Associations between COVID-19 and 30-day thromboembolic events and mortality in people with dementia receiving antipsychotic medications
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Abstract
Background Antipsychotic medications are frequently prescribed to people with dementia to manage behavioural and psychological symptoms. Using a global federated research network, the objectives were to determine: 1) if COVID-19 is associated with 30-day thromboembolic events and mortality for people with dementia receiving antipsychotic medications; and 2) if the proportion of people with dementia receiving antipsychotics is higher during the COVID-19 pandemic compared to 2019.
Methods A retrospective cohort study was conducted using TriNetX, a global federated health research network. The network was searched for people aged ≥65 years with dementia, COVID-19 and use of antipsychotics in the 30-days prior to COVID-19 recorded in electronic medical records between 20/01/2020 and 05/12/2020. These individuals were compared to historical controls from 2019 with dementia and use of antipsychotics in the 30-days before a visit to a participating healthcare organisation. Propensity score matching for age, sex, race, co-morbidities and use of antidepressants and anticonvulsants was used to balance cohorts with and without COVID-19.
Results 
Within the TriNetX network, 8,414 individuals with COVID-19, dementia and use of antipsychotics and 32,693 historical controls were identified. After propensity score matching there were 8,396 individuals with COVID-19 and 8,396 historical controls. The cohorts were well balanced for age, sex, race, co-morbidities and use of antidepressants and anticonvulsants. The odds of 30-day thromboembolic events and all-cause mortality were significantly higher in adults with COVID-19 (Odds Ratios: 1.36 (95% confidence interval (CI): 1.21-1.52) and 1.93 (1.71-2.17), respectively). The number of people with dementia with a visit to a participating healthcare organisation was lower between 20/01/2020 and 05/12/2020 (n=165,447) compared to the same period in 2019 (n=217,391), but the proportion receiving antipsychotics increased from 14.7% (95%CI: 14.6%-14.9%) to 16.4% (95%CI: 16.2%-16.5%), P<.0001.
Conclusions These findings add to the evidence base that during the COVID-19 pandemic there was an increase in the proportion of people with dementia receiving antipsychotics. The negative effects of antipsychotics in patients with dementia may be compounded by concomitant COVID-19.
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1. Introduction
Antipsychotic medications are frequently prescribed to older adults living with dementia in response to behavioural and psychological symptoms, and concomitant use with other psychotropic medications is high.
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 The high use of antipsychotic medications for people with dementia occurs even though many studies and national guidelines for dementia have highlighted their small-moderate effect size for reducing behavioural and psychological symptoms, high-risk of adverse events (including falls, thromboembolic events and mortality), and availability of safer alternatives.
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 Since 2005, the Food and Drug Administration (FDA) in the United States (US) have produced black-box warnings against prescription of antipsychotic medications for people with dementia, due to increased mortality.6 Risperidone is the only second-generation antipsychotic approved for the treatment of behavioural and psychological symptoms of dementia in some countries such as the United Kingdom (UK), while other antipsychotics are often used off-label. Risperidone and other antipsychotic medications including haloperidol, quetiapine and olanzapine are not approved for treatment of behavioural and psychological symptoms of dementia by the FDA in the US.
Non-pharmacological approaches are recommended for behavioural and psychological symptoms for people with dementia due to their similar effect size for reducing the symptoms without adverse events. Antipsychotic medications should only be utilised for behavioural and psychological symptoms for people with dementia when all other approaches have failed, the symptoms are severe, or the person is at an immediate risk of harm to themselves or others.
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Concerns have been raised that the use of antipsychotic medications for people living with dementia may increase during the coronavirus disease 2019 (COVID-19) pandemic. A study of the National Health Service in England showed that although the absolute number of antipsychotic prescriptions for people with dementia decreased between March-July 2020, the proportion of patients who were prescribed antipsychotics has substantially increased.7 Although the underlying reasons for an increase in the proportion of people with dementia prescribed antipsychotic medications remains unclear, it has been proposed that this may be due to increases in behavioural and psychological symptoms for people with dementia in response to restrictions imposed, such as reduction or cessation of visitors and group activities.7 International organisations such as Alzheimer’s Disease International have drawn attention to the increased need for psychological support for people living with dementia during the COVID-19 pandemic.8
It has been hypothesized that people with COVID-19 may encounter a dysregulation of coagulation and a hyperinflammatory response which may result in a “hypercoagulable state” and subsequent increased risk of thrombosis.


9 ADDIN EN.CITE  A review of evidence published in July 2020 concluded that the use of antipsychotic medications may worsen respiratory function and increase the risk of thromboembolism for people with COVID-19.10 
The primary objective of the current study was to determine if COVID-19 is associated with 30-day thromboembolic events and all-cause mortality for people with dementia receiving antipsychotics compared to historical controls. A secondary objective was to determine if the proportion of people with dementia receiving antipsychotic medications had increased during the COVID-19 pandemic compared to people with dementia during the same time-period in 2019. 
2. Materials and Methods
2.1 Study participants

A retrospective cohort study was conducted using TriNetX, a global federated health research network. TriNetX provided access to statistics on electronic medical records from participating healthcare organisations predominately in the United States. Available data include demographics, diagnoses using International Classification of Diseases, Ninth Revision and Tenth Revision, Clinical Modification (ICD-10-CM) codes, procedures, medications, and measurements (e.g., laboratory test results). The healthcare organisations include a mixture of hospitals, primary care, and specialist providers and contribute data from insured and uninsured patients alike. The data are continuously updated; healthcare organisations update their data at various times, refreshing every 1, 2, or 4 weeks. To comply with legal frameworks and ethical guidelines guarding against data re-identification, the identity of participating healthcare organisations and their individual contribution to each dataset are not disclosed. The TriNetX platform only uses aggregated counts and statistical summaries of de-identified information. No protected health information or personal data are made available to the users of the platform.
For the first objective, the TriNetX online research platform was searched on 5th February 2021 for patients aged ≥65 years with dementia and COVID-19 recorded in their electronic medical records between 20th January 2020 and 5th December 2020. Participants were included if they had antipsychotic medication use recorded in electronic medical records in the 30-days prior to COVID-19. The start date was chosen as January 20th 2020 because COVID-19 was first confirmed in the US on this date, and the TriNetX network is predominately US-based.
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 The end date was set at 5th December 2020 to allow for at least 30-days follow-up for all participants and to ensure up to four weeks additional time to allow the update of data from all participating healthcare organisations. Identification of COVID-19 was determined using codes in electronic medical records following criteria provided by TriNetX based on Centers for Disease Control and Prevention (CDC) coding guidelines, or a positive test result identified with COVID-19 specific laboratory codes. Specifically, COVID-19 was identified by one or more of the following ICD-10-CM codes in the electronic medical records of the patients: U07.1 COVID-19, virus identified; U07.2 COVID-19, virus not identified; B97.29 Other coronavirus as the cause of diseases classified elsewhere; B34.2 Coronavirus infection, unspecified; or a positive test result identified with COVID-19 specific laboratory Logical Observation Identifiers Names and Codes (LOINCs). Patients with ICD-9 code 079.89 were excluded because this code may still be used code for >50 viral infections. Dementia was identified using the following ICD-10-CM codes: G30 Alzheimer’s disease; F01 vascular dementia; F02 dementia in other diseases classified elsewhere; F03 unspecified dementia. Antipsychotic medications were identified using the World Health Organisation Anatomical Therapeutic Chemical (ATC) codes N05A*. A second cohort of historical controls included patients aged ≥65 years with dementia and a visit to a participating healthcare organisation recorded between 20th January 2019 and 5th December 2019. Participants were included if they had antipsychotic medication use recorded in electronic medical records in the 30-days prior to or on a visit to a healthcare organisation. Individuals with any history of schizophrenia (ICD-10-CM code F20) or bipolar disorder (ICD-10-CM code F31) were excluded from all analyses.
For the second objective, the proportion of participants receiving antipsychotic medications 30 days prior to or on a visit to a healthcare organisation were compared in two cohorts: 1) participants aged ≥65 years with dementia and a visit to a participating healthcare organisation recorded in their electronic medical records between 20th January 2020 and 5th December 2020 and 2) a historical control cohort of participants aged ≥65 years with dementia and a visit to a participating healthcare organisation recorded in their electronic medical records between 20th January 2019 and 5th December 2019.
2.2 Statistical analysis
Statistical analyses were completed on the TriNetX online research platform. Baseline characteristics were compared with chi-squared tests for categorical variables and independent-sample t-tests for continuous variables. For the first objective, 1:1 propensity score matching was used to balance the cohort with dementia and COVID-19 receiving antipsychotics with the historical controls. The TriNetX platform calculates propensity scores using logistic regression through implementation of the scikit-learn package in Python. ‘Greedy nearest neighbour matching’ is used with a caliper of 0.1 pooled standard deviations. The following variables were included in propensity score matching: age, sex, race, other use of psychotropic medications (antidepressants and anticonvulsants), and any of the following health conditions recorded in the previous 30 days identified from ICD-10-CM codes in electronic medical records: hypertension, ischaemic heart diseases, cerebrovascular diseases, diabetes mellitus, chronic obstructive pulmonary disease (COPD), diseases of the genitourinary system, neoplasms, mood [affective] disorders and anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders. The health conditions were chosen because they are known to be associated with antipsychotic use and/or thromboembolic events or mortality. Kaplan-Meier analysis was used to estimate the probability of thromboembolic events and all-cause mortality up to 30-days following recording of COVID-19 in electronic medical records. Thromboembolic events included were cerebral infarction (ICD-10-CM code: I63), transient cerebral ischaemic attacks and related syndromes (G45), pulmonary embolism (I26), arterial embolism and thrombosis (I74) and other venous embolism and thrombosis (I82). Logistic regression was used to calculate odds ratios with 95% confidence intervals (CIs). For the second objective, the proportion of individuals with dementia receiving antipsychotics in 2020 compared to 2019 were compared with a chi-squared test. Statistical significance was pre-specified at P<.05.
2.3 Ethical approval

As a federated network, research studies using the TriNetX research network do not require ethical approvals as no patient identifiable identification is received.
3. Results
3.1 Participant characteristics for people with dementia and COVID-19 receiving antipsychotics compared to historical controls with dementia receiving antipsychotics 
Within the TriNetX network, 8,414 individuals were identified with COVID-19, dementia and use of antipsychotics recorded in their electronic medical records in the 30-day period before COVID-19 was noted. The most common antipsychotics received were quetiapine (42.1%, n=3,539), haloperidol (38.4%, n=3,232), olanzapine (21.1%, n=1,776) and risperidone (12.5%, n=1,050); the remaining antipsychotics were received by <3% of the participants. Analyses were completed for all individuals with dementia, and no further analyses were completed by type of dementia because the majority of individuals (75.0%) had more than one type of dementia recorded in their electronic medical records.
Compared to 31,963 historical controls with dementia and receiving antipsychotic medications without COVID-19, individuals with COVID-19, dementia and antipsychotic use were significantly older (mean age (standard deviation) 80.7 (7.3) vs. 80.0 (7.5), P<.0001), had a significantly lower proportion of females (55.5% vs. 57.8%, P=.0002), a significantly lower proportion of individuals identified as white (74.3% vs. 76.4%, P<0.0001) and a higher proportion of individuals with hypertensive diseases, diseases of the genitourinary system, cerebrovascular disease, ischaemic heart disease, COPD, diabetes mellitus and neoplasms. Individuals with COVID-19 also had a significantly higher proportion of individuals with a history of antidepressant and anticonvulsant use. After 1:1 propensity score matching, there were 8,396 individuals in each cohort, and the cohorts were well balanced on characteristics including age, sex, race, co-morbidities and antidepressant and anticonvulsant use (Table 1). However, ischaemic heart disease and the proportion of individuals with race unknown remained significantly higher in the COVID-19 cohort.
3.3 Outcomes for people with dementia and COVID-19 receiving antipsychotics compared to historical controls with dementia receiving antipsychotics
After propensity-score matching, compared to historical controls, people with dementia and COVID-19 who received antipsychotics had higher odds of 30-day thromboembolic events (9.1% vs. 6.9%, Log-Rank test P<.0001, Figure 1; Odds Ratio 1.36 (95% CI: 1.21-1.52)), and all-cause mortality (10.1% vs. 5.5%, Log-Rank test P<.0001, Figure 2; Odds Ratio 1.93 (95% CI: 1.71-2.17)). Table 2 also shows the results stratified by the four most common types of antipsychotics prescribed. COVID-19 was associated with significantly higher odds of 30-day thromboembolic events and mortality for people receiving quetiapine, haloperidol or risperidone compared to historical controls. No significant association was observed between COVID-19 and 30-day thromboembolic events for people receiving olanzapine, but a significant association was observed with mortality.  
3.4 Antipsychotic use for people with dementia during the COVID-19 pandemic compared to 2019

Between 20th January 2019 and 5th December 2019, 217,391 people living with dementia (with no previous history of schizophrenia or bipolar disorder) had a recorded visit at one of 44 healthcare organisations. Between 20th January 2020 and 5th December 2020, 165,447 people living with dementia (with no previous history of schizophrenia or bipolar disorder) had a visit recorded at 43 healthcare organisations. Compared to the period examined in 2019, in 2020 there was a statistically significant higher proportion of people with dementia with a record of receiving antipsychotic medications 30 days before or on the date of their visit (16.4% (95%CI: 16.2%-16.5%, n=27,050) vs. 14.7% (95%CI: 14.6%-14.9%, n=31,963) (P<.0001)). 
4. Discussion
4.1 Principal findings

By utilising a global health research network, this study suggests that for people with dementia and no recorded history of schizophrenia or bipolar disorder and receiving antipsychotics, COVID-19 associated with higher odds of 30-day thromboembolic events and all-cause mortality. This study also suggests that the proportion of people with dementia receiving antipsychotic medications increased during the COVID-19 pandemic compared to the proportion of people with dementia receiving antipsychotic medications in 2019.

High rates of death have been reported for people living with dementia during the COVID-19 pandemic, which may be in part due to a high prevalence of dementia amongst older people living in care homes.
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 Increasing evidence from large-scale observational studies suggests people living with dementia are at increased risk of infection with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and mortality with COVID-19.
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 A previous study which utilised the TriNetX global health research network also showed dementia to be a risk factor for mortality for older adults with COVID-19.16 Furthermore, within the TriNetX network, COVID-19 was associated with a 2 to 3-fold increase in the incidence of dementia compared to other health events, and a psychiatric diagnosis, including dementia, in the previous year was associated with a higher incidence of COVID-19.17 The findings of the current study suggest the use of antipsychotic medications for people with dementia and COVID-19 may be a contributing factor to high rates of mortality reported for these individuals. Furthermore, stratified by type of antipsychotic, the results indicated that the highest rates of 30-day all-cause mortality were seen in patients receiving haloperidol. However, the largest difference in all-cause mortality between patients with and without COVID-19 was for patients receiving risperidone (3.2% vs. 7.9%, OR 2.57, 95% CI: 1.71-3.86). Therefore, the potentially negative impact of COVID-19 for patients with dementia receiving antipsychotics may be more pronounced for patients receiving risperidone, although the mortality rate remained lower than for patients receiving haloperidol, quetiapine or olanzapine.
Previous evidence has suggested that the use of antipsychotic medications may worsen respiratory function and increase the risk of thromboembolism for people with COVID-19.10 To our knowledge, no previous study has examined associations between COVID-19 and outcomes specifically for people with dementia receiving antipsychotic medications. The findings of this study add to the evidence base to suggest further caution of the use of antipsychotic medications during the COVID-19 pandemic for people with dementia. 

A previous study suggested there has been a reduction in the absolute number of patients registered with dementia in England during the pandemic, but an increase in the proportion of individuals with dementia receiving antipsychotic medications.7 The findings of the current study are in line with the results of the previous study.7 A reduction in the absolute number of people with dementia within the TriNetX global health research network was observed compared to the same time-period in 2019, and there was a significant increase in the proportion of individuals with dementia who received antipsychotic medications, from 14.7% to 16.4%. The underlying reasons for this could not be explored in the current study but may include an increase in behavioural and psychological symptoms for people with dementia in response to restrictions imposed by the COVID-19 pandemic. It has been estimated that prior to the COVID-19 pandemic, approximately one in five older adults living in care homes were prescribed antipsychotic medications in countries including the United States, the United Kingdom and Australia.
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 COVID-19 restrictions for older people living in the community and care homes have varied between countries and settings, but have included recommendations of shielding, cessation or reduction in family visits, changes in routine and activities, changes in availability of non-pharmacological approaches/therapies, and some people living in care homes have been asked to isolate in their bedrooms. Furthermore, a possible reason for prescribing antipsychotics during the COVID-19 pandemic is that patients may be at higher risk of developing delirium potentially due to infection with COVID-19 or environmental factors.21 However, this could not be explored in the current study.
Although often referred to clinically as behavioural and psychological symptoms of dementia, behaviours such as agitation, depression and aggression experienced by people with dementia are often not triggered by underlying dementia pathology. Such behaviours are often in response to unmet needs which have resulted in discomfort, pain or distress for the individual.22 Consensus of an expert panel identified caregiver training, environmental adaptations, person-centred care, and tailored activities as first-line approaches for behavioural and psychological symptoms of dementia overall and for agitation, prior to the use of pharmacological approaches. If pharmacological strategies are needed, citalopram and analgesic approaches were prioritised ahead of the use of antipsychotic medications.
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 Non-pharmacological approaches for people with dementia experiencing changes in behaviours should be considered after conducting a formal assessment to explore possible reasons for their distress and checking for clinical or environmental causes.4 The Describe, Investigate, Create, Evaluate (DICE) approach can help with assessment and to create and implement a treatment plan.
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 Non-pharmacological approaches should be person-centred and a range of activities should be offered.4 There is no formal evidence to show the extent to which such non-pharmacological approaches have been suspended or ceased during the COVID-19 pandemic. However, the restrictions imposed during the pandemic would suggest it would not be possible in many settings to carry out such activities to the same extent as before the COVID-19 pandemic. 
These findings should encourage further research into the underlying reasons of an increase in the use of antipsychotic medications during the COVID-19 pandemic. Furthermore, strategies should be considered to improve implementation of non-pharmacological approaches both during the COVID-19 pandemic and more generally, for people with behavioural and psychological symptoms with dementia.
4.2 Limitations

The main limitation is that the data used in the study were from a research network which can only capture electronic medical records from participating healthcare organisations, and some health conditions may be underreported. Furthermore, the majority of people with dementia in this study had a history of more than one classification of dementia recorded. It is unclear if this is due to variation in the use of ICD-10-CM codes amongst different healthcare staff or if people were living with more than one type of underlying dementia pathology. Therefore, we did not further stratify analyses by type of dementia. The research network does not have information on the indication for medications, the dose or how long the person has received the medication, so this could not be explored. There was also no information collected on whether the participants were living in a care home so this could also not be considered in this study. Although the cohorts were propensity score matched for factors including age, sex, race, co-morbidities and antidepressant and anticonvulsant use, residual confounding may include socioeconomic factors, cognitive measures and behavioural measures which were not available, including global behaviour measures such as the Neuropsychiatric Inventory (NPI) or specific behaviour measures e.g. the Cohen Mansfield Agitation Inventory (CMAI). Within TriNetX, it is also not possible to determine the impact of attending different healthcare organisations due to data privacy restrictions. All deaths captured within the TriNetX network were included; however, deaths outside of the participating health care organisations are not well captured.  
4. Conclusions
It is well-known that antipsychotic medications are associated with increased risk of severe adverse events for people living with dementia, but little research has previously focused on the use of antipsychotic medications for people with dementia and COVID-19. The results of this study indicate an association between COVID-19 and higher odds of thromboembolic events and all-cause mortality for people with dementia receiving antipsychotics. Therefore, the negative effects of antipsychotics in patients with dementia may be increased by concomitant COVID-19. In addition, this study also demonstrates there has been an increase in the proportion of people living with dementia receiving antipsychotic medications during the COVID-19 pandemic. 
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Figures
Figure 1. Kaplan-Meier curve of thromboembolic events for people with dementia, COVID-19 and use of antipsychotics compared to historical controls. 
Figure 2. Kaplan-Meier curve of all-cause mortality for people with dementia, COVID-19 and use of antipsychotics compared to historical controls. 

Table 1. Characteristics for people with dementia and COVID-19 receiving antipsychotics compared to historical controls in 2019 receiving antipsychotics, before and after propensity score matching.
	
	Initial populations
	Propensity score matched populations

	Characteristic
	COVID-19 cohort
(n=8,414)
	2019 cohort
(n=31,963)
	P-value
	COVID-19 cohort
(n=8,396)
	2019 cohort
(n=8,396)
	P-value

	Age (years), mean (SD)
	80.7 (7.3)
	80.0 (7.5)
	<0.0001
	80.7 (7.3)
	80.8 (7.3)
	0.14

	Female
	55.5 (4,667)
	57.8 (18,462)
	0.0002
	55.6 (4,667)
	55.6 (4,665)
	0.98

	Race
	
	
	
	
	
	

	     White
	74.3 (6,247)
	76.4 (24,421)
	<0.0001
	74.4 (6,247)
	74.9 (6,286)
	0.49

	     Black or African American
	15.1 (1,266)
	12.1 (3,854)
	<0.0001
	15.1 (1,266)
	16.0 (1,343)
	0.56

	     Asian
	1.1 (95)
	1.3 (408)
	0.28
	1.1 (95)
	1.1 (95)
	0.10

	     Native Hawaiian or other Pacific Islander
	0.1 (10)
	0.1 (26)
	0.31
	0.1 (10)
	0.1 (10)
	1.00

	     American Indian or Alaska Native
	0.2 (16)
	0.2 (56)
	0.77
	0.1 (10)
	0.1 (10)
	0.68

	     Unknown
	9.4 (787)
	10.0 (3,198)
	0.07
	9.2 (769)
	7.9 (664)
	0.003

	Hypertensive Diseases
	59.5 (5,002)
	52.9 (16,895)
	<0.0001
	59.4 (4,996)
	59.1 (4,961)
	0.58

	Diseases of the genitourinary system
	53.8 (4,528)
	40.1 (12,812)
	<0.0001
	53.9 (4,523)
	54.0 (4,532)
	0.89

	Cerebrovascular Disease
	18.5 (1,555)
	13.5 (4,306)
	<0.0001
	18.5 (1,552)
	17.4 (1,458)
	0.06

	Ischaemic Heart Disease
	27.8 (2,336)
	21.1 (6,730)
	<0.0001
	27.8 (2,332)
	26.1 (2,193)
	0.02

	Chronic Obstructive Pulmonary Disease
	12.0 (1,008)
	10.7 (3,427)
	0.001
	12.0 (1,008)
	11.2 (938)
	0.09

	Diabetes mellitus
	25.6 (2,152)
	21.7 (6,929)
	<0.0001
	25.6 (2,151)
	24.6 (2,066)
	0.13

	Neoplasms
	12.8 (1,076)
	11.2 (3,587)
	<0.0001
	12.8 (1,076)
	12.2 (1,025)
	0.23

	Mood [affective] disorders
	21.7 (1,825)
	21.5 (6,869)
	0.69
	21.7 (1,823)
	21.2 (1,780)
	0.42

	Anxiety, dissociative, stress-related, somatoform and other nonpsychotic mental disorders
	18.5 (1,555)
	17.9 (5,733)
	0.25
	18.5 (1,554)
	18.1 (1,519)
	0.48

	Antidepressant use
	46.6 (3,921)
	40.7 (13,004)
	<0.0001
	46.6 (3,909)
	46.4 (3,898)
	0.92

	Anticonvulsant use
	25.5 (2,143)
	20.4 (6,524)
	<0.0001
	25.5 (2,139)
	24.6 (2,069)
	0.21


Baseline characteristics were compared using a chi-squared test for categorical variables and an independent-sample t-test for continuous variables. Data are % (n), unless otherwise stated. Presence of a condition or use of medication is based on recording with electronic medical records 30-days up to COVID-19 recording or healthcare organisation visit. COVID-19: coronavirus disease 2019, SD: standard deviation.
Table 2. Outcomes for people with dementia and COVID-19 receiving antipsychotics compared to historical controls in 2019 with dementia receiving antipsychotics.
	Exposure
	Propensity score matched populations (n)
	30-day thromboembolic events


	30-day thromboembolic events
OR (95% CI)
	30-day mortality


	30-day mortality

OR (95% CI)

	Any antipsychotic
	
	
	
	
	

	2019 cohort
	8,396
	6.9%
	Reference
	5.5%
	Reference

	COVID-19 cohort
	8,396
	9.1% 
	1.36 (1.21-1.52)
	10.1%
	1.93 (1.71-2.17)

	Quetiapine
	
	
	
	
	

	2019 cohort
	3,534
	6.0%
	Reference
	4.3%
	Reference

	COVID-19 cohort
	3,534
	8.3%
	1.42 (1.18-1.70)
	8.9%
	2.18 (1.78-2.66)

	Haloperidol
	
	
	
	
	

	2019 cohort
	3,216
	6.9%
	Reference
	10.3%
	Reference

	COVID-19 cohort
	3,216
	8.3%
	1.23 (1.02-1.48)
	13.8%
	1.39 (1.20-1.62)

	Olanzapine
	
	
	
	
	

	2019 cohort
	1,774
	8.3%
	Reference
	7.0%
	Reference

	COVID-19 cohort
	1,774
	7.8%
	0.94 (0.74-1.20)
	9.0%
	1.32 (1.03-1.68)

	Risperidone
	
	
	
	
	

	2019 cohort
	1,047
	4.3%
	Reference
	3.2%
	Reference

	COVID-19 cohort
	1,047
	6.7%
	1.60 (1.09-2.34)
	7.9%
	2.57 (1.71-3.86)


COVID-19: coronavirus disease 2019; OR: odds ratio; 95% CI: 95% confidence interval. 
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