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Abstract
Background: The purpose of this study was to investigate factors associated with AF in patients with
hyperthyroidism beyond heart failure (HF), coronary heart disease (CHD), or valvular diseases.

Methods: A total of 136 patients (mean age, 52 ± 15 years; 86 [63%] female) who were diagnosed with
hyperthyroidism for the �rst time were enrolled. Patients who had HF, CHD, or signi�cant valvular
diseases were excluded. Patients were classi�ed into two groups according to the presence (group 1,
n=40) and absence of AF (group 2, n=96).

Results: AF occurred in 40 (29%) patients and 23 (58%) of these patients showed paroxysmal AF. Among
the symptoms of hyperthyroidism, the most common chief complaint was palpitation (30%). Advanced
age, presence of prior cerebrovascular events, and presence of palpitations were associated with AF.
Larger left atrial volume index (LAVI), increased left ventricular mass index, and decreased left ventricular
ejection fraction (LVEF) and S’ velocity were associated with AF. Among them, presence of palpitations
and increased LAVI were independently associated with the occurrence of AF. In addition, strain analysis,
decreased LA expansion index (EI), ejection fraction (EF), peak atrial longitudinal strain, contraction
strain, and late diastolic strain rate (A sr) and systolic strain rate (S sr) were associated with the
occurrence of AF and LAVI.

Conclusion: Presence of palpitations and enlarged left atrium were associated with the occurrence of AF
in patients with hyperthyroidism irrespective of conventional risk factors. Additional LA analysis revealed
that decreased LA function was associated with AF and enlarged left atrium. 

Introduction
Atrial �brillation (AF) is one of the most common cardiac arrhythmias and its incidence increases with
age [1]. AF can occur in various cardiac and medical conditions, including hypertension, coronary heart
disease (CHD), heart failure (HF), valvular heart disease, obesity [2,3], and sleep-apnea syndrome [4]. In
addition to age and other conditions, it is well known that high consumption of alcohol can increase the
probability of developing AF [5]. There are also a variety of acute conditions or potentially reversible
triggers that can initiate AF, such as cardiac surgery [6], lung diseases [7], etc. Among them,
hyperthyroidism is also known to be associated with the occurrence of AF [8,9]. Patients with
hyperthyroidism have more premature supraventricular depolarizations, premature atrial beats, and non-
sustained supraventricular tachycardia; increased heart rate; and reduced heart rate variability even
without overt heart problems [10]. The electrical triggers caused due to the above-mentioned conditions
may contribute to paroxysmal atrial tachycardia, AF, and atrial �utter. Among these arrhythmias, AF is the
most common and occurs in 5–15% of patients especially patients ≥60 years of age [11]. Factors
associated with increased risk include male sex, increasing age, HF, CHD, and valvular heart disease [9].
As mentioned previously, AF—irrespective of thyroid function—is believed to be caused due to chaotic
electrical activity resulting in micro-reentrant tachycardia [12]. One of the other possible mechanisms of



Page 3/15

AF is the presence of anatomical substrate and abnormal ectopic atrial �ring. In a hyperthyroidic state,
elevated thyroid hormone alters the B1-adrenergic and M2-muscarinic receptors of the heart, resulting in
increased sympathetic function, tachycardia, decreased atrial refractory period, and altered ionic
channels [13]. AF in human patients with hyperthyroidism, similar to the animal models, is believed to be
due to a decreased atrial refractory period and increased sympathetic tone with decreased heart rate
variability [14]. Complications of AF in patients with hyperthyroidism include HF and thromboembolism,
although it remains controversial whether AF in hyperthyroidism is associated with a higher
thromboembolic risk than that of AF in other conditions [15]. Therefore, it is not clear whether AF occurs
in hyperthyroidism due to patient-associated risk factors—such as HF, CHD, or signi�cant valvular disease
—or a thyroid problem. Therefore, the purpose of this study was to determine the clinical characteristics
of patients with AF in patients diagnosed with hyperthyroidism for the �rst time without HF, CHD, or
signi�cant valvular diseases. 

Methods
Study design and participants

This was a retrospective study of 136 patients who were diagnosed with hyperthyroidism for the �rst time
and were not using thyroid-related drugs (86 [63%] female, mean age: 52 ± 15 years). Patients attended
the Kangnam Sacred Heart Hospital, Hallym University between July 2009 and February 2021. We
excluded the following patients: those in a euthyroid state and taking drugs for hyperthyroidism, with
hyperthyroidism and taking drugs for hypothyroidism, who did not undergo echocardiography, and with a
left ventricular ejection fraction (LV EF) <50%, preexisting HF, known CHD, acute coronary syndrome, or
signi�cant valvular dysfunction. 

Patients were classi�ed into two categories according to the presence or absence of AF [group 1: with AF,
n=40 (29%) vs. group 2: without AF, n=96 (71%)]. Seventeen patients had chronic AF and 23 had
paroxysmal AF (PAF). Clinical, laboratory, and echocardiographic parameters were compared between the
two groups. 

All procedures performed were in accordance with the ethical standards of the Institutional Research
Committee and the 1964 Declaration of Helsinki and its later amendments. The need for informed
consent was waived because of the retrospective design of this study. The authors had no access to
information that could potentially identify patients. 

Echocardiography and left atrial strain analysis

Transthoracic echocardiography (TTE) was performed using standard techniques with a 2.5-MHz
transducer. TTE was performed by a well-trained sonographer (with an experience of over 6 months) and
results were con�rmed by a cardiologist almost in real time. Standard 2-dimensional (2-D) and Doppler



Page 4/15

echocardiography were performed using a commercially available echocardiographic machine (Vivid 7R;
GE Medical System, Horten, Norway) having the same setup and interfaced with a 2.5-MHz phased-array
probe. All measurements were performed according to the guidelines [16]. With the study participant in
the partial left decubitus position and breathing normally, the observer obtained images from the
parasternal long and short axes and from the apical four- and two-chamber and long-axis views. Depth
setting was optimized to display the left ventricle as large as possible on the screen and the same �eld
depth was kept for the four- and two-chamber apical views. Sector width was reduced to increase spatial
and temporal resolution. The left ventricular end-diastolic dimensions (LVEDD), end-diastolic
interventricular septal thickness, and end-diastolic left ventricular (LV) posterior wall thickness were
measured at end-diastole according to the standards established by the American Society of
Echocardiography. The LV EF was determined using the biplane Simpson’s method. The maximal left
atrial (LA) volume was calculated using the Simpson method and indexed to the body surface area. The
LV mass was calculated using the Devereux formula as 1.04 [(LVEDD + IVSTd + PWTd)3 − (LVEDD)3] −
13.6. Thereafter, the left ventricular mass index (LVMI) was calculated and indexed to body surface area. 

Mitral �ow velocities were recorded in the apical four-chamber view. Mitral in�ow measurements included
the peak early (E) and peak late (A) �ow velocities and the E/A ratio. The tissue Doppler of the mitral
annulus movement was also obtained from the apical four-chamber view. A 1.5-mm sample volume was
placed sequentially at the septal annular sites. The analysis was performed for early diastolic (E’), late
diastolic (A’) and systolic (S’) peak tissue velocities. As a noninvasive parameter for the LV stiffness, the
LV �lling index (E/E’) was calculated by the ratio of trans-mitral �ow velocity to annular velocity.
Adequate mitral and tissue Doppler image signals were recorded in all patients.

Additionnal left atrial volumetric and strain analysis

 In addition, the LA expansion index (EI) was calculated as (Volmax−Volmin) × 100%/Volmin. For patients
with AF, the LA EI was calculated as the average of measurements in �ve consecutive beats. In all
patients, the LA volumes were indexed to the body surface area [17]. LA EF was also calculated as
(Volmax−Volmin)/Volmax [18]. The LA strain measurements were obtained by 2-D speckle tracking
echocardiography (STE) [19]. The peak atrial longitudinal strain (PALS) and peak atrial contraction strain
(PACS) and the LA strain rate (SR) in ventricular systole (S sr), early diastole (E sr), and late diastole (A sr)
were measured [19].

Statistical analysis

All continuous data were expressed as mean ± standard deviation, and all categorical data are presented
as percentages or absolute numbers. Continuous variables were analyzed using one-way analysis of
variance in three independent groups and Student’s t-test in two independent groups, and dichotomous
variables were analyzed using the chi-square test. Cox regression analysis was performed to evaluate
signi�cant variables associated with AF. The predictive abilities of the LAVI and LA EI were determined by
the area under the receiver-operating characteristic (ROC) curves. The correlation between LAVI and other
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functional parameters, including LA strain and SR, was investigated using the Pearson correlation
analysis. A P-value of less than 0.05 was considered significant. All tests were performed using
Statistical Package for the Social Sciences version 27.0 (SPSS Inc., Chicago, IL, USA).

Results
Comparison of baseline characteristics and chief complaints associated with hyperthyroidism (Table 1)

Table 1.. Baseline characteristics of the study population

 AF (n=40) No AF (n=96) p

Age (years) 59 ± 15 49 ± 14 <0.001

male gender 18 (45%) 32 (33%) 0.242

SBP (mmHg) 119 ± 16 121 ± 15 0.477

DBP 70 ± 11 73 ± 10 0.094

Heart rate (bpm) 84 ± 19 84 ± 20 0.958

Body mass index (kg/m2) 23.7 ± 4.0 23.5 ± 3.6 0.815

DM 6 (15%) 9 (9%) 0.374

Hypertension 6 (15%) 23 (24%) 0.358

Alcohol 12 (30%) 16 (17%) 0.103

smoking 8 (20%) 13 (14%) 0.435

CVA 6 (15%) 2 (2%) 0.008

Chief complaints    0.120

palpitation 18 (45%) 23 (24%)  

Chest pain, DOE 2 (5%) 20 (21%)  

dizziness 3 (8%) 7 (7%)  

weakness 6 (15%) 17 (18%)  

Presence of palpitation 19 (48%) 26 (27%) 0.028

SBP: systolic blood pressure, DBP: diastolic BP, DM: diabetes mellitus, CVA: cerebrovascular attack, DOE:
dyspnea on exertion

AF was diagnosed in 40 (29%) of 136 patients, and among these patients, 23 (58%) were diagnosed with
PAF. The most common symptom of hyperthyroidism was palpitations. 
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Patients with AF were compared to those without (59 ± 15 vs. 49 ± 14 years, p<0.001), and
cerebrovascular attack (CVA) was more prevalent in patients with AF than in those without (15% vs. 2%,
p=0.008). Although palpitations were the most common symptom in both the groups, palpitations were
more common in patients with AF than in those without (48% vs. 27%, p=0.028). 

Echocardiographic and laboratory �ndings of the study population (Table 2)

Table 2. Echocardiographic and laboratory parameters of study population

 AF (n=40) No AF (n=96) p

LAVI (ml/m2) 36.6 ± 14.9 26.0 ± 7.9 <0.001

LV EDD (mm) 49.3 ± 5.3 48.5 ± 4.7 0.381

LV ESD 31.9 ± 6.8 30.6 ± 4.8 0.218

LVMI (g/m2) 98.6 ± 23.0 86.4 ± 18.7 0.002

LV EF (%) 61.9 ± 5.9 66.7 ± 7.1 <0.001

E (cm/s) 82.0 ± 24.0 80.9 ± 21.1 0.785

A (cm/s) 68.2 ± 20.3 73.1 ± 20.1 0.298

E/A ratio 1.09 ± 0.40 1.19 ± 0.48 0.380

DT (ms) 182.9 ± 48.1 190.5 ± 37.0 0.331

E’ (cm/s) 9.0 ± 3.1 9.2 ± 2.7 0.639

A’ (cm/s) 8.9 ± 1.5 9.5 ± 2.3 0.289

E’/A’ 0.88 ± 0.34 1.04 ± 0.43 0.105

E/E’ 10.1 ± 3.8 9.3 ± 3.0 0.220

S’ (cm/s) 7.5 ± 1.8 9.1 ± 2.5 <0.001

RVSP 35.4 ± 9.6 33.0 ± 9.2 0.190

TSH (uIU/mL) 0.013 ± 0.013 0.010 ± 0.014 0.188

FT4 (ng/dL) 3.59 ± 2.86 4.00 ± 2.61 0.454

T3 (ng/dL) 308.0 ± 215.0 343.3 ± 207.9 0.378

BNP (pg/mL) 191.6 ± 138.1 115.1 ± 150.6 0.060

CK-MB (ng/mL) 2.63 ± 3.45 2.31 ± 5.79 0.813

TnI (ng/mL) 1.60 ± 6.65 0.09 ± 0.29 0.277
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LAVI: left atrial volume index, LV: left ventricular, EDD: end-diastolic dimension, ESD: end-systolic
dimension, LVMI: LV mass index, EF: ejection fraction, RVSP: right ventricular systolic pressure, TSH:
thyroid stimulating hormone, FT4: free T 4, BNP: brain natriuretic peptide, CK-MB: creatinine kinase-
musclebrain, TnI: troponin I.

The LAVI was signi�cantly larger (37 ± 15 mL/m2 vs. 26 ± 8 mL/m2, p<0.001) in patients with AF than in
those without. Although within the normal range, the LVMI was larger (99 ± 23 g/m2 vs. 86 ± 19 g/m2,
p=0.002) and the LVEF was lower (62 ± 6% vs. 67 ± 7%, p<0.001) in patients with AF. Other diastolic
parameters, including E/E', did not differ signi�cantly between the two groups, but S’ velocity was lower
(7.5 ± 1.8 cm/s vs. 9.1 ± 2.5 cm/s, p<0.001) in patients with AF. There was no signi�cant difference
between the two groups for blood test results of thyroid function and cardiac biomarkers, but the brain
natriuretic peptide level was slightly higher in patients with AF with borderline signi�cance than in those
without (192 ± 138 pg/mL vs. 115 ± 151 pg/mL, p=0.060). 

Independent predictors of atrial �brillation in patients with hyperthyroidism (Table 3)

Table 3. Independent predictors for occurrence of atrial �brillation in patients with hyperthyroidism

  OR 95% CI P

Univariate      

age 1.052 1.022-1.084 0.001

CVA 8.294 1.597-43.087 0.012

palpitation 2.436 1.132-5.243 0.023

LAVI 1.101 1.052-1.153 <0.001

LVMI 1.030 1.010-1.051 0.003

EF 0.902 0.848-0.960 0.001

S’ 0.699 0.570-0.857 0.001

Multivariate      

age 1.017 0.979-1.057 0.390

CVA 4.087 0.493-33.872 0.192

palpitation 5.636 1.987-15.986 0.001

LAVI 1.092 1.030-1.159 0.003

LVMI 1.010 0.982-1.038 0.480

LV EF 0.967 0.890-1.051 0.428

LV S’ 0.834 0.649-1.072 0.157
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CVA: cerebrovascular attack, LAVI: left atrial volume index, LVMI: left ventricular mass index, EF: ejection
graction. S’: S’ velocity.

Younger age, CVA, presence of palpitations, larger LAVI, higher LVMI, and lower EF and S’ velocity were
found to be associated with AF in the univariate analysis. Among them, presence of palpitations (odds
ratio [OR]: 5.636, 95% con�dence interval [CI]: 1.987–15.986, p=0.001) and larger LAVI (OR: 1.092, 95% CI:
1.030–1.159, p=0.003) were found to be independently associated with the occurrence of AF in patients
with hyperthyroidism. 

Left atrial expansion index, ejection fraction, and strain analysis (Table 4)

Table 4. LA EI, EF and strain, strain rate and other parameters of the study population

  AF (n=40) No AF (n=96) p

LA EI (%) 74.5 ± 46.9 126.6 ± 69.4 0.001

LA EF (%) 49.8 ± 16.0 63.3 ± 10.6 <0.001

PALS 19.3 ± 9.9 27.6 ± 9.5 <0.001

PACS* 9.0 ± 5.4 12.8 ± 4.1 0.002

  LA E SR  -1.07 ± 0.61 -1.31 ± 0.59 0.085

  LA A SR*  -1.10 ± 0.59 -1.67 ± 0.55 <0.001

LA S SR  0.95 ± 0.46 1.37 ± 0.45 <0.001

Correlation between LAVI and LA strain and strain rate

Variables Pearson correlation p

LAEI (%) -0.338 0.002

LA EF (%) -0.481 <0.001

PALS -0.320 0.004

PACS -0.416 <0.001

LA A sr -0.407 <0.001

LAS sr -0.367 0.001

LA: left atrial, R:reservoir function, LA EF: LA ejection fraction. LAEI : LA expansion index, PALS: peak
atrial longitudinal strain, PACS: peak atrial contraction strain,  LA E, A and S sr: LA E, A and S strain rate, *:
in patients with PAF (sinus rhythm during echocardiography)
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Table 4 shows the additional LA volumetric and strain analysis. The LA EI (75 ± 47% vs. 127 ± 69%,
p<0.001) and LA EF (75 ± 47% vs. 127 ± 69%, p<0.001) were signi�cantly decreased in patients with AF
than in those without. Figure 1 shows the ROC curve for LAVI (cut-off value≥24 mL/m2, area under the
curve [AUC]: 0.769, SE: 0.055, p<0.001), LA EI (cut-off value≤81%, AUC: 0.224, SE: 0.056, p<0.001), and LA
EF (cut-off value≤56%, AUC: 0.224, SE: 0.058, p<0.001). In the strain analysis, both PALS and PACS were
decreased in patients with AF. The strain rate analysis showed that LA A sr and S sr were decreased in
patients with AF. The LA EI, EF, PALS, PACS, A sr, and S sr all showed negative correlations with the LAVI.
Figure 2 shows each of these correlations.

Discussion
In this study, AF occurred in 40 (29%) patients and 23 (58%) patients showed PAF. Among the symptoms
of hyperthyroidism, the most common complaint was palpitations (30%) and 33% reported experiencing
palpitations. (Supplementary Table). Advanced age, presence of prior cerebrovascular events, and
presence of palpitations were associated with AF. In echocardiographic parameters, larger LAVI, increased
LVMI, and decreased LVEF and S’ velocity were associated with AF. Among these parameters, the
presence of palpitations and increased LAVI were independently associated with the occurrence of AF. In
additionnal LA volumetric and strain analyses, decreased LA EI, EF, PALS, contraction strain, and A sr and
S sr were associated with the occurrence of AF and higher LAVI.

Occurrence of AF in this study irrespective of conventional risk factors

In one population-based study of 40,628 patients with clinical hyperthyroidism, 8.3% had AF or atrial
�utter [20]. Another retrospective cross-sectional study compared AF prevalence in 1338 subjects with
overt or subclinical hyperthyroidism. According to the study, the prevalence of AF was 13.8% in patients
with overt hyperthyroidism, 12.7% in those with subclinical hyperthyroidism, and 2.3% in euthyroid
controls [21]. Compared with these studies, the prevalence of AF was higher (29%) in this study. However,
by comparing the results, it cannot be said that the prevalence of AF was found to be high or the
frequency of AF occurrence was found to be increased in this study. This may be because this study was
conducted only in patients who were diagnosed with hyperthyroidism for the �rst time and had
undergone echocardiography and electrocardiography. Therefore, since there were patients who did not
undergo echocardiography or whose results could not be con�rmed despite experiencing symptoms, such
as palpitations and angina-like symptoms, the high frequency of AF seen in this study may be attributed
to a possible selection bias. However, the high frequency of AF seen in this study is an important �nding
as AF was diagnosed in a large number of patients even though patients with conventional risk factors—
HF, CHD, or signi�cant valvular disease for AF—were excluded.

 Factors associated with increased risk of AF in patients with hyperthyroidism include male sex,
increasing age, HF, CHD, and valvular heart disease [9]. The association of AF with increasing age
presumably re�ects the age-related reduction in the threshold for developing AF [1]. In this study, although
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patients with AF were older (59 ± 15 vs. 49 ± 14 years), advanced age was not independently associated
with the occurrence of AF. This may be due to the inclusion of a relatively young age group of patients
with hyperthyroidism in this study. Moreover, it is known that AF is rare in healthy young adults [22], and
the average age of patients included in this study was 52 ± 15 years. Additionally, patients who were
diagnosed with hyperthyroidism for the �rst time were included in this study and those with decreased LV
systolic function (EF <50%), previously diagnosed HF, CHD, and signi�cant valve disease were excluded.
Therefore, it is considered that relatively young patients were enrolled in this study.

Association between palpitations and occurrence of AF

Palpitations, exercise intolerance, dyspnea, angina-like chest pain, peripheral edema, and congestive HF
are common symptoms of hyperthyroidism [23,24]. Cardiovascular effects of hyperthyroidism are the
most common and dangerous effects causing patients to seek treatment in hospitals [25]. In this study,
palpitations and angina-like chest pain or dyspnea were the most common symptoms followed by
dizziness, general weakness, and weight loss. Even though sinus tachycardia is the most common
rhythm disturbance in patients with hyperthyroidism, its clinical importance is less than that of AF, which
occurs in 5–15% of patients with hyperthyroidism, which may be the presenting problem [26]. The higher
prevalence rates have been found in studies involving older patients with known or suspected underlying
organic heart disease [27]. A large study found that less than 1% new-onset AF was caused by overt
hyperthyroidism [15]. Therefore, although it is recommended to measure serum thyrotropin in all patients
with new-onset AF to rule out thyroid disease, this association is uncommon in the absence of additional
signs and symptoms of hyperthyroidism [28]. Similarly, in this study, there were signi�cantly more
patients with palpitations in the AF group. Therefore, it is necessary to make efforts in diagnosing AF in
patients with hyperthyroidism complaining of palpitations.

Enlarged left atrial and decreased left atrial strain vs. occurrence of atrial �brillation

It is well known that an increased LA size is associated with the occurrence of AF [29,30]. The left atrium
is an important chamber of the heart that collects blood into the heart and modulates blood �ow into the
left ventricle during systole and diastole, respectively [31]. An enlarged left atrium is the hallmark of the
structural remodeling process, which occurs in response to chronic pressure and volume overload. An
enlarged left atrium most commonly occurs in association with diastolic dysfunction, LV hypertrophy,
mitral valvular disease, and systemic hypertension [32]. It is well known that an enlarged left atrium can
independently predict the development of clinically signi�cant cardiovascular diseases and HF [33,34]. In
the absence of mitral valvular disease, AF, and high cardiac output, it is an excellent indicator of LV
diastolic dysfunction. In our study, patients with AF showed more enlarged left atrium (increased LAVI),
and an enlarged LA was independently associated with the occurrence of AF. 

In addition, decreased LA function measured by additional volumetric and strain analysis was associated
with the occurrence of AF. Furthermore, decreased LA function was inversely associated with an enlarged
left atrium. There are several parameters that de�ne the LA function. Trans-mitral peak A velocity and
tissue Doppler derived A’ velocity are known to be suggestive of the contractile function of LA and well
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correlated with the volume of LA [35,36]. However, in this study, the LAVI was larger in patients with AF
than in those without, but there was no signi�cant difference in both trans-mitral A and tissue Doppler
derived A’ velocities between the two groups. However, using these measures mandates the presence of
sinus rhythm, but 17 (42%) patients with AF had chronic AF, and therefore it was impossible to measure
mitral in�ow A and tissue Doppler A’ velocities in those patients. On the other hand, volumetric measures,
including the LA EF and LA EI, have been utilized in both sinsu rhythm and AF [17,18]. Both LA EF and LA
EI were decreased in patients with AF and inversely correlated with LAVI. Strain analysis has also been
utilized for evaluation of the LA function. We measured PALS and PACS by 2-D STE and LA SR in S sr, E
sr, and A sr. PALS was reduced in patients with AF, and PACS, which could be measured only in patients
with SR, was also reduced in patients with AF unlike A and A’ velocities. It is known that the LA strain
measurements are more sensitive than volumetric measures [18], and recent studies using 2-D STE have
shown an association between reduced LA reservoir, contractile function, and PAF that precedes LA
enlargement [36]. In addition, the LA A SR and S SR were decreased in patients with AF and inversely
correlated with the LAVI. The results of this study indicate that although the LA strain and SR were less
sensitive than the LA volume in re�ecting the LA function, their values could re�ect the LA function more
sensitively than A and A’ velocities.

Limitations
This study had several limitations. First, this was a single center study with a relatively small study
population. Second, since not all patients had undergone tests, such as the Holter or telemetry tests, the
diagnosis of AF may have been missed. Third, this study was a retrospective study and did not follow the
long-term prognosis of patients with AF. Finally, it was not possible to investigate whether AF occurred at
follow-up after the diagnosis of hyperthyroidism during or after treatment. However, as this is the �rst
study to investigate the prevalence of AF and related factors in patients diagnosed with hyperthyroidism,
we believe that these �ndings might help to better diagnose AF in patients with hyperthyroidism in actual
clinical practice.

Conclusion
In conclusion, our �ndings highlight that presence of palpitations and enlarged left atrium were
associated with the occurrence of AF in patients with hyperthyroidism irrespective of conventional risk
factors. In additional analysis of LA volume and strain, decreased LA EI, LA EF, PALS, PACS, A sr and S sr
a were associated with the occurrence of AF and inversely related to enlarged left atrium.
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Figures

Figure 1

ROC curve for LAVI (cut-off value ≥ 24 ml/m2, AUC: 0.769, SE: 0.055, p< 0.001), LA EI (cut-off value ≤ 81
%, AUC: 0.224, SE: 0.056, p< 0.001) and LA EF (cut-off value ≤ 56%, AUC: 0.224, SE: 0.058, p< 0.001).
LAVI: left atrial volume index, LA EI (LA expansion index), LA EF (LA ejection fraction).
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Figure 2

Inverse correlation of LA EI, EF, PALS, PACS, LA A SR and LA S SR with LAVI LAVI: left atrial volume index,
LA EI (LA expansion index), LA EF (LA ejection fraction), PALS (peak atrial longitudinal strain), PACS
(peak atrial contraction strain), SR (strain rate)
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