevated C-reactive protein levels in people with psychosis[END_REF], indicating that the well-known heightened level of inflammation evident in schizophrenia may interact with sedentary behaviours. Additionally, the putative hypercoagulability associated with antipsychotic use has been directly linked to enhanced platelet aggregation and to increased levels of anti-phospholipid antibodies [START_REF] Jönsson | Venous Thromboembolism During Treatment with Antipsychotics: A Review of Current Evidence[END_REF][START_REF] Shen | Higher serum clozapine level is associated with increased antiphospholipid antibodies in schizophrenia patients[END_REF]. However, results across several studies are inconsistent in regard to antipsychotic-induced hypercoagulability, and thereby the antipsychotic-driven VTE risk among patients with psychotic disorders. In a sample of patients with schizophrenia, Halacheva et al. [START_REF] Halacheva | Elevated anticardiolipin antibodies in schizophrenic patients before and during neuroleptic medication[END_REF] did not find any association between antipsychotics and anti-phospholipid antibodies. In a sample of healthy volunteers, a reduced aggregability, and associated decreased hypercoagulability, of blood samples was present after treatment with clozapine or olanzapine [START_REF] Dietrich-Muszalska | The first-and second-generation antipsychotic drugs affect ADP-induced platelet aggregation[END_REF]. In a study comparing the level of blood factors that are associated with coagulation and inflammation in schizophrenia patients treated chronically with antipsychotics and in their drugnaïve first-degree relatives, Carrizo et al. [START_REF] Carrizo | Coagulation and inflammation markers during atypical or typical antipsychotic treatment in schizophrenia patients and drug-free first-degree relatives[END_REF] did not find a homogeneous profile of inflammation and coagulation according to the different groups. However, these authors did find that the observed blood abnormalities were related to an elevated BMI in both patients and relatives. Moreover, Masoput et al. [START_REF] Masopust | Markers of thrombogenesis are activated in unmedicated patients with acute psychosis: a matched case control study[END_REF] studied the levels of activation of the coagulation factors in patients with acute psychotic disorders, who were antipsychotic naïve. Coagulation factors were higher among patients in comparison to controls, suggestive of a medication independent VTE risk in patients with acute psychotic disorders. Thus, the proposed association of antipsychotic use driving hypercoagulability is questionable. Gaertner et al. ( 46) estimated the incidence of VTE phenomena among 12,320 patients in psychiatric institutions. Although they found an incidence rate of VTE around 20 times higher than in the general population, they did not observe any association between psychotropic drugs and VTE risk. Overall, the role of antipsychotic use in the pathoetiology of VTE is questionable, indicating that the association between psychotic disorder and VTE may be explained at least partly by treatment-independent mechanisms. In the present systematic review, we report the results of one large population based nested case-control study [START_REF] Parker | Antipsychotic drugs and risk of venous thromboembolism: nested case-control study[END_REF], which found a significant association between VTE and psychotic disorders after adjusting for antipsychotics use (OR = 1.34, 95 % CI [1.15-1.55]). The authors proposed that the association between psychotic disorders and VTE may be explained by other factors, such as lifestyle habits, high BMI, or tobacco use [START_REF] Carrizo | Coagulation and inflammation markers during atypical or typical antipsychotic treatment in schizophrenia patients and drug-free first-degree relatives[END_REF][START_REF] Masopust | Markers of thrombogenesis are activated in unmedicated patients with acute psychosis: a matched case control study[END_REF][START_REF] Gaertner | Incidence and risk factors of venous thromboembolism: Peculiarities in psychiatric institutions[END_REF]. Negative symptoms may also be involved, as they are associated with sedentary behaviour [START_REF] Kluge | Combining actigraphy, ecological momentary assessment and neuroimaging to study apathy in patients with schizophrenia[END_REF], as well as hyperprolactinemia, metabolic syndrome, and physical restraint [START_REF] Hem | Thrombosis associated with physical restraints[END_REF][START_REF] Wallaschofski | Hyperprolactinemia in Patients on Antipsychotic Drugs Causes ADP-Stimulated Platelet Activation That Might Explain the Increased Risk for Venous Thromboembolism: Pilot Study[END_REF][START_REF] Ageno | Association Between the Metabolic Syndrome, Its Individual Components, and Unprovoked Venous Thromboembolism[END_REF].

Another explanation, that concerns psychotic and non-psychotic disorders, may lie in risk factors and/or comorbidities shared by psychiatric disorders and VTE. For instance, psychotic, mood and anxiety disorders are associated with hypothalamic-pituitary-adrenal (HPA) axis dysregulation and related hypercortisolism [START_REF] Tirabassi | Harmful effects of functional hypercortisolism: a working hypothesis[END_REF][START_REF] Heim | The link between childhood trauma and depression: Insights from HPA axis studies in humans[END_REF][START_REF] Cherian | HPA axis in psychotic major depression and schizophrenia spectrum disorders: Cortisol, clinical symptomatology, and cognition[END_REF][START_REF] Murri | The HPA axis in bipolar disorder: Systematic review and meta-analysis[END_REF], and hypercortisolism is associated with hypercoagulability [START_REF] Trementino | Coagulopathy in Cushing's syndrome[END_REF][START_REF] Świątkowska-Stodulska | Disorders of Hemostasis in Overt and Subclinical Hypercortisolism[END_REF]. Likewise, low education and economic level, occupational status, obesity, metabolic syndrome, smoking, or alcohol use disorders have been linked to both VTE and psychiatric disorders [START_REF] Lorant | Socioeconomic inequalities in depression: a meta-analysis[END_REF][START_REF] Hasin | Prevalence, Correlates, Disability, and Comorbidity of DSM-IV Alcohol Abuse and Dependence in the United States: Results From the National Epidemiologic Survey on Alcohol and Related Conditions[END_REF][START_REF] Rosengren | Psychosocial factors and venous thromboembolism: a long-term follow-up study of Swedish men[END_REF][START_REF] Holst | Risk Factors for Venous Thromboembolism[END_REF][START_REF] Zöller | Socioeconomic and occupational risk factors for venous thromboembolism in Sweden: A nationwide epidemiological study[END_REF][START_REF] Godin | Sleep quality, chronotype and metabolic syndrome components in bipolar disorders during the remission period: Results from the FACE-BD cohort[END_REF][START_REF] Mallet | Cigarette smoking and schizophrenia: a specific clinical and therapeutic profile? Results from the FACE-Schizophrenia cohort[END_REF][START_REF] Callaghan | Patterns of tobacco-related mortality among individuals diagnosed with schizophrenia, bipolar disorder, or depression[END_REF]. A correlate of lower socio-economic status is residence within areas of heightened air pollution, which is also a common risk factor for both VTE and psychiatric disorders [START_REF] Khan | Environmental pollution is associated with increased risk of psychiatric disorders in the US and Denmark[END_REF][START_REF] Crous-Bou | Environmental and Genetic Risk Factors Associated with Venous Thromboembolism[END_REF].

Mood and anxiety disorders and venous thromboembolism

The association of VTE with mood disorders parallels its association with psychotic disorders. Several studies have found significant associations between various types of antidepressants, including Selective Serotonin Reuptake Inhibitors (SSRIs), tricyclic, and other antidepressants, with VTE [START_REF] Kunutsor | Depression, antidepressant use, and risk of venous thromboembolism: systematic review and meta-analysis of published observational evidence[END_REF][START_REF] Wu | Association between antidepressants and venous thromboembolism in Taiwan[END_REF]. However, other studies have shown no such significant associations [START_REF] Lee | Depression and risk of venous thromboembolism: a population-based retrospective cohort study[END_REF][START_REF] Ray | Antipsychotic and Antidepressant Drug Use in the Elderly and the Risk of Venous Thromboembolism[END_REF][START_REF] Gaertner | Incidence and risk factors of venous thromboembolism: Peculiarities in psychiatric institutions[END_REF][START_REF] Lacut | Association between antipsychotic drugs, antidepressant drugs and venous thromboembolism: results from the EDITH case-control study[END_REF]. Of note, patients with anxiety disorders often use antidepressant and antipsychotic drugs [START_REF] Perna | Long-Term Pharmacological Treatments of Anxiety Disorders: An Updated Systematic Review[END_REF][START_REF] Pignon | The Place of Antipsychotics in the Therapy of Anxiety Disorders and Obsessive-Compulsive Disorders[END_REF]. In an observational prospective study of patients addressed for thrombophilia investigation after a VTE episode, von Känel et al. [START_REF] Von Känel | Depressive symptoms as a novel risk factor for recurrent venous thromboembolism: a longitudinal observational study in patients referred for thrombophilia investigation[END_REF] examined the role of depressive symptoms in VTE recurrence. Antidepressant use was an exclusion criterion. These authors showed that depressive symptoms were predictive of VTE recurrence, showing a "doseeffect" relationship. The results of this study, in line with the data of Enga et al. [START_REF] Enga | Emotional states and future risk of venous thromboembolism: the Tromsø Study[END_REF], support the role of medication-independent depressive symptoms in VTE risk. Again, an increase of sedentary symptoms has been proposed to underpin this association, as well as an increase in hypercoagulability induced by stress and heightened sympathetic nervous system [START_REF] Thrall | A systematic review of the effects of acute psychological stress and physical activity on haemorheology, coagulation, fibrinolysis and platelet reactivity: Implications for the pathogenesis of acute coronary syndromes[END_REF][START_REF] Känel | Acute mental stress and hemostasis: When physiology becomes vascular harm[END_REF]. Such stress-driven pathophysiological changes may also underpin the association of anxiety disorders with hypercoagulability. In the study by Gaertner et al. [START_REF] Gaertner | Incidence and risk factors of venous thromboembolism: Peculiarities in psychiatric institutions[END_REF] on VTE incidence in psychiatric institutions, almost one third of VTE were diagnosed during the first 48h of hospitalization, and 50 % during the first week of hospitalization, highlighting an association of VTE with the high levels of stress, dysphoria and depressive symptoms that are often evident at this time.

Other studies on psychotropic treatments of mood disorders, including benzodiazepines and mood stabilizers, showed little association with VTE risk (with the exception of one study in pregnant women, where VTE displayed a significant associations with benzodiazepine derivates) [START_REF] Jensen | Risk factors for venous thromboembolism during pregnancy[END_REF][START_REF] Ugras | Protein C, protein S and other pro-and anticoagulant activities among epileptic children using sodium valproate[END_REF].

Limitations

Some limitations of this study should be acknowledged. While it concerns an important topic, relative few studies have been included in this systematic review and meta-analysis. Anxiety (N = 5) and bipolar disorders (N = 4) have been poorly studied and some psychiatric disorders, such as PTSD, catatonia, have not been studied. Moreover, as noted in the systematic review, and as confirmed by the high level of heterogeneity, inclusion criteria and clinical settings of the studies were different. Similarly, in the adjusted analyses, the heterogeneity was lower, but still high, which is consistent with different adjustment factors. Meta regressions, which could have helped to clarify the role of treatment in VTE risk could not be utilized. Other limitations arising from unavailable data, include the analysis of different adjustment factors, and psychiatric subgroups, including with and without psychotropic drug use.

Conclusion

Overall, in this systematic review and meta-analysis, the risk of VTE, DVT and PE associated with psychotic, mood, and anxiety disorders was addressed for the first time should have a focus that emphasizes prevention. Prevention measures, based on the use of compression stockings, hydration, behavioral activation, and sometimes prophylactic anticoagulation should be applied, especially in the case of physical restraint [START_REF] Ishida | Prophylactic use of heparin for deep vein thrombosis in restrained psychiatric patients: a chart review[END_REF][START_REF] Du Montcel | Isolement et contention mécanique dans les soins psychiatriques : modalités de prescription, prise en charge et surveillance[END_REF].

FIGURES LEGENDS Figure1

Title 

  . The absolute risks of VTE of each studied psychiatric disorders, estimated based on the meta-analysis of unadjusted analyses, were as follow: psychotic disorders: OR = 2.20, 95 % CI [1.06-4.59]; depression: OR = 1.86, 95 % CI [1.19-2.92]; bipolar disorders: OR = 1.49, 95 % CI [1.23-1.80]; and anxiety disorders: OR = 0.64, 95 % CI [0.29-1.42]. Regarding details, psychotic and bipolar disorders were associated with VTE, DVT and PE risk. Depression and anxiety disorders, in adjusted analyses, show associations of DVT and PE for depression, and VTE and PE for anxiety disorders. Such results highlight the need for clinicians to be vigilant in the monitoring of VTE risk across a wide range of psychiatric disorders, which, as with other cardiovascular diseases,

Figure 2 Title:

 2 Abbreviations: DVT = Deep venous thrombosis, PE = Pulmonary embolism, VTE = Venous thromboembolism events
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Supplementary Figure 1 Title: Forest and funnel plots of adjusted meta-analyses of association between psychiatric disorders and venous thromboembolism