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LVDD and the onset of PAF. Therefore, the relationship 
between LVDD and PAF remains unclear. In addition, 
various criteria for echocardiographic measurements have 
been used for the diagnosis of LVDD, but there has not 
been a consensus regarding which criterion is most reliable. 
In general, the accuracy of the results depends on the 
accuracy of the diagnostic tools and criteria used. The 
definition of LVDD based on echocardiographic examina-
tions was revised in the 2016 guidelines of the American 
Society of Echocardiography (ASE).13 Based on those 
guidelines, LVDD measured by transthoracic echocardiog-
raphy (TTE) can be divided into 6 categories. In this study, 
we re-evaluated the relationship between LVDD and the 
prevalence of PAF using the 2016 ASE guidelines, which 
may be the most sophisticated criteria for the definition of 
LVDD to date.

Methods
This study was a retrospective, observational study. The 

A trial fibrillation (AF) is the most common arrhythmia 
in clinical settings, and its prevalence increases 
markedly with age, affecting more than 5% of the 

population aged ≥65 years.1,2 Because AF is closely associ-
ated with potential adverse events, such as heart failure or 
cardiogenic stroke, its management is of paramount 
importance for the well-being of the general population.3,4 
Before AF becomes persistent, paroxysmal AF (PAF) can 
be detected and treated appropriately such that PAF will 
not progress to its persistent form or increase the risk of 
cardiogenic stroke. However, in many instances detecting 
PAF is difficult, resulting in delays in medical intervention.5 
Therefore, those who are susceptible to PAF need to be 
identified and carefully monitored.

Left ventricular diastolic dysfunction (LVDD) is consid-
ered to be one possible cause of AF.6,7 Accumulating 
evidence from transthoracic echocardiographic evaluations 
indicates an association between LVDD and AF.8–12 
However, each report has used a different definition of 
LVDD, making it difficult to clarify the association between 
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Background: The relationship between left ventricular diastolic dysfunction (LVDD) and paroxysmal atrial fibrillation (PAF) remains 
unclear because of a lack of standard measures to evaluate LVDD. Accordingly, we examined the association between the prevalence 
of PAF and each LVDD grade determined according to the latest American Society of Echocardiography guidelines.

Methods and Results: In all, 2,063 patients without persistent AF who underwent echocardiography at Saitama Municipal Hospital 
from July 2016 to June 2017 were included in the study. Patients were divided into LVDD 6 categories: No-LVDD (n=1,107), 
Borderline (n=392), Grade 1 (n=204), Indeterminate (n=62), Grade 2 (n=254), and Grade 3 (n=44). PAF was documented in 111 
(10.0%), 81 (20.7%), 28 (13.7%), 6 (9.7%), 52 (20.5%), and 24 (54.5%) patients in the No-LVDD, Borderline, Grade 1, Indeterminate, 
Grade 2, and Grade 3 categories, respectively. PAF prevalence was higher in patients with Grade 3 LVDD across the whole study 
population. Subgroup analyses showed that the prevalence of PAF increased with increased LVDD grade in patients with reduced 
left ventricular ejection fraction. This relationship was significant in multivariate analysis including various patient characteristics.

Conclusions: LVDD severity determined on the basis of the latest echocardiographic criteria was associated with the prevalence 
of PAF. The present findings shed light on the development of new therapeutic markers for PAF.
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Determination of LVDD Severity
Patients With Normal LV Systolic Function  Based on the 

latest ASE criteria, patients were classified into 6 categories 
depending on the severity of LVDD. Among patients with 
normal LV systolic function (LVEF >50%), the severity of 
LVDD was determined according using the following 4 
indices: (1) mean E/e’ ratio >14; (2) septal e’ velocity 
<7 cm/s or lateral e’ velocity <10 cm/s; (3) TR velocity 
>2.8 m/s; and (4) LAVI >34 mL/m2.13 Patients who met 3 
or 4 of these criteria were classified as having normal 
diastolic function (No-LVDD), patients who met 2 criteria 
were classified as having moderate LVDD (Borderline), 
and patients who only met 1 or none of the criteria were 
classified as having LVDD and were further classified 
using the algorithm described in the following section that 
is commonly used to classify LVDD in patients with 
reduced LV systolic function.13

Patients With LVDD or Reduced LV Systolic Function  In 
patients diagnosed as having LVDD using the algorithm 
described above and in those with reduced LV systolic 
function (LVEF ≤50%), LVDD was further classified based 
on the results of an LV inflow Doppler study.13 Briefly, 
when both an E/A ratio <0.8 and an E wave velocity 
<50 cm/s were observed, patients were classified as having 
normal left atrial pressure and Grade 1 LVDD (Grade 1). 
When the E/A ratio was >2, patients were classified as having 
increased atrial pressure and Grade 3 LVDD (Grade 3). 
When both an E/A ratio <0.8 and an E wave velocity 
>50 cm/s were observed, or when either an E/A ratio >0.8 
or an E/A ratio <2 was observed, the following 3 additional 
criteria were used to determine the severity of LVDD: (1) 
mean E/e’ ratio >14; (2) TR velocity >2.8 m/s; and 3) LAVI 
>34 mL/m2. Patients who met only one or none of these 3 
criteria were classified as having Grade 1 LVDD (Grade 
1), whereas patients who met 2 or 3 of the criteria were 
classified as having elevated left atrial pressure and Grade 
2 LVDD (Grade 2). If results for only 2 variables were 
available, LVDD was classified as follows: when none of 2 
variables met the above criteria, patients were classified as 
having Grade 1 LVDD (Grade 1); when either of the 2 
variables met the above criteria, LVDD was classified as 
“Indeterminate”; and when both the 2 variables met the 
above criteria, patients were classified as having Grade 2 
LVDD (Grade 2).

Based on the algorithms described above, patients with 
LVEF >50% were classified into 6 categories, whereas 
patients with LVEF ≤50% were classified into 4 categories. 
Because LVDD assessment started with the second algo-
rithm for patients with LVEF ≤50%, there were no patients 
with LVEF ≤50% in the No-LVDD or Borderline catego-
ries. Accordingly, in patients with LVEF >50%, odds 
ratios (ORs) for the prevalence of PAF in each LVDD 
grade were calculated using the prevalence of PAF in the 
No-LVDD group as a control. Furthermore, in patients 
with LVEF <50%, the ORs for the prevalence of PAF in 
each LVDD grade were calculated using the prevalence of 
PAF in the Grade 1 group as a control. Therefore, to 
assess ORs for the prevalence of PAF in each grade against 
the control, all patients were re-examined by dividing them 
into 2 groups, one with LVEF >50% and the other with 
LVEF ≤50%.

Statistical Analysis
The Shapiro-Wilk normality test was used to determine 
whether continuous variables were normally distributed. 

study protocol was approved by the Ethics Committee of 
Saitama Municipal Hospital (Reference no. A-2926), and 
the study was performed in accordance with the provisions 
of the Declaration of Helsinki. The need for written 
informed consent was waived because of the retrospective 
nature of the study.

Study Patients
Data for 2,732 consecutive patients who underwent TTE 
at the Echocardiography Laboratory of Saitama Municipal 
Hospital between July 2016 and June 2017, regardless of 
the reasons for referral for echocardiography, were analyzed 
retrospectively. Patients who underwent echocardiography 
at the emergency department or those with acute decom-
pensated heart failure were not included in the study. Of 
the 2,732 patients, 235 had AF rhythm during echocardio-
graphic examination and were diagnosed as having persis-
tent AF (PerAF); thus, they were excluded from the 
analyses. Additional exclusion criteria were: (1) significant 
left ventricular (LV) hypertrophy (n=67), namely LV mass 
>105 g/m2 in males or 95 g/m2 in females, LV wall thickness 
>12 mm, or high voltage on the electrocardiogram 
(RV5+SV1>3.5 mV); (2) restrictive cardiomyopathy (n=8); 
(3) severe mitral valve stenosis (n=13); (4) severe mitral 
valve regurgitation (n=8); (5) severe aortic valve regurgita-
tion (n=4); (6) a history of cardiac valvular surgery (n=66) 
or severe mitral annulus calcification (n=16); (7) an intra-
ventricular pacing lead (n=68); (8) left bundle branch 
block (n=21); (9) complete atrioventricular block (n=2); 
(10) pulmonary arterial pulmonary hypertension (n=3); 
(11) a history of catheter ablation for AF (n=64); and (12) 
poor echocardiogram recording to assess LVDD (n=94). 
Thus, the relationship between the prevalence of LVDD 
and PAF was analyzed using data from 2,063 patients.

Determination of PAF
AF was determined only by confirming the presence of a 
past electrocardiogram revealing AF (obtained prior to 
echocardiography) in the patients’ medical records. Patients 
who had a history of AF and showed sinus rhythm during 
echocardiography were defined as having PAF.

Echocardiographic Measurements
All echocardiograms were obtained using a ViVid E9 
ultrasound machine (probe, M5Sc-D; GE Healthcare 
Japan, Tokyo, Japan) or an Aplio 500 ultrasound machine 
(probe, PFST-25BT; Canon Medical Systems, Tochigi, 
Japan). LV ejection fraction (LVEF) was calculated using 
the biplane disk summation method or the Teichholz 
method in the parasternal long axis view according to the 
ASE and European Association of Cardiovascular Imaging 
2015 guidelines.14 Left atrial volume was measured using 
the biplane disk summation method in the apical 2-chamber 
view and the apical 4-chamber view. The left atrial volume 
index (LAVI) was calculated by dividing the left atrial 
volume by body surface area. Mitral early deceleration 
time (Dct), peak velocity of the mitral E wave, peak velocity 
of the mitral A wave, and tricuspid valve regurgitation 
(TR) flow velocity were measured using transmitral and 
transtricuspid Doppler studies.15 Septal e’ velocity and 
lateral e’ velocity were measured at the mitral and tricuspid 
annulus using the tissue Doppler imaging technique, and 
the E/e’ ratio and E/A ratios were calculated using these 
data.15
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lence of PAF was examined in 2,063 patients eligible for 
inclusion in this study. Among these patients, 302 had 
PAF based on their medical records. The prevalence of 
PAF (n=302) and PerAF (n=235) in the study population 
increased with age and was higher than that in the general 
population, possibly because the patients included in the 
study were recruited from those who had undergone 
echocardiography for evaluation of heart diseases or other 
disease conditions (Figure 1A).1,2 As indicated in Table 1, 
PAF was common in the elderly, men, and in patients with 
hypertension or congestive heart failure. However, the 
prevalence of PAF was not related to a history of type 2 
diabetes, stroke, or chronic obstructive pulmonary disease.

Echocardiographic Measurements Affecting the  
Prevalence of PAF
All measurements representing LVDD (except LVEF), 
namely Dct of the E wave, E wave velocity, A wave velocity, 
E/A ratio, septal e’ wave velocity, lateral e’ wave velocity, 
E/e’ ratio, TR velocity, and LAVI, differed significantly 
between patients with and without PAF (P<0.01 for all; 
Table 2). For example, the median value of the Dct of the 
E wave was higher in patients without than with PAF (233 
vs. 217 cm/s, respectively; P<0.01). However, the differences 
in values between the 2 groups were small, and in most 
cases the ranges of values for each parameter overlapped. 
In addition, there was no significant difference in LVEF 

In this study, because all continuous variables were not 
normally distributed, data are expressed as the median 
with interquartile range (IQR). Continuous variables were 
compared between 2 groups using the Mann-Whitney 
U-test. Pearson’s Chi-squared tests were used to analyze 
relationships between the prevalence of PAF and each 
clinical characteristic, each LVDD grade, or each quartile 
of each echocardiography parameter. Furthermore, 
Haberman’s residual test was used for multiple comparisons 
of the prevalence of PAF among groups. Logistic regression 
was used for univariate and multivariate analyses between 
the prevalence of PAF and patients’ clinical characteristics 
or each LVDD grade. Differences were considered signifi-
cant at 2-tailed P<0.05. In these analyses, hazard ratios 
(HRs), 95% confidence intervals (CIs), and associated P 
values were generated.

All statistical analyses were performed with EZR (http://
www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html),16 
which is a graphical user interface for R (R Foundation for 
Statistical Computing, Vienna, Austria). EZR is a modified 
version of R commander designed to add statistical func-
tions frequently used in biostatistics.

Results
Clinicodemographic Characteristics of Included Patients
The association between each LVDD grade and the preva-

Figure 1.  (A) Prevalence of atrial fibrillation (AF) by age. PAF, paroxysmal AF; PerAF, persistent AF. (B) Distribution of patients, 
with and without PAF, among the 6 left ventricular diastolic dysfunction (LVDD) grades. *P<0.05, **P<0.01 (multiple Chi-squared 
tests and Haberman’s test).

Table 1. Clinicodemographic Characteristics of Patients With and Without PAF

Patients without PAF 
(n=1,761)

Patients with PAF 
(n=302) P value

Median [IQR] age (years) 72 [61–80] 75 [70–83] <0.01　
Age >75 years 763 (43) 162 (54) <0.01　
Male sex 940 (53) 185 (61) 0.01

Hypertension 959 (54) 201 (67) <0.01　
Type 2 diabetes 413 (23)   70 (23) 0.94

Congestive heart failure 243 (14)   99 (17) <0.01　
Stroke 299 (17)   52 (17) 0.93

COPD 58 (3) 14 (5) 0.31

Unless indicated otherwise, data are presented as n (%). Age was compared between groups using the Mann-Whitney 
U-test; other variables were compared using the Chi-squared test. COPD, chronic obstructive pulmonary disease; 
IQR, interquartile range; PAF, paroxysmal atrial fibrillation.

http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html
http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed.html
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Distribution of LVDD in Patients With and Without PAF
Using the new criteria for LVDD, all study patients were 
classified into 6 categories based on the severity of LVDD: 
No-LVDD (n=1,107), Borderline (n=392), Grade 1 
(n=204), Indeterminate (n=62), Grade 2 (n=254), and 
Grade 3 (n=44). The distribution of the severity of LVDD 
(LVDD grades) was quite different between patients with 
and without PAF (Figure 1B). Fewer patients with than 
without PAF were classified as No-LVDD, and more 
patients with than without PAF were classified as Border-
line, Grade 2, or Grade 3 LVDD.

Prevalence of PAF in Patient Subgroups Based on LVDD 
Severity
PAF was documented in 111 patients in the No-LVDD 
group, 81 in the Borderline group, 28 in the Grade 1 group, 
6 in the Indeterminate group, 52 in the Grade 2 group, and 

between patients without and with PAF in the entire 
cohort (median [IQR] 66% [59–72%] vs. 65% [55–71%], 
respectively; Table 2).

Quartile analysis for each echocardiographic measure-
ment showed that the prevalence of PAF in the study 
population increased linearly with increases in E wave 
velocity, E/A ratio, E/e’ ratio, TR velocity, and LAVI 
(Table 3). Conversely, the prevalence of PAF decreased 
with increases in the Dct of the E wave, A wave velocity, 
septal e’ velocity, and lateral e’ velocity (Table 3). There 
was no significant difference in LVEF between patients with 
and without PAF in the entire patient population (Table 2); 
however, the prevalence of PAF was significantly higher in 
patients in the lowest LVEF quartile than in those in the 
other quartiles (Table 3). Thus, both LV and diastolic 
and systolic functions appear to be associated with the 
prevalence of PAF.

Table 2. Echocardiographic Measurements in Patients With and Without PAF

Patients without PAF Patients with PAF P value

Dct (cm/s)   233 [193–277]   217 [184–260] <0.01

Mitral E wave velocity (cm/s) 62.0 [53–75]　　　 65.5 [53–82]　　　 <0.01

Mitral A wave velocity (cm/s) 78 [63–94] 73 [56–88] <0.01

E/A ratio 0.80 [0.6–1.0]　 0.86 [0.7–1.3]　 <0.01

Septal e’ wave velocity (cm/s)  5.8 [4.6–7.4]  5.5 [4.4–6.7] <0.01

Lateral e’ wave velocity (cm/s)  7.5 [5.9–9.4]  7.2 [5.9–8.8] 　0.02

E/e’ ratio    9.4 [7.3–12.1]  10.4 [8.1–14.1] <0.01

TR velocity (m/s)  2.3 [2.1–2.6]  2.5 [2.2–2.7] <0.01

LAVI (mL/m2) 30 [23–39] 37 [28–52] <0.01

LVEF (%) 66 [59–72] 65 [55–71] 　0.06

Data are presented as the median [interquartile range]. Groups were compared using the Mann-Whitney U-test. Dct, 
deceleration time; LAVI, left atrial volume index; LVEF, left ventricular ejection fraction; PAF, paroxysmal atrial 
fibrillation; TR, tricuspid valve regurgitation.

Table 3. Quartile Analyses for Echocardiographic Measurements of Left Ventricular Diastolic Dysfunction Affecting the Prevalence 
of PAF

1 st quartile 2nd quartile 3rd quartile 4th quartile
P valueMedian 

[IQR]
PAF  
(%)

Median 
[IQR]

PAF  
(%)

Median 
[IQR]

PAF  
(%)

Median 
[IQR]

PAF  
(%)

Dct of E wave (cm/s) 170  
[150–183]

19 210  
[202–220]

15 250  
[239–262]

13 313  
[293–348]

12 <0.01

Mitral E wave velocity (cm/s) 46  
[41–50]

14 58  
[55–60]

12 69  
[65–72]

15 89  
[82–100]

19 <0.01

Mitral A wave velocity (cm/s) 51  
[44–58]

19 70  
[66–74]

15 84  
[81–88]

14 105  
[98–115]

10 <0.01

E/A ratio 0.6  
[0.5–0.6]

10 0.7  
[0.7–0.7]

14 0.8  
[0.8–0.9]

13 1.3  
[1.2–1.7]

22 <0.01

E/e’ ratio 6.3  
[5.7–6.9]

10 8.5  
[8.0–9.0]

13 10.6  
[10–11.3]

16 15.2  
[13.4–18.6]

19 <0.01

Septal e’ velocity (cm/s) 3.8  
[3.3–4.2]

17 5.2  
[4.9–5.4]

16 6.4  
[6.1–6.9]

16 8.9  
[7.9–10.5]

10 <0.01

Lateral e’ velocity (cm/s) 4.9  
[4.2–5.4]

14 6.6  
[6.2–7.0]

18 8.1  
[7.7–8.7]

17 10.9  
[9.9–12.8]

10 　0.03

TR velocity (m/s) None 10 2.0  
[1.9–2.1]

13 2.3  
[2.3–2.4]

13 2.7  
[2.6–3.0]

23 <0.01

LAVI (mm3/m2) 20  
[18–22]

  9 27  
[25–29]

11 34  
[32–37]

14 50  
[44–60]

24 <0.01

LVEF (%) 49  
[41–55]

18 62  
[61–64]

12 68  
[67–70]

14 75  
[73–77]

14 <0.01

The P values indicate results of the Chi-squared test. Abbreviations as in Tables 1,2.
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Figure 2.  Prevalence of paroxysmal atrial fibrillation (PAF) in each left ventricular diastolic dysfunction (LVDD) grade (A) for the 
entire study cohort, (B) in patients with left ventricular ejection fraction (LVEF) >50% and (C) in patients with LVEF ≤50%. *P<0.01 
(multiple Chi-squared tests and Haberman’s test).

Figure 3.  Odds ratios for each clinical 
characteristic (Upper panel) and each 
left ventricular diastolic dysfunction 
(LVDD) grade (Lower panel) in patients 
with left ventricular ejection fraction 
(LVEF) >50%. Open and closed circles 
indicate the results of univariate and 
multivariate logistic analysis, respec-
tively. The horizontal error bars around 
each dot represent 95% confidence 
intervals (CIs). In patients with LVEF 
>50%, the prevalence of paroxysmal 
atrial fibrillation (PAF) is higher in men, 
patients with a history of hypertension 
(HTN) and congestive heart failure 
(CHF), and in patients with Borderline 
or Grade 3 LVDD. COPD, chronic 
obstructive pulmonary disease; T2DM, 
type 2 diabetes mellitus.
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Discussion
In the present study we assessed the relationship between 
the prevalence of PAF and LVDD using the latest criteria 
reported by the ASE, which is well accepted worldwide, 
including by the Japanese Circulation Society.13 Although 
the present study revealed different distribution patterns of 
LVDD between patients with and without PAF, LVDD 
was consistently associated with the prevalence of PAF, 
regardless of LVEF. This relationship was statistically 
significant, even after taking various patient clinical charac-
teristics into account in the multivariate analysis.

Patient Clinical Characteristics and the Prevalence of PAF
The development of PAF has been reported to be affected 
by many factors, such as age, sex, comorbidities with 
hypertension, type 2 diabetes, congestive heart failure, 
chronic obstructive pulmonary disease, and structural heart 
disease.17–20 Similar results were found in the present study. 
The prevalence of PAF was higher in the elderly, men, and 
patients with a history of hypertension or congestive heart 
failure (Table 1).

Echocardiographic Measurements and the Prevalence of 
PAF
Tsang et al used several echocardiographic measurements 
for LVDD (i.e., E wave velocity, E/A ratio, left atrial size, 
and pattern of E/A ratio) to predict the onset of PAF and 
found a higher prevalence of PAF in patients with LVDD, 
indicating an association between LVDD and the preva-
lence of PAF.6 Similar results were observed in the present 
study (Table 2). Patients in the highest E or E/A ratio 
quartiles had a higher prevalence of PAF than those in the 
lowest E or E/A ratio quartiles (Table 3).

Vasan et al used the Dct of the E wave to predict the 

24 in the Grade 3 group. The prevalence of PAF was 
significantly lower in the No-LVDD group (P<0.01; 
Figure 2A) and was significantly higher in the Borderline, 
Grade 2, and Grade 3 groups (P<0.01; Figure 2A). Among 
patients with LVEF >50%, the prevalence of PAF was 
significantly lower in the No-LVDD group and significantly 
higher in the Borderline and Grade 3 groups (P<0.01 for 
all; Figure 2B). Among patients with LVEF <50%, the 
prevalence of PAF was significantly lower in the Grade 1 
group and significantly higher in the Grade 2 and Grade 3 
groups (P<0.01 for all; Figure 2C).

Effects of Patient Clinical Characteristics and LVDD on the 
Prevalence of PAF
In patients with LVEF >50%, the univariate analysis of 
patient clinical characteristics showed a higher prevalence 
of PAF in the elderly (age >75 years), men, and patients 
with a history of hypertension and congestive heart failure 
(Figure 3). Furthermore, univariate analysis of LVDD 
indicated a higher prevalence of PAF in the Borderline, 
Grade 2, and Grade 3 groups than in the No-LVDD 
group (Figure 3). Multivariate analysis of patient clinical 
characteristics and LVDD showed the same results in men, 
patients with a history of hypertension and congestive 
heart failure, and Borderline and Grade 3 LVDD patients, 
but not in the elderly and Grade 2 LVDD patients 
(Figure 3).

In patients with LVEF ≤50%, both univariate and 
multivariate analyses failed to show any association 
between the prevalence of PAF and each clinical charac-
teristic (Figure 4). However, both univariate and multi-
variate analyses revealed that Grade 2 and Grade 3 LVDD 
were significantly associated with a higher prevalence of 
PAF (Figure 4).

Figure 4.  Odds ratios for each patient 
clinical characteristic (Upper panel) 
and each left ventricular diastolic 
dysfunction (LVDD) grade (Lower 
panel) in patients with left ventricular 
ejection fraction (LVEF) ≤50%. Open 
and closed circles indicate the results 
of univariate and multivariate logistic 
analysis, respectively. The horizontal 
error bars around each dot represent 
the 95% confidence intervals (CIs). In 
patients with LVEF ≤50%, patient 
characteristics, such as male sex or 
comorbidities, had no significant effect 
on the prevalence of paroxysmal atrial 
fibrillation (PAF). However, the presence 
of Grade 2 and Grade 3 LVDD signifi-
cantly affected the prevalence of PAF. 
CHF, congestive heart failure; COPD, 
chronic obstructive pulmonary disease; 
HTN, hypertension; T2DM, type 2 
diabetes mellitus.
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systolic function. The findings of this study, obtained using 
the new criteria, may improve our understanding of the 
relationship between LVDD and the prevalence of PAF.13

Study Limitations
This study has some limitations. First, the study was a 
retrospective, observational study. Thus, data regarding 
medical therapy prior to PAF were not readily available, 
and how these therapies may have factored into the disease 
course is not known. However, because the present study 
did not examine the effect of medical intervention, similar 
results would be expected even if this study was to be 
performed prospectively. Second, the study population 
consisted of patients who underwent echocardiography in 
the Echocardiography Laboratory of Saitama Municipal 
Hospital. Therefore, this study predominantly included 
patients with cardiac disorders, and these patients may not 
be representative of the general population. Third, the 
diagnosis of PAF was based on patients’ medical records. 
Therefore, it is possible that not all episodes of PAF were 
documented. Considering the possibility of underestimation 
of the diagnosis of PAF, we reviewed all medical records 
of patients without AF (n=1,761) up to 2 years after TTE. 
An additional 35 patients were diagnosed with PAF during 
the 2 years after the initial TTE examination: 4 with No-
LVDD, 10 with Borderline LVDD, 5 with Grade 1 LVDD, 
2 with Indeterminate LVDD, 14 with Grade 2 LVDD, and 
none with Grade 3 LVDD. Therefore, at 2 years after TTE 
examination, the prevalence of PAF was 10.4%, 23.2%, 
16.2%, 12.9%, 26.0%, and 54.5% in the No-LVDD, Border-
line, Grade 1, Indeterminate, Grade 2, and Grade 3 LVDD 
groups, respectively. However, medical records were not 
available for 595 patients because they did not return for a 
follow-up examination within 2 years after the initial TTE 
examination. Statistical results for the prevalence of PAF 
and LVDD at 2 years after the initial TTE examination 
were similar to those at the time of the first analysis in this 
study and so, because it was difficult to make accurate 
statistical evaluations due to insufficient data at 6 months 
or 2 years after the initial TTE, we conducted statistical 
analyses on data the time of the initial TTE examinations. 
Despite these limitations, the results of this study correlate 
well with previous studies, and the analysis using the latest 
echocardiographic criteria for LVDD provides a new aspect 
on the relationship between LVDD and the prevalence of 
PAF.

Conclusions
LVDD determined on the basis of the latest echocardio-
graphic criteria was associated with the prevalence of PAF 
in consecutive patients who underwent echocardiography 
in the Echocardiography Laboratory of Saitama Municipal 
Hospital. The findings of the present study shed light on 
the development of new therapeutic markers for PAF.
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development of AF.7 In the present study, patients in the 
highest quartile of the Dct of the E wave had a 40% lower 
prevalence of PAF than those in the lowest quartile 
(Table 3). In addition, Rosenberg et al demonstrated the 
usefulness of the A wave velocity-time integral using 
quartile analysis in predicting the onset of PAF, reporting 
a U-shaped relationship between the A wave velocity-time 
integral and the risk of AF.8 In addition, patients with a 
mid-range A wave velocity-time integral (8–9 cm) had the 
lowest ORs of AF (0.622–0.886; P=0.005).8 Conversely, in 
the present study we found a negative linear correlation 
between the prevalence of PAF and A wave velocity. 
Patients in the highest A wave velocity quartile had a 45% 
lower prevalence of PAF than those in the lowest quartile 
(Table 3). The reason for the different results between the 
present study and that of Rosenberg et al is uncertain. 
However, it may be due, in part, to differences in methods 
used to evaluate the mitral A wave in the 2 studies. Kumar 
et al claimed that a higher value of septal e’ velocity 
(<8 cm/s) was a prominent risk factor for the recurrence of 
AF after catheter ablation.9 In the present study, patients 
in the highest septal e’ velocity quartile had 40% lower 
prevalence of PAF than those in the lowest quartile 
(Table 3). Furthermore, Arai et al demonstrated that an 
E/e’ ratio >11 was an independent risk factor for new-onset 
AF.21 In the present study, patients in the highest E/e’ ratio 
quartile had a 2-fold higher prevalence of PAF than those 
in the lowest quartile (Table 3).

Thus, the present study further confirmed the usefulness 
of each echocardiographic measurement currently used for 
estimating LVDD in predicting the onset of PAF.

LVDD With or Without LV Systolic Dysfunction and the 
Prevalence of PAF
There have been controversies regarding the effects of 
reduced LVEF on the prevalence of PAF.6 Rosenberg et al 
found no effects of LVEF on the prevalence of PAF.8 
Similarly, Hu et al, who examined the effects of both LV 
diastolic and systolic function on the recurrence of catheter 
ablation for PAF, found no differences in LVEF between 
patients with and without PAF recurrence.22 In the present 
study, we did not find any significant differences in LVEF 
between patients with and without PAF across the whole 
study population (Table 2). However, in quartile analysis, 
patients in the lowest LVEF quartile had a higher preva-
lence of PAF than those in the other quartiles (Table 3). 
Furthermore, in subgroup analysis of patients with 
reduced LVEF (≤50%), the prevalence of PAF increased 
with the severity of LVDD. This relationship was significant 
even after multivariate analysis involving various clinical 
characteristics of patients that affect the prevalence of PAF, 
indicating that the association between the prevalence of 
PAF and LVDD is robust in patients with reduced LVEF. 
Considering that a higher prevalence of PAF was evident 
particularly in the Grade 3 LVDD group (patients with 
normal LVEF), atrial overloading due to LV systolic 
dysfunction may help reveal the association between 
LVDD and the prevalence of PAF in patients with reduced 
LVEF, possibly by enhancing the tendency for PAF to 
develop. Previous studies that used older diagnostic criteria 
for LVDD did not show this relationship. Therefore, the 
present study is the first to reveal the association between 
LVDD and the prevalence of PAF. The new diagnostic 
criteria in the 2016 ASE guidelines are very sophisticated 
and universally applicable, regardless of patients’ LV 
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