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Abstract
Background:Although several studies have investigated the role of psychological factors in atrial fibrillation (AF), the results are still
under debate. Therefore, we performed a meta-analysis to examine the relationship between psychological factors and the risk of
incident AF.

Methods:We systematically searched the PubMed and EMBASE databases from inception to December 2019 to identify eligible
studies. The hazard ratios (HRs) with 95% confidence intervals (CIs) were pooled by using a random-effects model.

Results:A total of 11 cohort studies were included in this meta-analysis. There were 5, 2, 4, and 5 studies examining the association
of anxiety, anger, depression, and psychological stress with AF, respectively. In the pooled analysis by a random-effects model,
anxiety (HR=1.10, 95%CI 0.97–1.24; P= .14), anger (HR=1.08, 95%CI 0.95–1.23; P= .21), depression (HR=1.15, 95%CI 0.98–
1.35; P= .08), and work stress (HR=1.14, 95%CI 0.98–1.34; P= .09) were not associated with the risk of AF. These results were not
changed when we re-performed the analysis using a fixed-effects model.

Conclusions: Based on current evidence, no associations were observed for anger, anxiety, and work stress with the risk of AF.

Abbreviations: AF = atrial fibrillation, CES-D = catchment-area epidemiology survey-depression, CI = confidence interval, HR =
hazard ratio, MHI-5 = 5-item mental health inventory.
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1. Introduction

Atrial fibrillation (AF) is the most common arrhythmia with an
incidence that increases with age. AF is associated with higher
risks of stroke, death, cardiac events, and heart failure. Thus, it is
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important to early identify high-risk AF patients and suppress
AF-related adverse outcomes. Prior studies have identified a series
of established risk factors for AF, improving the understanding of
its causation and prediction. However, over 40% of the risk
attributed to AF is still unexplained; and therefore, additional risk
factors for AF such as smoking,[1] cardio-metabolic factors (e.g.,
hypertension and metabolic syndrome)[2] and psychological
factors need further investigations.
More recently, several basic and epidemiological studies have

gradually recognized psychological factors as the potential risk
factors for AF.[3–5] However, different studies have provided
conflicting findings. Composition of evidence is a method capable
of combing a collection of existing data.[6] Depressive symptoms
could increase the risk of AF in the general population[7] or in
patients with psoriasis.[8] In addition, depression impairs the
perception of mental and physical health status in AF.[9]

However, no significant associations were observed for depres-
sion with the risk of AF in the other 2 studies.[9,10] Similar
contradictory results may exist in other psychological factors
including anger, anxiety, and psychological stress.[7,10–18]

Although a prior systematic review on this issue has been
performed, a clear-cut conclusion on the role of psychological
factors in AF could not be drawn from this qualitative
investigation. In this study, 6 of 8 included studies were cross-
sectional studies with no data for quantitative synthesis; and the
other 2 studies also had substantial limitations: Whang et al[10]

only included women, whereas Graff et al[19] reported a specific
and severe psychological stress (i.e., partner bereavement). As
such, the association of psychological factors with AF remains
unknown. We herein aimed to conduct a meta-analysis by
including more studies on the association between psychological
factors and the risk of incident AF.
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2. Methods

The ethical approval was not provided because this study was
performed by including the published studies. The data that
support the findings of this meta-analysis will be available from
the corresponding author on reasonable requests.
2.1. Search strategy

The PubMed, and EMBASE electronic databases were searched
(from inception to December 15, 2019) by 2 independent
reviewers (YH-F and WF-H) to identify potentially eligible
studies that reported the relationship between psychological
factors and the risk of AF. We did not any apply language
restrictions in the search. The following search terms were used
and limited to retrieval in the titles and abstracts: (atrial
fibrillation OR atrial flutter) AND (psychological factors OR
psychological distress OR emotional distress OR anxiety OR
depression OR stress OR anger). The literature search strategy is
presented in Supplemental Table 1, http://links.lww.com/MD/
E49. The reference lists of the included studies and review articles
were searched to identify additional studies.
2.2. Eligibility criteria

Studies were included if they met the following criteria:
(1)
 studies that reported the relationship between psychological
factors and AF;
(2)
 observational cohort studies with both comparison and
control groups;
(3)
 studies applying validated instruments to assess psychological
factors including depression, anger, anxiety, and psychologi-
cal stress.
We excluded studies that did not adjust for any potential
confounders. Reviews, letters to the editor, case reports, book
chapters, editorials and meeting abstracts were excluded. Studies
with insufficient or duplicate data were also excluded.
2.3. Data extraction

Study selection was performed by 2 independent authors (YH-F
and WF-H) by using the predefined criteria. The first phase of
study selectionwas based on the titles and abstracts of each study.
In the second phase, the full-texts were evaluated to detect
whether they met the inclusion criteria. All discrepancies were
resolved through discussion or by a third researcher (B-W). The
general characteristics were recorded for each study, including
the first author, publication year, geographic location, informa-
tion of participants (sample size, age, and sex), instruments of
psychological factors, adjusted confounders, and follow-up
duration. If one study reported the adjusted RRs by using
multiple models, we included the mostly adjusted study in this
meta-analysis.
2.4. Risk of bias assessment

The methodological quality of the included studies was assessed
independently by 2 researchers (YH-F and WF-H) by using the
Newcastle-Ottawa Scale. The Newcastle-Ottawa Scale involved
3 domains ranging from 0 to 9 stars: the selection of cohorts (0–4
stars), the comparability of cohorts (0–2 stars), and the
assessment of the outcome (0–3 stars). The certain study was
2

considered a moderate to high quality if its score was more than 6
stars.[20–21]
2.5. Statistical analysis

The presentations of this meta-analysis were based on the
preferred reporting items for reporting systematic reviews and
meta-analyses.[22] The statistical analyses were performed using
the Review Manager version 5.3 software (The Cochrane
Collaboration 2014, Nordic Cochrane Centre Copenhagen,
Denmark).
The I2 statistic and the Q-test were used to measure the

statistical heterogeneity. Either P< .1 or I2>50% indicated a
substantial heterogeneity. Maximally adjusted measures of
hazard ratios (HRs) and 95% confidence intervals (CIs) were
extracted. For studies that reported multiple categories of
psychological factors (e.g., high, moderate, low, or no symptoms
of depression), HR in themost severe category was used. For each
study, the corresponding natural logarithm (Ln[RR]) and
standard error (SE) were calculated. Given the heterogeneity
inherent across the included studies, the inverse-variance
weighted random-effects model was applied to pool the Ln
[RR] and its SE. The sensitivity analysis or subgroup analysis was
not performed due to the limiting data. According to the
Cochrane handbook, it was unsuitable to perform the publica-
tion bias for the reported effect estimates when the number of
included studies was less than 10. A P value of less than .05
indicated statistical significance.

3. Results

3.1. Study selection

Figure 1 shows the flow diagram used to identify the relevant
studies. We identified 5560 studies from our initial database
search. After excluding duplicates, the titles/abstracts of 5000
remaining studies were reviewed in detail. Thereinto, 4966
studies did not meet the objectives of this study. After reviewing
the full texts of the remaining 34 articles, 12 studies[7–18] were
potentially available. In addition, we further excluded the study
of Schnabel et al[9] because it was a cross-sectional study. Finally,
11 cohort studies[7,8,10–18] were included in this meta-analysis.
The general characteristics of the included studies are shown in
Table 1. All of the included studies were acceptable using the
Newcastle-Ottawa scale.

3.2. Relationship between psychological factors and AF
3.2.1. Anxiety. A total of 5 included studies examined the
association of anxiety with the AF risk. Only the included
study of Cheng et al[12] reported that panic disorder was
associated with an increased rate of AF even after adjusting for
potential confounders. In the study of Eaker et al[13] anxiety
was not a risk factor for AF in both men and women. As
presented in Figure 1, there was no significant association of
anxiety with AF (HR=1.10, 95%CI 0.97–1.24; P= .14)
with an acceptable heterogeneity across the included studies
(I2=52%).

3.2.2. Anger. Two included studies assessed the relationship
between anger and the development of AF. Eaker et al[13]

demonstrated that anger was related to the risk of AF in men but
not in women. As shown in Figure 2, the pooled analysis
suggested no association of anger with AF (HR=1.08, 95%CI
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Figure 1. Diagram of the study selection process in this meta-analysis.

Fu et al. Medicine (2020) 99:16 www.md-journal.com
0.95–1.23; P= .21). There was no heterogeneity across the
included studies (I2=0%).

3.2.3. Depression. As shown in Figure 2, 4 studies were
included with regard to depression and the risk of AF. Overall,
depression was not associated with an increased risk of AF (HR=
1.15, 95%CI 0.98–1.35; P= .08) with an acceptable heterogene-
ity across the included studies (I2=49%).

3.2.4. Psychological stress. As shown in Figure 2, work stress
was not significantly associated with an elevated risk of AF
(HR=1.14, 95%CI 0.98–1.34; P= .09) with a potential
heterogeneity across the included studies (I2=59%). The
included study by Svensson et al[16] also found no association
of non-occupational stress with the risk of AF (HR=1.07, 95%
CI 0.96–1.19; P> .05)
3

4. Discussion

To our knowledge, we first comprehensively conducted a meta-
analysis to determine the role of psychological factors including
depression, anger, anxiety, and psychological stress in AF. With
the use of data from 11 included studies, our present meta-
analysis suggested that no associations were observed for
depression, anger, anxiety, or psychological stress with AF after
adjustment for confounders.
It has been reported that AF patients (regardless of the AF

subtypes) have high levels of depression symptoms[23,24]; and
persistent AF patients may have a more severe depressed
mood.[25] Two prior studies reviewing the relationship of AF
with depression suggested a condition of comorbidity.[26,27]

However, it is not that simple for the link of AF with depression.
Recent pieces of evidence have enlarged our perspective that

http://www.md-journal.com
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Figure 2. Meta-analysis of relationship of anxiety, anger, depression, and psychological stress and risk of AF. AF=atrial fibrillation, CI=confidence interval, IV=
inverse of the variance, SE=standard error.

Fu et al. Medicine (2020) 99:16 www.md-journal.com
depression may affect the onset, severity, and prognosis of AF.
Compared to AF patients without depression, the risks of
death,[28,29] and combined ischemic stroke and intracranial
hemorrhage[30] are higher and health-related quality of life[31] is
poor in patients with depression. In addition, depressive
symptoms may predict recurrent AF after cardioversion[32] or
postoperative AF.[33]

A prior meta-analysis has indicated that depression is
associated with increased risks of sudden cardiac death,
ventricular tachycardia/ventricular fibrillation, and AF recur-
rence, but not incident AF.[34] With regard to depression and
incident AF, this meta-analysis only included 2 studies, and both
of them had large limitations. In the first study byWhang et al,[10]

aside from including only women, is composed of a predomi-
nantly white population known to have a lower risk of AF. The
second study by Tully et al[33] explored a potential association of
depression with postoperative AF; and thus, this study should not
be included for analysis. In light of these limitations, our current
meta-analysis included more appropriate researches and found a
5

positive association of depression with incident AF. Moreover,
the findings were stable after we excluded the study of Whang
et al.[10] It could be explained by several mechanisms why
depressive symptoms were associated with AF. Depression may
lead to an increase in inflammation and the activation of the
autonomous nervous system, hypothalamus-pituitary-adrenal
axis, and renin-angiotensin-aldosterone system, which finally
increases susceptibility of AF.[7] An increased risk of AF among
individuals with depression would support a greater screening
and more aggressive measures to prevent AF. Further study is
needed to confirm if the reported association is causal.
Studying the role of depression in AF is methodologically

challenging. The assessment of psychological factors different
methods might lead to the different results. With regard to the
measurement of depression symptoms, the current studies
applied to different methods. The individuals in the study of
Schnabel et al[9] scored higher on the Patient Health Question-
naire-9. Egeberg et al[8] included antidepressant use to provide a
proxy for a history of depression. The remaining 2 included

http://www.md-journal.com
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studies used both the screening score (the 5-item Mental Health
Inventory [MHI-5] score by Whang et al,[10] and the CES-D
(Catchment-area Epidemiology Survey-Depression) score by
Garg et al[7]) and antidepressant use to create a proxy variable
for depression. The risk of AF associated with antidepressant use
was similar to that associated with a high MHI-5 or CES-D
score.[7,10] In addition, among the users of antidepressants, it
is still a controversial issue regarding whether treatment of
depression could actually reduce the AF risk[35,36] or whether
there could be proarrhythmic properties of antidepressants that
mediate the development of AF.[37] Future studies should include
standardized and more detailed instruments of depression to test
for its association with AF. The involvement of clinical
psychologists in medical research protocols of this field might
overcome some methodological problems.
Negative emotions such as anger, anxiety, and psychological

stress have been linked to AF in basic researches, which may
involve similar biological pathways with depression including
activation of the autonomous nervous system and hypothalamus-
pituitary-adrenal axis. However, multiple studies found no
associations between anger, anxiety, or psychological stress and
risk of AF. Also, negative emotions of hostility[11] and tension[13]

were associated with AF risk only in men. Further study should
confirm the associations between anger, anxiety, or psychological
stress and risk of AF. As we know, second-generation cryoballoon
is an effective method for the treatment of paroxysmal and
persistent AF.[38–39] Whether psychological intervention could
reduce the occurrence of AF needs further research

4.1. Limitations

Several limitations would be acknowledged in this meta-analysis.
First, instruments to measure psychological factors across the
included studies were inconsistent and had certain disadvantages.
For example, the CES-D score was used to measure depressive
symptoms over a short time period; and thus, chronicity of
symptoms could not be assessed and a clinical diagnosis of
psychological disorders might not be made.[7] More comprehen-
sive and clinically validated assessments of depression are needed
in the future. Second, some of the included studies did not have
medical records to verify psychiatric diagnoses, such that
misclassification of psychological symptoms may bias the
findings toward no associations. Third, given the nature of
observational data, residual confounders might exist althoughwe
only included multivariate-adjusted HRs. Fourth, the potential
heterogeneity among studies existed and may have resulted from
the differences in sample size, analytic strategies, and participant
characteristics; however, the subgroup analysis based on these
factors could not be performed due to the limited data. Finally,
sex differences in the association of depression with AF might
exist, but the subgroup analysis based on sex could not be
performed due to the limiting data.

5. Conclusions

Based on current publications, no associations were observed for
depression, anger, anxiety, and psychological stress with AF.
Further study was needed to confirm our findings.
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