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Association Between Bipolar Disorder or Schizophrenia and Oral Anticoagulation
Use in Danish Adults With Incident or Prevalent Atrial Fibrillation
Morten Fenger-Grøn, MSc, PhD; Claus Høstrup Vestergaard, MSc; Anette Riisgaard Ribe, MD, PhD; Søren Paaske Johnsen, MD, PhD; Lars Frost, MD, PhD, DMSc;
Annelli Sandbæk, MD, PhD; Dimitry S. Davydow, MD, MPH

Abstract

IMPORTANCE Individuals with bipolar disorder or schizophrenia have a higher risk of adverse
outcomes from cardiovascular diseases. Oral anticoagulation therapy (OAT) for patients with atrial
fibrillation (AF) is needed for stroke prevention, but whether patients with bipolar disorder or
schizophrenia face disparities in receiving this therapy is unknown.

OBJECTIVE To assess whether bipolar disorder or schizophrenia is associated with a lower rate of
OAT initiation in patients with incident AF and lower prevalence of OAT in those with prevalent AF.

DESIGN, SETTING, AND PARTICIPANTS A nationwide cohort study of Danish patients with AF was
conducted from January 1, 2005, to December 31, 2016, and data were analyzed from January 1 to
June 15, 2020. Data from national registries included information on all redeemed prescriptions and
all hospital contacts of all patients with incident or prevalent AF (age, 18-100 years) and increased
risk status, defined by a CHA2DS2-VASc (congestive heart failure, hypertension, age �75 years,
diabetes, stroke or transient ischemic attack, vascular disease, age 65-74 years, sex category) risk
score greater than or equal to 2.

EXPOSURES Hospital diagnosis of bipolar disorder or schizophrenia.

MAIN OUTCOMES AND MEASURES Adjusted proportion differences for OAT initiation and OAT
prevalence, comparing individuals with and without bipolar disorder or schizophrenia.

RESULTS Patients included with incident AF (n = 147 810) had a mean (SD) age of 76.9 (10.1) years,
78 577 (53.2%) were women, 1208 (0.8%) had bipolar disorder, and 572 (0.4%) had schizophrenia.
Accounting for age, sex, and calendar time, bipolar disorder and schizophrenia were associated with
significantly lower frequency of OAT initiation within 90 days after incident AF (bipolar disorder:
−12.7%; 95% CI, −15.3% to −10.0%; schizophrenia: −24.5%; 95% CI, −28.3% to −20.7%) and lower
OAT prevalence in patients with prevalent AF (bipolar disorder: −11.6%; 95% CI, −13.9% to −9.3%
schizophrenia: −21.6%; 95% CI, −24.8% to −18.4%). Adjusting for socioeconomic factors and other
comorbid conditions attenuated these associations, particularly for patients with bipolar disorder.
However, schizophrenia continued to be associated with a with a lower rate of OAT initiation (−15.5%,
95% CI, −19.3% to −11.7%) and a −12.8% (95% CI, −15.9% to −9.7%) lower OAT prevalence. These
associations were also present after the introduction of non–vitamin K antagonists (adjusted
proportion difference in 2013-2016: −12.4%; 95% CI, −18.7% to −6.1% for initiation and −10.1%; 95%
CI, −13.8% to −6.4% for prevalence).

CONCLUSIONS AND RELEVANCE In this study, patients with bipolar disorder or schizophrenia
were less likely to receive OAT in the setting of AF. For patients with bipolar disorder, this deficit was
largely associated with socioeconomic factors and comorbidities, especially toward the end of the
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Abstract (continued)

study period. For patients with schizophrenia, disparities in this stroke prevention therapy
persistently exceeded what could be explained by other patient characteristics.

JAMA Network Open. 2021;4(5):e2110096. doi:10.1001/jamanetworkopen.2021.10096

Introduction

An extensive body of literature has identified that individuals with bipolar disorder or schizophrenia
have a lower life expectancy compared with the general population.1 Most of this excess mortality is
attributable to increased risk of developing, and subsequently dying of, chronic medical conditions,
such as cardiovascular diseases.1-4

Atrial fibrillation (AF) is one of the most common cardiovascular illnesses,5,6 affecting
approximately 1 in 3 persons in the industrialized world.7 Atrial fibrillation is associated with lower
quality of life,8 heart failure,9 dementia,10,11 and a 5-fold increased risk of ischemic stroke,12 ultimately
implying substantial mortality. Currently, stroke is the second leading cause of death and the third
leading cause of disability worldwide.13 Atrial fibrillation–related stroke can be prevented by oral
anticoagulation therapy (OAT),14,15 which is recommended for all individuals at increased risk of
thromboembolic events, defined by a CHA2DS2-VASc (congestive heart failure, hypertension, age
�75 years, diabetes, stroke or transient ischemic attack, vascular disease, age 65-74 years, sex
category) risk score greater than or equal to 2.16,17

However, optimal adherence to OAT can be resource intensive, and even in populations with
relatively good health care access, many patients with AF do not receive OAT.18 Oral anticoagulation
therapy could be particularly challenging for patients with bipolar disorder or schizophrenia, because
they have difficulties adhering to treatments for chronic conditions19,20 and poorer
self-management.21,22 Yet, patients with severe mental illness, including bipolar disorder and
schizophrenia, have an increased risk of stroke,23,24 making OAT particularly important for those with
comorbid AF. However, data are sparse on OAT use among individuals with bipolar disorder or
schizophrenia and comorbid AF. Prior studies have noted that patients with comorbid psychiatric
illnesses and AF may be less likely to start OAT,25-27 but it remains unknown whether this observation
reflects disparity beyond what can be related to sociodemographic factors or comorbidity. It is also
unknown whether a possible treatment deficit may increase by time since diagnosis, and whether
implementation of non–vitamin K antagonist oral anticoagulant (NOAC) therapy has affected this
population. Non–vitamin K antagonist oral anticoagulant therapy may facilitate adherence owing to
higher safety and fewer monitoring requirements compared with vitamin K antagonists—aspects
that could be valuable for patients with psychiatric comorbidity. However, a previous overview
suggested that treatment advances may widen health disparities.28

The present study aimed to explore whether bipolar disorder or schizophrenia is associated
with OAT initiation within 90 days after hospital discharge with an incident AF diagnosis or with OAT
prevalence in individuals with prevalent AF when adjusting for socioeconomic characteristics and
comorbidity. We hypothesized that having bipolar disorder or schizophrenia would be associated
with a lower likelihood of OAT initiation among individuals with incident AF and lower OAT
prevalence among those with prevalent AF.

Methods

Design, Setting, and Participants
We used nationwide Danish registries (eMethods in the Supplement provide data sources) to identify
all patients with incident or prevalent AF from January 1, 2005, to December 31, 2016, and assess
use of OAT from redeemed prescriptions. The cohort was restricted to patients aged 18 to 100 years,
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had 5 or more years of uninterrupted residence in Denmark at the date of AF diagnosis, and were at
increased risk of thromboembolic events. This study was approved by the Danish Data Protection
Agency, the Danish Health Data Authority, and Statistics Denmark. According to Danish law, entirely
register-based studies require no further ethical approval or informed consent. This study followed
the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

Atrial fibrillation was defined as inpatient or outpatient contacts registered with codes 427.93
or 427.94 according to the International Classification of Diseases, 8th Revision or code I48 according
to the International Statistical Classification of Diseases, 10th Revision (ICD-10). We did not include
AF diagnoses made in emergency departments owing to insufficient validity.29

Increased risk status was defined as a CHA2DS2-VASc score greater than or equal to 216 and
evaluated at relevant index dates using registry-based data (eTable 1 in the Supplement). To examine
OAT initiation, we included patients starting the date they left the hospital with an incident AF
diagnosis, ie, their first AF diagnosis in the register history, and defined this as the study index date.
Oral anticoagulation therapy initiation was assessed 0 to 180 days after this date; multivariable-
adjusted comparisons focused on the uptake within 90 days. To accommodate 90 days of follow-up,
the inclusion period ended September 30, 2016.

To ascertain the prevalence of OAT, we included patients with prevalent AF and assessed their
treatment status annually, thus allowing multiple entries for patients with prevalent AF for 2 years or
more and including patients with AF diagnosed before the study period. For these analyses, index
dates were the dates of each assessment.

Exclusion (or censoring) criteria included mitral stenosis or mechanical prosthetic heart valves,
left atrial appendage closure, coagulation defect, or heparin therapy; precise coding definitions for
these criteria are included in eTable 2 in the Supplement. Otherwise, patients were followed up until
death, emigration, or the end of the study, whichever came first.

Exposures of interest were bipolar disorder (ICD-10: F30-F31 or Anatomical Therapeutic
Classification [ATC]: N05AN) and schizophrenia (or schizoaffective disorder) (ICD-10: F20 and F25)
diagnosed in a general or psychiatric hospital.

Outcomes
Outcomes of interest were initiation and prevalence of OAT, ie, vitamin K antagonists (ATC: B01AA)
or NOAC (ATC: B01AE07, B01AX06/B01AF01, B01AF02, or B01AF03). Patients registered with both
vitamin K antagonist and NOAC therapies were classified according to their latest redemption. For
the assessment of OAT prevalence, we assumed a treatment duration after each prescription
redemption of either 1 day per pill, 1 day per 2 pills (ATC: B01AE07 [dabigatran] and B01AF02
[apixaban]), or 2 days per pill (ATC: B01AA04 [phenprocoumon]) plus a 25% grace period (allowing
leeway for prescription refilling) and duration of any intermediate hospitalizations. In sensitivity
analyses, the dosage assumption was changed to 1 pill per day for all types of OAT, and the grace
period was changed from 25% to 0%, 50%, and 100%.

Covariates
Using previously developed approaches30,31 (eTable 1 and eTable 3 in the Supplement), we assessed
baseline information on all covariates listed in Table 1 (ie, CHA2DS2-VASc conditions,
sociodemographic factors, psychiatric comorbidities, and conditions or medical treatments of
particular relevance to the HAS-BLED [hypertension, abnormal kidney or liver function, stroke,
bleeding history or disposition, labile international normalized ratio, age �65 years, drug or alcohol
use predisposing to bleeding] risk score).16,32

Statistical Analysis
To assess the extent to which a possible OAT deficit in patients with bipolar disorder or schizophrenia
could be associated with other characteristics of these patients, the OAT deficit was investigated
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Table 1. Characteristics of All Patients With Incident and Prevalent AF With Increased Risk Status

Characteristic

No. (%)

Treatment initiation (patients) Treatment prevalence (entry years)

Bipolar disorder Schizophrenia Full cohort Bipolar disorder Schizophrenia Full cohort
Total, No. 1208 572 147 810 7954a 3259b 1 002 721c

Age, mean (SD), y 74.55 (10.27) 69.26 (12.37) 76.9 (10.1) 73.99 (10.37) 67.46 (12.82) 75.85 (10.26)

Age group, y

<60 88 (7.3) 114 (19.9) 7728 (5.2) 1894 (23.8) 1336 (41.0) 187 935 (18.7)

60-69 303 (25.1) 167 (29.2) 27 677 (18.7) 2600 (32.7) 954 (29.3) 301 710 (30.1)

70-79 440 (36.4) 181 (31.6) 51 858 (35.1) 2299 (28.9) 724 (22.2) 324 838 (32.4)

80-89 311 (25.7) 92 (16.1) 47 806 (32.3) 1076 (13.5) 228 (7.0) 168 130 (16.8)

≥90 66 (5.5) 18 (3.1) 12 741 (8.6) 85 (1.1) 17 (0.5) 20 108 (2.0)

Sexd

Female 785 (65.0) 355 (62.1) 78 577 (53.2) 4729 (59.5) 1832 (56.2) 488 644 (48.7)

Male 423 (35.0) 217 (37.9) 69 233 (46.8) 3225 (40.5) 1427 (43.8) 514 077 (51.3)

Period

2005-2008 306 (25.3) 134 (23.4) 43 659 (29.5) 1979 (24.9) 702 (21.5) 272 521 (27.2)

2009-2012 423 (35.0) 204 (35.7) 50 613 (34.2) 2682 (33.7) 1048 (32.2) 329 736 (32.9)

2013-2016 479 (39.7) 234 (40.9) 53 538 (36.2) 3293 (41.4) 1509 (46.3) 400 464 (39.9)

Income, quartilee

1st 448 (37.1) 251 (43.9) 62 417 (42.2) 3019 (38.0) 1340 (41.1) 391 121 (39.0)

2nd 466 (38.6) 261 (45.6) 46 629 (31.5) 2860 (36.0) 1542 (47.3) 322 330 (32.1)

3rd 172 (14.2) 43 (7.5) 20 700 (14.0) 1198 (15.1) 268 (8.2) 150 239 (15.0)

4th 122 (10.1) 17 (3.0) 18 064 (12.2) 877 (11.0) 109 (3.3) 139 031 (13.9)

Education level, yf

≤10 611 (50.6) 367 (64.2) 81 937 (55.4) 3993 (50.2) 1943 (59.6) 522 835 (52.1)

>10 to ≤15 387 (32.0) 157 (27.4) 49 167 (33.3) 2559 (32.2) 986 (30.3) 349 828 (34.9)

>15 210 (17.4) 48 (8.4) 16 706 (11.3) 1402 (17.6) 330 (10.1) 130 058 (13.0)

Migration history

Danish born 1181 (97.8) 558 (97.6) 145 155 (98.2) 7790 (97.9) 3134 (96.2) 984 228 (98.2)

Western immigrant 21 (1.7) 5 (0.9) 1456 (1.0) 110 (1.4) 65 (2.0) 9979 (1.0)

Nonwestern immigrant 6 (0.5) 9 (1.6) 1199 (0.8) 54 (0.7) 60 (1.8) 8514 (0.8)

Marital status

Unmarried 126 (10.4) 217 (37.9) 9344 (6.3) 799 (10.0) 1175 (36.1) 60 833 (6.1)

Married 423 (35.0) 94 (16.4) 70 736 (47.9) 3019 (38.0) 534 (16.4) 515 319 (51.4)

Divorced 302 (25.0) 175 (30.6) 17 448 (11.8) 1807 (22.7) 1088 (33.4) 115 942 (11.6)

Widowed 357 (29.6) 86 (15.0) 50 282 (34.0) 2329 (29.3) 462 (14.2) 310 627 (31.0)

Comorbidity

Congestive heart failure 206 (17.1) 116 (20.3) 20 433 (13.8) 2136 (26.9) 1012 (31.1) 226 539 (22.6)

Hypertension 819 (67.8) 342 (59.8) 107 883 (73.0) 6540 (82.2) 2568 (78.8) 860 520 (85.8)

Diabetes 296 (24.5) 179 (31.3) 26 408 (17.9) 2164 (27.2) 1098 (33.7) 207 891 (20.7)

Stroke/thromboembolism 299 (24.8) 119 (20.8) 31 093 (21.0) 1965 (24.7) 813 (24.9) 214 078 (21.3)

Vascular disease 251 (20.8) 123 (21.5) 35 457 (24.0) 1803 (22.7) 712 (21.8) 253 702 (25.3)

Kidney disease 138 (11.4) 51 (8.9) 9372 (6.3) 870 (10.9) 320 (9.8) 62 110 (6.2)

Prior bleeding 308 (25.5) 140 (24.5) 30 035 (20.3) 2255 (28.4) 884 (27.1) 248 045 (24.7)

Liver disease 47 (3.9) 23 (4.0) 2757 (1.9) 299 (3.8) 164 (5.0) 19 368 (1.9)

Alcohol abuse 241 (20.0) 146 (25.5) 6221 (4.2) 1615 (20.3) 857 (26.3) 43 144 (4.3)

Other substance abuse 96 (7.9) 63 (11.0) 704 (0.5) 640 (8.0) 378 (11.6) 4689 (0.5)

Dementia 187 (15.5) 59 (10.3) 7598 (5.1) 1431 (18.0) 422 (12.9) 61 364 (6.1)

Schizophrenia 98 (8.1) NA 572 (0.4) 568 (7.1) NA 3259 (0.3)

Bipolar disorder NA 98 (17.1) 1208 (0.8) NA 568 (17.4) 7954 (0.8)

NSAID treatment 122 (10.1) 62 (10.8) 15 535 (10.5) 604 (7.6) 319 (9.8) 68 256 (6.8)

Antiplatelet treatment 532 (44.0) 240 (42.0) 69 798 (47.2) 3339 (42.0) 1391 (42.7) 397 814 (39.7)

(continued)
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under several different levels of adjustment. All adjusted analyses were performed on the entire
cohort of all incident (for OAT initiation) or prevalent (for OAT prevalence) AF cases at increased risk.
Selected, crude comparisons within this cohort were performed between patients with bipolar
disorder or schizophrenia and a 1:3-matched random sample of patients without the respective
diagnoses. For the initiation study, matching criteria included age, sex, CHA2DS2-VASc score, and
calendar year. For the prevalence study, we also included years since AF diagnosis.

Baseline characteristics were described in the examination of both initiation and prevalence for
the entire cohort, the subgroups with bipolar disorder and schizophrenia, and the matched random
samples. For the prevalence study, this description was performed in terms of entry years (ie, patient
data were weighted according to years of study eligibility).

To obtain a crude description of treatment initiation in patients with bipolar disorder or
schizophrenia and the matched reference groups, we assessed their status 0 to 180 days after the
index date, classified into initiated NOAC therapy, initiated vitamin K antagonist therapy, fulfilled
exclusion criteria, or death. We used the Aalen-Johansen approach for competing risks; thus, in this
analysis, patients were classified according to their first observed event. Emigration (<0.1%) was
treated as a censoring event.

We used the pseudo-observation approach33 for the adjusted analyses of OAT initiation,
calculating pseudo-observations for the cumulative incidence of OAT initiation stratified by age
group, sex, and calendar period. In this calculation, death, exclusion, and emigration were considered
censoring events, implying that the obtained results estimated the intent to initiate treatment.

For both initiation and prevalence, adjusted proportion differences (aPDs) with corresponding
95% CIs were estimated in linear least-squares models with robust variance estimation. These
models included index year and the above-mentioned covariates, including 3-knotted sex- and
period-specific splines for age at index date. In addition, the models for treatment prevalence
included a covariate representing time since AF diagnosis and accounted for the correlation between
multiple entries of the same patient by cluster robust variance estimation with patient as the
cluster unit.

All analyses were performed from January 1 to June 15, 2020, using Stata, version 15
(StataCorp LLC).

Table 1. Characteristics of All Patients With Incident and Prevalent AF With Increased Risk Status (continued)

Characteristic

No. (%)

Treatment initiation (patients) Treatment prevalence (entry years)

Bipolar disorder Schizophrenia Full cohort Bipolar disorder Schizophrenia Full cohort
Time since AF, mean (SD), y NA NA NA 6.87 (5.43) 6.11 (4.89) 6.73 (5.34)

1 NA NA NA 1012 (12.7) 474 (14.5) 127 964 (12.8)

2 NA NA NA 874 (11.0) 410 (12.6) 113 946 (11.4)

3 NA NA NA 759 (9.5) 363 (11.1) 101 906 (10.2)

4 NA NA NA 689 (8.7) 302 (9.3) 90 915 (9.1)

5 NA NA NA 4620 (58.1) 1710 (52.5) 567 990 (56.6)

Abbreviations: AF, atrial fibrillation; NA, not applicable; NSAID, nonsteroidal anti-
inflammatory drug.
a Number of unique patients with bipolar disorder was 1810, corresponding to a mean of

4.4 entries per patient.
b Number of unique patients with schizophrenia was 786, corresponding to a mean of 4.1

entries per patient.
c Number of unique patients was 199 219, corresponding to a mean of 5.0 entries per

patient. The cohorts of incident and prevalent patients were only partially coinciding,
because patients who had incident events before 2005 could be included in the
prevalent group, whereas some patients who were incident in the inclusion period

from 2005 through September 2016 could be censored due to emigration, end of
follow-up, death, or other criteria before their first annual entry in the prevalent group.

d Of unique patients in the prevalence group, 96 606 (105 with bipolar disorder and 441
with schizophrenia) were women; 102 613 (753 with bipolar disorder and 345 with
schizophrenia) were men.

e Year-specific quartiles of the gross Danish population.
f Of unique patients in the prevalence group, 195 540 (1774 with bipolar disorder and

760 with schizophrenia) were Danish-born, 2043 (25 with bipolar disorder and 10 with
schizophrenia) were Western immigrants, and 1636 (11 with bipolar disorder and 16
with schizophrenia) were nonwestern immigrants.
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Results

Cohort Characteristics
For the study of treatment initiation, we identified 147 810 eligible patients with incident AF (eFigure
in the Supplement) among whom mean (SD) age was 76.9 (10.1) years; 78 577 (53.2%) were women,
69 233 (46.8%) were men (Table 1), and mean (SD) CHA2DS2-VASc score was 3.73 (1.41) (eTable 4 in
the Supplement). This cohort included 1208 (0.8%) patients with bipolar disorder and 572 (0.4%)
patients with schizophrenia. A total of 199 219 patients were eligible for the study of OAT prevalence
at least once in the study period (mean, 5.0 annual entries), of whom 1810 had bipolar disorder
(mean, 4.4 entries) and 786 had schizophrenia (mean, 4.1 entries) (Table 1). Compared with their
sex-, age- and CHA2DS2-VASc-matched references, individuals with bipolar disorder or schizophrenia
were more often unmarried or divorced and had higher rates of comorbidities, such as diabetes,
heart failure, and substance abuse (eTable 5 in the Supplement), at the relevant index dates for the
studies of both initiation and prevalence.

OAT Initiation
At initial hospital discharge with AF diagnosis, 24.5% (95% CI, 22.5%-26.6%) of patients with bipolar
disorder vs 29.7% (95% CI, 28.4%-31.0%) of their matched referents, and 15.6% (95% CI,
13.5%-18.0%) of patients with schizophrenia vs 29.9% (95% CI, 28.0%-31.8%) were already
receiving OAT. Ninety days post discharge, the proportions prescribed OAT increased to 46.0% (95%
CI, 43.4%-48.5%) for patients with bipolar disorder vs 59.1% (95% CI, 57.5%-60.7%) for their
matched referents and 34.6% (95% CI, 31.6%-37.8%) for patients with schizophrenia vs 59.4% (95%
CI, 57.1%-61.7%) for their matched referents; NOAC therapy accounted for 16.8% (95% CI,
14.8%-19.0%) for patients with bipolar disorder vs 19.9% (95% CI, 18.6%-21.2%) for their matched
referents and 17.3% (95% CI, 14.3%-20.5%) for those with schizophrenia vs 19.8% (95% CI, 18.0%-
21.7%) for their matched referents. Most of this increase occurred within the first 2 weeks post
discharge (Figure 1). The competing risk of death assessed 90 days post discharge was higher than
among their matched referents both among patients with bipolar disorder (7.1%; 95% CI, 5.8%-8.7%
vs 4.4%; 95% CI, 3.8%-5.1%) and those with schizophrenia (8.2%; 95% CI, 6.1%-10.6% vs 3.1%; 95%
CI, 2.4%-4.0%) (Figure 1).

Still, the treated proportions were negligibly lower than the estimated intention to initiate OAT
(46.5%; 95% CI, 43.7%-49.3% for bipolar disorder and 35.0%; 95% CI, 30.9%-39.1% for
schizophrenia) used in the adjusted analyses. After adjustment for demographic characteristics,
these figures corresponded to deficits in OAT initiation of 12.7% associated with bipolar disorder
(aPD, −12.7%; 95% CI, −15.3% to −10.0%) and of 24.5% associated with schizophrenia (aPD, −24.5%;
95% CI, −28.3% to −20.7%). In the fully adjusted models, which also included socioeconomic
characteristics and comorbidity, the estimated OAT initiation deficit associated with bipolar disorder
was somewhat attenuated (aPD, −5.3%; 95% CI, −7.9% to −2.6%) (Table 2), but schizophrenia
remained associated with a markedly lower likelihood of OAT initiation (aPD, −15.5%; 95% CI, −19.3%
to −11.7%).

OAT Prevalence
Among prevalent AF cases, 37.8% (95% CI, 36.7%-38.9%) of patients with bipolar disorder and
25.4% (95% CI, 23.7%-27.1%) of those with schizophrenia were prescribed OAT in the study period.
These figures indicated significant OAT deficits when compared with the remaining patients after
adjustment for demographics (bipolar disorder: aPD, −11.6%; 95% CI, −13.9% to −9.3%;
schizophrenia: aPD, −21.6%; −24.8% to −18.4%) and even after full adjustment for socioeconomic
characteristics and comorbidities (bipolar disorder: aPD, −4.9%; 95% CI, −7.0% to −2.9%;
schizophrenia: aPD, −12.8%; 95% CI, −15.9% to −9.7%) (Table 2).
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Figure 2 displays the aPDs with full adjustment for both OAT initiation and prevalence among
subgroups of patients with comorbid AF and bipolar disorder or schizophrenia. The schizophrenia-
associated deficits in OAT initiation and prevalence remained significant over time (aPD in 2013-2016

Figure 1. Cumulated Incidence of Oral Anticoagulation Initiation 0 to 180 Days After Incident
Atrial Fibrillation (AF)

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
pr

op
or

tio
n

Time since AF diagnosis, d

Bipolar disorderA

0 30 60 90 120 150 180

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
pr

op
or

tio
n

Time since AF diagnosis, d
0 30 60 90 120 150 180

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
pr

op
or

tio
n

Time since AF diagnosis, d

SchizophreniaB

0 30 60 90 120 150 180

1.0

0.8

0.6

0.4

0.2

0

Cu
m

ul
at

iv
e 

in
ci

de
nc

e 
pr

op
or

tio
n

Time since AF diagnosis, d
0 30 60 90 120 150 180

Treatment outcomes

VKA

NOAC

Competing risks

Death

Other

Matched reference groupBipolar disorder group

Schizophrenia group Matched reference group

Treatment status for patients with bipolar disorder (A)
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risks dead and fulfilling exclusion criteria according to
first observed event. The reference groups were
matched on sex, age, calendar year, and CHA2DS2-
VASc (congestive heart failure, hypertension, age �75
years, diabetes, stroke or transient ischemic attack,
vascular disease, age 65-74 years, sex category) score.

Table 2. Differences in OAT Initiation (Within 90 Days) and Overall OAT Prevalence Associated With Bipolar Disorder and Schizophrenia

Variable Proportion, % (95% CI)

Adjusted proportion difference, % (95% CI)

Model 1 Model 2 Model 3 Model 4
Demographic
characteristicsa

Model 1 with socioeconomic
characteristicsb

Model 2 with physical
comorbiditiesc

Model 3 with psychiatric
conditionsd

Initiation within 90 d of incident

Bipolar disorder 46.5 (43.7 to 49.3) −12.7 (−15.3 to −10.0) −11.7 (−14.4 to −9.0) −10.6 (−13.2 to −7.9) −5.3 (−7.9 to −2.6)

Schizophrenia 35.0 (30.9 to 39.1) −24.5 (−28.3 to −20.7) −21.7 (−25.5 to −17.9) −20.1 (−23.9 to −16.3) −15.5 (−19.3 to −11.7)

Overall prevalence

Bipolar disorder 37.8 (36.7 to 38.9) −11.6 (−13.9 to −9.3) −11.0 (−13.3 to −8.7) −9.4 (−11.4 to −7.3) −4.9 (−7.0 to −2.9)

Schizophrenia 25.4 (23.7 to 27.1) −21.6 (−24.8 to −18.4) −20.0 (−23.2 to −16.8) −17.2 (−20.2 to −14.1) −12.8 (−15.9 to −9.7)

Abbreviation: OAT, oral anticoagulation therapy.
a Adjusted for calendar year and sex- and period-specific 3-knotted cubic splines for age. Prevalence was additionally adjusted for years since atrial fibrillation diagnosis.
b Additionally adjusted for income, educational level, migration history, and marital status.
c Additionally adjusted for each of the CHA2DS2-VASc conditions, kidney disease, liver disease, prior bleeding event, antiplatelet treatment, and nonsteroidal anti-inflammatory drug

treatment.
d Additionally adjusted for history of alcohol abuse, other substance abuse, and dementia. Furthermore, the analyses of bipolar disorder were adjusted for schizophrenia and

vice versa.
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alone: −12.4%; 95% CI, −18.7% to −6.1% for initiation and −10.1%; 95% CI, −13.8% to −6.4% for
prevalence), whereas this was not the case for the OAT initiation deficit associated with bipolar
disorder (aPD in 2013-2016: −2.0%; 95% CI, −6.4% to 2.3%).

With the introduction of NOAC therapy, a substantial increase in both OAT initiation and
prevalence was observed for patients with comorbid bipolar disorder or schizophrenia (Figure 3).
However, despite this change, significant deficits in overall OAT initiation and prevalence continued
for those with comorbid schizophrenia. Sensitivity analyses with alternative durations of OAT
redemptions showed no relevant impact on the results.

Figure 2. Associations Between Bipolar Disorder or Schizophrenia and Oral Anticoagulation Therapy (OAT)
by Subgroup
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Discussion

Key Findings and Existing Literature
In this nationwide cohort study, bipolar disorder and schizophrenia were associated with significantly
less OAT initiation within 90 days of hospitalization with AF and lower OAT prevalence in prevalent
AF. For patients with bipolar disorder, the observed excess deficit in OAT initiation appeared to be
largely associated with socioeconomic characteristics and additional comorbidity. However, this was
not the case for individuals with schizophrenia, and their OAT deficit persisted even with the advent
of NOAC.

The present study extends prior studies examining the influence of psychiatric comorbidity on
use of OAT in AF. Previous studies lacked sufficient power to examine the association between a
diagnosis of comorbid bipolar disorder or schizophrenia and receiving OAT,25,26 focused only on
vitamin K antagonists,25,26 or were not specifically designed to address whether any deficits in use of
OAT could represent a health care disparity beyond what could be related to relevant patient
characteristics.27 Our findings are in keeping with smaller studies using Veterans Health
Administration data, which found that any psychiatric diagnosis25 or a psychotic disorder diagnosis26

in veterans with AF was associated with lower likelihood of being prescribed a vitamin K antagonist.
Although patients with bipolar disorder or schizophrenia may have a greater number of medical

comorbidities,34,35 to our knowledge, only one previous study included eligibility according to the
CHA2DS2-VASc risk score.26 Moreover, extensive information on socioeconomic factors and
comorbidity, including components of contraindication scores, allowed us to explore whether lower

Figure 3. Temporal Development in Uptake of Oral Anticoagulation Therapy (OAT)
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Initiation (A) and overall prevalence (B) of OAT with either vitamin K antagonist (VKA) or non–vitamin K antagonist oral anticoagulant (NOAC) treatment in patients with atrial
fibrillation and increased risk. Depicted values for OAT initiation were the pseudo-observation estimated intentions to initiate treatment within 90 days, which were also used in the
adjusted analyses. Reference groups were matched on sex, age, calendar year, and CHA2DS2-VASc (congestive heart failure, hypertension, age �75 years, diabetes, stroke or transient
ischemic attack, vascular disease, age 65-74 years, sex category) score. In analyses of treatment prevalence, the matching also included years since atrial fibrillation diagnosis.
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OAT uptake could be attributed to characteristics other than bipolar disorder or schizophrenia or was
isolated to specific patient subgroups. In addition, to our knowledge, no studies have analyzed
whether the introduction of NOAC therapy has affected the OAT uptake in patients with bipolar
disorder or schizophrenia and AF.

Interpretation and Perspectives of Findings
Suggestions for mechanisms underlying observed links between severe mental illness and
development of, or worse outcomes associated with, cardiovascular diseases include autonomic
nervous system dysfunction,36 systemic inflammation,37 shared risk genes,38 lifestyle,39,40

antipsychotic medications,40 and lower likelihood of receiving preventive and/or curative
treatments.41,42 Our results suggest a potential contribution of the latter factor, particularly for
individuals with schizophrenia. Therefore, it is reasonable to consider whether the observed deficit
in OAT reflects poorer treatment adherence,19,20 clinically well-founded prescribing reticence (eg,
due to comorbidities), or inequity in provided care.41 In our study, the rather constant OAT deficit
among patients with bipolar disorder or schizophrenia over time since diagnosis does not indicate
poor adherence. Hence, the lower treatment initiation appears to be the primary source of the OAT
deficit in these patients. That this deficit was found to exceed what could be related to patient
characteristics suggests a health disparity particularly affecting individuals with schizophrenia.

Yet, there may be clinically valid reasons not captured in our data for OAT not being prescribed
for patients with bipolar disorder or schizophrenia. One concern could be increased risk of bleeding
with OAT in this population,43 possibly related to increased alcohol use,44-46 poorer anticoagulation
control for patients receiving a vitamin K antagonist,43 and greater likelihood of receiving
antidepressants with anticoagulant effects.47-49 Alcohol abuse was more common among patients
with bipolar disorder or schizophrenia vs the matched reference groups, and although the fully
adjusted models accounted for this factor, we cannot discern the potential relevance of alcohol use
below the diagnosis threshold.

However, one population-based study suggested that individuals with comorbid bipolar
disorder or schizophrenia and AF were not at a substantially increased risk of major bleeding, and
adjusting for OAT did not appear to affect this finding.27 Furthermore, even if concerns about vitamin
K antagonist treatment in patients with comorbid psychiatric illnesses and AF remain, the availability
of NOACs may minimize clinicians’ reticence to prescribe OAT. Although we found that patients with
comorbid AF and bipolar disorder or schizophrenia were increasingly likely to receive NOACs over
time, a deficit in the use of OAT persisted in individuals with comorbid schizophrenia. In addition, we
found that patients with schizophrenia were more likely than the reference group to die following
their index hospitalization with AF before initiating OAT.

Moreover, schizophrenia has been associated with a higher likelihood of having undiagnosed
AF.50 Therefore, we may have underestimated the disparity in patients with comorbid schizophrenia
and AF receiving OAT.

Our findings add to prior work27 calling for further research investigating whether interventions
to enhance organized care for patients with comorbid schizophrenia and AF could increase OAT
prescription and adherence and lead to reduced risk of stroke or other adverse events. Studies have
suggested benefits of interventions aiming to reduce cardiometabolic risk factors and improve
physical health-related quality of life in patients with severe mental illnesses,51-53 which holds a
promise for patients with comorbid schizophrenia and AF.

Strengths and Limitations
The nationwide registry data used have several strengths, including low risk of selection and recall
biases owing to prospective and near complete registration of valid AF diagnoses29 and OAT
prescriptions, along with virtually no loss to follow-up. However, limitations remain.

We lacked exact information on OAT duration for each prescription. However, our sensitivity
analyses suggested that changing the grace period for OAT prescription affected results negligibly.
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Furthermore, although the reliability of psychiatric diagnoses in the registry data are high,54

individuals with these illnesses who did not present for treatment could be missed.
Similarly, hypertension, which is both an indication for OAT (based on the CHA2DS2-VASc score)

and a potential contraindication (based on the HAS-BLED score), is often detected and handled in
primary care, and diagnoses from this setting are not recorded in the registries. However, this
limitation is likely to be minimal in the present study population because hypertension is the most
common comorbidity with AF55 and so would likely have been captured in hospital contacts.
Furthermore, the condition was also identified from prescription data. Moreover, we lacked data on
labile international normalized ratios, a component of the HAS-BLED. Yet, the clinical relevance of
this limitation is unclear because this information is generally not available before OAT initiation and
is not applicable for NOAC treatment.56 In addition, although our analyses attempted to minimize
this possibility, the potential of residual confounding remains, as with any observational study.

Conclusions

In this study, comorbid bipolar disorder and schizophrenia appear to be associated with less OAT
initiation in patients with incident AF and lower OAT prevalence in patients with prevalent AF.
Although these associations appear primarily to be related to socioeconomic factors and
comorbidities in patients with bipolar disorder, the associations are independent of these
characteristics in patients with comorbid schizophrenia and AF. These findings suggest that
individuals with comorbid schizophrenia and AF are less likely to receive evidence-based OAT vs
those without severe mental illness. Research is needed to examine whether improved care for
individuals with severe mental illnesses and comorbid AF reduces this health care disparity.
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