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ABSTRACT
Background: Patients diagnosed with atrial fibrillation suffer more
from anxiety and depression than the general population. This study
sought to evaluate the association between mental health status and
recurrence of atrial tachyarrhythmia (AT) after catheter ablation.
Methods: A total of 448 patients who underwent catheter ablation for
atrial fibrillation were enrolled in this single-centre prospective cohort
study. Mental Health Inventory-5 (MHI-5) was used to assess the
mental health status at the end of the blanking period after ablation
and lower scores indicated poorer mental health status. Patients with
no early recurrence of AT during the blanking period were included for
analyses. Multivariate logistic regression was used to examine the
association between mental health status and risk of arrhythmia
recurrence in the following 3 months.
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R�ESUM�E
Contexte : Les patients ayant reçu un diagnostic de fibrillation
auriculaire souffrent davantage d’anxi�et�e et de d�epression que la
population g�en�erale. Cette �etude avait pour objectif d’�evaluer l’as-
sociation entre l’�etat de sant�e mentale et la r�ecidive de la tachy-
arythmie auriculaire (TA) après une ablation par cath�eter.
M�ethodologie : Au total, 448 patients ayant subi une ablation par
cath�eter pour traiter leur fibrillation auriculaire ont �et�e recrut�es dans
cette �etude de cohorte prospective unicentrique. Le questionnaire
Mental Health Inventory-5 (MHI-5) a �et�e utilis�e pour �evaluer l’�etat de
sant�e mentale à la fin de la p�eriode de suppression suivant l’ablation;
plus ce score est faible, moins l’�etat de sant�e mentale est satisfaisant.
Des analyses ont �et�e effectu�ees chez les patients n’ayant pas pr�esent�e
de r�ecidive pr�ecoce de TA durant la p�eriode de suppression. Une
Atrial fibrillation (AF) is one of the most common arrhyth-
mias encountered in clinical practice. AF is associated with a
higher risk of stroke, heart failure, mortality,1-3 and impaired
quality of life (QoL).4,5 Patients with AF suffer more from
anxiety and depression than patients without AF or patients
with other types of arrhythmia.6-10 Although anxiety and
sadness are associated with a 4- to 6-fold higher risk of AF,
happiness could be a protective factor.11,12 Ablation therapy is
now widely used for the treatment of AF, but recurrence rates
remain high with the need for repeat procedures.13 Recent
guidelines have recommended an integrated management
targeting modifiable risk factors to prevent recurrence of the
arrhythmia.14 However, previous studies that examined pre-
dictors of atrial tachyarrhythmia (AT) recurrence after catheter
ablation largely ignored the mental health status.15 Thus, we
sought to determine the impact of mental health status of
patients on the risk of arrhythmia recurrence after catheter
ablation of AF.
Methods

Patient cohort and definitions

Our study is a single-centre prospective cohort study. Be-
tween October 2015 and February 2016, consecutive patients
with paroxysmal or persistent AF who underwent catheter
ablation in Beijing Anzhen Hospital and signed a written
informed consent were recruited. To avoid potential bias
induced by early recurrence (ER) of AT, we only included
patients without ER during blanking period in the mental
health status analyses. Paroxysmal AF was defined as AF that
ll rights reserved.

https://doi.org/10.1016/j.cjca.2019.02.007
https://doi.org/10.1016/j.cjca.2019.02.007
mailto:duxinheart@sina.com
mailto:chshma@vip.sina.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjca.2019.02.007&domain=pdf
https://doi.org/10.1016/j.cjca.2019.02.007


Results: Among 335 patients without early recurrence during the
blanking period, 36 patients (10.7%) experienced AT recurrence in the
3 months after the mental health status evaluation. Recurrence rates
were 35.7%, 13.5%, 10.6%, and 4.6% in patients with an MHI-5 score
of 0-52, 53-75, 76-85, and 86-100, respectively (overall P ¼ 0.004). A
significant association between low MHI-5 scores and AT recurrence
was observed after multivariate adjustment (odds ratio: 8.81 [1.93-
40.22], P ¼ 0.005 for the MHI-5 score of 0-52 and 3.61 [1.05-
12.35], P ¼ 0.041 for the MHI-5 score of 53-75, compared with an
MHI-5 score of 86-100).
Conclusions: A poorer mental health status is associated with AT
recurrence after catheter ablation. Intervention studies are warranted
to evaluate the efficacy of counselling and psychological support after
ablation in improving success rates in these patients.

analyse de r�egression logistique multivari�ee a �et�e effectu�ee pour
�evaluer l’association entre l’�etat de sant�e mentale et le risque de
r�ecidive de l’arythmie au cours des 3 mois suivants.
R�esultats : Parmi les 335 patients n’ayant pas pr�esent�e une r�ecidive
pr�ecoce durant la p�eriode de suppression, 36 (10,7 %) ont eu une
r�ecidive de TA au cours des 3 mois suivant l’�evaluation de leur �etat de
sant�e mentale. Les taux de r�ecidive �etaient respectivement de 35,7 %,
13,5 %, 10,6 % et 4,6 % chez les patients ayant obtenu un score au
MHI-5 de 0 à 52, de 53 à 75, de 76 à 85 et de 86 à 100 (p pour
l’ensemble ¼ 0,004). Une association significative entre un score peu
�elev�e au MHI-5 et la r�ecidive de la TA a �et�e observ�ee après ajustement
multivari�e (rapport de cotes : 8,81 [1,93-40,22], p ¼ 0,005 pour un
score au MHI-5 de 0 à 52 et 3,61 [1,05-12,35], p ¼ 0,041 pour un
score au MHI-5 de 53 à 75, comparativement à un score au MHI-5 de
86 à 100).
Conclusions : Un �etat de sant�e mentale moins satisfaisant est associ�e
à une r�ecidive de la TA après une ablation par cath�eter. Il est
n�ecessaire de r�ealiser des �etudes interventionnelles pour �evaluer
l’efficacit�e avec laquelle le counseling et le soutien psychologique
après l’ablation permettent d’augmenter les taux de succès chez ces
patients.
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terminates spontaneously or with intervention within 7 days
of onset. Persistent AF was defined as AF that persists over 7
days.16 This study was approved by the Institutional Com-
mittee on Human Research of our hospital.

Baseline data collection

Data were prospectively collected by trained staff members.
Baseline demographic and clinical factors included age, sex,
body mass index, smoking status, alcohol consumption, sys-
tolic blood pressure, education level, health insurance
coverage, AF type, time of the first AF diagnosed, history of
hypertension, diabetes mellitus, hyperlipidemia, congestive
heart failure, vascular disease (coronary artery disease or pe-
ripheral artery disease), previous stroke/transient ischemic
attack/thromboembolism, and bleeding. Active medical
treatment and echocardiographic data were also collected.
Congestive Heart Failure, Hypertension, Age (� 75 years),
Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease,
Age (65-74 years), Sex (Female) score (CHA2DS2-VASc) was
calculated by assigning 2 points for a history of stroke/tran-
sient ischemic attack/thromboembolism and age � 75 years, 1
point for age between 65 and 74 years, a history of hyper-
tension, diabetes mellitus, congestive heart failure, vascular
disease, and female sex.17

Catheter ablation and periprocedure management

Antiarrhythmic drugs (AADs) were discontinued before
ablation. Patients were treated with new oral anticoagulants or
warfarin with an international normalized ratio in the target
range (2.0-3.0) before ablation. Transesophageal echocardi-
ography was performed before operation to exclude the
presence of thrombus in left atrial appendage.

The ablation strategy in our centre has been previously
reported.18-20 Briefly, circumferential pulmonary vein isola-
tion (with the endpoint of entrance block) was performed for
patients with paroxysmal AF. For patients with persistent AF,
linear ablation across the left atrial roof, mitral isthmus, and
cavotricuspid isthmus (all lines with the endpoint of bidirec-
tional block) was performed in addition to circumferential
pulmonary vein ablation.

A blanking period of 3 months after ablation was observed.
AADs were allowed during the blanking period. New oral
anticoagulants (dabigatran 110/150 mg twice a day or rivar-
oxaban 10/15/20 mg once daily) or warfarin with a target
international normalized ratio between 2.0 and 3.0 was
administrated for at least 3 months after catheter ablation.

AT recurrence

All patients had a 12-lead electrocardiogram (ECG) and
24-hour Holter recordings at 1, 2, 3, and 6 months after
ablation. Additional ECGs or Holters were performed
whenever the patients felt palpitations. All the ECGs and
Holter results were forwarded to the coordinating centre and
blindly adjudicated by cardiologists of the Anzhen Hospital.
Recurrence of AT was defined as any documented atrial
arrhythmia (symptomatic or asymptomatic), including AF,
atrial flutter, and atrial tachycardia lasting 30 seconds or more
after the blanking period of 3 months after ablation.21 AT
recurrence at 6 months’ follow-up was used to assess its as-
sociation with mental health status.

QoL measurement

QoL data were measured by the Atrial Fibrillation Effect
on Quality-of-life (AFEQT) questionnaire at the 6 months’
follow-up.22 The AFEQT questionnaire consists of 20 items
from 4 individual domains, including symptoms (4 items),
daily activities (8 items), treatment concern (6 items), and
treatment satisfaction (2 items). The global health status is
determined based on the sum of scores of the first 3 domains.
The raw scores of 1 to 7 are transformed to a 0 to 100 scale,
where a score of 0 indicates the most severe symptoms or
disability and a score of 100 indicates no limitation or
disability. Thus, higher scores on the AFEQT questionnaire
represent a better health status.



Table 1. Sociodemographic and clinical characteristics of patients at different levels of MHI-5 score

Variables

MHI-5 category

P value0-52, N ¼ 14 53-75, N ¼ 74 76-85, N ¼ 160 86-100, N ¼ 87

Age, N (%) 0.082
< 65 12 (85.7%) 52 (70.3%) 109 (68.1%) 51 (58.6%)
65-75 2 (14.3%) 17 (23.0%) 40 (25.0%) 21 (24.1%)
� 75 0 5 (6.8%) 11 (6.9%) 15 (17.2%)

Sex, N (%) 0.423
Male 7 (50.0%) 52 (70.3%) 113 (70.6%) 58 (66.7%)
Female 7 (50.0%) 22 (29.7%) 47 (29.4%) 29 (33.3%)

BMI, N (%) 0.367
< 24 5 (35.7%) 20 (27.0%) 38 (23.8%) 21 (24.1%)
24-28 9 (64.3%) 38 (51.4%) 82 (51.2%) 40 (46.0%)
� 28 0 16 (21.6%) 40 (25.0%) 26 (29.9%)

Smoking, N (%) 0.323
No 9 (64.3%) 61 (82.4%) 117 (73.1%) 67 (77.0%)
Yes 5 (35.7%) 13 (17.6%) 43 (26.9%) 20 (23.0%)

Alcohol, N (%) 0.477
No 9 (64.3%) 47 (63.5%) 96 (60.0%) 61 (70.1%)
Yes 5 (35.7%) 27 (36.5%) 64 (40.0%) 26 (29.9%)

SBP (mm Hg), N (%) 0.433
< 140 12 (85.7%) 51 (68.9%) 105 (65.6%) 56 (64.4%)
� 140 2 (14.3%) 23 (31.1%) 55 (34.4%) 31 (35.6%)

Educational level, N (%) 0.334
Under high school education 10 (71.4%) 39 (52.7%) 91 (56.9%) 56 (64.4%)
Other 4 (28.6%) 35 (47.3%) 69 (43.1%) 31 (35.6%)

Health insurance coverage, N (%) 0.104
All 0 13 (17.6%) 32 (20.3%) 15 (17.2%)
Partially 14 (100%) 61 (82.4%) 115 (72.8%) 67 (77.0%)
None 0 0 11 (7.0%) 5 (5.7%)
Unavailable 0 0 2 0

Type of AF, N (%) 0.886
Paroxysmal 9 (64.3%) 48 (64.9%) 96 (60.0%) 52 (59.8%)
Persistent 5 (35.7%) 26 (35.1%) 64 (40.0%) 35 (40.2%)

History of AF duration (y), N (%) 0.327
< 5 11 (78.6%) 46 (66.7%) 118 (75.2%) 58 (69.9%)
5-10 2 (14.3%) 15 (21.7%) 29 (18.5%) 12 (14.5%)
� 10 1 (7.1%) 8 (11.6%) 10 (6.4%) 13 (15.7%)
Unavailable 0 5 3 4

Hypertension, N (%) 0.658
No 7 (50.0%) 24 (32.4%) 58 (36.3%) 31 (35.6%)
Yes 7 (50.0%) 50 (67.6%) 102 (63.7%) 56 (62.4%)

DM, N (%) 0.099
No 13 (92.9%) 56 (75.7%) 132 (82.5%) 62 (71.3%)
Yes 1 (7.1%) 18 (24.3%) 28 (17.5%) 25 (28.7%)

Hyperlipidemia, N (%) 0.662
No 8 (57.1%) 41 (55.4%) 87 (54.4%) 41 (47.1%)
Yes 6 (42.9%) 33 (44.6%) 73 (45.6%) 46 (52.9%)

Congestive heart failure, N (%) 0.924
No 13 (92.9%) 66 (89.2%) 143 (89.4%) 76 (87.4%)
Yes 1 (7.1%) 8 (10.8%) 17 (10.6%) 11 (12.6%)

Prior stroke/TIA/TE, N (%) 0.893
No 13 (92.9%) 63 (85.1%) 137 (85.6%) 75 (86.2%)
Yes 1 (7.1%) 11 (14.9%) 23 (14.4%) 12 (13.8%)

Vascular disease, N (%) 0.038
No 11 (78.6%) 66 (89.2%) 143 (89.4%) 67 (77.0%)
Yes 3 (21.4%) 8 (10.8%) 17 (10.6%) 20 (23.0%)

Prior bleeding, N (%) 0.855
No 11 (78.6%) 58 (78.4%) 129 (80.6%) 66 (75.9%)
Yes 3 (21.4%) 16 (21.6%) 31 (19.4%) 21 (24.1%)

Medical treatment, N (%)
Drug for rhythm control 0.281

No 0 6 (8.1%) 17 (10.6%) 13 (14.9%)
Yes 14 (100%) 68 (91.9%) 143 (89.4%) 74 (85.1%)

Drug for rate control 0.670
No 12 (85.7%) 56 (75.7%) 121 (75.6%) 62 (71.3%)
Yes 2 (14.3%) 18 (24.3%) 39 (24.4%) 25 (28.7%)

ACEIs/ARBs 0.204
No 12 (85.7%) 42 (56.8%) 104 (65.0%) 55 (63.2%)
Yes 2 (14.3%) 32 (43.2%) 56 (35.0%) 32 (36.8%)

Continued
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Table 1. Continued.

Variables

MHI-5 category

P value0-52, N ¼ 14 53-75, N ¼ 74 76-85, N ¼ 160 86-100, N ¼ 87

Echocardiographic measures
LAD, mean � SD 40.54 � 5.74 40.49 � 5.03 40.89 � 6.13 41.92 � 4.95 0.383
LVEDD, mean � SD) 48.85 � 3.13 47.92 � 5.65 47.85 � 4.79 48.03 � 5.22 0.920

CHA2DS2-VASc, N (%) 0.097
< 2 7 (50.0%) 30 (40.5%) 73 (45.6%) 26 (29.9%)
� 2 7 (50.0%) 44 (59.5%) 87 (54.4%) 61 (70.1%)

Number of comorbidities, N (%) 0.145
0-1 7 (50.0%) 20 (27.0%) 49 (30.6%) 20 (23.0%)
2-3 4 (28.6%) 33 (44.6%) 77 (48.1%) 36 (41.4%)
� 4 3 (21.4%) 21 (28.4%) 34 (21.3%) 31 (35.6%)

Length of hospital stay, median (range) 5.00 (3.00, 6.25) 4.00 (3.00, 5.25) 4.00 (3.00, 6.00) 5.00 (4.00, 6.00) 0.418

Comorbidities indicate patients had a history of one of the following diseases: hypertension, DM, congestive heart failure, vascular disease, stroke/TIA/TE,
bleeding, hyperlipidemia, hypertrophic cardiomyopathy, dilated cardiomyopathy, paroxysmal supraventricular tachycardia, pacemaker implantation, respiratory
diseases, peptic ulcer, or thyroid disease.

ACEIs, angiotensin-converting enzyme inhibitors; AF, atrial fibrillation; ARBs, angiotensin receptor blockers; BMI, body mass index; CHA2DS2-VASc,
Congestive Heart Failure, Hypertension, Age (� 75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age (65-74 years), Sex (Female); DM,
diabetes mellitus; LAD, left atrial diameter; LVEDD, left ventricular end diastolic diameter; MHI-5, Mental Health Inventory-5; SBP, systolic blood pressure; SD,
standard deviation; TE, thromboembolism; TIA, transient ischemic attack.
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Mental health status measurement

Mental health status and the presence and severity of
depressive symptom were assessed using the Mental Health
Inventory-5 (MHI-5) score at 3 months (�2 weeks) after
catheter ablation. The MHI-5 score is a 5-item subscale of the
short-form 36 health status survey that has been validated in
large population cohorts.23,24 The Chinese version of short-
form 36 has been developed through strict procedures
including forward and backward translations, and has been
psychometrically tested. It showed satisfactory validity and
reliability in Chinese population and has been widely used.25,26
Figure 1. Incidence of atrial tachyarrhythmia recurrence at different
levels of Mental Health Inventory-5 (MHI-5) score during the 6-month
follow-up.
Each item records the number of times over the past month
(all, most, a good bit, some, little, or none) that a patient felt
nervous, so down that nothing could cheer them up, calm and
peaceful, down and blue, or happy. The answers are scored on a
0 to 100 numerical scale with lower scores indicating poorer
mental health status. In accordance with previous studies,12,27

patients were classified into 4 groups based on their MHI-5
score: 86-100, 76-85, 53-75, and 0-52. Patients with scores
of 86-100 were used as the reference group. In addition, specific
cutoffs of MHI-5 scores may be used to grade the severity of
depressive symptoms.28 A cutoff of 52 is used to indicate the
presence of severe depressive symptoms only; a cutoff of 60 is
used to indicate the presence of moderate or severe depressive
symptoms; and a cutoff of 68 is used to indicate the presence of
mild or moderate or severe depressive symptoms.28 Further
sensitivity analyses were performed based on these cutoffs.

Statistical analysis

All statistical analysis was performed using SPSS 22.0.
Continuous data were presented as mean� standard deviation
or median (range), and differences between groups were
assessed by the 1-way analysis of variance or the Kruskal-Wallis
H rank sum test. The c2 test was used for categorical variables.
Univariate logistic regression analysis was performed to assess
the association of each variable with AT recurrence at 6months’
follow-up. Variables with a P value of < 0.2 in univariate
analysis and of clinical importance were included in the
multivariate logistic regression analysis, including smoking
status, under high school education, medical treatment of
angiotensin-converting enzyme inhibitors/angiotensin receptor
blockers, CHA2DS2-VASc score, and the MHI-5 score. A
P value of < 0.05 was considered statistically significant.
Results
During the study period, 448 patients underwent catheter

ablation for AF at Anzhen Hospital and were followed up in
the study. A total of 113 ablated patients experienced ER
during the blanking period and were excluded from the an-
alyses. Therefore, 335 patients without ER in the blanking



Figure 2. Incidence of atrial tachyarrhythmia recurrence for the different cutoffs of Mental Health Inventory-5 (MHI-5) score used for diagnosing
depressive symptoms during the 6-month follow-up.
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period were included in the analyses and 36 (10.7%) reported
AT recurrence between 3 and 6 months. The MHI-5 score
was performed at 90 � 10 days (range: 80-115 days) after
ablation (end of the blanking period) and was used for patient
classification. Baseline characteristics of patients according to
their MHI-5 score are summarized in Table 1. Although there
was no statistical difference, higher proportions of younger
aged, female and smoking patients and lower proportions of
patients with body mass index � 28, systolic blood pressure �
140 mm Hg, history of hypertension, diabetes, hyperlipid-
emia, congestive heart failure, and stroke were observed in
patients with an MHI-5 score of 0-52.

Among the 335 patients, 8 procedure-related complica-
tions were observed, including 5 vascular complications and 3
pericardial tamponade/pericardial effusion. Three patients
experienced oral anticoagulant-related side effects (including 2
bleeding events). In addition, 6 patients reported amiodarone-
related side effects (including 4 abnormal thyroid function, 1
gastrointestinal, and 1 respiratory side effects).

Among the 335 patients, 14 (4.2%) had an MHI-5 score
of 0-52, and 74 (22.1%), 160 (47.8%), and 87 (26.0%) had
an MHI-5 score of 53-75, 76-85, and 86-100, respectively.
The incidence of AT recurrence at 6 months after ablation
amongst patients classified by MHI-5 scores is shown in
Figure 1. Arrhythmia recurrence rates were 35.7%, 13.5%,
10.6%, and 4.6% in patients with an MHI-5 score of 0-52,
53-75, 76-85, and 86-100, respectively (overall P value ¼
0.004). Of the 36 patients with AT recurrence, arrhythmia
recurrence was documented by ECG in 23 patients (63.9%)
and by routine Holter in 13 (36.1%). When the routine
Holter data were analysed alone, the AT recurrence rates were
14.3%, 4.1%, 4.4%, and 1.1% in patients with an MHI-5
score of 0-52, 53-75, 76-85, and 86-100, respectively.

Analyses of recurrence rates according to the different re-
ported cutoffs of the MHI-5 score were also performed.
Patients with depressive symptoms had a significantly higher
arrhythmia recurrence rate than patients without depressive
symptoms (Fig. 2).

In univariate logistic regression analysis, the MHI-5 score
was significantly associated with AT recurrence (Table 2).
After adjusting for the difference in patient characteristics
collected at baseline, including smoking status, under high
school education, medical treatment of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers,
and CHA2DS2-VASc score, education below a high school
level and poorer mental health status were significantly asso-
ciated with a higher risk of AT recurrence. Odds ratio (OR) of
AT recurrence in the group with an MHI-5 score of 0-52 was
8.81 (95% confidence interval [CI]: 1.93-40.22, P ¼ 0.005),
compared with patients with an MHI-5 score of 86-100
(Table 2). Patients with an MHI-5 score of 53-75 also had a
significantly increased risk of AT recurrence vs patients with
an MHI-5 score of 86-100 (OR: 3.61, 95% CI: 1.05-12.35,
P ¼ 0.041). The trend was consistent although not statisti-
cally significant for the MHI-5 score of 76-85 (OR: 2.34,
95% CI: 0.75-7.31, P ¼ 0.145).

When the different cutoffs of MHI-5 scores were analysed,
depressive symptoms were also significantly associated with
arrhythmia recurrence (Table 3). OR for AT recurrence in the
group with an MHI-5 score of 0-52 was 4.04 (95% CI: 1.23-
13.33, P ¼ 0.022), compared with patients with an MHI-5
score of 53-100. When cutoffs of the MHI-5 score of 60 or
68 were used, the depressive symptoms were also associated
with higher AT recurrence rates (OR: 5.86 [2.27-15.11], P <
0.001 and 2.56 [1.17-5.59], P ¼ 0.018, respectively).

In addition to AT recurrence, a lower MHI-5 score was also
associated with a lower score on the AFEQT questionnaire.
This was observed for each domain of the AFEQT question-
naire, including symptoms, daily activities, treatment concern,
and treatment satisfaction (all P < 0.05); see Table 4.



Table 2. Univariate and multivariate logistic regression analysis for AT recurrence

Variables

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age (y)
65-75 vs < 65 0.73 (0.30-1.76) 0.482
� 75 vs <65 0.82 (0.23-2.87) 0.751

Female 1.11 (0.53-2.31) 0.785
BMI

< 24 vs � 28 1.57 (0.66-3.72) 0.310
24-28 vs � 28 0.50 (0.20-1.23) 0.133

Smoking 1.92 (0.92-3.99) 0.081 1.61 (0.74-3.52) 0.233
Alcohol 1.28 (0.63-2.59) 0.489
SBP � 140 mm Hg 1.16 (0.56-2.39) 0.688
Under high school education vs higher

education
1.97 (0.92-4.24) 0.081 2.31 (1.03-5.19) 0.042

Health insurance coverage
Partially vs all covered 1.10 (0.43-2.79) 0.840
None vs all covered 1.29 (0.23-7.07) 0.773

Type of AF: persistent vs paroxysmal 1.14 (0.57-2.31) 0.709
History of AF duration (y)

5-10 vs < 5 0.57 (0.19-1.68) 0.306
� 10 vs < 5 1.09 (0.36-3.35) 0.880

Hypertension 0.99 (0.48-2.03) 0.969
DM 0.56 (0.21-1.49) 0.245
Hyperlipidemia 0.89 (0.44-1.77) 0.729
Congestive heart failure 0.71 (0.21-2.44) 0.584
Prior stroke/TIA/TE 0.99 (0.36-2.68) 0.979
Vascular disease 0.51 (0.15-1.74) 0.285
Prior bleeding 1.27 (0.57-2.85) 0.555
Medical treatment

Drug for rhythm control 0.96 (0.32-2.89) 0.940
Drug for rate control 0.84 (0.37-1.92) 0.676
ACEIs/ARBs 0.46 (0.20-1.05) 0.066 0.51 (0.21-1.24) 0.136

Echocardiographic measures
LAD 1.00 (0.94-1.07) 0.921
LVEDD 0.98 (0.91-1.05) 0.500

CHA2DS2-VASc
< 2 vs � 2 1.97 (0.98-3.96) 0.056 1.67 (0.77-3.63) 0.198

MHI-5 score*
86-100 1.00 1.00
76-85 2.47 (0.80-7.58) 0.115 2.34 (0.75-7.31) 0.145
53-75 3.24 (0.97-10.81) 0.056 3.61 (1.05-12.35) 0.041
0-52 11.53 (2.61-50.84) 0.001 8.81 (1.93-40.22) 0.005

ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; AT, atrial tachyarrhythmia; BMI, body mass index;
CHA2DS2-VASc, Congestive Heart Failure, Hypertension, Age (� 75 years), Diabetes, Stroke/Transient Ischemic Attack, Vascular Disease, Age (65-74 years), Sex
(Female); CI, confidence interval; DM, diabetes mellitus; LAD, left atrial diameter; LVEDD, left ventricular end diastolic diameter; MHI-5, Mental Health
Inventory-5; OR, odds ratio; SBP, systolic blood pressure; TE, thromboembolism; TIA, transient ischemic attack.

* The MHI-5 score at the 3 months’ follow-up was used.
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Discussion
In this single-centre prospective cohort study, we found

that patients with depressive symptoms detected by the
MHI-5 score or poorer mental health status as indicated by
a lower MHI-5 score experienced an increased risk of AT
recurrence. A significant association between poor mental
health status and AT recurrence was found using the
Table 3. Univariate and multivariate logistic regression analysis for AT recur
symptoms

MHI-5 cutoff points

Univariate

OR (95% CI) P

52 5.20 (1.64-16.48)
60 5.53 (2.25-13.59) <
68 2.55 (1.20-5.44)

AT, atrial tachyarrhythmia; CI, confidence interval; MHI-5, Mental Health Inv
different classifications (0-52, 53-75, 76-85) as well as the
different cutoffs (52, 60, 68) of the MHI-5 score for
diagnosing depressive symptoms. Our results may have
important implications for clinical management and are
consistent with the existing literature reporting the role of
psychological status in the AT recurrence after catheter
ablation.
rence using different cutoffs of MHI-5 score for diagnosing depressive

Multivariate

value OR (95% CI) P value

0.005 4.04 (1.23-13.33) 0.022
0.001 5.86 (2.27-15.11) < 0.001
0.015 2.56 (1.17-5.59) 0.018

entory-5; OR, odds ratio.



Table 4. The AFEQT outcomes

Variables

MHI-5 category

P value0-52, N ¼ 14 53-75, N ¼ 74 76-85, N ¼ 160 86-100, N ¼ 87

AFEQT
Symptoms 70.24 � 16.57 81.08 � 12.36 83.91 � 12.50 82.61 � 9.32 0.001
DA 64.29 � 16.03 66.27 �1 4.60 70.61 � 11.91 70.61 � 12.88 0.037
TC 74.40 � 15.64 77.40 � 13.26 81.54 � 10.05 80.43 � 8.10 0.009
GS 68.98 � 12.10 73.27 � 10.57 77.19 � 9.02 76.54 � 8.34 0.001
TS 69.05 � 17.12 75.34 � 14.50 78.90 � 12.40 80.27 � 10.33 0.003

Values are shown as the mean � standard deviation.
AFEQT, Atrial Fibrillation Effect on Quality-of life questionnaire; DA, daily activities; GS, global score; MHI-5, Mental Health Inventory-5; TC, treatment

concern; TS, treatment satisfaction.
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Catheter ablation is an effective method of treating AF, but
recurrence is not uncommon and the use of AADs and/or
repeat ablation procedures may be required.13 Lange and
Herrmann-Lingen29 demonstrated that depressive mood is a
major risk factor for recurrence of AF after electrical cardio-
version. In 2 small studies, anxiety and depression were
independently associated with an increased risk of AF recur-
rence after pulmonary vein ablation in patients with both
paroxysmal and persistent AF.30,31 Another small study of 57
patients from Efremidis et al.32 suggested that baseline anxiety
and depression metrics were associated with AF recurrence
after pulmonary vein isolation.

Currently, the mechanisms of the association between
depressive symptoms and AF are unclear. Recently, some
studies have demonstrated possible mechanisms that could be
taken into consideration. First, depressive symptoms could
increase the levels of interleukin-6 and C-reactive protein,33-35

and these 2 inflammatory mediators are associated with the
initiation and maintenance of AF,36,37 and hence increase the
recurrence rate after cardioversion and ablation.38,39 Second,
depression could increase the level of circulating plasma
norepinephrine, caused by increased sympathetic activity.40

The sympathetic activation and parasympathetic stimulation
may then contribute to the initiation and maintenance of
AF.41,42 Some studies also demonstrated that abnormal
autonomic modulation (increased sympathetic and decreased
vagal modulation), evaluated by heart rate variability, had
been found in patients who experienced recurrence of AF after
cardioversion.43,44 Third, depressed patients had a higher level
of serum aldosterone,45 and it promotes atrial fibrosis, which
is an important component of the arrhythmogenic substrate of
AF through mineralocorticoid receptor signalling. Some
studies have shown that mineralocorticoid receptor antago-
nists (spironolactone and eplerenone) could reduce AF
recurrence after cardioversion.46,47

Previous studies have shown conflicting data on whether
cardiac rehabilitation (including psychosocial support) could
improve the mental health status in patients with AF.48 Thus,
more research is further needed to thoroughly examine the
impact of psychological support in adults with AF to poten-
tially reduce AT recurrence after catheter ablation.

Limitations

The limitations of our study are as follows. Data on pre-
existing history of depression, other psychiatric diseases, or
the use of psychoactive medications were not collected. Only
the MHI-5 score measured at 3 months after ablation was
used to evaluate the outcomes at the 6 months’ follow-up, to
reduce the impact of long-term confounders. As the inherent
shortage of the observational study, we could not draw any
causal relation between psychological status and AT recur-
rence. It remains possible that a poorer mental health status
does not increase the risk of arrhythmia recurrence after AF
ablation, but that there are some other “upstream” factors that
may cause both conditions. In addition, patients with
depressive symptoms may be more likely to over-report
symptoms and therefore have their arrhythmia documented.
However, when only the routine follow-up Holters were used
to analyse AT recurrence, the trend was consistent with the
overall results. Lastly, this is a single-centre study with a small
sample size. These results need to be confirmed in large
multicentre clinical studies.
Conclusions
A poorer mental health status is associated with AT

recurrence after catheter ablation. An integrated and holistic
management of patients with AF after ablation therapy may
have a positive impact. The assessment of the mental health
status of patients with AF undergoing ablation may allow for a
postablation intervention trial of psychological support and
counselling to potentially reduce AT recurrence.
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