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ABSTRACT
OBJECTIVES The purpose of this study was to correlate the arrhythmia-related symptoms and health-related quality of
life (HRQoL) in patients with atrial ﬁbrillation (AF) who are eligible for radiofrequency ablation (RFA) with a number of
objective indicators.
BACKGROUND Although the clinical consequences of AF have been studied extensively, the variation in the symptoms
of patients with AF and HRQoL remains under-researched.
METHODS We studied 192 patients eligible for RFA of AF referred to the University Hospital, Linköping, Sweden,
between January 2012 and April 2014. The ASTA (Arrhythmia-Speciﬁc questionnaire in Tachycardia and Arrhythmia)
symptom scale was used to assess arrhythmia-related symptoms in the patients. The ASTA HRQoL scale and the
short-form 36 (SF-36) physical and mental components summaries (PCS and MCS) were used to express disease-speciﬁc
and overall HRQoL of the patients, respectively.
RESULTS Anxiety, low-grade inﬂammation, and left atrial dilatation signiﬁcantly predicted arrhythmia-related symptoms
(R2 ¼ 0.313; p < 0.001). Depression was the most important predictor of arrhythmia-speciﬁc HRQoL (standardized beta:
0 .406), and the produced model explained a signiﬁcant proportion of the variation in arrhythmia-speciﬁc HRQoL (R2 ¼
0.513; p < 0.001). The most important predictor of PCS was obesity (body mass index >30 kg/m2) (standardized
beta: 0.301), whereas the most important predictor of MCS was anxiety (standardized beta: 0.437).
CONCLUSIONS Anxiety, depression, and low-grade inﬂammation were the factors that predicted both arrhythmiarelated symptoms and HRQoL in patients with AF. Obesity was the most signiﬁcant predictor of patient general physical
status. These factors need to be addressed in patients with AF to improve management of their disease. Intensive
risk factor modiﬁcation can be of great importance. (Reasons for Variations in Health Related Quality of Life and
Symptom Burden in Patients With Atrial Fibrillation [SMURF]; NCT01553045) (J Am Coll Cardiol EP 2017;3:494–502)
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A

trial ﬁbrillation (AF) is the most common sus-
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tained cardiac arrhythmia, and is estimated
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AND ACRONYMS

to affect at least 2.9% of the Swedish popula-

Board of the Faculty of Health Sciences,

tion (1). AF is associated with increased mortality,

Linköping, Sweden, approved the protocol

increased risk of cerebral thromboembolism, and

for this study. All patients gave their written

development of heart failure (2).

consent, and the study complied with the

The prevalence and the clinical consequences of AF

Declaration of Helsinki (11).

concerning symptoms and health-related quality of

PATIENT-REPORTED OUTCOME MEASURES.

life (HRQoL) (3). The most commonly reported symp-

Patient-reported outcome measures were

toms in AF are palpitations, breathlessness during

assessed with 3 previously described ques-

activity, tiredness, and worry/anxiety (4). In the

tionnaires (10).

same context, one third of patients with AF have been

The 36-item short-form health survey.

described as “asymptomatic” (5); however, both cat-

The

egories have experienced reduced HRQoL (3).

(SF-36) is a generic questionnaire designed to

36-Item

EF = ejection fraction
HADS = Hospital Anxiety and
Depression Scale

hsCRP = high-sensitivity
C-reactive protein

have been studied extensively, but less is known

IQR = interquartile range
LA = left atrial
LAV = left atrial volume
MCS = Mental Component
Summary of Short-Form 36

Short-Form

Health

Survey

MR-proADM = mid-regional
portion of pro-adrenomedullin

NT-proBNP = N-terminal

A number of studies attempted to explain the

measure an individual’s physical and mental

proLB-type natriuretic

variation in AF-related symptoms. There were studies

health. It comprises 35 items grouped into 8

peptide

that

perceived

scales and 1 question outside the scales (12).

symptom burden and rhythm control, AF episode

The 8 scales are summarized in physical

duration, ventricular rate, personality, and sex (6–8).

and mental component summaries (PCS and

In contrast, another study failed to show that AF

MCS, respectively). PCS and MCS are stan-

characteristics could predict the severity of symp-

dardized to a norm, with a mean of 50  10.

toms of AF (9). Thus, the available data could not

Scores >50 indicate better PCS and MCS

fully explain the variation in patients’ symptoms and

scores compared with the norm, whereas

HRQoL.

lower scores represent worse PCS and MCS scores (13).

showed
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a

relationship

between

The aim of this study considered the variety of
arrhythmia-related symptoms and HRQoL in patients

The

arrhythmia-speciﬁc

questionnaire

PCS = Physical Component
Summary of Short-Form 36

RFA = radiofrequency ablation
TEE = transesophageal
echocardiography

TTE = transthoracic
echocardiography

in

t a c h y c a r d i a a n d a r r h y t h m i a . The disease-speciﬁc

with AF who were eligible for radiofrequency ablation

questionnaire Arrhythmia-Speciﬁc questionnaire in

(RFA) as measured by patient-reported outcome

Tachycardia and Arrhythmia (ASTA) is a validated

measures, and to correlate these with indicators, such

questionnaire (14,15) divided into 3 separate parts.

as biomarkers, echocardiographic data, hemody-

Part I evaluates the patient’s latest episode of

namics, AF episode frequency and duration, anxiety

arrhythmia and current medication. Part II assesses

and depression, obesity, and other comorbidities (10).

symptom burden, including a 9-item symptom scale
with a 4-point response scale (ASTA symptom scale)

METHODS

(15). Outside of the symptom scale, there are questions with regard to the frequency of arrhythmia

STUDY DESIGN AND SETTINGS. This was an obser-

episodes, the average and the longest duration of

vational, single-center cohort study conducted be-

an arrhythmia episode, and experience of near syn-

tween January 2012 and April 2014. Patients referred

cope, syncope, and palpitations in connection with

for RFA due to AF, to the University Hospital in

arrhythmias. Part III assesses HRQoL with a 13-item

Linköping, Sweden, were considered for participa-

scale, with the same 4-point response scale (ASTA

tion. The inclusion criteria were: 1) age 18 years or

HRQoL scale) as for the symptom scale (14). The ASTA

older with paroxysmal or persistent AF; 2) patients

HRQoL scale is divided into a 7-item physical subscale

referred for ﬁrst time RFA; and 3) patients with suf-

and a 6-item mental subscale. Values range from

ﬁcient knowledge of the Swedish language to ﬁll out

0 to 100 and higher scores reﬂect a higher symptom

the study questionnaires independently.

burden and a worse effect on HRQoL due to the

Exclusion criteria were: 1) patients who had

arrhythmia (14,15).

previously undergone catheter or surgical AF abla-

H o s p i t a l a n x i e t y a n d d e p r e s s i o n s c a l e . The Hos-

tion; 2) patients with previous or expected heart

pital Anxiety and Depression Scale (HADS) question-

surgery; 3) patients with severe HF with left ven-

naire consists of 2 subscales, in which anxiety is

tricular ejection fraction (EF) <35%; or 4) patients

assessed with 7 questions (HADS-A) and depression

with acute coronary syndrome during the past 3

with another 7 questions (HADS-D). Responses are

months. The protocol of the study was previously

scored on a scale of 0 to 3, with higher scores denot-

published (10).

ing more psychological distress. The score for each
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subscale can range from 0 as the lowest to a

obesity, AF episode frequency and duration, anxiety

maximum score of 21. Anxiety and depression

and depression, and other comorbidities.

severity was categorized as normal: HADS-A: 0 to 7;
HADS-D: 0 to 7; possible HADS-A: 8 to 10; HADS-D:
8 to 10; and probable HADS-A: $11 and HADS-D:
$11 (16,17).

SUBJECT MEASUREMENTS. The subject measure-

ments were described previously (10). All patients
were asked to ﬁll out the ASTA, SF-36, and HADS
questionnaires.

ECHOCARDIOGRAPHY. All patients underwent trans-

They

underwent

TTE

and

TEE

according to the clinical routine.

thoracic and transesophageal echocardiographic ex-

Patients were catheterized, blood samples for the

aminations (TTE and TEE) before RFA. GE Vivid 7 or GE

analysis of biomarkers (NT-proBNP, MR-proADM, and

Vivid E9 system (GE Healthcare, Horten, Norway) was

hsCRP) were drawn from a peripheral vein, and

used with a 3.5-MHz transducer for TTE and a 7-MHz

intracardiac pressures were recorded before the RFA.

transducer for TEE. The measurements and evaluations were performed according to the guidelines of
the European Society of Echocardiography (18).
The left atrial volume (LAV) was measured using
the biplane area-length method and corrected for
body surface area. The left ventricular EF was calculated according to Simpson’s biplane method.

STATISTICAL METHODS. For baseline data, contin-

uous variables were expressed as mean  SD. Variables, not normally distributed, were presented as
median (25th, 75th percentile). Categorical data were
presented as counts with percentages. Patients with
missing values were excluded from the planned
analyses.

BIOMARKERS. The concentrations of the N-terminal

Multiple linear regression analysis was performed

proB-type natriuretic peptide (NT-proBNP) and mid-

to determine possible predictors of arrhythmia-

regional portion of pro-adrenomedullin (MR-proADM)

related symptoms and HRQoL. The ASTA symptom

were measured as previously described (19).

scale score was used as a dependent variable to assess

The high-sensitivity C-reactive protein (hsCRP)

arrhythmia-related symptoms in the patients. The

analysis was performed using the wide range C-reac-

disease-speciﬁc ASTA HRQoL scale score and the PCS

tive protein immunoturbidimetric assay on the ADVIA

and MCS were used as dependent variables to assess

1650 system (Siemens Healthcare Gmbh, Erlangen,

patients’

Germany). The total coefﬁcient of variation was 5.35%

used in the analyses were NT-proBNP, MR-proADM,

at 0.9 mg/l and 1.17% at 12.3 mg/l. The detection limit

low-grade inﬂammation (hsCRP >3 mg/l), the right

was 0.12 mg/l, and patients with concentrations

ventricular systolic and diastolic pressures, left

>3 mg/l were considered to have a low-grade inﬂam-

atrial dilatation (body surface area indexed LAV

mation (2 to 4 times higher than the normal value) and

>35 ml/m 2), HF (EF <45%), obesity (body mass index

to be at high cardiovascular risk (20).

>30 kg/m 2), anxiety and depression (accessed by the

PRESSURE MEASUREMENTS. The sagittal thoracic

diameter was measured in the fourth intercostal
space, and the reference pressure (zero level) was
placed in the middle of this diameter. The systolic
and diastolic pressures in the right ventricle were
measured using a multipurpose high ﬂow 5-F catheter
(MR A1, Cordis, Miami, Florida). The pressures were
recorded at least for 15 s and stored for ofﬂine analysis (EP-WorkMate, St. Jude Medical, Saint Paul,
Minnesota).

The

independent

predictors

HADS questionnaire), CHA2DS2 VASc score $2 (2),
age, frequency of AF episodes (>10 episodes of AF the
last month before RFA), and AF episode duration
(max AF episode duration >1 h in the last month
before RFA). The models were ﬁt by an enter method,
in which all variables were entered into the original
model and then variables with p values of 0.05 were
removed.
All

reported

p

values

were

2-sided,

and

a

p value < 0.05 was considered statistically signiﬁcant.
The analyses were performed using SPSS version 24.0

ENDPOINTS. The primary endpoints concern the

possible

HRQoL.

correlation

between

(IBM, Armonk, New York).

arrhythmia-related

symptoms and HRQoL, with 1 or several factors

RESULTS

measured in the SMURF (Reasons for Variations in
Health Related Quality of Life and Symptom Burden

BASELINE CHARACTERISTICS. In total, 192 patients

in Patients With Atrial Fibrillation) study. Examples

with AF were referred to the Department of Cardiol-

of these factors are the levels of the 3 biomarkers

ogy, University Hospital in Linköping, Sweden be-

(NT-proBNP and MR-proADM, and hsCRP), right

tween January 2012 and April 2014, and were eligible

ventricular

for the study. Of those, 9 did not complete the ASTA

pressure,

left

atrial

(LA)

dilatation,
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F I G U R E 1 Study Inclusion Flowchart

Study ﬂowchart. AF ¼ atrial ﬁbrillation; ASTA ¼ Arrhythmia-Speciﬁc questionnaire in Tachycardia and Arrhythmia; EF ¼ ejection fraction;
pts ¼ patients; RFA ¼ radiofrequency ablation; SF-36 ¼ 36-Item Short-Form Health Survey.

and 5 did not complete the SF-36 questionnaire

p ¼ 0.001; low-grade inﬂammation standardized beta:

(Figure 1). In total, 39 patients reported episodes of AF

0.211; p ¼ 0.002; and LA dilatation standardized beta:

with a maximum duration of >1 h, and 77 patients had

0.141; p ¼ 0.033). These factors explained a signiﬁcant

>10 episodes in the last month before the RFA. Fifty-

proportion of the variation in arrhythmia-related

ﬁve patients (30%) had possible or probable anxiety,

symptoms (R 2 ¼ 0.313; F ¼ 18.303; p < 0.001)

and 33 (18%) had possible or probable depression as

(Table 3, Figure 3).

indicated by the HADS questionnaire. There were no
differences in the frequency of possible and probable
anxiety and depression between women and men
(depression frequency: p ¼ 0.276; anxiety frequency:
p ¼ 0.763). The baseline characteristics are presented
in Table 1.

HEALTH-RELATED QUALITY OF LIFE. A S T A H R Q o L

s c a l e . The median reported ASTA HRQoL scale score,
for the total scale was 36 (23 to 51), whereas the median score of the physical subscale was 38 (24 to 57),
and the median score of the mental subscale was 28
(17 to 44) (Table 2).

ARRHYTHMIA-RELATED SYMPTOMS: ASTA SYMPTOM

Symptoms of anxiety and depression, as well as

SCALE. The patients were asked about experience

low-grade inﬂammation, age, HF, MR-proADM, and

of

AF

palpitations,

and

of

the

183

patients,

126

episode

duration

signiﬁcantly

predicted

(69%) reported the heart beating rapidly, and 151

arrhythmia-speciﬁc HRQoL in the patients. The most

(83%) reported the heart beating irregularly. The 2

important

most commonly reported symptoms were breath-

depression standardized beta: 0.406; p < 0.001).

predictor

was

depression

(probable

lessness during activity and tiredness (Figure 2). The

These factors explained a signiﬁcant proportion of

median ASTA symptom scale score was 37 (26 to 52)

variation in arrhythmia-speciﬁc HRQoL (R2 ¼ 0.513;
F ¼ 18.696; p < 0.001) (Table 3).

(Table 2).
Anxiety, low-grade inﬂammation, and LA dilata-

T h e 3 6 - i t e m s h o r t - f o r m h e a l t h s u r v e y . The me-

arrhythmia-related

dian reported PCS score was 41.1 (34.3 to 50.7),

symptoms (probable anxiety standardized beta: 0.5;

whereas the median reported MCS score was 47.6

p < 0.001; possible anxiety standardized beta: 0.233;

(36.5 to 55.0) (Table 2).

tion

signiﬁcantly

predicted
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p < 0.001). These factors explained a signiﬁcant

T A B L E 1 Baseline Characteristics

60.5  10.2

Age, yrs (mean)
Female

56 (29)
2

BMI (kg/m )

27.4 (24.8, 30.5)

Paroxysmal AF

71 (37)

Hypertension

80 (42)

proportion of MCS variance (R 2 ¼ 0.568; F ¼ 43.367;
p < 0.001) (Table 3).

DISCUSSION

Diabetes mellitus

15 (8)

We examined the role of different factors on

Heart failure

17 (9)

arrhythmia-related symptoms and HRQoL in patients

CKD (GFR <60 ml/min/1.73 m2)

40 (20)

who were eligible for RFA. The most important ﬁnd-

Stroke/TIA

19 (10)

CHA2DS2VASc

2 (0 to 3)

Beta-blocker

139 (73)

AAD

105 (55)

ings were: 1) a signiﬁcant proportion of symptoms
and perception of HRQoL were explained by different
indicators; 2) anxiety was the most important pre-

Amiodarone

42 (22)

dictor of arrhythmia-related symptoms; 3) obesity

Flecainide

35 (18)

had a central role in explaining the physical compo-

Dronedarone

23 (12)

nent of patients’ general QoL; and 4) psychological

ACEi or ARB

77 (49)

factors (anxiety and depression) and low-grade

AF at the ablation lab

51 (27)

inﬂammation were proven to have a central role in

Statins

56 (30)

arrhythmia-related symptoms and HRQoL.

Complications*

7 (4)

EF <45%

25 (13)

LA volume/BSA (ml/m2)

26.6 (22.3, 32.5)

ARRHYTHMIA-RELATED

SYMPTOMS. We

found

11.9 (8.9, 15.1)

anxiety, low-grade inﬂammation, and LA dilatation

RVSP (mm Hg)

30 (26, 34)

signiﬁcantly predicted arrhythmia-related symptoms.

RVDP (mm Hg)

11 (9, 15)

E/E0

NT-proBNP (pg/ml)

170 (71.2, 499.5)
0.682  0.184

MR-proADM (pmol/l)
hsCRP >3 mg/l

44 (23)

Anxiety

and

arrhythmia-related

symptoms.

Although symptoms have been proven unreliable in
predicting AF presence and burden, they can affect
HRQoL negatively (21); thus, they remain useful

Anxiety (n ¼ 185)
Possible anxiety

35 (19)

tools for diagnosis and treatment of AF (2,5). Hence,

Probable anxiety

20 (11)

the explanation of symptom variance is of great

Depression (n ¼ 188)

importance.

Possible depression

18 (10)

Probable depression

15 (8)

Values are mean  SD, n (%), or median (25th, 75th percentile). Baseline data are
presented for all available patients (N ¼ 192) unless otherwise stated. *Reported
complications were cardiac tamponade (1%), pericardial effusion (0.5%), pseudoaneurysm (1.6%), and larger than normal hematoma of the groin (0.5%).
AAD ¼ antiarrhythmic drugs; ACEi ¼ angiotensin converting enzyme inhibitor;
AF ¼ atrial ﬁbrillation; ARB ¼ angiotensin receptor blocker; BMI ¼ body mass
index; BSA ¼ body surface area; CKD ¼ chronic kidney failure; DC ¼ direct current;
EF ¼ ejection fraction; hsCRP ¼ high-sensitivity C-reactive protein; GFR ¼
glomerular ﬁltration rate; LA ¼ left atrium; MR-proADM ¼ mid-regional portion of
pro-adrenomedullin; NT-proBNP ¼ N-terminal proB-type natriuretic peptide;
RVDP ¼ right ventricular diastolic pressure; RVSP ¼ right ventricular systolic
pressure; SVT ¼ supraventricular tachycardia; TIA ¼ transient ischemic attack.

We found anxiety to be the strongest predictor
of arrhythmia-related symptoms. Several studies
demonstrated a strong correlation between AF symptoms and anxiety (17,22), although it was unclear
whether anxiety was the cause of AF-related symptoms or the result of AF. Although antiarrhythmic
drugs and catheter ablation signiﬁcantly improved
symptoms (4), they did not have any effect on symptoms of anxiety and depression when adjusted for
confounders (17). Thus, more comprehensive symptom relief (i.e., treatment of both AF and physiological
comorbidities) may be beneﬁcial (17).

The factors that signiﬁcantly predicted patients’

Low-grade inﬂammation and arrhythmia-related

PCS were: obesity, right ventricular diastolic pres-

s y m p t o m s . In our study, low-grade inﬂammation

sure, AF episode frequency, CHA 2DS2 VASc score $2,

was found to predict some of the variation in symp-

low-grade inﬂammation, and depression. The most

toms. Low-grade inﬂammation has been linked to a

important

(standardized

variety of cardiovascular conditions, including AF

beta: 0.301; p < 0.001). These factors explained a

(23). Nevertheless, it is unclear whether inﬂammation

signiﬁcant proportion of variation in PCS (R 2 ¼ 0.359;

is an initiator or a consequence of AF. It has been

F ¼ 12.699; p < 0.001) (Table 3).

demonstrated that levels of hsCRP are higher in pa-

predictor

was

obesity

Finally, the factors that signiﬁcantly predicted MCS

tients with AF compared with those in sinus rhythm,

were anxiety and depression, as well as AF episodes

and in those with persistent AF compared with those

>1 h in duration. The most important predictor was

with paroxysmal AF (24). Hence, it can be assumed

anxiety (probable anxiety standardized beta: 0.437;

that low-grade inﬂammation can be a marker of a
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F I G U R E 2 Symptoms Reported by Study Participants Before Ablation

The nine symptoms in the ASTA (Arrhythmia-Speciﬁc questionnaire in Tachycardia and Arrhythmia) symptom scale are shown on the x-axis and
the percent of the symptom severity is shown on the y-axis (n ¼ 183).

longer duration and more active disease (i.e., AF) or

illustrated the relationship between LA dilatation

of the existence of other comorbidities (e.g., obesity)

and AF, by showing that an increased LA diameter

(25), which may explain a part of the variation in

leads to a higher incidence of AF. Furthermore, LA size

symptoms in patients with AF.

was proved to increase with persistent AF (27). Hence,

LA dilatation and arrhythmia-related symptoms.

LA dilatation can act as a marker of AF progression and

LA dilatation was a minor but signiﬁcant predictor of

can thus be a predictor of more severe symptoms.

AF symptoms. Sixty years ago, Fraser et al. (26)

HRQoL. Assessment of HRQoL is used for several

purposes in a healthcare setting. In particular, HRQoL
T A B L E 2 Arrhythmia-Related Symptoms and HRQoL Measured

indication, together with symptom relief, for AF abla-

by the ASTA and the SF-36

tion (2). Furthermore, patients with AF have signiﬁ-

ASTA (n ¼ 183)
ASTAsymptom
ASTAHRQoL

ASTAphysical
ASTAmental

score

score
subscale score

subscale score

is relevant to the treatment of AF, and is the primary

37 (26, 52)

cantly reduced HRQoL compared with healthy subjects

36 (23, 51)

and compared with patients with coronary disease (3).

38 (24, 57)
28 (17, 44)

36-SF (n ¼ 187)

In our study, HRQoL was mainly linked to psychological

factors,

low-grade

inﬂammation,

and

obesity.

Physical functioning

75 (55, 90)

Role: physical

50 (0, 100)

A n x i e t y a n d / o r d e p r e s s i o n a n d H R Q o L . It was
shown that one-third of patients with AF had

Bodily pain

74 (41, 100)

General health

60 (45, 77)

elevated levels of depression and anxiety, whereas

Vitality

50 (30, 70)

depression and anxiety traits emerged as signiﬁcant

Social functioning

75 (62.5, 100)

predictors of QoL (22); these are results that concur

100 (33.3, 100)

with the results of our study. Poorer physical and

76 (60, 88)

mental functioning, and worse AF-related symptoms

Role: emotional
Mental health
Physical component summary
Mental component summary

41.1 (34.3, 50.7)
47.6 (36.5, 55)

Values are median (25th, 75th percentile). The 36-Item Short form Health Survey
(SF-36) weighted scores ranged between 0 and 100, in which higher scores
indicate better health. Arrhythmia-Speciﬁc questionnaire in Tachycardia and
Arrhythmia (ASTA) scores ranged between 0 and 100, where higher scores reﬂect
a higher symptom burden and a worse effect on health-related quality of life
(HRQoL).

might be a result of anxiety and depression through
related cognitive and behavioral processes. Perceptions of arrhythmia burden might be increased by a
depressed mood, whereas disengaging from daily
activities might be caused by worry and sadness (28).
Another explanation could be that anxiety and
depression strongly predicted the overestimation of
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T A B L E 3 Factors Predicting Arrhythmia-Related Symptoms and HRQoL

Variation in Patients Eligible for Radiofrequency Ablation

(30). Our results also concurred with the results by
Son et al. (31), which showed that hsCRP was an independent predictor of impaired HRQoL in patients

Scales/Predictors

Standardized
Beta

Predictor’s
p Value

ASTA symptom scale score (n ¼ 166)

Model’s
R2

Model’s
p value

0.313

<0.001

with AF.
O b e s i t y a n d H R Q o L . Obesity was the strongest
predictor of the patient PCS. Obesity is a lifestyle

Anxiety
Probable anxiety

0.50

<0.001

factor that has been observed to contribute to AF

Possible anxiety

0.233

0.001

development and progression (25). Several mecha-

Low-grade inﬂammation*

0.211

0.002

nisms have been suggested to explain the association

LA dilation†

0.141

0.033

ASTA HRQoL scale score (n ¼ 170)

0.513

<0.001

Depression

between obesity and AF, such as impaired diastolic
function, inﬂammation, pericardial fat, and the effect
of weight loss on other established AF risk factors

<0.001

Probable depression

0.406

Possible depression

0.127

0.076

Probable anxiety

0.343

<0.001

among subjects with and without metabolic comor-

Possible anxiety

0.288

<0.001

bidities (i.e., diabetes, hypertension, hypercholes-

Age

0.227

0.001

0.218

terolemia, or cardiovascular disease) (32). Obese

0.004

(25). Furthermore, obesity in a general population
was shown to have an adverse impact on HRQoL

Anxiety

MR-proADM

patients with AF who were eligible for catheter abla-

HF‡

0.156

0.011

Low-grade inﬂammation*

0.15

0.012

AF episode duration >1 h

0.131

0.026

0.301

<0.001

the link between obesity and the physical score (33).

0.244

0.001

In addition, obesity has been shown to impair RFA

>10 AF episodes/month

0.233

0.001

results (33); nonetheless, HRQoL in obese patients

CHA2DS2 VASc $2

0.223

0.001

0.204

with AF was signiﬁcantly improved after catheter

Low-grade inﬂammation*

0.002

Probable depression

0.135

0.039

Possible depression

0.04

0.558

PCS (SF-36) (n ¼ 167)
Obesity§
RVDP

tion were reported to have signiﬁcantly lower HRQoL
scores compared with normal weight patients, which
0.359

<0.001

ablation (33). In our study, the median body mass

Depression

MCS (SF-36) (n ¼ 171)

was a result consistent with our ﬁndings concerning

index was 28 kg/m2 (24.8 to 30.5), and 52 (27%) patients had a body mass index >30 kg/m 2. Hence, a
0.568

<0.001

more intensive weight management approach is
needed to achieve better physical capacity in patients

Anxiety
Probable anxiety

0.437

<0.001

Possible anxiety

0.23

<0.001

Probable depression

0.256

<0.001

>1 h predicted MCS and arrhythmia-speciﬁc HRQoL,

Possible depression

0.232

<0.001

whereas >10 AF episodes per month predicted PCS.

AF episode duration >1 h

0.158

0.003

Our results agree with the results of Kochhauser et al.

Depression

Multiple linear regression analysis was performed to determine possible predictors of variation in
patients’ symptoms and HRQoL. The models were ﬁt by an enter method, in which all variables
were entered into the original model and then variables with p values of 0.05 were removed.
ASTA symptom scale score was used as a dependent variable to express symptom variation. The
disease-speciﬁc ASTA HRQoL and the generic SF-36 component summaries (PCS and MCS) were
used to express the variation in HRQoL. All reported p values are 2-sided, and a p value < 0.05
was considered statistically signiﬁcant. *Low-grade inﬂammation was deﬁned as hsCRP >3 mg/l.
†LA dilatation was deﬁned as left atrial volume >35 ml/m2. ‡HF was deﬁned as EF <45%.
§Obesity was deﬁned as BMI >30 kg/m2.
MCS ¼ mental component summary; PCS ¼ physical component summary; other abbreviations
as in Tables 1 and 2.

with AF.
O t h e r p r e d i c t o r s o f H R Q o L . AF episode duration of

(34), that an AF burden of >2 h had a signiﬁcant
impact on QoL, and a study by van den Berg et al. (35)
showed that the frequency of AF paroxysms was
predictive of physical functioning.
We

found

that

MR-proADM

was

inversely

related to the arrhythmia-speciﬁc HRQoL, that is,
higher MR-proADM levels were related to better
arrhythmia-speciﬁc HRQoL. MR-proADM is a product
of the parental molecule of adrenomedullin (ADM).
ADM is an extracardiac peptide with vasoactive and

the frequency and duration of AF episodes by pa-

natriuretic

tients with previously diagnosed AF (29), which led to

biomarker of potential interest in the prediction of

properties

that

has

emerged

as

a

misinterpretation of their AF-related symptoms.

cardiovascular disease risks (36). A study by Kerkela

L o w - g r a d e i n ﬂ a m m a t i o n a n d H R Q o L . Low-grade

et al. (37) showed that atrial stretch signiﬁcantly

inﬂammation evaluated by CRP and interleukin-6 was

decreased ADM levels, suggesting a downregulation

negatively associated with all SF-36 subscales in a

of the local ADM system, which was a result that

randomly selected sample of middle-aged Swedish

possibly explained this inverse relationship between

general population in a recent study by Garvin et al

MR-proADM and arrhythmia-related HRQoL.
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F I G U R E 3 Changes in ASTA Symptom Scale Score Depending

on Low-Grade Inﬂammation and the Level of Anxiety

patients who were supposed to have a high symptom
burden and impaired HRQoL in order to be referred
for catheter ablation. Nevertheless, we observed
quite a wide variation in symptoms and HRQoL.
Furthermore, our sample consisted of a heterogenic
group of patients, and included those with both
paroxysmal or persistent AF, and patients with
normal or reduced EF. In addition, follow-up data on
the effect of RFA on the contributing factors to
symptoms and HRQoL would have been of interest,
but was outside the scope of this study.

CONCLUSIONS
Our study showed that both anxiety and depression,
as indicated by the HADS questionnaire, and lowgrade

inﬂammation

played

a

central

role

in

arrhythmia-related symptoms and HRQoL in patients
Low-grade inﬂammation was high-sensitivity C-reactive protein

with AF who were eligible for RFA. Obesity was the

>3 mg/l. Abbreviation as in Figure 1.

most signiﬁcant predictor of general physical status.
All these factors need to be addressed to improve the
management of patients with AF.

CLINICAL IMPLICATIONS. We found an important

association between depression, anxiety, and obesity,

ADDRESS

and arrhythmia-related symptoms and HRQoL. There

Charitakis, Department of Cardiology, Linköping

FOR

CORRESPONDENCE:

is evidence that physical activity can be beneﬁcial not

University Hospital, Garnisonsvägen, 10 581 85,

only for weight reduction but also for reduction of

Linköping, Sweden. E-mail: mcharitakis@gmail.com.

Emmanouil

symptoms of depression and anxiety (38). Furthermore, Pathak et al. (39) showed that aggressive risk

PERSPECTIVES

factor modiﬁcation improved the long-term success
of AF ablation, and that cardiorespiratory ﬁtness

COMPETENCY IN MEDICAL KNOWLEDGE: Both anxiety

predicted arrhythmia recurrence in obese patients

and depression, and low-grade inﬂammation play a central role

with symptomatic AF (40). Hence, our results rein-

in arrhythmia-related symptoms and HRQoL, whereas obesity is a

forced the importance of these recently published

strong predictor of general physical status in patients with atrial

studies, in which it was clearly shown that patients

ﬁbrillation eligible for radiofrequency ablation.

with AF could beneﬁt from an intensive risk factor
modiﬁcation, including weight loss and improvement

TRANSLATIONAL OUTLOOK: Treatable factors, such as

of cardiorespiratory ﬁtness. In that way, factors such

anxiety, depression, and obesity, which are closely correlated to

as anxiety, depression, and obesity that are correlated

disabling symptoms and poor quality of life in patients with atrial

with disabling symptoms and poor quality of life can

ﬁbrillation eligible for radiofrequency ablation should be

be treated.

addressed by treating physicians even before the planned

STUDY LIMITATIONS. There were some limitations to

our study. One was that our study was a single-center
observational cohort study with a moderate sample
size and no control group. Our sample consisted of

intervention. An intensive risk factor modiﬁcation can be a
possible way. More studies are needed to clarify the mechanisms
behind the association among anxiety, depression, obesity, and
atrial ﬁbrillation.

patients with AF who were eligible for RFA, that is,

REFERENCES
1. Friberg L, Bergfeldt L. Atrial ﬁbrillation
prevalence revisited. J Intern Med 2013;274:
461–8.

2. Kirchhof P, Benussi S, Kotecha D, et al. 2016
ESC Guidelines for the management of atrial
ﬁbrillation developed in collaboration with EACTS:

The Task Force for the management of atrial
ﬁbrillation of the European Society of Cardiology
(ESC). Developed with the special contribution of

501

502

Charitakis et al.

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 3, NO. 5, 2017
MAY 2017:494–502

Symptom Predictors of Atrial Fibrillation

the European Heart Rhythm Association (EHRA) of
the ESC. Endorsed by the European Stroke Organisation (ESO). Eur Heart J 2016;37:2893–962.

Arrhythmia (ASTA) with focus on symptom
burden. Health Quality Life Outcomes 2012;10:44.

questionnaire responses in patients with atrial
ﬁbrillation. Heart Rhythm 2015;12:658–65.

16. Zigmond AS, Snaith RP. The hospital anxiety

3. Thrall G, Lane D, Carroll D, Lip GY. Quality of life
in patients with atrial ﬁbrillation: a systematic
review. Am J Med 2006;119:448e1–448e19.

and depression scale. Acta Psychiatr Scand 1983;
67:361–70.

30. Garvin P, Nilsson E, Ernerudh J, Kristenson M.
The joint subclinical elevation of CRP and IL-6 is
associated with lower health-related quality of life
in comparison with no elevation or elevation of

4. Walfridsson H, Walfridsson U, Nielsen JC,
et al. Radiofrequency ablation as initial therapy
in paroxysmal atrial ﬁbrillation: results on
health-related quality of life and symptom
burden. The MANTRA-PAF trial. Europace 2015;
17:215–21.
5. Camm AJ, Corbucci G, Padeletti L. Usefulness of
continuous electrocardiographic monitoring for
atrial ﬁbrillation. Am J Cardiol 2012;110:270–6.
6. Silberbauer J, Veasey RA, Cheek E, Maddekar N,
Sulke N. Electrophysiological characteristics
associated with symptoms in pacemaker patients
with paroxysmal atrial ﬁbrillation. J Interv Card
Electrophysiol 2009;26:31–40.
7. Steg PG, Alam S, Chiang CE, et al. Symptoms,
functional status and quality of life in patients
with controlled and uncontrolled atrial ﬁbrillation:
data from the RealiseAF cross-sectional international registry. Heart 2012;98:195–201.
8. Paquette M, Roy D, Talajic M, et al. Role of
gender and personality on quality-of-life impairment in intermittent atrial ﬁbrillation. Am J Cardiol
2000;86:764–8.
9. Patel N, Chung EH, Mounsey JP, Schwartz JD,
Pursell I, Gehi AK. Effectiveness of atrial ﬁbrillation monitor characteristics to predict severity of
symptoms of atrial ﬁbrillation. Am J Cardiol 2014;
113:1674–8.
10. Charitakis E, Walfridsson U, Nystrom F, et al.
Symptom burden, Metabolic proﬁle, Ultrasound
ﬁndings, Rhythm, neurohormonal activation, hae-

17. Thompson TS, Barksdale DJ, Sears SF,
Mounsey JP, Pursell I, Gehi AK. The effect of
anxiety and depression on symptoms attributed to
atrial ﬁbrillation. Pacing Clin Electrophysiol 2014;
37:439–46.
18. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations for cardiac chamber quantiﬁcation
by echocardiography in adults: an update from the
American Society of Echocardiography and the
European Association of Cardiovascular Imaging.
Eur Heart J Cardiovasc Imaging 2015;16:233–71.
19. Charitakis E, Walfridsson H, Alehagen U.
Short-term inﬂuence of radiofrequency ablation
on NT-proBNP, MR-proANP, copeptin, and MRproADM in patients with atrial ﬁbrillation: data
from the observational SMURF study. J Am Heart
Assoc 2016;5:e003557.
20. Ridker PM. Clinical application of C-reactive
protein for cardiovascular disease detection and
prevention. Circulation 2003;107:363–9.
21. Lane DA, Langman CM, Lip GY, Nouwen A.
Illness perceptions, affective response, and
health-related quality of life in patients with atrial
ﬁbrillation. J Psychosom Res 2009;66:203–10.
22. Thrall G, Lip GY, Carroll D, Lane D. Depression,
anxiety, and quality of life in patients with atrial
ﬁbrillation. Chest 2007;132:1259–64.
23. Issac TT, Dokainish H, Lakkis NM. Role of
inﬂammation in initiation and perpetuation of
atrial ﬁbrillation: a systematic review of the published data. J Am Coll Cardiol 2007;50:2021–8.

modynamics and health-related quality of life in
patients with atrial Fibrillation (SMURF): a protocol for an observational study with a randomised
interventional component. BMJ Open 2015;5:
e008723.

24. Smit MD, Van Gelder IC. Is inﬂammation a risk
factor for recurrent atrial ﬁbrillation? Europace
2009;11:138–9.

11. Rickham PP. Human experimentation. Code of
ethics of the World Medical Association. Declaration of Helsinki. BMJ 1964;2:177.

2016;37:1565–72.

12. Ware JE SK Jr., Kosinski M, et al. SF-36 Health
Survey Manual and Interpretation Guide. Boston,
MA: New England Medical Center, 1993.
13. Taft C, Karlsson J, Sullivan M. Do SF-36 summary component scores accurately summarize
subscale scores? Qual Life Res 2001;10:395–404.
14. Ulla W, Anna S, Arestedt K. Development and
validation of an arrhythmia-speciﬁc scale in
tachycardia and arrhythmia with focus on
health-related quality of life. J Cardiovasc Nurs
2015;30:98–108.
15. Walfridsson U, Arestedt K, Stromberg A.
Development and validation of a new ArrhythmiaSpeciﬁc questionnaire in Tachycardia and

25. Nalliah CJ, Sanders P, Kottkamp H, Kalman JM.
The role of obesity in atrial ﬁbrillation. Eur Heart J
26. Fraser HR, Turner RW. Auricular ﬁbrillation;
with special reference to rheumatic heart disease.
BMJ 1955;2:1414–8.
27. Sanﬁlippo AJ, Abascal VM, Sheehan M, et al.
Atrial enlargement as a consequence of atrial
ﬁbrillation. A prospective echocardiographic
study. Circulation 1990;82:792–7.
28. Akintade BF, Chapa D, Friedmann E,
Thomas SA. The inﬂuence of depression and anxiety symptoms on health-related quality of life in
patients with atrial ﬁbrillation and atrial ﬂutter.
J Cardiovasc Nurs 2015;30:66–73.

only one of the biomarkers. Qual Life Res 2016;25:
213–21.
31. Son YJ, Song EK. The impact of type D personality and high-sensitivity C-reactive protein on
health-related quality of life in patients with atrial
ﬁbrillation. Eur J Cardiovasc Nurs 2012;11:304–12.
32. Ul-Haq Z, Mackay DF, Fenwick E, Pell JP.
Impact of metabolic comorbidity on the association between body mass index and health-related
quality of life: a Scotland-wide cross-sectional
study of 5,608 participants. BMC Public Health
2012;12:143.
33. Zhuang J, Lu Y, Tang K, Peng W, Xu Y. Inﬂuence of body mass index on recurrence and quality
of life in atrial ﬁbrillation patients after catheter
ablation: a meta-analysis and systematic review.
Clin Cardiol 2013;36:269–75.
34. Kochhauser S, Joza J, Essebag V, et al. The
impact of duration of atrial ﬁbrillation recurrences
on measures of health-related quality of life and
symptoms. Pacing Clin Electrophysiol 2016;39:
166–72.
35. van den Berg MP, Hassink RJ, Tuinenburg AE,
et al. Quality of life in patients with paroxysmal
atrial ﬁbrillation and its predictors: importance of
the autonomic nervous system. Eur Heart J 2001;
22:247–53.
36. Sabatine MS, Morrow DA, de Lemos JA, et al.
Evaluation of multiple biomarkers of cardiovascular stress for risk prediction and guiding medical
therapy in patients with stable coronary disease.
Circulation 2012;125:233–40.
37. Kerkela R, Ilves M, Pikkarainen S, et al. Key
roles of endothelin-1 and p38 MAPK in the regulation of atrial stretch response. Am J Physiol
Regul Integr Compar Physiol 2011;300:R140–9.
38. Carek PJ, Laibstain SE, Carek SM. Exercise for
the treatment of depression and anxiety. Int J
Psychiatry Med 2011;41:15–28.
39. Pathak RK, Middeldorp ME, Lau DH, et al.
Aggressive risk factor reduction study for atrial
ﬁbrillation and implications for the outcome of
ablation: the ARREST-AF cohort study. J Am Coll
Cardiol 2014;64:2222–31.
40. Pathak RK, Elliott A, Middeldorp ME, et al.
Impact of CARDIOrespiratory FITness on
Arrhythmia Recurrence in Obese Individuals With
Atrial Fibrillation: The CARDIO-FIT Study. J Am
Coll Cardiol 2015;66:985–96.

29. Garimella RS, Chung EH, Mounsey JP,
Schwartz JD, Pursell I, Gehi AK. Accuracy of patient perception of their prevailing rhythm: a

KEY WORDS anxiety, arrhythmia-related
symptoms, atrial ﬁbrillation, health-related

comparative

quality of life, obesity

analysis

of

monitor

data

and

