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Major bleeding risks associated with non-vitamin K oral anticoagulants (NOACs) used with and without concurrent antipsychotics in patients with non-valvular atrial fibrillation (AF) were assessed. A total of 98,863 patients with non-valvular AF receiving at least one NOAC prescription from Taiwan’s National Health Insurance database were enrolled. Major bleeding was defined as a primary diagnosis of intracranial or gastrointestinal hemorrhage or bleeding at other sites. The adjusted incidence rate difference (AIRD) per 1,000 person-years and adjusted rate ratio of major bleeding were estimated using Poisson regression and inverse probability of treatment weighting using the propensity score. A total of 8,037 major bleeding events occurred during 705,521 person-quarters with NOAC prescriptions. Antipsychotics were used in 26.35% of NOAC-exposed patients. Compared to using NOAC alone, co-medication of either typical (AIRD: 79.18, 95% confidence interval [CI]: 70.63–87.72) or atypical (AIRD: 40.5, 95% CI: 33.64–47.35) antipsychotic with NOAC had a significant increase in the adjusted incidence rate per 1,000 person-years of major bleeding. The concomitant use of a NOAC with chlorpromazine (AIRD: 103.87, 95% CI: 51.22–156.52), haloperidol (AIRD: 149.52, 95% CI: 125.03–174.00), prochlorperazine (AIRD: 90.43, 95% CI: 78.55–102.32), quetiapine (AIRD: 44.6, 95% CI: 37.11–52.09), or risperidone (AIRD: 41.55, 95% CI: 22.86–60.24) (All p < 0.01) showed a higher adjusted incidence rate of major bleeding than using NOACs alone. The concomitant use of typical (chlorpromazine, haloperidol, or prochlorperazine) or atypical (quetiapine or risperidone) antipsychotic with NOACs was associated with a significantly increased risk of major bleeding.
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INTRODUCTION
Atrial fibrillation (AF) is a major cause of thromboembolic stroke, morbidity, mortality, and healthcare expenditure among elder populations (Zimetbaum, 2017). Non-vitamin K antagonist oral anticoagulants (NOACs), an alternative to vitamin K antagonists (VKAs) to prevent thromboembolic stroke in patients with non-valvular AF, have been recommended as the preferred choice compared to VKAs due to NOACs’ associations with lower rates of major bleeding, easier use, and fewer drug–drug interactions (DDIs) than VKAs (Ruff et al., 2014). An observation study also showed that the use of direct oral anticoagulants to treat AF patients increased during the study years, accompanied by substantially declined 1-year hospitalization for ischemic stroke and hemorrhagic strokes. Particularly, the total medical cost per AF patient in the last study year was lower than that in the previous years (Maggioni et al., 2020). However, most of the non-valvular AF patients treated with NOACs are polypharmacy patients, and DDIs remain an important factor associated with the increased bleeding risk (Ajam et al., 2020). NOACs are substrates of drug efflux pump P-glycoprotein (P-gp) and are metabolized mainly by cytochrome P450 (CYP)3A4. The drugs sharing these metabolic pathways, which include anti-epileptics, anti-arrhythmic medications, and antibiotics, are associated with the increased bleeding risk via DDIs with NOACs (Chang et al., 2017; Stöllberger, 2017; Ajam et al., 2020; Wang et al., 2020). Several studies have shown AF increases risks of cognitive decline and dementia (Diener et al., 2019). Psychotic symptoms among elderly patients with schizophrenia spectrum, delirium, affective disorders, dementia, and stroke are common (Tampi et al., 2019). Antipsychotics are frequently used to treat psychotic disorders among late-life patients (Gareri et al., 2014; Kirkham et al., 2017). Antipsychotics are classified into typical (first-generation) and atypical (second-generation) groups (Meltzer, 2013). The frequency of the combined use of NOACs and antipsychotics in non-valvular AF patients, which are mostly elderly, is unknown. Many antipsychotics are CYP3A4 and/or P-gp inhibitors (Boulton et al., 2002; El Ela et al., 2004; Ayano, 2016), but the bleeding risk in NOAC users co-medicated with antipsychotics has yet to be examined.
To determine the bleeding risk of co-administration of antipsychotics with NOACs, we used a nationwide cohort of patients with non-valvular AF to estimate the bleeding risk associated with the concomitant therapy of antipsychotics in NOAC users.
MATERIALS AND METHODS
Ethical Approval
The institutional review board at Chang Gung Memorial Hospital provided ethical approval, and valid data use agreements were in place.
Population of Patients
Patient data in this retrospective cohort study were retrieved from the National Health Insurance Research Database (NHIRD), including outpatient, inpatient, and prescription records accessed through the Health and Welfare Data Science Center, Ministry of Health and Welfare, Taiwan. The NHIRD is claims-based reimbursement data collected from the NHI administration. The NHI system was established in 1995 and covers more than 99.6% of Taiwan’s residents (over 24 million population), including every citizen with official residency or every person with a foreign nationality living in Taiwan with an Alien Resident Certificate. All patients’ identities were encrypted. Diagnoses/procedures were identified by the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes from 1997 through 2015 and the International Classification of Diseases, 10th Revision, Clinical Modification (ICD-10-CM) codes, from 2016. All patients (outpatients and/or inpatients) having two or more consecutive records of AF diagnosis (ICD-9-CM code 427.31 or ICD-10-CM code I48), which is to avoid misclassification (Chang et al., 2017), and NOAC prescriptions for more than 28 days from 1 June 2012 to 31 December 2017 were recruited (Figure 1). The NOACs included dabigatran (identified by the Anatomical Therapeutic Chemical [ATC] classification system code, B01AE07), rivaroxaban (ATC code, B01AF01), apixaban (ATC code, B01AF02), and edoxaban (ATC code, B01AF03). The index date was defined as the first NOAC prescription. Patients were excluded if they were diagnosed with pulmonary embolism, deep vein thrombosis, mitral stenosis, joint replacement, or valvular surgery, within 6 months before the index date, or diagnosed with end-stage renal disease, or <30 or >105 years of age. Patients were followed until death, withdrawal from the NHI, or the end of the study (31 December 2017), whichever occurred first.
[image: Figure 1]FIGURE 1 | Enrollment of patients with nonvalvular atrial fibrillation (AF) with medication of non-vitamin K antagonist oral anticoagulants (NOACs).
Follow-Up of Patients
We divided each calendar year into four quarters for each patient. The analytic unit was one person-quarter. Person-quarters were used because medications for chronic illnesses were refilled with a maximum length of 3 months under the NHI reimbursement policy. Medications and covariates were assessed for each person-quarter, which simplified the assessment of the complex prescription pattern of NOACs and concurrent drugs. Person-quarters exposed to NOACs with or without concurrent antipsychotics were identified (Supplementary Figure S1). ATC classification system codes were used to identify drug prescriptions. The major bleeding risks of person-quarters exposed to NOACs and concurrent antipsychotics were compared with person-quarters exposed to NOACs alone. Only antipsychotics prescribed for more than 0.18% of assessed patients were included in the study. These antipsychotics were further classified into typical (chlorpromazine, droperidol, haloperidol, flupentixol, and prochlorperazine) and atypical (aripiprazole, olanzapine, quetiapine, and risperidone) groups. Flupentixol/melitracen combined medication was also analyzed as being in the typical group. Person-quarters with concomitant prescriptions of NOACs and warfarin or two NOACs were excluded.
Major Outcomes and Covariates
The primary outcome was major bleeding, identified by ICD codes upon a visit to the emergency department of the hospital, with a primary diagnosis of intracranial, gastrointestinal, or bleeding at other sites (Supplementary Table S1). Each person-quarter included only one major bleeding event, and traumatic hemorrhage was excluded. This is to avoid overestimating the bleeding risk when there are two major bleeding events within one person-quarter. Covariates, including demographics, comorbidities, medications, and the expense of medical utilization, were assessed for each person-quarter relevant to the first date of enrollment of patients (Tables 1, 2 and Supplementary Tables S2, S3). Demographics included age, gender, income level, residency, occupation, and the number of outpatient visits. Factors of the Charlson Comorbidity Index (Charlson et al., 1987), CHA2DS2-VASc score (Lip et al., 2010), HAS-BLED (hypertension, abnormal kidney or liver function, stroke, bleeding history, and antiplatelet drug or alcohol use) score (Pisters et al., 2010), other diseases, and medications prescribed longer than 28 days in each person-quarter potentially related to hemorrhage or interacting with NOACs were also included as covariates (Tables 1, 2 and Supplementary Table S3). The HAS-BLED score was calculated, as previously described (Tsai et al., 2020). CHA2DS2-VASc and HAS-BLED scores were estimated by using diagnoses collected in the database. The NHI of Taiwan covers almost all services that can be provided by a health system: from dental care to parturition, from Western medicine to traditional Chinese medicine, and from preventive services to elderly home care. Therefore, only a few self-pay medical data were not included in the NHIRD; the data for our study subjects should be comprehensive. Abnormal kidney or liver function was defined by ICD-9-CM codes rather than by laboratory values. Because the international normalized ratio (INR) for warfarin was not available in the NHIRD, the INR was excluded from scoring in the present study.
TABLE 1 | Demographic analysis of patients with the use of NOACs.
[image: Table 1]TABLE 2 | Medications during follow-up.
[image: Table 2]Statistical Models and Analysis
Confounding by indication from non-random treatment allocation for concurrent medications was a crucial feature when comparing the bleeding risk among NOAC-treated patients, with and without concurrent antipsychotics. This bias was accounted for by the propensity score, which estimated the probability that a patient was prescribed the concurrent antipsychotics during a person-quarter. The specific propensity score for each antipsychotic was calculated using logistic regression by the aforementioned covariates relevant to the first date of the person-quarter. Standardized differences were estimated to evaluate the balance of individual covariates before and after propensity score weighting. A negligible difference was defined as an absolute standardized mean difference <0.1. To account for intraindividual correlation across person-quarters, we used logistic regression, with a generalized estimating equations model to calculate the adjusted incidence rate that considered the inverse probability of treatment weighting by propensity scores. All regression analyses were performed separately for each combination, and person-quarters using NOAC alone were used as the reference category. Acute appendicitis was considered as a negative control of the outcome, and the association of acute appendicitis between NOACs with and without the concurrent antipsychotic use was analyzed. We further examined the effect of bleeding events within the first person-quarter of co-medication of NOACs and antipsychotics by excluding such events in an additional sensitivity analysis. Patients with missing data (<0.1% of NOAC users) were excluded. The analyses were performed by SAS (SAS Institute), version 9.4.
RESULTS
Patient Characteristics
We identified a total of 98,863 AF patients undergoing NOAC therapy from 1 June 2012 to 31 December 2017 (Figure 1). The characteristics of the AF patients on the first date of the NOAC prescription are listed in Table 1, and the medications used during follow-up are listed in Table 2 and Supplementary Table S3. A certain portion of the patients was prescribed with different NOACs in different person-quarters during the study period. The mean age was 74.69 ± 10.52 years, and 56.25% of the studied population were male patients. The baseline average CHA2DS2-VASc score was 4.34 ± 1.75, and the average HAS-BLED score was 3.04 ± 1.19. More than 80% of the recruited patients had been diagnosed with hypertension, while congestive heart failure and cerebrovascular disease were seen in more than 50% of recruited patients. A total of 26.35% of NOAC-treated AF patients had concurrent use of antipsychotics during the follow-up (Figure 1). The most common antipsychotics prescribed with concurrent NOACs were prochlorperazine (12.30%), followed by quetiapine (11.90%), haloperidol (4.67%), flupentixol (3.30%), flupentixol/M (3.23%), risperidone (2.35%), olanzapine (0.76%), chlorpromazine (0.69%), and aripiprazole (0.41%) (Table 2).
Major Bleeding Events
Among NOAC users, 6,297 (6.37%) patients had one major bleeding event, and 782 (0.80%) patients had multiple major bleeding events. During the follow-up, 8,037 (1.14%) major bleeding events occurred during 705,521 person-quarters with NOAC prescriptions. In total, 66,342 (9.4%) person-quarters were prescribed antipsychotics. Multiple antipsychotics were prescribed in 1,121 (0.16%) person-quarters. Table 3 summarizes the incidence rate, adjusted incidence rate, adjusted incidence rate difference (AIRD), and adjusted rate ratio (ARR) (Figure 2) for major bleeding events, among the combinations of four NOACs and 10 antipsychotic use. The concomitant use of an NOAC with a typical (AIRD: 79.18, 95% confidence interval [CI]: 70.63–87.72, and p < 0.001) or an atypical (AIRD: 40.5, 95% CI: 33.64–47.35, and p < 0.001) antipsychotic showed a higher adjusted incidence rate and ARR of major bleeding than NOAC use alone. In individual drug analysis, the combination of an NOAC with chlorpromazine (AIRD: 103.87, 95% CI: 51.22–156.52, p < 0.001), haloperidol (AIRD: 149.52, 95% CI: 125.03–174.00, p < 0.001), prochlorperazine (AIRD: 90.43, 95% CI: 78.55–102.32, and p < 0.001), quetiapine (AIRD: 44.6, 95% CI: 37.11–52.09, and p < 0.001), or risperidone (AIRD: 41.55, 95% CI: 22.86–60.24, and p < 0.001) was associated with a higher adjusted incidence rate and ARR of major bleeding than NOAC alone. The combination of an NOAC and droperidol, aripiprazole, flupentixol, flupentixol/melitracen, or olanzapine was not associated with increased major bleeding events. Subgroup analysis showed a higher risk of intracerebral hemorrhage associated with the combination of an NOAC with a typical (AIRD: 21.69, 95% CI: 17.79–25.60, p < 0.001) or an atypical (AIRD: 12.15, 95% CI: 9.00–15.29, p < 0.001) antipsychotic compared with NOAC use alone (Table 4 and Figure 2). Individual drug analysis showed that the combination of chlorpromazine, haloperidol, prochlorperazine, quetiapine, or risperidone with NOAC use was associated with an increased risk of intracerebral bleeding compared with NOAC alone (Table 4 and Figure 2). Consistent with the results of intracerebral bleeding, the combination of NOACs with typical (AIRD: 55.77, 95% CI: 48.31–63.22, and p < 0.001) or atypical (AIRD: 28.3, 95% CI: 22.28–34.32, and p < 0.001) antipsychotics increased the adjusted incidence rate and ARR of gastrointestinal bleeding (Table 5 and Figure 2). Individual drug analysis showed that chlorpromazine, haloperidol, prochlorperazine, quetiapine, and risperidone, individually, increased the risk of gastrointestinal bleeding compared to NOAC use alone (Table 5 and Figure 2). The adjusted incidence rate and ARR of intraspinal, intraocular, retroperitoneal, intraarticular, pericardial, or intramuscular bleeding among AF patients were increased by the combination of NOACs with typical antipsychotics, as well as prochlorperazine (Supplementary Table S4 and Figure 2). Separate analyses showed that the concurrent use of antipsychotics with dabigatran, rivaroxaban, or apixaban, respectively, was similar to the overall pattern of bleeding risks demonstrated (Supplementary Tables S5–S7). However, the concurrent use of edoxaban with antipsychotics showed a different pattern from that of other NOACs used with concomitant antipsychotics (Supplementary Table S8).
TABLE 3 | Major bleeding risks among AF patients taking non-vitamin K antagonist oral anticoagulants with or without concurrent antipsychotics.
[image: Table 3][image: Figure 2]FIGURE 2 | Adjusted rate ratio (ARR) of major bleeding and intracerebral, gastrointestinal, intraspinal, intraocular, retroperitoneal, intra-articular, pericardial, or intramuscular hemorrhage associated with the concurrent use of NOACs and anti-psychotics (typical and atypical) versus use of NOACs alone. The rate ratio was adjusted by inverse probability of treatment weighting using the propensity score (covariates including demographics, comorbidities, medications, and expense of medical utilization, in Tables 1, 2 and Supplementary Table S3). Horizontal lines represent 95% confidence intervals (CI).
TABLE 4 | Risk of intracerebral hemorrhage among AF patients taking non-vitamin K antagonist oral anticoagulants with or without concurrent antipsychotics.
[image: Table 4]TABLE 5 | Risk of gastrointestinal hemorrhage among AF patients taking non-vitamin-K antagonist oral anticoagulants with or without concurrent antipsychotics.
[image: Table 5]The first sensitivity analysis examined the associations between NOACs with and without the concomitant use of an antipsychotic and appendicitis (as a negative control for a risk). None of the combinations was associated with a higher risk of appendicitis (Supplementary Table S9). The second sensitivity analysis evaluated whether including bleeding events that occurred within the first person-quarter of the concurrent NOAC and antipsychotic use would affect the main results, and with this analysis, we found the results were similar to the main findings (Supplementary Table S10).
DISCUSSION
This nationwide cohort study presents two main findings. First, antipsychotics were used in 26.35% of NOAC-exposed patients. Second, the concomitant use of either typical or atypical antipsychotics was associated with a significantly increased risk of major bleeding, including intracerebral and gastrointestinal hemorrhage, whereas the combined use of NOACs with typical and atypical antipsychotics increased the bleeding risk at other sites. While the coadministration of haloperidol, prochlorperazine, chlorpromazine, quetiapine, or risperidone significantly increased risks of major bleeding and intracerebral and gastrointestinal hemorrhage, only prochlorperazine was associated with a higher bleeding risk at other sites than NOAC use alone.
AF increases risks of dementia (Diener et al., 2019) and stroke (Zimetbaum, 2017), and psychotic disorders are commonly seen in both conditions (Kales et al., 2015; Stangeland et al., 2018). Antipsychotics are frequently prescribed to patients with dementia and stroke for controlling psychotic symptoms (Gareri et al., 2014; Kirkham et al., 2017). However, the frequency of antipsychotics used in NOAC users has never been reported. Our results showed 38.04 and 11.56% of NOAC users having ischemic stroke and dementia, respectively, which may explain the high frequency (26.35%) of antipsychotics used in NOAC-exposed patients in this study.
A previous case-control study has shown that antipsychotic use alone (including phenothiazine and butyrophenones) was associated with increased risks of gastrointestinal bleeding and intracerebral hemorrhage (Verdel et al., 2011). To our knowledge, this is the first piece of clinical evidence of increased bleeding risk of the concurrent use of antipsychotics in NOAC users in the context of a nationwide cohort. Previous cohort studies have shown associations of increased major bleeding risk with the concurrent use of NOACs and other medications including anti-epileptics, anti-arrhythmic, antifungals, and antibiotics in patients with non-valvular AF (Chang et al., 2017; Wang et al., 2020). In addition, previous review articles also reported clinical evidence of DDIs of NOACs with anti-inflammatory drugs, antivirals, antidepressants, immunosuppressants, and proton-pump inhibitors, but most of them are from cases reports (Stöllberger and Finsterer, 2015; Voukalis et al., 2016; Ingrasciotta et al., 2018).
Separate analyses showed the concurrent use of antipsychotics with dabigatran, rivaroxaban, or apixaban, respectively, was associated with a higher major bleeding risk than NOACs alone, similar to the overall pattern of bleeding risks demonstrated (Supplementary Tables S5–S7). The concurrent use of edoxaban with antipsychotics showed a different pattern from that of other NOACs used with antipsychotics (Supplementary Table S8). Co-medication of typical antipsychotics with edoxaban was not associated with an increased risk of major bleeding, whereas atypical antipsychotics with edoxaban increased the risk of major bleeding, particularly gastrointestinal hemorrhage. The discrepant results may arise from having fewer users of edoxaban than each of the other three NOACs and other unknown factors that remain to be examined further.
Among all the antipsychotics, the co-medication of haloperidol and NOACs is associated with the highest major bleeding risk. Haloperidol is primarily metabolized by CYP3A4, although it is also metabolized by CYP2D6, and studies have shown CYP3A4 plays a major role in drug interactions of haloperidol (Kudo and Ishizaki, 1999). Haloperidol is not only a substrate and inhibitor of CYP3A4 but also a P-gp inhibitor (El Ela et al., 2004; Iwaki et al., 2006; Lund et al., 2017). A comprehensive analysis of the clinical DDI studies has revealed that the impact of DDI mediated solely by P-gp inhibition may not be remarkably high, but the dual P-gp and CYP3A4 inhibition imposes a potent DDI risk (Umeyama et al., 2014).
Co-medication of chlorpromazine with NOACs was associated with the second highest major bleeding risk among all the antipsychotics but is associated with the highest risk of intracerebral hemorrhage. Chlorpromazine is a potent P-gp inhibitor, as demonstrated by an in vitro study (Wang et al., 2006). Chlorpromazine is mainly metabolized by CYP2D6 (Yoshii et al., 2000) and has been shown to be a modest CYP3A inhibitor by an in vitro study, but no effect on the CYP3A activity was demonstrated in an animal study (Wójcikowski et al., 2012). It is not known how much of the results of in vitro and in vivo studies can be translated to activity in humans. Nevertheless, the present study suggests a significantly increased DDI risk of chlorpromazine and NOACs in clinical practice.
Prochlorperazine was the most frequently prescribed antipsychotic in NOAC users. Prochlorperazine is extensively metabolized by CYP2C19, CYP2D6, and CYP3A4/5 (Finn et al., 2005). In addition to its antipsychotic effect, prochlorperazine has been used as an emetic for many years and is considered to be an effective multiple drug resistance-reverser in cancer treatment due to its potent P-gp inhibition activity (Pajak et al., 2005). Prochlorperazine is the only antipsychotic that increased the risks of all kinds of major bleeding when concurrently taken with NOACs versus the use of NOACs alone.
Among atypical antipsychotics, quetiapine, and risperidone have similar major bleeding rate ratios, whereas quetiapine has a higher intracranial hemorrhage ARR than that of risperidone, which may be attributed to the feature of quetiapine being a stronger P-gp inhibitor than risperidone (Tsai et al., 2020). In addition, quetiapine is mainly metabolized by CYP3A4 (DeVane and Nemeroff, 2001), whereas risperidone is metabolized by both CYP3A4 and CYP2D6 (Bork et al., 1999), which may explain the higher major bleeding risk of quetiapine than risperidone when co-medicated with a NOAC.
Aripiprazole is substantially metabolized by CYP2D6 and CYP3A4 (Citrome et al., 2005). No pharmacokinetic interaction was shown in the concurrent use of aripiprazole and valproic acid, a CYP3A4 inhibitor (Citrome et al., 2005), suggesting the role of CYP3A4 in the metabolism of aripiprazole may be less significant. However, aripiprazole is a substrate of P-gp in a P-gp–deficient animal model (Kirschbaum et al., 2010). Despite the previous studies, our study reveals clinical evidence that the DDI risk of aripiprazole and NOACs may be minor. Studies have shown olanzapine is metabolized primarily by the CYP1A2 and direct glucuronidation (Urichuk et al., 2008). Given that CYP3A4 plays a very minor role in the metabolism of olanzapine, this minor role may explain why olanzapine did not increase the major bleeding risk in NOAC users.
Atypical antipsychotics are being prescribed preferentially, due to having fewer adverse effects of extrapyramidal symptoms, than typical antipsychotics. Here, our study demonstrates that atypical anti-psychotics also had a less increased bleeding risk than typical ones when combined with NOAC use. It is noted that atypical antipsychotics increased the occurrence of the metabolic syndrome (Pramyothin and Khaodhiar, 2010; Piccinni et al., 2020), and both typical and atypical antipsychotics are significantly associated the with increased risk of stroke and ischemic heart events (Zivkovic et al., 2019; Piccinni et al., 2020). Since both typical and atypical antipsychotics may increase thromboembolic stroke and a major bleeding risk due to DDIs with NOACs, it is highly recommended to avoid prescribing the antipsychotics associated with increased bleeding risks in NOAC users. When it is necessary to prescribe antipsychotics for NOAC users, atypical antipsychotics such as olanzapine and aripiprazole may be considered. Furthermore, a previous study has shown that a campaign for general practitioners to reduce DDIs in polypharmacy elderly patients significantly decreases most prevalent DDIs, especially the NSAID-related DDIs (Raschi et al., 2015). The present study addressed the need to include NOACs and antipsychotics among specific lists of clinically important DDIs.
Study Strengths
Our study has several strengths. First, this is a nationwide cohort study, which has taken into account a wide range of covariates including co-morbidities and other medicines that may affect bleeding risks. Second, we used the propensity score weighting to account for nonrandom assignment differences between NOAC users with and without concurrent medication of antipsychotics. In the first sensitivity analysis, we used appendicitis as a negative control outcome to exclude the unobserved confounding effect. In the second sensitivity analysis, bleeding events occurring within the first person-quarter of comedication were not included to exclude the bleeding events that were caused probably not by a newly added antipsychotic but other existing medications or factors. Third, up to now, no clinical or in vitro and in vivo pharmacokinetic data regarding DDIs of antipsychotics with NOACs have been reported. Our study is the first to address some parts of the important but unanswered questions.
Study Limitations
There are limitations to this study. First, the bias caused by unmeasured confounding factors could not be completely corrected by propensity score weighting. For example, the liver and renal function data were not available in the NHI database, and the dosage, duration, and compliance of NOACs and antipsychotics were not included in this study, which leaves it unclear if the increased bleeding risks are influenced by these factors. Second, misclassification or ICD miscoding in the nationwide cohort studies has become a concern, which could lead to biased results, although large data sets may minimize the bias. Third, the edoxaban users were fewer than the other three NOACs, which raises a question about extrapolation of the results regarding co-medication of antipsychotics and edoxaban to the general population. A similar issue could occur when interpreting the results of the concurrent use of NOACs and olanzapine or aripiprazole. Fourth, although many confounding factors have been taken into account, drug–food interactions were not incorporated into the analysis. Fifth, since patients diagnosed with pulmonary embolism, deep vein thrombosis, mitral stenosis, end-stage renal disease, joint replacement, or valvular surgery with a higher risk of bleeding were excluded in this study, our study results cannot be generalized to these patients. Furthermore, this study did not examine individual characteristics of pharmacokinetics (CES1, CYP3A4, CYP3A5, CYP2J9, CYP2D6, and CYP2C19 gene polymorphisms, etc.), which may determine individual characteristics of the pharmacokinetics of both NOACs and antipsychotics and how DDIs of both drugs influence the risk of bleeding. Last, the ethnic differences in the bleeding risk and efficacy of NOACs and the epidemiology and outcomes of AF may limit the application of our study results to other ethnic populations (Nanda and Kabra, 2019).
CONCLUSION
Antipsychotics are frequently prescribed to non-valvular AF patients taking NOACs in a national cohort. Among those NOAC users, the concurrent use of haloperidol, prochlorperazine, chlorpromazine, quetiapine, or risperidone significantly increased the risks of major bleeding. The data demonstrated the clinical evidence of increased bleeding risks potentially resulting from DDIs of antipsychotics and NOACs, which can lay a foundation for further studies of DDIs and help in developing a practical guide on the prescription of antipsychotics to NOAC users in the future.
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