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a b s t r a c t 

One third of patients with atrial fibrillation (AF) are estimated to suffer from mental health conditions (MHCs). We 
conducted a systematic review and meta-analysis to investigate the impact of MHCs on the prevalence and quality 
of oral anticoagulation (OAC) therapy and outcomes in patients with AF. Medline database was searched for 
studies published before March 1st 2021 evaluating AF patients with comorbid MHCs reporting on the prevalence 
of OAC therapy, time in therapeutic range (TTR) in warfarin-receiving patients, adherence to OAC therapy or 
adverse outcomes (ischemic stroke, hemorrhage or mortality). Studies reporting on outcome events were included 
in the meta-analysis. The literature search yielded 17 studies including 977,535 patients that fulfilled the inclusion 
criteria of this review. AF patients with MHCs had a lower prevalence of OAC use and poorer TTR compared with 
patients without MHCs. Evidence on OAC quality in patients receiving direct oral anticoagulants (DOACs) was 
minimal and inconclusive. A decrease in depression-associated deficit in OAC prevalence was observed after 
the introduction of DOACs. Pooled analysis of five studies reporting on outcomes showed that MHCs were an 
independent risk factor for both stroke (RR 1.25, 95%CI 1.08–1.45, I 2 0%) and major bleeding (RR 1.17, 95%CI 
1.08–1.27, I 2 27%). Data on mortality were lacking and therefore not included in the meta-analysis. Evidence 
on the impact of specific MHCs on the outcomes were inadequate. In conclusion, MHCs are independent risk 
factors for stroke and major bleeding in patients with AF. Future studies are needed to confirm the findings of 
this meta-analysis, to evaluate the prognostic impact of different MHCs and to clarify whether the introduction 
of DOACs might have improved the outcomes of these patients. 
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. Introduction 

Atrial fibrillation (AF) is a common arrhythmia affecting approxi-
ately 3% of the adult population in developed countries [1] . It is an

mportant risk factor of ischemic stroke observed in up to 38% of all
troke patients and is also associated with increased mortality [1–4] .
ral anticoagulation (OAC) treatment is effective in reducing the risk of

troke in AF patients, although as a drawback, bleeding risk is somewhat
ncreased [5] . Mental health conditions (MHC) have a lifetime preva-
ence of up to 46% in the developed countries and are associated with
igh prevalence of cardiovascular risk factors and increased cardiovas-
ular morbidity and mortality [6–9] . Previous studies indicate that the
revalence of MHCs in AF patients may be over 30% [10–13] . Patients
ffected by severe MHCs have a life expectancy reduced by as much as
5–20 years compared with the general population, mainly due to so-
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atic morbidities which are often undertreated [14–21] . Cardiovascular
iseases are the single most important contributor to the elevated mor-
ality rate observed in MHC patients [18] . Additionally, there is evidence
f MHCs per se increasing the risk of stroke, regardless of the presence
f AF[ 22 , 23 ]. However, the impact of MHCs on outcomes in AF patients
emains unclear[ 12 , 22–25 ]. We conducted a systematic review to pro-
ide a comprehensive overview of the current evidence regarding the
mpact of MHCs on the quality of OAC therapy and a meta-analysis to
ool the adjusted impact of MHCs on adverse outcomes in AF patients. 

. Methods 

The present systematic review and meta-analysis (PROSPERO refer-
nce CRD42021248368) were performed in accordance with the Pre-
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erred Reporting Items for Systematic Reviews and MetaAnalysis guide-
ines [26] . 

.1. Literature search 

A systematic review of the literature investigating the effects of
HCs on the prevalence and quality of OAC therapy as well as out-

omes in patients with AF was performed on March 1, 2021 through
ubMed. The following Medical Subject Heading (MESH) terms were
sed to search for eligible articles: ( ”atrial fibrillation ” OR ”atrial flut-
er ”) AND ( ”mental health condition ” OR ”psychiatric disorder ” OR ”de-
ression ” OR ”bipolar disease ” OR ”anxiety ” OR ”psychotic disorder ” OR
schizophrenia ” OR ”post-traumatic stress disorder ”) AND ( ”oral antico-
gulation therapy ” OR ”warfarin ” OR ”novel oral anticoagulant ” OR ”vi-
amin K antagonist ”) AND ( ”bleeding ” OR ”ischemic stroke ” OR ”hemor-
hage ” OR ”outcomes ” OR ”time in therapeutic range ” OR ”adherence ”
R ”prescription rate ” OR ”mortality ”). 

The inclusion criteria for this study were: 1) study population af-
ected by any MHC, 2) study reporting on the prevalence of OAC therapy
n AF patients, time in therapeutic range (TTR) in patients receiving war-
arin, adherence to OAC therapy or outcome of interest, i.e. mortality,
schemic stroke and/or bleeding event; 3) study published in English.
he literature search was performed without study design, publication
ear or geographical restrictions. The selection of articles was carried
ut in three steps. First, publication titles were reviewed and articles
ot matching the inclusion criteria were excluded. Second, the remain-
ng articles underwent full-text review, and the articles reporting on the
ffects of MHCs on either OAC use, anticoagulation control or outcomes
n AF patients were included in the review. The articles reporting on the
ultivariable adjusted impact of any MHC on risk of ischemic stroke or

ny major bleeding were included in the meta-analysis. Third, refer-
nces of included articles were screened to identify studies not detected
y the initial search strategy. 

.2. Statistical analysis 

Statistical analyses were conducted using Stata v. 15.1 (StataCorp
LC, Texas, USA) statistical software. The natural logarithm of adjusted
azard ratios for different outcomes along with their 95% confidence
ntervals were estimated and pooled using random-effects analysis. Het-
rogeneity across the studies was evaluated using the I 2 test. I 2 less than
0% was considered not significant. Analyses were performed using the
etan command. P-values < 0.05 were considered statistically signifi-

ant. 

. Results 

The literature search yielded 17 studies including 977,535 patients
ulfilling the inclusion criteria of this analysis ( Fig. 1 ). 

.1. Prevalence of oral anticoagulation use in AF patients with MHCs 

Eight studies reported on the prevalence of OAC therapy among AF
atients with MHCs. Most of them documented a lower rate of OAC use
mong patients suffering from MHCs ( Table 1 ). Two studies reported
n a lower rate of warfarin prescriptions in OAC-eligible AF patients
uffering from any MHC compared with those without MHCs[ 27 , 28 ].
oncerning specific MHCs, depression was recently detected to predict

ower initiation and prevalence of OAC therapy among AF patients in
wo large Danish nationwide cohort studies, whilst Schmitt et al. did
ot observe any association between depression and warfarin prescrip-
ion rate[ 25 , 28 , 29 ]. Among four small studies dealing with geriatric pa-
ients, only one study documented an association between depressive
ymptoms and absence of OAC therapy [30–33] . Schizophrenia, bipolar
isease, anxiety disorders and psychotic disorders were also associated
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Fig. 1. Study flowchart. 
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ith lesser use of OACs in AF patients in isolated reports[ 25 , 28 ]. Im-
ortantly, a substantial increase in overall OAC use and a decrease in
epression-associated underuse of OAC therapy was noted after the in-
roduction of direct oral anticoagulants (DOAC) [29] . 

.2. Quality of anticoagulation in patients with MHCs 

Eight studies assessed the quality of anticoagulation, as measured by
TR or OAC adherence, among patients with MHCs. Four studies focused
n OAC use in AF patients, and four studies included also patients with
ther indications for OAC therapy[ 12 , 24 , 27 , 34–38 ]. The characteristics
f these studies are described in Table 2 . 

In general, psychiatric disorders had a stronger negative effect than
omatic comorbidities on TTR [34] . Bipolar disorder and depression
ere associated with time out of target international normalized ratio

INR) range in three studies[ 12 , 34 , 35 ]. Lower TTR was observed in pa-
ients with depression and in those with combined depression and anx-
ety compared with patients without these conditions by Baumgartner
t al [24] . Supratherapeutic INR values were more common in patients
ith any MHC and correlated with a depressive Geriatric Depression
cale score[ 27 , 36 ]. In the only study among patients receiving DOAC
reatment depression was associated with poor self-reported adherence
o medication [37] . On the other hand, a small questionnaire survey
emonstrated no association between self-reported depression and OAC
dherence in AF patients [38] . 

Other MHCs including anxiety disorder, post-traumatic stress disor-
er and schizophrenia, have not been associated with poor TTR, except
or the sole finding of lower TTR in patients with psychotic disorders
ther than schizophrenia [12] . Paradise et al. showed that higher psy-
hiatric symptom severity and a history of psychiatric hospitalization
redicted lower TTR [12] . 

.3. Adverse outcomes in AF patients with MHCs 

Adverse outcomes among AF patients with MHCs were investigated
n five studies and their characteristics are summarized in Table 3 . Pa-
ient characteristics of these studies are presented in Table 4 in the sup-
lementary material. The pooled results of the effect of any MHC on the
isk of ischemic stroke or any major bleeding are presented in Fig. 2 . 

Three studies reported on the association between MHCs and the risk
f ischemic stroke in AF patients. Pooled analysis of adjusted risk esti-
ates showed that MHC of any nature was associated with a higher risk

f ischemic stroke in patients with AF (pooled adjusted HR 1.25, 95% CI:
.08–1.45, I 2 = 0%), without significant heterogeneity between studies.
ooled analysis of the prognostic impact of specific MHCs was not feasi-
le because only one study showed an association between anxiety and
 composite outcome of ischemic stroke and intracranial hemorrhage
24] . ( Table 3 ). 

Major bleeding events in AF patients with MHCs were reported in
ve studies. All reported bleeding events were major, and risk estimates
f intracranial, traumatic intracranial, extracranial, gastrointestinal, or
ny major hemorrhage were pooled in the meta-analysis as risk of any
ajor bleeding event. Pooled adjusted risk estimates showed that MHC

f any nature was independently associated with a significantly higher
isk of major bleeding in patients with AF (HR 1.17, 95% CI: 1.08–
.27, I 2 = 26.5%), with low heterogeneity between studies. Regarding
pecific MHCs, an association between psychotic disorders other than
chizophrenia and risk of major hemorrhage was observed in one study,
nd as described above, higher adjusted odds of a composite outcome
f ischemic stroke and intracranial hemorrhage in AF patients suffering
rom anxiety disorders was reported in another study[ 12 , 24 ]. Increased
isk of traumatic intracranial bleeding was reported among depressed
atients aged over 75 years receiving warfarin for AF [39] . Otherwise,
here is currently no evidence of increased bleeding risks associated
ith different types of MHCs ( Table 3 ). Additionally, neither psychiatric

ymptom severity nor psychiatric hospitalization history were shown to
mpact the risk of bleeding [12] . 

No study reported on all-cause or cardiovascular mortality among
F patients with MHCs, although an increased risk of fatal thromboem-
olism was observed in patients with schizophrenia, but not in those
ith severe depression or bipolar disease in a single study [25] . 
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Table 2 

Characteristics of studies reporting on the impact of MHCs on the quality of OAC therapy. 

Study Country Study design No. of patients Study interval Investigated effect 

Baumgartner et al. [24] USA Retrospective Cohort Study 25,570 2004–2007 MHC on TTR% 

d 

No anxiety or depression 57% 

Anxiety 57% 

Depression 52% 

∗∗ 

Anxiety and depression 53% 

∗∗ 

Diug et al. [36] Australia Case–control study 157 cases 329 
controls 

2008–2009 GDS ≥ 2 on INR ≥ 6.0 2.1 (1.3–3.5) c , ∗ 

Emren et al. [37] Turkey Cross-sectional study 2738 2015–2016 Depression on poor DOAC 
adherence 

1.94 (1.47–2.57) c , ∗∗ 

Paradise et al. [12] USA Retrospective cohort study 103,897 2007–2008 MHC on TTR% 

a 

Anxiety disorder 0.18% 

Bipolar disorder − 2.63% 

∗∗ 

Depression − 2.26% 

∗∗ 

PTSD − 0.01% 

Schizophrenia − 0.36% 

Other psychotic disorders − 2.29% 

∗∗ 

Razouki et al. [35] USA Retrospective cohort study 103,897 2006–2008 MHC on percent time below and above INR target a 

Anxiety disorder Below + 0.03 
Above + 0.07 

Bipolar disorder Below + 3.19 ∗∗ 

Above + 0.68 
Depression Below + 2.01 ∗∗ 

Above + 0.43 ∗ 

PTSD Below + 0.37 
Above − 0.53 

Schizophrenia Below − 0.78 
Above + 0.036 

Other psychotic disorders Below + 2.91 
Above + 0.54 

Rose et al. [34] USA Retrospective cohort study 124,619 2006–2008 MHC on TTR% 

a 

Alcohol abuse − 5.4 ( − 5.9 to − 4.9) 
∗∗ 

Anxiety disorder − 0.2 ( − 0.6 to − 0.3) 
Bipolar disorder − 1.8 ( − 2.7 to − 1.0) 

∗∗ 

Major depression − 2.0 ( − 2.3 to − 1.6) 
∗∗ 

PTSD + 0.4 ( − 0.2 to 0.9) 
Schizophrenia + 0.8 ( − 0.4 to 2.0) 
Substance abuse (non ‐alcohol) − 2.4 ( − 3.2 to 

− 1.7) ∗∗ 

Suzuki et al. [38] Japan Questionnaire survey 378 2014 Self-reported depression on 
adherence 

0.74 (0.26–2.64) b 

Walker et al. [27] USA Retrospective chart review 296 2011–2012 Any MHC on INR > 5 15.9 (1.6–154.1) e 

Abbreviations: DOAC, direct oral anticoagulant; GDS Geriatric depression scale; INR, international normalized ratio; MHC, mental health condition; PTSD, post- 
traumatic stress disorder; TTR, time in therapeutic range;. 

a Adjusted effect (95% confidence interval). 
b Hazard ratio (95% confidence interval). 
c Odds ratio (95% confidence interval). 
d Absolute TTR value. 
e Adjusted odds ratio (95% confidence interval). 
∗ p < 0.05. 
∗∗ p < 0.001. 
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. Discussion 

The present systematic review and meta-analysis showed that the
resence of any MHC is independently associated with an increased risk
or both ischemic stroke and major bleeding in patients with AF. Lack
f data prevented more in-depth analyses on the impact of MHCs on
ortality as well as on the effect of specific MHCs on adverse outcomes.
verall, the available data suggest that OAC therapy is less frequently
rescribed in AF patients suffering from MHCs. Anticoagulation quality
s measured by TTR was also worse among patients with MHCs receiv-
ng warfarin. Importantly, data from the DOAC era were scarce and only
ne study of small size reported on depression as a predictor of poor
herapy adherence. 

Our meta-analysis demonstrated that AF patients with any MHC have
pproximately 25% higher adjusted ischemic stroke risk and 17% higher
leeding risk compared to patients without MHCs. These findings are
oncordant with two previous meta-analyses that have shown depres-
ion and anxiety to be independent risk factors of stroke, regardless of
he presence of AF[ 22 , 23 ]. Additionally, ischemic stroke and bleeding
isks among AF patients with MHCs are likely further increased due to
igher prevalence of ischemic stroke and bleeding risk factors, lower
revalence of OAC use and poorer quality of OAC therapy as measured
y TTR and medication adherence[ 24 , 25 , 28 ] ( Tables 1 and 2 ). Improve-
ent of OAC coverage and quality are key factors to reduce the risk of

schemic stroke and bleeding events also in this patient group. 
In addition to the high prevalence of classical cardiovascular risk fac-

ors and lower prevalence and quality of OAC therapy, there are likely
urther mechanisms underlying the observed higher ischemic stroke and
leeding risks among patients with MHCs. Higher levels of systemic in-
ammation have been observed in patients with MHC, and systemic
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Table 3 

Characteristics of studies reporting on the impact of MHCs on the outcome of patients with atrial fibrillation. 

Study Country Study design No. of patients Study interval MHC Outcome Adjusted hazard ratio 

Dodson et al. [39] USA Retrospective cohort 
study 

31,951 2001–2012 Depression Traumatic ICH 1.30(1.05–1.61) ∗ 

Baumgartner et al. 
[24] 

USA Retrospective Cohort 
Study 

25,570 2004–2007 Anxiety Ischemic stroke 1.59 (0.95–2.65) 

ICH 1.63 (0.85–3.12) 
ECH 1.17 (0.80–1.72) 
Ischemic stroke 
and ICH 

1.54 (0.99–2.38) 

Depression Ischemic stroke 0.96 (0.65–1.41) 
ICH 1.32 (0.84–2.06) 
ECH 0.99 (0.78–1.27) 
Ischemic stroke 
and ICH 

1.08 (0.78–1.49) 

Paradise et al. [12] USA Retrospective cohort 
study 

103,897 2007–2008 Any MHC Major 
hemorrhage 

1.19 (1.11–1.27) ∗ 

Anxiety disorder 1.10 (0.98–1.25) 
Bipolar disorder 1.09 (0.89–1.33) 
Depression 1.12 (0.98–1.27) 
PTSD 0.98 (0.86–1.13) 
Schizophrenia 0.81 (0.59–1.13) 
Other psychotic 
disorders 

1.24 (1.02–1.50) ∗ 

GAF > 50 1.00 (0.90–1.12) 
Psychiatric 
hospitalization 

1.12 (0.88–1.43) 

Schauer et al. [61] USA Retrospective cohort 
study 

9345 1997–2002 Any MHC Ischemic stroke 1.36 (1.06–1.74) ∗ 

ICH 1.46 (1.04–2.05) ∗ 

GI bleeding 1.19 (1.03–1.39) ∗ 

Søgaard et al. [25] Denmark Nationwide 
retrospective cohort 
study 

253,741 2000–2015 Schizophrenia Ischemic stroke 1.37 (0.88–2.14) 

Fatal TE 3.16 (1.78–5.61) ∗ 

Major bleeding 1.37 (0.99–1.90) 
Severe 
depression 

Ischemic stroke 1.36 (0.89–2.08) 
Fatal TE 1.31 (0.67–2.56) 
Major bleeding 1.25 (0.87–1.78) 

Bipolar disease Ischemic Stroke 1.04 (0.69–1.56) 
Fatal TE 1.53 (0.93–2.53) 
Major bleeding 0.82 (0.58–1.15) 

Abbreviations: ECH, extracranial hemorrhage; GI, gastrointestinal; ICH, intracranial hemorrhage; MHC, mental health condition; GAF, global assessment of function- 
ing. PTSD, post-traumatic stress disorder; TE, thromboembolism. 

∗ p < 0.05. 

i  

b  

i  

n  

s  

l  

i  

t  

A  

e  

i  

[
 

i  

L  

T  

d  

O  

h  

r  

s  

o  

g  

a  

F  

c
 

M  

a  

l  

O  

a  

c  

[  

a  

p  

t  

t
 

O  

d  

i  

r  

o  

f  

a  

m  

p  
nflammation has been associated with increased ischemic stroke and
leeding risks in AF patients [40–42] . Autonomic nervous dysfunction
n psychiatric disorders has been suggested as one underlying mecha-
ism in the increased cardiovascular disease burden but has not been
tudied in the context of MHC and AF outcomes [43–45] . Lifestyle re-
ated risk factors, including obesity, excessive alcohol use and smok-
ng are common among patients with MHCs and are likely to con-
ribute to higher stroke and bleeding risks in this patient group [46–50] .
dditionally, many psychotropic medications have adverse metabolic
ffects increasing the cardiovascular risk burden and have also been
ndependently associated with increased bleeding and stroke risks
51–54] . 

The available studies documented a lower prevalence of OAC use
n AF patients with MHCs compared to those without these conditions.
arge heterogeneity was, however, noted regarding specific conditions.
here are several potential factors contributing to the observed OAC
eficit. First, patients with MHCs have more often contraindications for
AC therapy [28] . Physicians may also occasionally choose to with-
old OAC therapy owing to additional concerns of elevated bleeding
isks in these patients due to the antithrombotic effects of antidepres-
ants, excessive alcohol consumption, increased risk of falling or concern
f poor medication adherence[ 12 , 37 , 39 , 55 , 56 ]. These trepidations re-
arding safety of OAC treatment are often justified, but they may also
t times be unfounded and based on physician bias and prejudice [57] .
ragmented care due to the separation of psychiatric and somatic health-
are services may also cause treatment barriers. 

TTR was in general lower among warfarin-receiving patients with
HCs than in those without. Excessive alcohol use and substance abuse

re common among patients with MHCs and have been associated with
ow TTR values and supratherapeutic INR values[ 25 , 34 , 46 , 58 ]. Poor
AC control in this group is likely related to alcohol enhancing the
ntithrombotic effects of warfarin as well as deficits in patients’ self-
are capabilities, which are likely to impair systematic INR follow-up
56] Nonadherence to medication is common in patients with MHCs
nd may also affect poor OAC conrol [59 , 60] . Emren et al. reported de-
ression as a predictor of poor adherence to OAC treatment, although
wo other studies observed no such connection[ 29 , 37 , 38 ]. Currently,
here are no reports on the effects of other MHCs on OAC adherence. 

Although the reviewed studies demonstrated consistently inferior
AC prevalence and quality in AF patients with MHCs in the past
ecades, interestingly an increase in overall OAC uptake and a decrease
n depression-associated OAC deficit was noted during the follow-up pe-
iod by Fenger-Grøn et al [29] . This may be related to the emergence
f the easier-to-use DOACs which reduce safety concerns and demands
or patients’ self-care capabilities. Additionally, through new research
nd guidelines on AF, the general awareness of the condition, its treat-
ent and potential complications has considerably increased over the
ast decade, probably also having a positive effect on the quality of OAC
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Fig. 2. Forest plot of pooled risk estimates 
of ischemic stroke and any major bleeding in 
atrial fibrillation patients with MHC compared 
with patients without MHC. Risk estimates > 1 
indicate higher risk of adverse events for pa- 
tients with MHCs. 
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herapy in patients with MHCs as well. To further improve the treatment
f AF patients with MHCs, the previously described factors behind poor
revalence and quality of OAC therapy must be tackled. This includes
mproving patient education and physicians’ awareness of the safe use
f OAT in these patients and as well as lowering their barriers in health
are access and improving the collaboration between somatic and men-
al health services. 

The results of our meta-analysis must be interpreted within the con-
ext of several limitations. The meta-analysis included a limited number
f studies, which utilized varying definitions of MHCs and outcome vari-
bles. Although low heterogeneity was noted in the effects of the stud-
es in the meta-analysis, some degree of publication bias cannot be ex-
luded. Outcome data ranging up to the DOAC era were limited. Most of
he reviewed outcome studies included only patients already receiving
arfarin therapy and thus considered suitable recipients of OAC treat-
ent. Although Søgaard et al. also included AF patients without OAC

herapy, they were limited by the exclusion of patients treated outside
he hospital arrangement. A notable limitation is that there was hetero-
eneity regarding the confounding variables used in the adjustment of
isk estimates across the studies included in the meta-analysis. There-
ore, the possibility of residual confounding not addressed by these ad-
ustments cannot be excluded. Data on alcohol consumption, smoking,
xercise, and other lifestyle related risk factors were incompletely mon-
tored in the outcome studies, possibly biasing the results. We included
nly studies published in English, which may also contribute some bias.
inally, mortality data were lacking. 

The reasons underlying low OAC prescription rate and poor OAC
uality among patients with MHC deserve more attention. Data on the
revalence and quality of OAC therapy are derived mainly from studies
ith small sample sizes conducted during the early 2000s and dealing
ainly with warfarin therapy. Indeed, more information is needed on
hether the MHC-associated deficit in OAC treatment of AF has per-

isted in the era of the easier-to-use DOACs. Moreover, it would be of
linical interest to investigate how the introduction of DOACs has im-
acted the bleeding, ischemic stroke, and mortality outcomes of AF pa-
ients with MHCs. The effects of specific MHCs on adverse outcomes in
F patients need to be determined, and the mechanisms underlying the

ncreased risk of ischemic stroke and bleeding outcomes in patients with
HCs need to be investigated further. Importantly, mortality data of AF

atients with MHCs is required to achieve a comprehensive view on the
verall risk-to-benefit ratio of OAC therapy in different patient groups.
ore solid evidence on these aspects may be expected from the nation-
ide FinACAF study, which includes all Finnish patients recorded with a
iagnosis of AF during 2004–2018 at any level of care (Clinicaltrials.gov
dentifier: NCT04645537). 

. Conclusions 

This systematic review and meta-analysis demonstrated that MHCs
re associated with lower prevalence and quality of OAC therapy as well
s higher risk of ischemic stroke and major bleeding events in patients
ith AF. Future studies are required to confirm these findings, to as-

ess the impact of specific MHCs on adverse outcomes and to evaluate
hether DOACs might increase therapy adherence and safety over war-

arin in this patient population. 
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