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ABSTRACT

Background: Left ventricular diastolic dysfunction (LVDD) and coronary artery calcification 
become worse with increasing age. However, it is unclear whether there is a gender difference 
in patients with chest pain but no obstructive coronary artery disease (CAD).
Aim: This study’s aim was to investigate whether gender and age differences existed in the as-
sociation between LVDD and the coronary artery calcium score (CACS) in patients with chest 
pain but no obstructive CAD.
Methods: We retrospectively studied a total of 705 patients (age 65±13 years; men 342, 49%) 
who had chest pain, normal LV ejection fraction on echocardiography, and no obstructive CAD 
on computed tomography (CT) coronary angiography. LVDD was defined by the American 
Society of Echocardiography recommendation of septal e’<8. Abnormal CACS was defined as 
CACS of >0.
Results: Although, there was a significant difference in LVDD prevalence among patients with 
normal and abnormal CACS (76.1% vs. 88.9%; p<0.001), in a multiple logistic regression 
analysis, LVDD was not significantly associated with abnormal CACS. When the patients were 
divided according to gender and age (decades; 20-29, 30-39, 40-49, 50-59, 60-69, 70-79 years), 
the proportion of men and women with abnormal CACS increased with age. On the other 
hand, young women (age 20-39 years) with normal CACS showed a high LVDD prevalence, 
although older women (age 60-69 years) and young men (age 20-39 years) had a low LVDD 
prevalence. 
Conclusions: Young women with chest pain but no obstructive and no calcified CAD, which 
associated with LVDD. LV diastolic function assessment by echocardiography should be per-
formed in young women with chest pain even with normal CT coronary angiogram.

KEY WORDS: Diastolic heart failure; Left ventricular diastolic dysfunction; Coronary artery 
calcium score; Gender difference.

ABBREVIATIONS: LVDD: Left Ventricular Diastolic Dysfunction; CAD: Coronary Artery Dis-
ease; CACS: Coronary Artery Calcium Score; CAC: Coronary Artery Calcification; HFpEF: 
Heart Failure with Preserved Ejection Fraction; LVEF: Left Ventricular Ejection Fraction; 
HDL: High-density lipoprotein cholesterol; DT: Deceleration Time; LAD: Left Atrial Diam-
eter; PWT: Posterior Wall Thickness; IVST: Interventricular septal thickness.
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INTRODUCTION

Epidemiologic studies report that 30-50% patients with heart 
failure have left ventricular diastolic dysfunction (LVDD), for 
which no effective treatment yet exists.1,2 The proportion of heart 
failure caused by LVDD increases with age.3 Previous studies 
have shown that LVDD is a predictor for cardiovascular disease 
and mortality.4,5 Groups at high risk for LVDD include the el-
derly; women; and patients with hypertension, diabetes mellitus, 
metabolic syndrome, chronic kidney disease, or coronary artery 
disease (CAD). LVDD is closely related to heart failure with 
preserved ejection fraction (HFpEF), and the early detection of 
LVDD is important for preventing HFpEF. Two recent studies 
reported a significant association between LVDD and coronary 
artery calcification (CAC) in patients without CAD.6,7 In one 
study, the coronary artery calcium score (CACS) was associ-
ated with LVDD with an odds ratio of 1.96 for CACS of ≥400 
compared with that of 0-9.6 LVDD and CACS become worse 
with increasing age. CACS is known to be higher in men than 
women.8,9 Meanwhile, LVDD prevalence increases with age, es-
pecially in women. Therefore, we hypothesized that the associa-
tion between LVDD and CACS would be affected by gender and 
age. Furthermore, the association between LVDD and CACS 
is unknown in patients with chest paint but no coronary artery 
stenosis. The current study’s aim was to evaluate the effect of 
gender and age in the association between LVDD and CACS in 
patients with chest pain but no obstructive CAD.

METHODS

Study Population

The study was retrospective in design. We enrolled patients into 
the study if they were aged ≥20 years and had been admitted 
to the National Center for Global Health and Medicine with 
chest pain between August 2010 and October 2015. All patients 
underwent computed tomography (CT) coronary angiography, 
from which CACS was obtained. Echocardiography was per-
formed within 1 month before CT coronary angiography. Pa-
tients with coronary artery stenosis (>70%) as observed on CT 
coronary angiography were excluded. Other exclusion criteria 
were as follows: CAD, defined as history of acute coronary syn-
drome, percutaneous coronary intervention or coronary artery 
bypass graft surgery; LV ejection fraction (LVEF) <50%; atrial 
fibrillation; moderate to severe aortic or mitral valve disease; 
pericardial disease; and inadequate echocardiographic studies. 
In addition, patients who had undergone mitral valvuloplasty, 
mitral valve replacement, or aortic valve replacement as well 
as those on hemodialysis were excluded. A total of 705 patients 
with normal LVEF and without current or past obstructive CAD 
or major valve disease were included in the analysis.

	 This study was approved by the institutional review 
board of the National Center for Global Health and Medicine 
(Approval No. NCGM-G-002112-00). The study was conducted 
in accordance with the principles of the Declaration of Helsinki.

CT Protocol

All patients underwent scanning with a 320-row multi-detector 
computed tomography (MDCT) scanner (Aquilion, Toshiba 
Medical Systems, Tochigi, Japan). Angiographic scan parame-
ters were as follows: detector collimation 320×0.5 mm; rotation 
times adapted to heart rate (0.35, 0.375, and 0.40 ms); tube volt-
age 120 kVp; and X-ray exposure dose set using auto exposure 
control (maximum tube current 400 mA and image noise set to 
“standard deviation (SD)=25” per 0.5-mm-thick slice).

	 Before CT angiography, CACS was measured. We per-
formed a non-contrast enhanced, prospective electrocardiogra-
phy-gated CT scans to measure CACS, which was calculated 
using the Agatston method.10 CACS was quantified on a work-
station (Ziostation ver 2.0.X, Ziosoft, inc. Tokyo, Japan) with 
calcium-scoring software. For these analyses, we defined an ab-
normal CACS as CACS>0.

Echocardiography

We performed echocardiography using one of two systems 
(Artida SSH-880-CV or Aplio 400 TUS-A400 equipment with 
2.5-MHz and 3.5-MHz transducers, Toshiba Medical Systems, 
Tochigi, Japan). A two-dimensional, guided M-mode echocar-
diography was performed by experienced cardiac ultrasonolo-
gists who were blinded to the patients’ CACS and laboratory 
data. M-mode measurements included LV end-diastolic diame-
ter (LVDd); LV end-systolic diameter (LVDs); LV posterior wall 
thickness (PWT), and interventricular septal thickness (IVST); 
left atrial diameter (LAD); and LVEF. LV mass (LVM) was 
calculated using the Devereux formula, and the LV mass index 
(LVMI) was derived by indexing LV mass to patient height.11 
We assessed diastolic function by pulsed-wave Doppler exami-
nation of mitral flow and tissue Doppler imaging of the mitral 
annulus. From the mitral inflow profile, we determined E-wave 
and A-wave peak velocities, mitral deceleration time (DT) and 
the E/A ratio. We measured mitral annular motion septal velocity 
obtained using tissue Doppler technique and calculated septal e’ 
and the E/e’ ratio. LVDD was defined as septal e’ of <8, accord-
ing to the standard algorithm recommended by the American So-
ciety of Echocardiography.12 The variables lateral e’ and LA vol-
ume index were not available in all patients; hence, we did not 
incorporate that data into the LV diastolic function assessment.

Statistical Analysis

Data are presented as the mean±standard deviation (SD) for 
continuous variables and percentages (total number) for cat-
egorical variables. Categorical and continuous variables were 
compared between the groups by chi-square analysis, variance 
analysis, and Wilcoxon rank sum test, respectively. Multivari-
able analysis was performed by logistic regression analysis for 
independent variables related to CACS. A p value of <0.05 was 
considered significant. Statistical analysis was performed using 
the JMP software package (version 10, SAS Institute Inc., Cary,  
NC, USA).
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RESULTS

CACS and LVDD

We analyzed data obtained for 705 patients (342 men, 363 wom-
en; mean age 65±13 years). We divided the subjects into two 
groups according to the absence (CACS=0, n=418, 59.3%) or 
presence (CACS>0, n=287) of abnormal CACS. Patient char-
acteristics and echocardiography results for the two groups are 
shown in Table 1. There were no differences in dyslipidemia 
prevalence, E-wave, and EF between the groups. Patients with 
an abnormal CACS were older and more likely to be male and 
have hypertension, diabetes mellitus, and a smoking history. 
Triglycerides, hemoglobin A1c, and brain natriuretic peptide 
were significantly higher in patients with abnormal CACS than 
in those with normal CACS. LV diastolic diameter (LVDd), LA 
diameter (LAD), and LVMI were significantly larger in patients 
with abnormal CACS than in those with normal CACS. In ad-
dition, IVST and PWT were greater in patients with abnormal 
CACS than in those with normal CACS. However, creatinine 
clearance (CCr), total cholesterol, high-density lipoprotein cho-

lesterol (HDL), and low-density lipoprotein cholesterol (LDL) 
were significantly lower in patients with abnormal CACS than 
in those with normal CACS. Factors such as A-wave, E/A ra-
tio, DT, septal e’ velocity, septal E/e’, and LAD (an index of 
LVDD) were also related to abnormal CACS. LVDD preva-
lence was 88.9% (n=255) in patients with abnormal CACS and 
76.1% (n=318) in patients with normal CACS (p<0.001). We 
divided the subjects into two groups according to the absence 
(LVDD (-), n=132, 18.7%) or presence (LVDD (+), n=573) of 
LVDD. Patient characteristics and echocardiography results for 
the two groups are shown in Table 2. Patients with LVDD were 
older, more likely to have hypertension and diabetes mellitus 
than those without LVDD. Patients with LVDD had higher body 
mass index, hemoglobin A1c levels and lower CCr levels than 
those without LVDD. Among the cardiac echocardiography pa-
rameters, there were significant differences between with LVDD 
and without LVDD except LVDd. Abnormal CACS prevalence 
was 44.5% (n=255) in patients with LVDD and 24.2% (n=32) in 
patients without LVDD (p<0.001). In a multiple logistic regres-
sion analysis adjusted for variables associated with abnormal 
CACS, age, male gender, history of smoking, and LVMI were 

Table 1: Characteristics and Echocardiography Results of Study Population According to Coronary Artery Calcium Score (CACS).

Total CACS = 0 Abnormal CACS

Variables n=705 n=418 n=287 p value

Age (years) 65.2±12.6 62.0±13.7 69.9±8.9 <0.001

Male, n(%) 342 (48.5%) 182 (43.5%) 160 (55.9%) <0.01

Body mass index (kg/m2) 23.1±3.8 22.9±3.7 23.5±3.8 0.04

Hypertension, n(%) 351 (50.0%) 176 (42.3%) 175 (61.2%) <0.001

Dyslipidemia, n (%) 361 (51.7%) 202 (48.7%) 159 (56.2%) 0.05

Diabetes Mellitus, n (%) 113 (16.1%) 55 (13.3%) 58 (20.3%) 0.01

History of smoking, n (%) 262 (45.1%) 142 (39.3%) 120 (54.5%) <0.01

CCr (ml/min) 80.0±27.2 85.5±27.8 72.2±25.7 <0.001

Total cholesterol (mg/dl) 200.4±37.9 203.4±38.7 196.3±36.4 0.02

Triglycerides (mg/dl) 132.8±95.8 130.1±107.0 136.8±77.2 0.03

HDL cholesterol (mg/dl) 58.8±16.9 60.5±18.0 56.3±14.7 <0.01

LDL cholesterol (mg/dl) 115.4±31.0 118.2±31.8 111.2±29.3 <0.01

Hemoglobin A1c (%)  5.8±0.9 5.7±0.9 5.9±0.9 0.04

BNP (ng/ml)  44.2±112.4 39.7±134.8 50.8±67.4 <0.001

E (cm/s) 66.4±16.4 67.2±16.0 65.2±16.9 0.07

A (cm/s) 75.5±19.3 73.3±19.6 78.7±18.4 <0.001

E/A ratio 0.9±0.4 1.0±0.5 0.9±0.3 <0.001

DT (ms) 230.6±45.5 226.1±45.0 237.1±45.6 <0.01

Septal e’ velocity (cm/s) 6.4±2.0 6.8±2.2 5.9±1.6 <0.001

Septal E/e’ 10.9±3.0 10.5±2.9 11.5±3.1 <0.001

LVDd (mm) 45.5±4.8 45.1±4.9 46.1±4.6 <0.01

IVST (mm) 9.5±1.7 9.2±1.6 9.9±1.7 <0.001

PWT (mm) 9.5±1.4 9.3±1.4 9.8±1.4 <0.001

LAD (mm) 36.5±5.3 35.8±5.0 37.5±5.6  <0.001

Ejection Fraction (%) 65.9±5.6 65.9±5.8 65.8±5.3 0.88

LV mass index (g/m2) 90.5±33.0 84.5±28.9 99.0±36.4 <0.001

Diastolic dysfunction (septal e’<8)  573 (81%)  318 (76.1%) 255 (88.9%) <0.001

Values are mean±SD, or number (percent).
BNP: Brain Natriuretic Peptide; CCr: Creatinine clearance; DT: Deceleration Time; LVDd: Left Ventricular Diastolic Diameter; IVST: Interven-
tricular Septal Thickness; PWT: Posterior Wall Thickness; LAD: Left Atrial Diameter; LV: Left Ventricle.
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Table 2: Characteristics and Echocardiography Results of Study Population According to Left Ventricular Diastolic Dysfunction.

Total LVDD (-) LVDD (+)
p value

Variables n=705 n=132 n=573

Age (years) 65.2±12.6 54.2±14.8 67.8±10.5 <0.001

Male, n(%) 342 (48.5%) 66 (50.0%) 276 (47.9%) 0.7

Body mass index (kg/m2) 23.1±3.8 22.1±4.0 23.4±3.7 <0.001

Hypertension, n(%) 351 (50.0%) 26 (20.0%) 325 (56.8%) <0.001

Dyslipidemia, n(%) 361 (51.7%) 64 (49.6%) 297 (52.2%) 0.6

Diabetes Mellitus, n(%) 113 (16.1%) 13 (10.2%) 100 (17.5%) 0.04

History of smoking, n(%)   262 (45.1%) 49 (41.9%) 213 (45.9%) 0.43

CCr (ml/min)  80.0±27.2 91.1±29.2 77.4±26.7 <0.001

Total cholesterol (mg/dL) 200.4±37.9 202.2±39.8 200.0±37.4 0.67

Triglycerides (mg/dL) 132.8±95.8 129.4±153.0 133.6±78.3 0.28

HDL cholesterol (mg/dL)  58.8±16.9 60.7±18.9 58.4±16.4 0.21

LDL cholesterol (mg/dL) 115.4±31.0 115.0±30.6 115.4±31.1 0.92

Hemoglobin A1c (%) 5.8±0.9 5.5±0.5 5.8±1.0 <0.001

BNP (ng/ml) 44.2±112.4 50.1±236.6 43.0±61.6 0.8

E(cm/s) 66.4±16.4 80.2±14.5 63.2±15.1 <0.001

A(cm/s) 75.5±19.3 64.8±19.7 78.0±18.3 <0.001

E/A ratio                  0.9±0.4 1.3±0.5  0.8±0.3  <0.001

DT (ms) 230.6±45.5 207.2±33.9 235.9±46.2 <0.001

Septal e’ velocity (cm/s)       6.4±2.0  9.8±1.4  5.7±1.2 <0.001

Septal E/e’                             10.9±3.0  8.3±1.7  11.5±3.0 <0.001

LVDd (mm)     45.5±4.8 45.5±4.6 45.5 ±4.8 0.97

IVST (mm) 9.5±1.7 8.8±1.5 9.7±1.7 <0.001

PWT (mm) 9.5±1.4 8.8±1.2 9.6±1.4 <0.001

LAD (mm) 36.5±5.3 34.5±5.0 37.0±5.3 <0.001

Ejection Fraction (%) 65.9±5.6 64.3±5.4 66.2±5.6 <0.001

LV mass index (g/m2) 90.5±33.0 76.8±24.8 93.7±33.8 <0.001

Abnormal CACS , n (%) 287 (40.7%) 32 (24.2%) 255 (44.5%) <0.001

Values are mean±SD, or number (percent).
LVDD: Left Ventricular Diastolic Dysfunction; BNP: Brain Natriuretic Peptide; CCr: Creatinine Clearance; DT: Deceleration Time; LVDd: Left Ventricu-
lar Diastolic Diameter; IVST: Interventricular Septal Thickness; PWT: Left Ventricular Posterior Wall Thickness; LAD: Left Atrial Diameter; LV: Left 
Ventricle; CACS: Coronary Artery Calcium Score.

Table 3. The Results of Multiple Logistic Regression Analysis for Associations 
with Abnormal Coronary Artery Calcium Score (CACS).

Variable Odds ratio (95% CI) p value

Age 1.08 (1.06-1.10) <0.001

Men 1.62 (1.04-2.55) 0.04

History of smoking 1.81 (1.19-2.79) <0.01

Left ventricular mass index (LVMI) 1.01 (1.00-1.02) <0.01

Diastolic dysfunction (septal e’<8) 0.87 (0.39-1.94) 0.73

E/E’ 1.00 (0.93-1.08) 0.90

 CACS:Coronary Artery Calcium Score; CI: Confidence Interval.

significantly associated with abnormal CACS. However, LVDD 
(septal e’<8) and septal E/e’ were not significantly associated 
with abnormal CACS (Table 3).

Distribution of CACS

Figure 1 shows the distribution of CACS in the two groups. 
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CACS=0 was found in 418 patients (59.3%). Of the 287 patients 
with CACS of >0, 178 (62%) had mild calcification (CACS=1-
99), followed by 45, 28, and 13 patients displaying CACS in 
increments of 100; only 23 patients had CACS of ≥400. 

Distribution of CACS and LVDD and relationship of chest pain 
to gender and age

We next divided the patients according to gender and decades of 
age between 20 and 79 years. Because septal e’ decreases with 
aging, we defined LVDD as less than normal values of septal e’ 
which depend on age, as recommended by the Japanese Normal 
Values for Echocardiographic Measurements Project (JAMP) 
study.13 Figure 2A shows that with increasing age, there was a 
gradual increase in the proportion of subjects with abnormal 
CACS in both genders, although women had lower CACS than 
men in each age group. Figure 2B shows that 100% women had 
LVDD in the 20-29 years age group and 67% women had LVDD 
in the 30-39 years age group. However, only 10% women in 
the 60-69 years age group had LVDD. On the other hand, 25% 

men had LVDD in the 20-29 years age group and 36% men had 
LVDD in the 30-39 years age group. Men in all age groups had 
an LVDD prevalence of approximately 20-40%, and no asso-
ciations with the age of patients were observed. Table 4 shows 
existence of risk factors related to a presence of LVDD with 
separated by gender and age. In women 20-39, 50-59 years age 
group with LVDD, there was positively but weak correlated with 
dyslipidemia. But, in group with LVDD of men 20-39 years age 
group and women 40-49 years age group, no significant risk fac-
tors related to presence of LVDD except chest pain were found. 
The LVMI was significantly higher in women 50-59, 70-79 
years age group and men 60-69, 70-79 years age group. Ratio of 
hypertension was significantly higher in women 50-59 years age 
group and men 50-59 years age group. 

DISCUSSION

We first examined the association between LVDD and CACS in 
patients with chest pain but no obstructive CAD and conclud-
ed that there was no association between LVDD and CACS in 

Figure 1: Distribution of Coronary Artery Calcium Score (CACS).

Figure 2B: Number of Patients with Non-Left Ventricular Diastolic Dysfunction and 
Left Ventricular Diastolic Dysfunction Described as Percent of the Total Variance 
by Gender and Age.

Figure 2A: Number of Patients with CACS=0 and Abnormal CACS Described 
as Percent of the Total Variance by Gender and Age. CACS, Coronary Artery 
Calcium Score.



HEART RESEARCH
Open Journal

http://dx.doi.org/10.17140/HROJ-4-145ISSN 2377-164X

Heart Res Open J Page 83

Ag
e 

gr
ou

p 
(y

ea
rs

)  
W

om
en

20
-3

9
40

-4
9

50
-5

9
60

–6
9

70
–7

9

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

n=
8

n=
6

n=
2

n=
12

n=
5

n=
7

n=
47

n=
22

n=
25

n=
12

3
n=

12
n=

11
1

n=
13

5
n=

75
n=

60

Bo
dy

 m
as

s 
in

de
x 

(k
g/

m
2 )

21
.5

±2
.1

21
.5

±1
.6

21
.4

±4
.1

0.
94

24
.2

±4
.4

27
.1

±1
2.

8
21

.9
±4

.1
0.

07
22

.8
±3

.9
24

.3
±3

.0
21

.5
±4

.2
0.

03
22

.4
±3

.8
24

.1
±5

.3
22

.2
±3

.6
0.

12
22

.6
±3

.5
23

.0
±3

.9
22

.2
±2

.8
0.

24

H
yp

er
te

ns
io

n,
 

n 
(%

)
1 

(1
2.

5%
)

1 
(1

6.
7%

)
0 

(0
%

)
1

5 
(4

1.
7%

)
4 

(8
0.

0%
)

1 
(1

4.
3%

)
0.

07
16

 (3
4.

0%
)

12
 (5

4.
5%

)
4 

(1
6.

0%
)

0.
01

50
 (4

1.
0%

)
8 

(6
6.

7%
)

42
 

(3
8.

2%
)

0.
06

71
 (5

3.
0%

)
39

 (5
2.

0%
)

32
 

(5
4.

2%
)

0.
86

D
ys

lip
id

em
ia

, 
n 

(%
)

2 
(2

5.
0%

)
0 

(0
.0

%
)

2 
(1

00
.0

%
)

0.
04

5 
(4

1.
7%

)
4 

(8
0.

0%
)

1 
(1

4.
3%

)
0.

07
25

 (5
3.

2%
)

16
 (7

2.
7%

)
9 

(3
6.

0%
)

0.
02

74
 (6

1.
2%

)
7 

(5
8.

3%
)

67
 

(6
1.

5%
)

1
78

 (5
8.

2%
)

43
 (5

7.
3%

)
35

 
(5

9.
3%

)
0.

86

D
ia

be
te

s 
M

el
-

lit
us

, n
 (%

)
0 

(0
.0

%
)

0 
(0

.0
%

)
0 

(0
.0

%
)

−
2 

(1
6.

7%
)

2 
(4

0.
0%

)
0 

(0
.0

%
)

0.
15

5 
(1

0.
6%

)
3 

(1
3.

6%
)

2 
(8

.0
%

)
0.

65
20

 (1
6.

5%
)

1 
(8

.3
%

)
19

 
(1

7.
4%

)
0.

69
15

 (1
1.

2%
)

12
 (1

6.
0%

)
3 

(5
.1

%
)

0.
06

H
is

to
ry

 o
f s

m
ok

-
in

g,
 n

 (%
)

3 
(5

0.
0%

)
2 

(5
0.

0%
)

1 
(5

0.
0%

)
1

3 
(3

0.
0%

)
2 

(5
0.

0%
)

1 
(1

6.
7%

)
0.

5
12

 (3
0.

8%
)

4 
(2

3.
5%

)
8 

(3
6.

4%
)

0.
49

32
 (3

0.
0%

)
1 

(1
4.

3%
)

31
 

(3
1.

0%
)

0.
67

24
 (2

0.
7%

)
16

 (2
5.

4%
)

8 
(1

5.
1%

)
0.

25

C
C

r (
m

l/m
in

)
12

3.
4±

17
.5

12
6.

6±
15

.7
11

3.
8±

25
.6

0.
36

13
5.

5±
43

.5
16

9.
1±

37
.5

10
7.

5±
24

.2
0.

06
10

5.
0±

28
.6

10
8.

3±
25

.5
10

2.
1±

31
.3

0.
47

88
.9

±2
3.

9
85

.5
±2

7.
8

88
.0

±2
3.

5
0.

24
74

.7
±1

8.
3

76
.8

±1
9.

0
72

.2
±1

7.
3

0.
16

LV
D

d 
(m

m
)

44
.4

±4
.8

44
.8

±5
.6

43
.5

±1
.8

0.
74

44
.9

±4
.2

46
.6

±3
.4

43
.7

±4
.6

0.
24

44
.6

±4
.0

44
.8

±3
.1

43
.5

±4
.5

0.
06

44
.1

±4
.6

45
.1

±4
.9

44
.1

±4
.5

0.
81

43
.7

±4
.1

43
.9

±4
.4

43
.4

±3
.5

0.
43

IV
ST

 (m
m

)
7.

6±
0.

6
7.

5±
0.

7
7.

7±
0.

3
0.

74
8.

4±
1.

0
8.

7±
0.

8
8.

2±
1.

1
0.

44
9.

1±
1.

8
9.

6±
1.

6
8.

7±
1.

9
0.

09
8.

7±
1.

2
9.

2±
1.

6
8.

6±
1.

2
0.

02
9.

2±
1.

5
9.

4±
1.

6
9.

0±
1.

3
0.

08

PW
T 

(m
m

)
7.

4±
0.

6
7.

3±
0.

6
7.

7±
0.

7
0.

36
8.

6±
1.

0
8.

9±
1.

0
8.

4±
1.

1
0.

47
9.

0±
1.

3
9.

5±
1.

3
8.

6±
1.

2
0.

03
8.

9±
1.

2
9.

3±
1.

4
8.

8±
1.

1
< 0.
01

9.
2±

1.
3

9.
3±

1.
4

9.
0±

1.
0

0.
14

LA
D

 (m
m

)
33

.1
±3

.4
33

.4
±4

.0
32

.4
±0

.0
0.

71
35

.4
±5

.0
39

.0
±3

.9
32

.9
±4

.2
0.

08
34

.8
±4

.5
36

.9
±4

.4
33

.0
±3

.8
<0

.0
1

35
.2

±4
.3

35
.8

±5
.0

35
.0

±4
.3

0.
32

35
.9

±5
.1

36
.8

±5
.5

34
.8

±4
.2

0.
02

Ej
ec

tio
n 

Fr
ac

-
tio

n 
(%

)
65

.0
±5

.8
63

.3
±5

.7
70

.1
±2

.4
0.

19
66

.4
±4

.3
66

.9
±4

.4
66

.0
±4

.5
0.

75
66

.9
±6

.3
66

.2
±5

.3
67

.5
±7

.1
0.

49
66

.4
±5

.5
65

.9
±5

.8
66

.1
±5

.2
0.

06
66

.9
±5

.1
67

.2
±5

.0
66

.3
±5

.3
0.

27

LV
 m

as
s 

in
de

x 
(g

/m
2 )

56
.8

±9
.1

56
.8

±1
0.

5
57

.0
±4

.7
0.

98
70

.1
±1

4.
5

69
.9

±9
.2

70
.3

±1
8.

8
0.

95
81

.5
±2

6.
9

93
.3

±3
1.

0
71

.6
±1

8.
4

0.
01

79
.7

±2
4.

1
84

.5
±2

8.
9

78
.3

±2
3.

5
0.

05
87

.3
±3

1.
2

92
.9

±3
7.

7
80

.5
±1

9.
0

0.
03

Ag
e 

gr
ou

p 
(y

ea
rs

)  
M

en
20

-3
9

40
-4

9
50

-5
9

60
-6

9
70

-7
9

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

O
ve

ra
ll

LV
D

D
 (+

)
LV

D
D

 (−
)

p 
va

lu
e

n=
16

n=
5

n=
11

n=
43

n=
18

n=
25

n=
58

n=
23

n=
35

n=
10

7
n=

39
n=

68
n=

88
n=

18
n=

70

Bo
dy

 m
as

s 
in

de
x 

(k
g/

m
2 )

24
.1

±5
.1

29
.3

±5
.7

21
.8

±2
.7

0.
06

24
.5

±4
.2

24
.3

±4
.8

24
.7

±3
.8

0.
78

24
.4

±4
.2

25
.5

±5
.0

23
.8

±3
.6

0.
16

23
.6

±3
.8

25
.2

±3
.7

22
.6

±3
.5

<0
.0

1
23

.3
±3

.3
23

.6
±4

.0
23

.2
±3

.1
0.

7

H
yp

er
te

ns
io

n,
 

n 
(%

)
3 

(1
8.

8%
)

1 
(2

0.
0%

)
2 

(1
8.

2%
)

1
12

 (2
7.

9%
)

7 
(3

8.
9%

)
5 

(2
0.

0%
)

0.
3

29
 (5

0.
0%

)
18

 (7
8.

3%
)

11
 (3

1.
4%

)
<0

.0
1

66
 (6

1.
7%

)
28

 (7
1.

8%
)

38
 

(5
5.

9%
)

0.
15

52
 (5

9.
1%

)
12

 (6
6.

7%
)

40
 

(5
7.

1%
)

0.
59

D
ys

lip
id

em
ia

, 
n 

(%
)

5 
(3

5.
7%

)
1 

(2
0.

0%
)

4 
(4

4.
4%

)
0.

58
20

 (4
6.

5%
)

8 
(4

4.
4%

)
12

 (4
8.

0%
)

1
33

 (5
7.

9%
)

14
 (6

0.
9%

)
19

 (5
5.

9%
)

0.
79

49
 (4

5.
8%

)
19

 (4
8.

7%
)

30
 

(4
4.

1%
)

0.
69

38
 (4

3.
7%

)
7 

(3
8.

9%
)

31
 

(4
4.

9%
)

0.
79

D
ia

be
te

s 
M

el
-

lit
us

, n
 (%

)
2 

(1
4.

3%
)

2 
(4

0.
0%

)
0 

(0
.0

%
)

0.
11

2 
(4

.7
%

)
1 

(5
.6

%
)

1 
(4

.0
%

)
1

9 
(1

5.
5%

)
4 

(1
7.

4%
)

5 
(1

4.
3%

)
1

27
 (2

5.
2%

)
12

 (3
0.

8%
)

15
 

(2
2.

1%
)

0.
36

18
 (2

0.
5%

)
4 

(2
2.

2%
)

14
 

(2
0.

0%
)

1

H
is

to
ry

 o
f s

m
ok

-
in

g,
 n

 (%
)

5 
(4

5.
5%

)
2 

(6
6.

7%
)

3 
(3

7.
5%

)
0.

05
23

 (6
3.

9%
)

9 
(6

0.
0%

)
14

 (6
6.

7%
)

0.
74

33
 (7

1.
7%

)
14

 (8
2.

4%
)

19
 (6

5.
5%

)
0.

32
64

 (7
1.

1%
)

25
 (7

8.
1%

)
39

 
(6

7.
2%

)
0.

34
46

 (7
3.

0%
)

8 
(6

1.
5%

)
38

 
(7

6.
0%

)
0.

31

C
C

r (
m

l/m
in

)
11

0.
8±

22
.8

13
3.

6±
23

.0
10

0.
5±

13
.8

0.
09

99
.2

±2
2.

1
99

.8
±2

5.
4

98
.9

±2
0.

1
0.

9
91

.7
±2

6.
8

97
.9

±2
9.

8
87

.6
±2

3.
9

0.
18

71
.6

±1
6.

9
76

.2
±1

9.
1

68
.8

±1
5.

0
0.

03
55

.5
±1

1.
9

53
.9

±1
3.

0
56

.0
±1

1.
6

0.
5

LV
D

d 
(m

m
)

47
.9

±5
.4

48
.5

±7
.6

47
.5

±4
.6

0.
73

48
.1

±3
.5

46
.8

±3
.7

49
.1

±3
.0

0.
04

48
.3

±3
.7

47
.8

±3
.6

48
.6

±3
.9

0.
39

46
.9

±4
.4

47
.3

±4
.0

46
.7

±4
.7

0.
51

46
.6

±4
.8

46
.0

±5
.0

46
.8

±4
.4

0.
5

IV
ST

 (m
m

)
9.

5±
1.

4
10

.6
±2

.1
9.

0±
0.

7
0.

11
10

.1
±1

.7
11

.0
±1

.9
9.

5±
1.

3
0.

01
9.

7±
1.

7
10

.0
±1

.4
9.

5±
1.

9
0.

27
10

.1
±1

.7
10

.7
±1

.8
9.

8±
1.

6
<0

.0
1

10
.0

±1
.6

10
.9

±1
.8

9.
8±

1.
4

0.
01

PW
T 

(m
m

)
9.

5±
1.

4
10

.4
±2

.2
9.

0±
0.

7
0.

12
10

.1
±1

.7
10

.7
±1

.9
9.

6±
1.

3
0.

04
9.

8±
1.

4
10

.1
±1

.3
9.

6±
1.

4
0.

12
10

.0
±1

.4
10

.5
±1

.4
9.

6±
1.

3
< 0.
01

9.
9±

1.
5

10
.7

±2
.0

9.
6±

1.
3

<0
.0

1

LA
D

 (m
m

)
34

.9
±5

.8
37

.6
±8

.5
33

.6
±3

.9
0.

22
36

.5
±4

.5
36

.7
±4

.0
36

.3
±4

.8
0.

79
36

.8
±5

.7
36

.9
±5

.7
36

.7
±5

.9
0.

89
37

.7
±5

.3
39

.5
±4

.3
36

.6
±5

.5
<0

.0
1

38
.8

±6
.1

40
.9

±8
.1

38
.2

±5
.3

0.
09

Ej
ec

tio
n 

Fr
ac

-
tio

n 
(%

)
62

.2
±5

.1
64

.0
±6

.6
61

.4
±4

.3
0.

34
63

.3
±6

.6
66

.0
±8

.1
61

.3
±4

.3
0.

04
64

.2
±5

.1
64

.9
±5

.0
63

.7
±5

.3
0.

39
66

.2
±5

.3
66

.3
±5

.9
66

.1
±5

.0
0.

77
64

.8
±5

.0
62

.6
±5

.0
65

.4
±4

.9
0.

04

LV
 m

as
s 

in
de

x 
(g

/m
2 )

86
.1

±2
8.

2
10

1.
5±

42
.0

79
.1

±1
7.

7
0.

18
97

.8
±4

0.
6

11
4.

2±
55

.5
85

.6
±1

7.
8

0.
06

92
.7

±3
7.

1
95

.6
±2

5.
8

90
.8

±4
3.

2
0.

64
98

.3
±3

4.
3

11
0.

0±
39

.5
91

.5
±2

9.
2

0.
01

10
0.

0±
36

.2
12

0.
0±

48
.5

94
.7

±3
0.

6
0.

01

Va
lu

es
 a

re
 m

ea
n±

SD
, o

r n
um

be
r (

pe
rc

en
t).

C
C

r, 
cr

ea
tin

in
e 

cl
ea

ra
nc

e;
 L

VD
d,

 L
ef

t v
en

tri
cu

la
r d

ia
st

ol
ic

 d
ia

m
et

er
; I

VS
T,

 In
te

rv
en

tri
cu

la
r s

ep
ta

l t
hi

ck
ne

ss
; P

W
T,

 le
ft 

ve
nt

ric
ul

ar
 p

os
te

rio
r w

al
l t

hi
ck

ne
ss

; L
AD

, L
ef

t a
tri

al
 d

ia
m

et
er

; L
V,

 L
ef

t v
en

tri
cl

e;
 L

VD
D

, L
ef

t v
en

tri
cu

la
r d

ia
st

ol
ic

 d
ys

fu
nc

tio
n.



HEART RESEARCH
Open Journal

http://dx.doi.org/10.17140/HROJ-4-145ISSN 2377-164X

Heart Res Open J

patients who had chest pain and relatively mild calcification of 
coronary arteries. Furthermore, by using the standard value of 
septal e’ for Japanese populations, we examined age and gender 
differences in LVDD and CACS. It became easily understood 
that coronary calcification gradually increased with age in both 
men and women. In contrast, LVDD prevalence was remarkably 
high in women in the 20-39 years age group. The major finding 
of the present study was the existence of a difference in the pro-
gression rate of coronary calcification and LVDD by gender and 
age. We also suggested that in young women, chest pain without 
obstructive CAD associated with LVDD regardless of coronary 
calcification, unlike in men.

	 There has not been any effective medical treatment 
for HFpEF so far. However, HFpEF prevalence in patients with 
heart failure is reported to be 30-50%. In the I-PRESERVE trial, 
two-thirds of patients with HFpEF showed LVDD.14 LVDD is 
closely related to HFpEF, and the early detection of LVDD pa-
tients is important for prevention of HFpEF.

	 In the recent study, LVDD was significantly associated 
with CACS after adjusting for Framingham Risk Score or clini-
cal risk factors.7 On the other hand, Eleid et al reported that there 
was a trend toward a positive correlation between CACS and 
increasing LVDD severity, but this relationship did not reach sta-
tistical significance.15 Eleid et al also reported in a sub-analysis 
of younger patients that men aged <55 years and women aged 
<65 years revealed no significant correlation between CACS and 
LVDD grade.15 Recently in a Japanese study, Osawa et al showed 
that high CACS (≥400) was associated with LVDD.6 In the pres-
ent study, we examined the association between LVDD and 
CACS in patients with chest pain, and normal LV systolic func-
tion without coronary stenosis, in whom angina was suspected. 
We performed multivariate analysis including several clinical 
risk factors, and we showed that CACS did not show significant 
association with LVDD. In our study, approximately 85% of the 
population showed CACS 0-99, and high calcification (CACS 
≥400) was only 3%. Most subjects showed a mild calcification. 
It may be one the causes that did not association for LVDD and 
CACS. The findings of our study are consistent with those of a 
previous study, which indicated that men generally show more 
calcification than women, and this increases with age.16 How-
ever, the proportion of LVDD was different by gender or age. 
Factors such as hypertension, old age, obesity, diabetes mellitus, 
and female gender are related to LVDD.17,18 We examined the 
association between LVDD and risk factors by every age group 
and gender. In women and men group of 50-59, 60-69, 70-79 
years, LVMI and hypertension were risk factor of LVDD. It was 
consistent with the risk factor of known LVDD. Angina has tra-
ditionally been thought to be caused by obstructive CAD. Nev-
ertheless, some patients with angina symptoms have a normal 
coronary angiogram. Various studies have shown that in patients 
who are undergoing clinically indicated coronary angiography, 
up to 49% do not have significant coronary stenosis.19 Of these 
patients, 22-64% may have coronary microvascular dysfunction 
(CMD).20,21 CMD is well-documented in microvascular angina 

(MVA) and responsible for the decreased coronary flow reserve 
(CFR) frequently observed in this condition. We did not conduct 
invasive measurements of CFR in this study, but CMD might be 
a factor in chest pain onset. It has been reported that CACS is 
statistically significantly lower in syndrome X patients than in 
CAD patients.22 Thus, apart from CAD, CMD must be consid-
ered as a cause of chest pain because our study was limited to 
patients with mild calcification. Young women (20-39 years age 
group) with chest pain but no obstructive and no calcified CAD 
could have LVDD, which may be associated with CMD. But risk 
factor for CMD are similar to the traditional CVD risk factor, in-
cluding hyperlipidemia.23 The findings of our study are not con-
sistent with those of a previous study. There was not influence of 
medication in all of young women (20-39 years age group). CFR 
measurement is necessary for the definitive diagnosis of CMD 
and to rule out pain arising from noncardiac etiologies, such as 
esophageal and other gastrointestinal diseases, musculoskeletal 
diseases, hyperventilation syndrome, and psychiatric disease, as 
well as other cardiac etiologies such as cardiomyopathy, coro-
nary spasm, and mitral valve prolapse. However, for differential 
diagnosis, knowledge of diseases that cause LVDD and chest 
pain is limited. Recent studies suggest that CMD might play a 
key role also in HFpEF. The hypothesis of a common origin for 
MVA and HFpEF appears to be endorsed by the clinical obser-
vation that dyspnea is present in a large proportion of patients 
with MVA and, vice versa, angina-like symptoms are reported 
in about 50% of patients with HFpEF.24 There are several re-
ports about the association between CMD and LVDD as well as 
between MVA and LVDD.25,26 Pepine et al reported that recur-
rent cycles of ischemia–reperfusion impair myocyte relaxation, 
thereby producing LVDD and HFpEF.27 A recent study also 
showed decreased CFR in patients with HFpEF.28 Because CMD 
has been reported to have a poor prognosis,29 the cause of LVDD 
is what, young women with chest pain but no obstructive and 
no calcified CAD could have LVDD, which careful follow-up is 
required. 

LIMITATIONS

First, this study was a cross-sectional study that enrolled consec-
utive patients at a single institution. Second, detailed informa-
tion concerning variables such as lateral e’ and LA volume index 
were not available in all patients and were not incorporated into 
diastolic function assessment. Therefore, we did not exclude the 
athlete’s heart. In addition, the correlation of septal e’ to LA vol-
ume index is defined by preload (LA pressure). Thus, the influ-
ence of preload is an issue for using septal e’ as an index for LV 
relaxation. In case LV relaxation is normal, septal e’ decreases 
after dialysis and e’ increases in patients with severe mitral valve 
regurgitation because of increased flow. In the relaxation abnor-
mality example, septal e’ does not accept influence from preload, 
and septal e’ decreases as relaxation is affected. Third, we were 
unable to consider how drugs administration and the period of 
drug administration influenced LVDD among patients. This re-
mains as a future research topic. Fourth, we cannot exclude the 
possibility of the effects of non-calcified plaques because a cal-
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cium score of 0 can be seen in non-calcified plaques. 

CONCLUSIONS

We found no association between CACS and LVDD in a patient 
population with mild coronary calcification. The proportion of 
patients with LVDD and CACS and their progression with age 
showed differences between genders. Even if there are no ob-
structive and no calcified CAD, we recommend that clinicians 
consider LVDD and perform echocardiography, particularly in 
young women with chest pain. 
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