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ARTICLE INFO ABSTRACT

Keywords: Objective: People with serious mental illnesses (SMI) have an increased risk of stroke compared to the general

Atrial fibrillation population. This study aims to evaluate oral anticoagulation prescription trends in atrial fibrillation (AF) patients

Serious mental illness with and without a comorbid SMI.

‘?\;:rlf:g:magmanon Methods: An open-source retrieval system for clinical data (CogStack) was used to identify a cohort of AF patients

DOAGs with SMI who ever had an inpatient admission to King’s College Hospital from 2011 to 2020. A Natural Language
Processing pipeline was used to calculate CHA2DS2-VASc and HASBLED risk scores from Electronic Health
Records free text. Antithrombotic prescriptions of warfarin and Direct acting oral anti-coagulants (DOACs)
(apixaban, rivaroxaban, dabigatran, edoxaban) were extracted from discharge summaries.
Results: Among patients included in the study (n = 16 916), 2.7% had a recorded co-morbid SMI diagnosis.
Compared to non-SMI patients, those with SMI had significantly higher CHA2DS2-VASc (mean (SD): 5.3 (1.96) vs
4.7 (2.08), p < 0.001) and HASBLED scores (mean (SD): 3.2 (1.27) vs 2.5 (1.29), p < 0.001). Among AF patients
having a CHA2DS2-VASc >2, those with co-morbid SMI were less likely than non-SMI patients to be prescribed
an OAC (44% vs 54%, p < 0.001). However, there was no evidence of a significant difference between the two
groups since 2019.
Conclusion: Over recent years, DOAC prescription rates have increased among AF patients with SMI in acute
hospitals. More research is needed to confirm whether the introduction of DOACs has reduced OAC treatment
gaps in people with serious mental illness and to assess whether the use of DOACs has improved health outcomes
in this population.

1. Introduction risk of stroke (Kirchhof et al., 2016). According to the National Institute

for Health and Care Excellence (NICE) guidelines, the management of

People suffering from serious mental illnesses (SMI) such as schizo- the thromboembolic risk of AF requires a comprehensive assessment of

phrenia, bipolar disorder and severe depression have a high prevalence risk factors for thromboembolic (using the CHAD2AD2-VASc tool) and

of cardiovascular diseases, contributing to 10-20 years of potential life bleeding events (using ORBIT or HAS-BLED tools), and long-term

lost (Walker et al., 2015). Atrial fibrillation (AF) is the most prevalent treatment with oral anticoagulants when appropriate (Linden, 2014;
sustained cardiac arrhythmia and is associated with a fivefold increased Lip et al., 2010; Rutherford et al., 2018).
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Anticoagulation in AF patients is achieved by the prescription of
either a vitamin K antagonist (VKA) (eg warfarin) or one of the direct
oral anticoagulants (DOACs) (dabigatran, rivaroxaban, apixaban or
edoxaban) (Jones et al., 2014). Warfarin and other vitamin K antago-
nists were the only class of oral anticoagulants available up until 2009,
when DOACs were developed. DOACs have a different mechanism of
action inhibiting thrombin or activated factor X (factor Xa) and are now
considered leading therapeutic alternatives to warfarin (Jones et al.,
2014; Ruff et al., 2014). They offer several advantages over vitamin K
antagonists, such as not having a narrow therapeutic window requiring
frequent International Normalised Ratio (INR) monitoring and dose
adjustments, a rapid onset and offset of action, and absence of dietary
limitations, making them potentially more suitable for many people
with a diagnosis of SMI (Ruff et al., 2014).

Although oral anticoagulation has been effective in reducing the risk
of stroke in people with AF, underuse has been sustainably reported,
especially in patients with co-morbid SMI (Fenger-Gron et al., 2021;
Jaakkola et al., 2021; Schmitt et al., 2015; Walker et al., 2011). The
anticoagulation treatment deficit in people with SMI may be attributed
to challenges in self-management and adhering to treatment regimens,
drug-drug interactions, bleeding concerns and factors that increase
bleeding risk, social deprivation as well as fragmented medical care
(Kennedy et al., 2013; Lawrence and Kisely, 2010; Platt et al., 2008).

People with AF and co-morbid SMI are at increased risk of not
receiving oral anticoagulation (Teppo et al., 2021), but to date, little is
known of whether this has changed since the introduction of DOACs.
This study aims to evaluate anticoagulation prescription trends in a large
inner-city hospital, King’s College Hospital (KCH), over the past 10 years
in people with both AF and comorbid SMI who met the
CHAD2AD2-VASc criteria for anticoagulation treatment.

2. Methods
2.1. Cohort selection

We used CogStack, an open-source information retrieval platform for
clinical data (Jackson et al., 2018), to identify a cohort of adult patients
who ever had an inpatient admission to KCH in the time between
2011-01-01 to 2020-08-01 and in whom AF had been documented in the
discharge summary.

The discharge summaries were searched for the exact keywords
“AFib”, “AF”, “PAF” or “Atrial Fibrillation” using our previously vali-
dated search strategy (Bean et al., 2019). Patients who were directly
discharged from the clinical decision unit or the emergency department
were eligible for inclusion in the cohort as they did not have discharge
summaries.

We then employed a search strategy in that cohort to identify the
presence or absence of any SMI diagnosis recorded anywhere in the
clinical records between 2011-01-01 to 2020-08-01. The search algo-
rithm was adapted from our previously published risk scoring algorithm
(Bean et al., 2019) to detect the following SMI diagnoses: bipolar dis-
order, schizophrenia, severe depression, psychosis, delusional disorder
or mania, while excluding dementia and conditions secondary to an
organic problem or substance use. The risk score pipeline was used to
map these general concepts to any specific child term in the Systemized
Nomenclature of Medicine — Clinical Terms (SNOMED CT) ontology
(El-Sappagh et al., 2018). If any of these terms was detected and not
negated it was considered an SMI diagnosis. We used MedCAT (Kraljevic
et al., 2021) as the underlying NLP tool to detect mentions of any of
these conditions in discharge summaries or clinical notes for the AF
patient cohort.

2.2. CHA2DS2-VASc and HASBLED risk scores calculation

To calculate CHA2DS2-VASc and HASBLED risk scores, we used the
Natural Language Processing (NLP) pipeline developed by Bean et al.
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(2019), that allows calculation of the risk scores from Electronic Health
Records (EHR) free text, again, anywhere in the clinical notes within the
previously defined timeframe. We used MedCAT (Kraljevic et al., 2021)
as the underlying NLP tool for clinical concept annotation and the
SNOMED CT ontology for terminology mapping of clinical concepts.

2.3. Oral anticoagulant prescriptions

Antithrombotic prescriptions of oral anticoagulants (OACs) (apix-
aban, rivaroxaban, dabigatran, edoxaban, warfarin) were extracted
from free text discharge summaries within the previously defined
timeframe. This was performed using a custom NLP pipeline validated in
a previous work (Bean et al., 2019).

2.4. Statistical analysis

Categorical variables were presented as counts and percentages and
compared using a Chi-squared test, whereas continuous variables were
presented as means and standard deviations and compared using Stu-
dent t-test. All statistical analyses were performed in Python using
numpy and statsmodels. A P < 0.05 after Bonferroni correction for
multiple testing was considered significant. In analysis of prescribing
trends, SMI status and OAC prescribing were determined per admission
(i.e. individual patients can move from the “non-SMI” to “SMI” category
if their SMI diagnosis was not known for earlier admissions). In overall
statistics, patients were considered at their last admission to hospital.

Ethical approval

This project was conducted under London South East Research Ethics
Committee approval (reference 18/L0/2048) granted to the King’s
Electronic Records Research Interface (KERRI), project ID 20200201.

3. Results
3.1. Cohort identification

Based on the search strategy described above, we identified 21 546
patients with mentions of AF. After excluding patients based on the
admission date, death, and age (<18), we ended up with a cohort of 16
916 adult patients admitted to KCH with a diagnosis of AF, of whom 465
(2.7%) had a recorded comorbid SMI diagnosis. Among AF patients with
SMI, 199 were prescribed an oral anticoagulant (Fig. 1). Table 1 shows
the characteristics of the study cohort. Overall, patients with SMI were
younger and had higher rates of other comorbidities than those without
SMI.

3.2. CHA2DS2-VASc and HASBLED scores

Fig. 2 shows the distribution of AF patients across the various
CHA2DS2-VASc and HASBLED scores by mental health status.
Compared to non-SMI patients, those with SMI had significantly higher
CHA2DS2-VASc (mean (SD): 5.3 (1.96) vs 4.7 (2.08), p < 0.001) and
HASBLED scores (mean (SD): 3.2 (1.27) vs 2.5 (1.29), p < 0.001).
Among the SMI patients, 96% had a CHA2DS2-VASc> 2 and 73% had a
HASBLED score >3 whereas among non-SMI patients the proportions
were 93% and 51% respectively.

3.3. OAC prescription trends

Overall, 54% of AF patients with a CHA2DS2-VASc >2 were pre-
scribed an OAC. When stratified by mental health status, a significant
difference in overall OAC prescription rate was detected between SMI
and non-SMI patients (44% vs 54% respectively, p < 0.001). In partic-
ular, warfarin was prescribed twice as often to non-SMI than SMI pa-
tients (p < 0.001) whereas no significant difference in the prescription of
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Non-SMI patients
prescribed OAC

n=16916 n=16451 n=8822
SMI patients included SMI patients
in the analysis prescribed OAC
n=465 n=199
Fig. 1. Cohort selection.
Table 1
Characteristics of study cohort.
Group Factor All AF Patients (N = 16916) SMI (N = 465) Not SMI (16451) P-value
Demographics Age 75.61 (12.99) 71.88 (13.92) 75.72 (12.95) <0.001
Male 9443 (55.8%) 259 (55.7%) 9184 (55.8%) 1.0
CHA2DS2-VASc Components vascular disease 6120 (36.2%) 214 (46.0%) 5906 (35.9%) <0.001
Age 65-74 3846 (22.7%) 122 (26.2%) 3724 (22.6%) 1.0
stroke 8637 (51.1%) 312 (67.1%) 8325 (50.6%) <0.001
hypertension 12981 (76.7%) 385 (82.8%) 12596 (76.6%) 0.085
Female 7473 (44.2%) 206 (44.3%) 7267 (44.2%) 1.0
congestive heart failure 5862 (34.7%) 210 (45.2%) 5652 (34.4%) <0.001
diabetes mellitus 6146 (36.3%) 234 (50.3%) 5912 (35.9%) <0.001
Age > 75 10053 (59.4%) 230 (49.5%) 9823 (59.7%) <0.001
HAS-BLED Components alcohol 740 (4.4%) 72 (15.5%) 668 (4.1%) <0.001
bleeding 9856 (58.3%) 352 (75.7%) 9504 (57.8%) <0.001
drugs increasing bleed risk 659 (3.9%) 21 (4.5%) 638 (3.9%) 1.0
abnormal renal function 7873 (46.5%) 301 (64.7%) 7572 (46.0%) <0.001
uncontrolled hypertension 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.0
stroke 8637 (51.1%) 312 (67.1%) 8325 (50.6%) <0.001
abnormal liver function 1696 (10.0%) 83 (17.8%) 1613 (9.8%) <0.001
HAS-BLED Score 0 883 (5.2%) 11 (2.4%) 872 (5.3%) 0.28
1 2960 (17.5%) 37 (8.0%) 2923 (17.8%) <0.001
2 4430 (26.2%) 80 (17.2%) 4350 (26.4%) <0.001
3 4419 (26.1%) 144 (31.0%) 4275 (26.0%) 0.75
4 3249 (19.2%) 123 (26.5%) 3126 (19.0%) <0.01
5 862 (5.1%) 64 (13.8%) 798 (4.9%) <0.001
6 107 (0.6%) 6 (1.3%) 101 (0.6%) 1.0
7 6 (0.0%) 0 (0.0%) 6 (0.0%) 1.0
total 2.55(1.3) 3.18 (1.27) 2.53(1.29) <0.001
CHA2DS2-Vasc Score 0 381 (2.3%) 6 (1.3%) 375 (2.3%) 1.0
1 778 (4.6%) 11 (2.4%) 767 (4.7%) 1.0
2 1468 (8.7%) 24 (5.2%) 1444 (8.8%) 0.33
3 2232 (13.2%) 43 (9.2%) 2189 (13.3%) 0.54
4 2789 (16.5%) 72 (15.5%) 2717 (16.5%) 1.0
5 2866 (16.9%) 85 (18.3%) 2781 (16.9%) 1.0
6 2774 (16.4%) 91 (19.6%) 2683 (16.3%) 1.0
7 2123 (12.6%) 72 (15.5%) 2051 (12.5%) 1.0
8 1138 (6.7%) 45 (9.7%) 1093 (6.6%) 0.54
9 367 (2.2%) 16 (3.4%) 351 (2.1%) 1.0
Total 4.72 (2.08) 5.28 (1.96) 4.7 (2.08) <0.001
Anticoagulation Status Any OAC 9021 (53.3%) 199 (42.8%) 8822 (53.6%) <0.001
Warfarin 4086 (24.2%) 56 (12.0%) 4030 (24.5%) <0.001
DOAC 4935 (29.2%) 143 (30.8%) 4792 (29.1%) 1.0

Note: Age is shown as mean (SD) and tested with a t-test, all other values are N (%) and tested with a chi-squared test.
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Fig. 2. CHA2DS2-VASc and HASBLED scores for the entire AF cohort (SMI and non-SMI) at their most recent hospital admission.

DOAC was detected between the two groups (p = 1.0) (Table 2).
Although there was a significant difference in anticoagulation rates
between AF patients with and without SMI in the overall cohort, the
trend over time indicated that the overall average was not representative
of current clinical practice (Fig. 3a). We therefore split the cohort
chronologically into visits before and after January 2019 and analysed
the rates separately (Table 2). Although the proportion of AF patients
with HASBLED >3 was consistently higher in the SMI group (77% vs
61%, p < 0.001), from 2019 onwards there was no longer evidence of a
significant difference in overall anticoagulation rates between AF

Table 2
Anticoagulation rates for the AF cohort at high risk of stroke, stratified by SMI
status and time.

Time Factor All AF SMI Not SMI P-value
Patients
All HAS-BLED 8582 334 8248 <0.001
>3 (54.5%) (74.6%) (53.9%)
Any OAC 8506 195 8311 <0.001
(54.0%) (43.5%) (54.3%)
Warfarin 3839 55 3784 <0.001
(24.4%) (12.3%) (24.7%)
DOAC 4667 140 4527 1.0
(29.6%) (31.2%) (29.6%)
N 15757 448 15309
2019-2020 HAS-BLED 2409 119 2290 <0.001
>3 (61.3%) (76.8%) (60.6%)
Any OAC 2477 86 2391 0.35
(63.0%) (55.5%) (63.3%)
Warfarin 500 15 (9.7%) 485 1.0
(12.7%) (12.8%)
DOAC 1977 71 1906 1.0
(50.3%) (45.8%) (50.5%)
N 3932 155 3777
2011-2018  HAS-BLED 6157 215 5942 <0.001
>3 (52.2%) (73.4%) (51.7%)
Any OAC 6012 109 5903 <0.001
(51.0%) (37.2%) (51.3%)
Warfarin 3334 40 3294 <0.001
(28.3%) (13.7%) (28.6%)
DOAC 2678 69 2609 1.0
(22.7%) (23.5%) (22.7%)
N 11795 293 11502

Note: only patients with CHA2DS2-VASc > 2 are included. All values are N (%)
and tested with a chi-squared test.
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patients with and without co-morbid SMI having a CHA2DS2-VASc >2
(56% vs 63%, p = 0.35) (Table 2). In the non-SMI group, the proportion
of patients with a CHA2DS2-VASc >2 prescribed any OAC significantly
increased between the two timepoints (51%-63%, p < 0.001) as did the
proportion of patients at high risk of bleeding (52%-61%, p < 0.001).
We also split OAC prescribing in each group into warfarin vs DOAC
use, finding qualitatively similar trends in both patient groups, with
Warfarin use decreasing and DOAC use increasing over time (Fig. 3b).
DOAC prescribing rates now exceed warfarin rates in both groups.

4. Discussion

This study provides insights on the oral anticoagulation (warfarin vs
DOACs) prescription rate among AF patients with and without a co-
morbid SMI using electronic health records. Compared to non-SMI pa-
tients, those with SMI had more comorbidities and significantly higher
CHA2DS2-VASc and HASBLED scores. Among AF patients having
CHA2DS2-VASc >2, those with co-morbid SMI were less likely than non-
SMI patients to be prescribed any OAC, particularly warfarin (but not
DOACs). However, there was no evidence of a significant difference
between the two groups since 2019.

Our findings are in line with previous research showing that there is
a treatment gap between SMI and non SMI patients (Fenger-Gron et al.,
2021; Jaakkola et al., 2021; Schmitt et al., 2015). Using the Veterans
Health Administration database (n = 12 190), Schmitt et al. (2015) re-
ported that warfarin eligible patients with psychotic disorders (n = 122)
were less likely to receive the treatment compared to controls (AOR
0.77; 95% CI, 0.65-0.90). A nationwide cohort study in Finland (n =
239 222) reported that diagnoses of bipolar disorder (n = 1129)
(adjusted subdistribution hazard ratio (aSHR): 0.838; 95% CI 0.824 to
0.852) and schizophrenia (n = 1560) (aSHR 0.838; 95% CI 0.824 to
0.851) were associated with lower rates of oral anticoagulation therapy
in AF patients after adjusting for multiple confounders (age, sex, stroke,
and bleeding risk factors) (Jaakkola et al., 2021). Similarly, using a
Danish nationwide cohort (n = 147 810), Fenger-Gron et al. (2021)
reported that among newly AF diagnosed patients, bipolar disorder (n =
1208) and schizophrenia (n = 572) were associated with a significantly
lower frequency of oral anticoagulation therapy initiation adjusting for
age and sex (bipolar: —12.7%, 95% CI: —15.3% to —10.0%; schizo-
phrenia: —24.5% 95% CI: —28.3% to —20.7%). Anticoagulation treat-
ment deficit remained significant after the introduction of DOACs
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.a Trend in anticoagulation rate over time by SMI diagnosis for AF patients at high risk of stroke
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Fig. 3a. Trend in anticoagulation rate over time by SMI diagnosis for AF patients at high risk of stroke (CHA2DS2-VASc >2).
Note: Rates were aggregated on a 6-months level and limited to 2020-06-30 as the last complete six months in the dataset.

b. Trend in anticoagulation rates over time split by SMI diagnosis and type of OAC for AF patients

at high risk of stroke (CHA2DS2-VASc>2).
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Fig. 3b. Trend in anticoagulation rates over time split by SMI diagnosis and type of OAC for AF patients at high risk of stroke (CHA2DS2-VASc>2).
Note: Rates were aggregated on a 6-months level and limited to 2020-06-30 as the last complete six months in the dataset. DOAC = direct acting oral anticoagulant.

(analysis performed between 2013 and 2016) among patients with
schizophrenia but not among those with bipolar disorder (Fenger-Grgn
et al., 2021).

In this study, we report that there was no evidence of a significant
difference in anticoagulation prescription rates between SMI and non-
SMI AF patients after 2019 suggesting an improvement in anti-
coagulation therapy among a population considered at high risk of
adverse events. However, the prescription rate of any OAC only reached
44% among SMI patients and 54% among non-SMI patients whose
CHA2DS2-VASc >2. This means that up until 2020, a large proportion of
AF patients was not prescribed an OAC despite being at high risk of
stroke. Previous studies have attributed OAC treatment deficit to con-
cerns about the increased bleeding risk although no previous research
has shown that the benefits of the treatment are offset by this risk
(Paradise et al., 2014; Rutherford et al., 2018; Schauer et al., 2005).
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Instead, according to NICE guidelines, people with high bleeding risk
score should be managed for factors increasing the bleeding risk such as
uncontrolled hypertension, alcohol, and relevant medications (Linden,
2014). Our findings suggest that clinicians are adhering to these
guidelines as despite higher HASBLED scores, there was an increase in
OAC prescription rates among AF patients particularly those with
co-morbid SMI.

Labile INR is another issue for people on warfarin. People with
mental illness on warfarin spend less time in therapeutic range and have
a higher proportion of sub- and supra-therapeutic INR values compared
to the general population (Maki et al., 2013; Razouki et al., 2014; Rose
et al., 2010). Given the larger therapeutic range and the simpler dosing
regimen, DOACs may be better alternatives in people with active fea-
tures of mental illness (January et al., 2019). This was practically noted
in our population as DOAC prescribing rate has shown a substantial
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increase over time (2011-2020) while warfarin use has decreased.

Despite being younger, AF patients with SMI had higher stroke and
bleeding risks (measured by the CHA2DS2-VASc and HASBLED scores)
compared to non-SMI patients, mainly due to the higher prevalence and
incidence of physical comorbidities (Correll et al., 2017; Lai et al., 2020,
2022). This is in line with previous studies assessing associations and
outcomes of atrial fibrillation in patients with mental illness. In a Danish
nationwide cohort study, people with schizophrenia had a crude 5-year
hazard ratio (HR) of 3.16 (95% CI 1.78 to 5.61) for fatal thromboem-
bolic events, with trends towards increased risks of bleeding (1.37; 95%
CI: 0.99 to 1.90) (Spgaard et al., 2017). Similarly, another study reported
that patients with psychiatric illness (including schizophrenia, affective
psychosis, and other nonorganic psychosis) receiving warfarin had an
increased risk of intracranial haemorrhage (adjusted HR1.5; 95% CI:
1.04, 2.1), gastrointestinal bleeding (adjusted HR 1.2; 95%CI: 1.03, 1.4)
and stroke (adjusted HR 1.4; 95% CI: 1.1, 1.7) (Schauer et al., 2005). A
recent meta-analysis reported that AF patients with any mental health
condition were at 25% higher adjusted ischemic stroke risk (RR 1.25,
95%CI: 1.08-1.45) and 17% higher bleeding risk (RR 1.17, 95%CI:
1.08-1.27) compared to patients without mental illness (Teppo et al.,
2021).

Our study has limitations. First, the analysis is based on data
extracted from electronic health records using an NLP-based approach.
Although the major variables were manually validated in our analysis
(accuracy: 96% for AF, 95% for SMI, 80% for CHA;DS,VASc), and
MedCAT'® has been validated in a number of sites for various condi-
tions, it is likely that our automatically extracted variables contain er-
rors. However, the issue of accuracy is not only limited to our approach
but is an issue with conventional EHR data, where even in seemingly
robust registries data accuracy is not universally high (Faxon and
Burgess, 2016; Poulos et al., 2021). Second, the study population was
limited to patients admitted to the hospital as they tend to have more
accurately recorded data, especially in terms of drug prescription,
therefore may not be fully representative of the overall population.
Additionally, it was not possible to reliably distinguish whether OAC
prescription was from the community or the hospital by searching for
data in the discharge summaries as they included information about the
medical history and medications prescribed prior to admission. Third,
NICE guidelines now recommend ORBIT rather than HASBLED as a
bleeding risk assessment tool, however, by the time the new guidelines
were released (2021) data extraction and validation were completed.
Given that there is little difference in sensitivity and specificity between
the two tools we proceeded with HASBLED. Fourth, the co-morbidities
captured in this study were restricted to the CHA2DS2-VASc and HAS-
BLED components. This approach allowed us to focus on a set of vari-
ables for which we could validate our pipeline and are accepted as
clinically relevant in this context, but other risk factors associated with
increased risk of poor outcomes in AF patients with co-morbid mental
illness may not have been recorded. Fifth, rates were aggregated on a
6-months level for the trend analysis with patients contributing only
once to the interval (most recent admission within the interval) and
more than once to different intervals. Patients with multiple admissions
could be a potential cause of bias, however, the risk is low knowing that
most patients included in the study had only 1 admission (71% had only
1 admission, 92% had at most 3 admissions and 93% had at most 5
admissions). Finally, this study was conducted over a period of 10 years
in one hospital, part of King’s Health Partners, an Academic Health
Sciences Centre which prioritises mind-body care and awareness of in-
equities. Although findings of this study may be generalizable, partic-
ularly as it covers a large population, further research should be done in
other organizations using different electronic health records to validate
the data.

In this study, oral anticoagulation prescription rate has shown an
increasing trend among both SMI and non-SMI patients with no evidence
of a significant difference between the two groups since 2019 in one
major London teaching hospital. A substantial rise in DOAC prescription
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was noted among all AF patients regardless of their SMI status. AF pa-
tients with comorbid mental illness had high stroke and bleeding risks
mainly attributed to the increased prevalence and incidence of
contributing risk factors. More research is needed to confirm whether
the introduction of DOACs has reduced OAC treatment gap between SMI
vs non-SMI patients and whether the use of DOACs has improved the
health outcomes in people with SMI.

Sources of direct funding, support, or sponsorship

DF is supported by the National Institute for Health Research (NIHR)
Applied Research Collaboration South London (NIHR ARC South Lon-
don) at King’s College Hospital NHSFoundation Trust and by the KCL
funded Centre for Doctoral Training (CDT) in Data-Driven Health.

DB holds a UKRI Fellowship as part of HDRUK MR/S00310X/1.

TW and YM are supported by the Maudsley Charity Grant (No.1517).

RD’s work is supported by the following: (1) NIHR Biomedical
Research Centre at South London and Maudsley NHS Foundation Trust
and King’s College London, London, UK; (2) Health Data Research UK,
which is funded by the UK Medical Research Council, Engineering and
Physical Sciences Research Council, Economic and Social Research
Council, Department of Health and Social Care (England), Chief Scientist
Office of the Scottish Government Health and Social Care Directorates,
Health and Social Care Research and Development Division (Welsh
Government), Public Health Agency (Northern Ireland), British Heart
Foundation and Wellcome Trust; (3) The BigData@Heart Consortium,
funded by the Innovative Medicines Initiative-2 Joint Undertaking
under grant agreement No. 116074. This Joint Undertaking receives
support from the European Union’s Horizon 2020 research and inno-
vation programme and EFPIA; it is chaired by DE Grobbee and SD Anker,
partnering with 20 academic and industry partners and ESC; (4) the
National Institute for Health Research University College London Hos-
pitals Biomedical Research Centre; (5) the National Institute for Health
Research (NIHR) Biomedical Research Centre at South London and
Maudsley NHS Foundation Trust and King’s College London; (6) the UK
Research and Innovation London Medical Imaging & Artificial Intelli-
gence Centre for Value Based Healthcare; (7) the National Institute for
Health Research (NIHR) Applied Research Collaboration South London
(NIHR ARC South London) at King’s College Hospital NHSFoundation
Trust.

J.T.T. has received research grant funding support from Innovate UK,
NHSX, Office of Life Sciences, National Institutes of Health Research,
Bristol-Meyers Squibb, and Pfizer.

FG is in part supported by the National Institute for Health
Research’s (NIHR) Biomedical Research Centre at South London and
Maudsley NHS Foundation Trust and King’s College London, by the
Maudsley Charity and by the National Institute for Health Research
(NIHR) Applied Research Collaboration South London (NIHR ARC South
London) at King’s College Hospital NHSFoundation Trust.

Role of the sponsor

The sponsors had no role in the in the conduct of the study; design,
management, analysis, or interpretation of the data; and preparation,
review, or approval of the manuscript.

Author statement

Dina Farran: Investigation, Methodology, Validation, Roles/Writing
- original draft, Writing - review & editing.

Daniel Bean: Data curation, Formal analysis, Investigation, Meth-
odology, Software, Validation, Visualization, Writing - review & editing.
Tao Wang: Data curation, Software, Writing - review & editing.

Yamiko Msosa: Data curation, Software, Writing - review & editing.
Cecilia Casetta: Conceptualization, Investigation, Writing - review
& editing.



D. Farran et al.

Richard Dobson: Conceptualization, Funding acquisition, Re-
sources, Supervision, Writing - review & editing.

James T. Teo: Conceptualization, Investigation, Writing - review &
editing.

Paul Scott: Conceptualization, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Supervision, Valida-
tion, Writing - review & editing.

Fiona Gaughran: Conceptualization, Funding acquisition, Investi-
gation, Methodology, Project administration, Resources, Supervision,
Validation, Writing - review & editing.

Declaration of competing interest

J.T.T. has received speaker honoraria from Bayer, Bristol-Meyers
Squibb, Pfizer, and Goldman Sachs; hospitality from iRhythm Technol-
ogies; copyright fees from Wiley-Blackwell; and owns public shares in
Apple, Nvidia, Amazon, and Alphabet.

Acknowledgement
None.

References

Bean, D.M., Teo, J., Wu, H., Oliveira, R., Patel, R., Bendayan, R., Shah, A.M., Dobson, R.
J., Scott, P.A., 2019. Semantic computational analysis of anticoagulation use in atrial
fibrillation from real world data. PLoS One 14, e0225625. https://doi.org/10.1371/
journal.pone.0225625.

Correll, C.U., Solmi, M., Veronese, N., Bortolato, B., Rosson, S., Santonastaso, P., et al.,
2017. Prevalence, incidence and mortality from cardiovascular disease in patients
with pooled and specific severe mental illness: a large-sCardiovasc. Intervent.cale
meta-analysis of 3,211,768 patients and 113,383,368 controls. World Psychiatr. 16,
163-180. https://onlinelibrary.wiley.com/doi/full/10.1002/wps.20420.

El-Sappagh, S., Franda, F., Ali, F., Kwak, K.S., 2018. SNOMED CT standard ontology
based on the ontology for general medical science. BMC Med. Inf. Decis. Making 18,
1-19. https://bmcmedinformdecismak.biomedcentral.com/articles/10.118
6/5s12911-018-0651-5.

Faxon, D.P., Burgess, A., 2016. Cardiovascular registries: too much of good thing?
Circulation. Cardiovascular Interventions 9, €003866. https://www.ahajournals.or
g/doi/abs/10.1161/circinterventions.116.003866.

Fenger-Grgn, M., Vestergaard, C.H., Ribe, A.R., Johnsen, S.P., Frost, L., Sandbak, A.,
Davydow, D.S., 2021. Association between bipolar disorder or schizophrenia and
oral anticoagulation use in Danish adults with incident or prevalent atrial
fibrillation. JAMA Netw. Open 4. https://doi.org/10.1001/
jamanetworkopen.2021.10096 €2110096-e2110096.

Jaakkola, J., Teppo, K., Biancari, F., Halminen, O., Putaala, J., Mustonen, P., Haukka, J.,
Linna, M., Kinnunen, J., Tiili, P., Aro, A.L., 2021. The Effect of Mental Health
Conditions on the Use of Oral Anticoagulation Therapy in Patients with Atrial
Fibrillation: the FinACAF Study. European Heart Journal-Quality of Care and
Clinical Outcomes. https://doi.org/10.1093/ehjqcco/qcab077.

Jackson, R., Kartoglu, ., Stringer, C., Gorrell, G., Roberts, A., Song, X., Wu, H.,
Agrawal, A., Lui, K., Groza, T., Lewsley, D., 2018. CogStack-experiences of deploying
integrated information retrieval and extraction services in a large National Health
Service Foundation Trust hospital. BMC Med. Inf. Decis. Making 18, 1-13. https://
doi.org/10.1186/5s12911-018-0623-9.

January, C.T., Wann, L.S., Calkins, H., Chen, L.Y., Cigarroa, J.E., Cleveland, J.C.,
Ellinor, P.T., Ezekowitz, M.D., Field, M.E., Furie, K.L., Heidenreich, P.A., 2019. 2019
AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: a report of the American College of
cardiology/American heart association task force on clinical practice guidelines and
the heart rhythm society. J. Am. Coll. Cardiol. 74, 104-132.

Jones, C., Pollit, V., Fitzmaurice, D., Cowan, C., 2014. The management of atrial
fibrillation: summary of updated NICE guidance. Bmj 348. https://doi.org/10.1136/
bmj.g4440.

Kennedy, W.K., Jann, M.W., Kutscher, E.C., 2013. Clinically significant drug interactions
with atypical antipsychotics. CNS Drugs 27, 1021-1048. https://doi.org/10.1007/
540263-013-0114-6.

Kirchhof, P., Benussi, S., Kotecha, D., Ahlsson, A., Atar, D., Casadei, B., Castella, M.,
Diener, H.C., Heidbuchel, H., Hendriks, J., Hindricks, G., 2016. 2016 ESC Guidelines
for the management of atrial fibrillation developed in collaboration with EACTS.
Kardiol. Pol. 74, 1359-1469. https://doi.org/10.5603/kp.2016.0172.

173

Journal of Psychiatric Research 153 (2022) 167-173

Kraljevic, Z., Searle, T., Shek, A., Roguski, L., Noor, K., Bean, D., Mascio, A., Zhu, L.,
Folarin, A.A., Roberts, A., Bendayan, R., 2021. Multi-domain clinical natural
language processing with medcat: the medical concept annotation toolkit. Artif.
Intell. Med. 117, 102083 https://doi.org/10.1016/j.artmed.2021.102083.

Lai, F.T., Guthrie, B., Mercer, S.W., Smith, D.J., Yip, B.H., Chung, G.K., et al., 2020.
Association between antipsychotic use and acute ischemic heart disease in women
but not in men: a retrospective cohort study of over one million primary care
patients. BMC Med. 18, 1-10. https://bmcmedicine.biomedcentral.com/articles/10.
1186/512916-020-01765-w.

Lai, F.T., Mercer, S.W., Guthrie, B., Yip, B.H., Chung, G.K., Zou, D., et al., 2022.
Sociodemographic moderation of the association between depression and stroke
incidence in a retrospective cohort of 0.4 million primary care recipients with
hypertension. Psychol. Med. 52, 283-291. https://www.cambridge.org/core/jour
nals/psychological-medicine/article/abs/sociodemographic-moderation-of-the
-association-between-depression-and-stroke-incidence-in-a-retrospective-cohort
-of-04-million-primary-care-recipients-with-hypertension/
5055D5F52CB197996EAAF89B8F330C33.

Lawrence, D., Kisely, S., 2010. Inequalities in healthcare provision for people with severe
mental illness. J. Psychopharmacol. 24, 61-68. https://doi.org/10.1177/
1359786810382058.

Linden, B., 2014. Diagnosis and management of atrial fibrillation: the latest NICE
guidance. Br. J. Card. Nurs. 9, 372-373. https://doi.org/10.12968/
bjca.2014.9.8.372.

Lip, G.Y., Nieuwlaat, R., Pisters, R., Lane, D.A., Crijns, H.J., 2010. Refining clinical risk
stratification for predicting stroke and thromboembolism in atrial fibrillation using a
novel risk factor-based approach: the euro heart survey on atrial fibrillation. Chest
137, 263-272. https://doi.org/10.1378/chest.09-1584.

Maki, E.D., Miesner, A.R., Grady, S.E., Marschall, L.M., 2013. Effects of depressive and
other psychiatric disorders on anticoagulation control in a pharmacist-managed
anticoagulation clinic. Ann. Pharmacother. 47, 292-1300. https://doi.org/10.1177/
1060028013503788.

Paradise, H.T., Berlowitz, D.R., Ozonoff, A., Miller, D.R., Hylek, E.M., Ash, A.S.,
Jasuja, G.K., Zhao, S., Reisman, J.I., Rose, A.J., 2014. Outcomes of anticoagulation
therapy in patients with mental health conditions. J. Gen. Intern. Med. 29, 855-861.
https://doi.org/10.1007/511606-014-2784-2.

Platt, A.B., Localio, A.R., Brensinger, C.M., Cruess, D.G., Christie, J.D., Gross, R.,
Parker, C.S., Price, M., Metlay, J.P., Cohen, A., Newcomb, C.W., 2008. Risk factors
for nonadherence to warfarin: results from the IN-RANGE study.
Pharmacoepidemiol. Drug Saf. 17, 853-860. https://doi.org/10.1002/pds.1556.

Poulos, J., Zhu, L., Shah, A.D., 2021. Data gaps in electronic health record (EHR)
systems: an audit of problem list completeness during the COVID-19 pandemic. Int.
J. Med. Inf. 150, 104452. https://www.sciencedirect.com/science/article/pii/
$1386505621000782.

Razouki, Z., Ozonoff, A., Zhao, S., Rose, A.J., 2014. Pathways to poor anticoagulation
control. J. Thromb. Haemostasis 12, 628-634. https://doi.org/10.1111/jth.12530.

Rose, A.J., Hylek, E.M., Ozonoff, A., Ash, A.S., Reisman, J.I., Berlowitz, D.R., 2010.
Patient characteristics associated with oral anticoagulation control: results of the
Veterans AffaiRs Study to Improve Anticoagulation (VARIA). J. Thromb.
Haemostasis 8, 2182-2191. https://doi.org/10.1111/j.1538-7836.2010.03996.x.

Ruff, C.T., Giugliano, R.P., Braunwald, E., Hoffman, E.B., Deenadayalu, N., Ezekowitz, M.
D., Camm, A.J., Weitz, J.I., Lewis, B.S., Parkhomenko, A., Yamashita, T., 2014.
Comparison of the efficacy and safety of new oral anticoagulants with warfarin in
patients with atrial fibrillation: a meta-analysis of randomised trials. Lancet 383,
955-962. https://doi.org/10.1016/s0140-6736(13)62343-0.

Rutherford, O.C.W., Jonasson, C., Ghanima, W., Holst, R., Halvorsen, S., 2018. New score
for assessing bleeding risk in patients with atrial fibrillation treated with NOACs.
Open heart 5, e000931. https://doi.org/10.1136/0penhrt-2018-000931.

Schauer, D.P., Moomaw, C.J., Wess, M., Webb, T., Eckman, M.H., 2005. Psychosocial risk
factors for adverse outcomes in patients with nonvalvular atrial fibrillation receiving
warfarin. J. Gen. Intern. Med. 20, 1114-1119. https://doi.org/10.1111/j.1525-
1497.2005.0242.x.

Schmitt, S.K., Turakhia, M.P., Phibbs, C.S., Moos, R.H., Berlowitz, D., Heidenreich, P.,
Chiu, V.Y., Go, A.S., Friedman, S.A., Than, C.T., Frayne, S.M., 2015. Anticoagulation
in atrial fibrillation: impact of mental illness. Am. J. Manag. Care 21, e609-e617.

Spgaard, M., Skjgth, F., Kjeldgaard, J.N., Larsen, T.B., Hjortshgj, S.P., Riahi, S., 2017.
Atrial fibrillation in patients with severe mental disorders and the risk of stroke, fatal
thromboembolic events and bleeding: a nationwide cohort study. BMJ Open 7,
€018209. https://doi.org/10.1136/bmjopen-2017-018209.

Teppo, K., Jaakkola, J., Lehto, M., Biancari, F., Airaksinen, K.J., 2021. The impact of
mental health conditions on oral anticoagulation therapy and outcomes in patients
with atrial fibrillation: a systematic review and meta-analysis. Am. J. Prevent.
Cardiol. 7, 100221 https://doi.org/10.1016/j.ajpc.2021.100221.

Walker, E.R., McGee, R.E., Druss, B.G., 2015. Mortality in mental disorders and global
disease burden implications: a systematic review and meta-analysis. JAMA
Psychiatr. 72, 334-341. https://doi.org/10.1001/jamapsychiatry.2014.2502.

Walker, G.A., Heidenreich, P.A., Phibbs, C.S., Go, A.S., Chiu, V.Y., Schmitt, S.K.,
Ananth, L., Frayne, S.M., 2011. Mental illness and warfarin use in atrial fibrillation.
Am. J. Manag. Care 17, 617-624.


https://doi.org/10.1371/journal.pone.0225625
https://doi.org/10.1371/journal.pone.0225625
https://onlinelibrary.wiley.com/doi/full/10.1002/wps.20420
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0651-5
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0651-5
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.116.003866
https://www.ahajournals.org/doi/abs/10.1161/circinterventions.116.003866
https://doi.org/10.1001/jamanetworkopen.2021.10096
https://doi.org/10.1001/jamanetworkopen.2021.10096
https://doi.org/10.1093/ehjqcco/qcab077
https://doi.org/10.1186/s12911-018-0623-9
https://doi.org/10.1186/s12911-018-0623-9
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref8
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref8
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref8
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref8
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref8
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref8
https://doi.org/10.1136/bmj.g4440
https://doi.org/10.1136/bmj.g4440
https://doi.org/10.1007/s40263-013-0114-6
https://doi.org/10.1007/s40263-013-0114-6
https://doi.org/10.5603/kp.2016.0172
https://doi.org/10.1016/j.artmed.2021.102083
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01765-w
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-020-01765-w
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/sociodemographic-moderation-of-the-association-between-depression-and-stroke-incidence-in-a-retrospective-cohort-of-04-million-primary-care-recipients-with-hypertension/5055D5F52CB197996EAAF89B8F330C33
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/sociodemographic-moderation-of-the-association-between-depression-and-stroke-incidence-in-a-retrospective-cohort-of-04-million-primary-care-recipients-with-hypertension/5055D5F52CB197996EAAF89B8F330C33
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/sociodemographic-moderation-of-the-association-between-depression-and-stroke-incidence-in-a-retrospective-cohort-of-04-million-primary-care-recipients-with-hypertension/5055D5F52CB197996EAAF89B8F330C33
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/sociodemographic-moderation-of-the-association-between-depression-and-stroke-incidence-in-a-retrospective-cohort-of-04-million-primary-care-recipients-with-hypertension/5055D5F52CB197996EAAF89B8F330C33
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/sociodemographic-moderation-of-the-association-between-depression-and-stroke-incidence-in-a-retrospective-cohort-of-04-million-primary-care-recipients-with-hypertension/5055D5F52CB197996EAAF89B8F330C33
https://doi.org/10.1177/1359786810382058
https://doi.org/10.1177/1359786810382058
https://doi.org/10.12968/bjca.2014.9.8.372
https://doi.org/10.12968/bjca.2014.9.8.372
https://doi.org/10.1378/chest.09-1584
https://doi.org/10.1177/1060028013503788
https://doi.org/10.1177/1060028013503788
https://doi.org/10.1007/s11606-014-2784-2
https://doi.org/10.1002/pds.1556
https://www.sciencedirect.com/science/article/pii/S1386505621000782
https://www.sciencedirect.com/science/article/pii/S1386505621000782
https://doi.org/10.1111/jth.12530
https://doi.org/10.1111/j.1538-7836.2010.03996.x
https://doi.org/10.1016/s0140-6736(13)62343-0
https://doi.org/10.1136/openhrt-2018-000931
https://doi.org/10.1111/j.1525-1497.2005.0242.x
https://doi.org/10.1111/j.1525-1497.2005.0242.x
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref27
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref27
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref27
https://doi.org/10.1136/bmjopen-2017-018209
https://doi.org/10.1016/j.ajpc.2021.100221
https://doi.org/10.1001/jamapsychiatry.2014.2502
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref31
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref31
http://refhub.elsevier.com/S0022-3956(22)00350-8/sref31

	Anticoagulation for atrial fibrillation in people with serious mental illness in the general hospital setting
	1 Introduction
	2 Methods
	2.1 Cohort selection
	2.2 CHA2DS2-VASc and HASBLED risk scores calculation
	2.3 Oral anticoagulant prescriptions
	2.4 Statistical analysis
	Ethical approval

	3 Results
	3.1 Cohort identification
	3.2 CHA2DS2-VASc and HASBLED scores
	3.3 OAC prescription trends

	4 Discussion
	Sources of direct funding, support, or sponsorship
	Role of the sponsor
	Author statement
	Declaration of competing interest
	Acknowledgement
	References


