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Heart Failure

Age- and Body Size-Adjusted Left Ventricular End-Diastolic
Dimension in a Japanese Hospital-Based Population

Yuta Seko, MD; Takao Kato, MD; Yusuke Morita, MD; Yuhei Yamaji, MD,;
Yoshizumi Haruna, MD; Toshiaki Izumi, MD; Shoichi Miyamoto, MD; Eisaku Nakane, MD;
Hideyuki Hayashi, MD; Tetsuya Haruna, MD; Moriaki Inoko, MD

Background: Using the normal values for the East Asian population, we evaluated age- and body size-adjusted left ventricular
end-diastolic dimension (LVEDD) and its prognostic impact in a hospital-based population in Japan.

Methods and Results: We retrospectively analyzed data obtained from 4,444 consecutive patients who had undergone both trans-
thoracic echocardiography and electrocardiography at Kitano Hospital in 2013. Those who presented with a history of previous
episodes of myocardial infarction and severe or moderate valvular disease or with low ejection fraction (<50%) were excluded from
the analysis. We calculated LVEDD adjusted by age and body surface area. A total of 3,474 patients were categorized into 3 groups:
401 with large adjusted LVEDD, 2,829 with normal adjusted LVEDD, and 244 with small adjusted LVEDD. Mean patient age in the
large, normal, and small adjusted LVEDD groups was 66.6+18.4, 65.6+15.7, and 62.1+15.5 years, respectively (P<0.001). After
adjusting for confounding factors, the excess adjusted 3-year risk of primary outcome of large adjusted LVEDD relative to normal
LVEDD was significant (HR, 1.40; 95% CI: 1.08-1.78). The risk for primary outcomes of small adjusted LVEDD relative to normal
adjusted LVEDD was significantly lower (HR, 0.55; 95% CI: 0.34—-0.85).

Conclusions: Adjusted large LVEDD has a deleterious impact on long-term mortality, whereas small LVEDD carried a significantly

lower risk.
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eases. The volume overload produced by mitral

regurgitation causes compensatory left ventricular
(LV) dilation, whereas pressure overload mediates LV
hypertrophy with little or no increase in chamber size.
Previous reports have shown LV dilatation to be a power-
ful predictor of adverse outcomes such as myocardial
infarction (MI) or several other heart diseases indepen-
dently of LV dysfunction.'# Similarly, patients with
dilated cardiomyopathy have a large LV chamber, which
is an adaptation of LV systolic dysfunction. LV dilatation
in dilated cardiomyopathy has been linked poor progno-
sis.>¢ The importance of chamber size without valvular or
myocardial disease, however, has not been elucidated.

LV chamber size is defined by body size, race, age, sex,
and physique.”® The EchoNoRMAL Study published in
2015 reported age- and body size-adjusted normal refer-
ences in different races including the East Asian popula-
tion.!” Using the data in the EchoNoRMAL Study as a
reference value, we analyzed the factors associated with

C ardiac chamber size is altered in several heart dis-

large or small LV end-diastolic dimension (LVEDD). In
addition, there have been no studies on the relationship
between cardiac dimension and its prognostic impact in the
Japanese population. Therefore, we also evaluated prog-
nostic impact on cardiac events in a Japanese hospital-
based population.

Methods

Subjects

We retrospectively analyzed 4,444 patients who had under-
gone simultaneous transthoracic echocardiography (TTE)
and electrocardiography (ECG) at Kitano Hospital during
2013.11 ECG and TTE were ordered at the discretion of
the physician. A flowchart of subject selection is shown
in Figure 1. A total of 970 patients who had previous MI
(n=420) or severe or moderate valvular disease (aortic
stenosis, n=133; aortic regurgitation, n=133; mitral stenosis,
n=9; and mitral regurgitation, n=169) and low LV ejection
fraction (LVEF; <50%, n=407) were excluded due to the
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4444 patients who underwent TTE and ECG

Patients with OMI,
Moderate-severe
AS, AR, MS, MR, EF <50,
No data regarding BSA
(n=970)
LV end-diastolic dimension (Dd)
adjusted by Body Surface Area (BSA)
(n=3474)
Figure 1. Subject selection according to left
ventricular end-diastolic dimension (LVEDD).
AR, aortic regurgitation; AS, aortic stenosis;
BSA, body surface area; ECG, electrocardi-
ography; EF, ejection fraction; LV, left ven-
Large adjusted LVEDD | Normal adjusted LVEDD | Small adjusted LVEDD tricular; MR, mitral regurgitation; MS, mitral
(n=401) (n=2829) (n=244) stenosis; OMI, old myocardial infarction;
TTE, transthoracic echocardiography.

Table 1. Baseline Subject and TTE Characteristics vs. LVEDD

Total Normal LVEDD Large LVEDD Small LVEDD P-valuet P-value P-value
(n=3,474) (n=2,829) (n=401) (n=244) Large vs. NormalT  small vs. Normal®

Age (years) 65.4+16.0 65.6+15.7 66.6+18.4 62.1+15.5 <0.001 0.0083 <0.001
Age >80 years#* 507 (14.6) 392 (13.9) 90 (22.4) 25 (10.3) <0.001 <0.001 0.12
Male* 1,796 (51.7) 1,527 (54.0) 146 (36.4) 123 (50.4) <0.001 <0.001 0.29
BMI (kg/m?) 23.1x4.2 23.1£3.9 21.1+4.0 26.5+5.0 <0.001 <0.001 <0.001
AF* 329 (9.5) 267 (9.4) 41 (10.2) 21 (8.6) 0.79 0.73 0.73
Diabetes* 1,007 (29.0) 798 (28.2) 115 (28.7) 94 (38.5) 0.0030 0.86 0.0058
HT# 1,863 (53.6) 1,487 (52.6) 233 (58.1) 143 (58.6) 0.031 0.11 0.11
Dyslipidemia* 972 (28.0) 778 (27.5) 110 (27.4) 84 (34.4) 0.067 1.0 0.077
IHD* 849 (24.4) 693 (24.5) 96 (23.9) 60 (24.6) 0.97 1.0 1.0
CKD# 443 (12.8) 315 (11.1) 103 (25.7) 25(10.3) <0.001 <0.001 0.75
LVDd (cm) 4.59+0.51 4.57+0.46 5.03+0.52 4.06+0.48 <0.001 <0.001 <0.001
Adjusted LVEDD (cm/m?2) 2.88+0.35 2.85+0.24 3.49+0.23 2.30+0.16 <0.001 <0.001 <0.001
LVDs (cm) 3.02+0.37 3.01+0.33 3.30+0.41 2.68+0.32 <0.001 <0.001 <0.001
Adjusted LVESD (cm/m?) 1.89+0.24 1.87+0.18 2.29+0.20 1.52+0.13 <0.001 <0.001 <0.001
Normal adjusted LVESD 2,565 (73.8) 2,310 (81.6) 36 (9.0) 219 (89.8) <0.001 <0.001 0.0011
Large adjusted LVESD 884 (25.4) 517 (18.3) 365 (91.0) 2(0.8) <0.001 <0.001 <0.001
Small adjusted LVESD 25 (0.7) 2(0.1) 0 (0) 23 (9.4) <0.001 1.0 <0.001
IVSTd (cm) 0.82+0.17 0.81+0.17 0.79+0.16 0.88+0.16 <0.001 0.053 <0.001
LVPWd (cm) 0.80+0.14 0.80+0.14 0.78+0.14 0.84+0.14 <0.001 0.11 <0.001
LVPWd High 74 (2.1) 61 (2.2) 5(1.3) 8(3.3) 0.22 0.34 0.34
(M>1.1cm, F >1.0cm)*
RWT 0.35+0.07 0.35+0.06 0.31+0.05 0.42+0.08 <0.001 <0.001 <0.001
LVMI (g/m?) 75.1x21.4 73.7£19.4 93.9+26.5 60.3+14.1 <0.001 <0.001 <0.001
High LVMI 304 (8.8) 185 (6.5) 119 (29.7) 0(0) <0.001 <0.001 0.40
(M >115g/m?, F >95g/m?)
LAD (cm) 3.49+0.65 3.48+0.64 3.61+0.75 3.41+0.62 0.0039 0.010 0.59
LAVI (mL/m?) 22.7+12.3 22.1+£11.1 28.6+18.4 19.0+9.8 <0.001 <0.001 <0.001
High LAVI (LAVI 234 mL/m?2)* 368 (11.7) 263 (10.2) 90 (25.4) 15 (7.0) <0.001 <0.001 0.15
EF (%) 63.3+4.1 63.4+4.0 62.8+4.8 63.6+3.8 0.23 0.29 1.00
HR (beats/min) 71.1x15.0 70.8+14.7 69.5+15.7 77.1x£16.5 <0.001 0.27 <0.001

Data given as n (%) or mean+SD. tChi-squared or Fisher’s exact test for categorical variables, and Student’s t-test or Wilcoxon rank sum test
for continuous variables. *Potential risk-adjusting variables selected for Cox proportional hazard models. AF, atrial fibrillation; BMI, body mass
index; BSA, body surface area; CKD, chronic kidney disease; EF, ejection fraction; HR, heart rate; HT, hypertension; IHD, ischemic heart
disease; IVSTd, diastolic interventricular septal wall thickness; LAVI, left atrial volume index; LVDd, left ventricular diastolic dimension; LVDs,
left ventricular systolic dimension; LVEDD, left ventricular end-diastolic dimension; LVMI, left ventricular mass index; LVPWD, diastolic left
ventricular posterior wall thickness; RWT, relative wall thickness; TTE, transthoracic echocardiography.
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Figure 2. Adjusted left ventricular end-diastolic dimension (LVEDD) according to age for (A) men and (B) women, and patient
distribution according to the reference values from the EchoNoRMAL Study.1®
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diseases’ effects on cardiac dimensions, in addition to
patients with no data on body surface area (BSA; n=11).
Based on the TTE and ECG data, and data from the cath-
eter suite’s database, we identified the patients who had a
previous MI. The final population consisted of 3,474
patients (Figure 1).

The research protocol was approved by the Institutional
Review Board of Kitano Hospital (approval number: P16-
02-005). Informed consent was waived because this was a
retrospective study. We disclosed the details of the present
study to the public as an opt-out method and the notice
clearly informed patients of their right to refuse enroll-
ment. The study protocol conformed to the ethics guide-
lines of the 1975 Declaration of Helsinki, as reflected in a
priori approval by the institution’s human research com-
mittee. Patient records and information were anonymized
and de-identified before analysis.

Data Collection
Using the TTE database, we extracted data regarding LV
wall thickness, LV diastolic dimension (LVDd), LV sys-
tolic dimension (LVDs), left atrium diameter, left atrial
volume index (LAVI), LVEF, and BSA. From the ECG
database, we extracted cardiac rhythm data and recorded
it as it was documented. Therefore, we could not determine
whether atrial fibrillation (AF) was paroxysmal or persis-
tent. The LV mass index (LVMI) and relative wall thick-
ness (RWT) were calculated using the formula recommended
by the American Society of Echocardiography (ASE) as
follows: LVMI={0.8x1.04[(LVDd+LVPWTd+IVSTd)*-
(LVDd)*+0.6}/BSA, where LVDd is the LV diastolic
diameter, IVSTd is the diastolic interventricular septal wall
thickness, and LVPWTd is the diastolic LV posterior wall
thickness, and RWT=2xLVPWTd)/(LVDd).12

Large, normal, and small adjusted LVEDD were defined
according to the formula proposed by the EcChoNoRMAL
Study.!® The following equations were used to define
the upper and lower reference values of LV diastolic

dimension divided by BSA for men: 2.98+0.0031x(age)
and 2.45—0.0019x%(age), and for women: 3.25+0.0015%(age)
and 2.58—0.00059%(age). All 3,474 patients were catego-
rized into 3 groups as shown in Figure 1. High LVPWTd
was defined as >11mm in men or >10mm in women.?
Two-dimensional TTE data were analyzed at baseline.
LVEF was measured using the Teichholz method or the
modified Simpson rule methods. As supplementary analy-
ses, we calculated the adjusted LV end-systolic dimension
(LVESD) according to the following formula:1® the upper
and lower reference values of LVESD divided by BSA for
men: 2.16—0.0033x(age) and 1.55-0.0044x(age), and for
women: 2.17—0.00056x(age) and 1.56—0.0018x(age).

We extracted patient information from the electronic
medical records at the present institution, including age, sex,
and type of disease (i.e., ischemic heart disease, International
Statistical Classification of Diseases and Related Health
Problems, Tenth Edition [ICD-10] codes 120, 121, 122, 123,
124, and 125; hypertension [HT], ICD-10 codes 110, 111,
112, 113, 114, and I15; dyslipidemia, ICD-10 code E78;
diabetes mellitus [DM], ICD-10 codes E10, E11, E12, E13,
and E14; and chronic kidney disease [CKD], ICD-10 code
N18). The follow-up data from serial clinic visits were also
collected retrospectively during June 2017 from the elec-
tronic medical records.

Outcome Measures

The primary outcome measure was a composite of all-
cause death and major adverse cardiac events (MACE)
defined as acute heart failure, acute MI, unstable angina
pectoris, cerebral infarction, cerebral hemorrhage, aorta
and peripheral vascular disease including the treatment of
aortic aneurysm. The secondary outcome measure was all-
cause death and MACE.

Statistical Analysis
Categorical variables are presented as n (%). They were
compared using the chi-squared test or Fisher’s exact

Circulation Journal Vol.83, March 2019
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posterior wall thickness.

A No large LVEDD+Large LVEDD Multivariate
Variables Odds ratio 95% ClI p

Age>80 — 1.39 1.03 -1.88 0.033
Male sex . 0.49 0.38-0.62 <0.001
AF —— 0.56 0.36-0.86 0.0086

DM —.— 0.91 0.69 - 1.20 0.50

HT —o— 0.91 0.69-1.19 0.47

DysL —o 0.85 0.64-1.13 0.27

IHD - 0.82 0.62-1.10 0.19
CKD —_— 3.05 225-413 <0.001
High LVPWTd - 0.36 0.14-0.94 0.037
High LAVI A 2.95 2.26-3.84 <0.001

0 1 2 4
B No small LVEDD«~Small LVEDD Multivariate
Variables Odds ratio 95% CI p

Age>80 . 0.63 0.40 - 1.01 0.057

Male sex —o 0.84 0.63-1.12 0.24

AF R 117 0.67 - 2.03 0.58

DM —. 1.50 1.09 - 2.06 0.012

HT —— 1.32 0.96 - 1.82 0.093

DysL ——— 1.19 0.86 — 1.65 0.30

IHD —o— 0.89 0.63-1.26 0.52
CKD —— 0.64 0.40 - 1.04 0.071
High LVPWTd * 1.95 0.90 - 4.22 0.089
High LAVI - 0.48 0.26 - 0.87 0.015

0 1 2 4

Figure 3. Multivariable logistic regression analysis. Factors associated with (A) large adjusted left ventricular end-diastolic dimen-
sion (LVEDD) and (B) small adjusted LVEDD. AF, atrial fibrillation; CKD, chronic kidney disease; DM, diabetes mellitus; DysL,
dyslipidemia; HT, hypertension; IHD, ischemic heart disease; LAVI, left atrial volume index; LVPWTd, diastolic left ventricular

test. Continuous variables are expressed as mean=SD or
median (IQR). Based on their distributions, the continuous
variables were compared using Student’s t-test or Wilcoxon
rank-sum test. To determine the differences between 3
groups, we performed the Dunn post-hoc test in each group.

To analyze the factors associated with large and small
adjusted LVEDD, we used a multivariable logistic regres-
sion model involving the following potentially independent
clinically relevant variables: age >80 years, sex, echocar-
diographic parameters (high LVPWd defined as >11 mm
in men and 10mm in women, and high LAVI defined as
34mL/m?), and comorbidities (Table 1). We did not include
LVMI or RWT because these parameters were derived
from the calculation formula including LVDd.

Next, we compared the 3-year clinical outcomes between
the large, normal, and small adjusted LVEDD groups.
Cumulative incidences of clinical events were estimated
using the Kaplan-Meier method, and the intergroup differ-
ences were assessed using the log-rank test. Multivariable
Cox proportional hazards models were used to estimate
the risk of primary and secondary outcomes associated
with a large or small adjusted LVEDD relative to a normal
adjusted LVEDD. The results are expressed as hazard
ratios (HR) and 95% CI. We selected 10 clinically relevant

risk-adjusted variables (Table 1) for the primary and sec-
ondary outcomes for use in the main analysis. Proportional
hazard assumptions for the large, normal, and small adjusted
LVEDD groups were assessed using plots of log (time) vs.
log [-log (survival)] stratified by variable and were verified
as acceptable. We also evaluated the interactions between
each subgroup and the clinical effects of a large and small
adjusted LVEDD relative to normal adjusted LVEDD for
clinical outcomes.

For the supplemental analysis comparing the risk pre-
diction of LVEDD and LVESD, we analyzed the cumula-
tive incidences and HR regarding the adjusted LVESD.
We compared the net re-classification improvement (NRI)
and integrated discrimination improvement (IDI) between
adjusted LVEDD and adjusted LVESD regarding the
improvement in prognosis accuracy.!3

All statistical analysis was conducted by physicians
(Y.S., TK., Y.M.) using JMP version 13 (SAS Institute,
Chicago, IL, USA) and R 3.4.1 (R Foundation for Statisti-
cal Computing, Austria). NRI and IDI are 2 new metrics
for the formal assessment of new risk factors, to supple-
ment the improvement in the area under the curve (AUC),
and were evaluated using the R package of survIDINRI
(version 1.1.1). All reported P-values are 2-tailed, and

Circulation Journal Vol.83, March 2019
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All cause death or MACE All cause death

100% 100%

>
w

Large adjusted LVEDD Large adjusted LVEDD
—  80%  [Adjusted HR: 1.40, 95% CI (1.08-1.78) p=0.012] ~ 80%  [Adjusted HR: 1.59, 95% CI (1.17-2.13) p=0.0033]
= Normal adjusted LVEDD [Reference] & Normal adjusted LVEDD [Reference]
§ Small adjusted LVEDD é Small adjusted LVEDD
K] 60% | [Adjusted HR: 0.55, 95% CI (0.34-0.85) p=0.0059] g 60% - [Adjusted HR: 0.70, 95% CI (0.40-1.14) p=0.17]
@ 40% o 40% |
Z 2
5 £ Log-rank p<0.001
E 20% Log-rank p<0.001 E 20% | =
3 =3
° ° “{/—/,,_——/—‘_'_’_’d
0% { 0% -
0 | 2 3 0 1 2 3
Follow up period (years) Follow up period (years)
Interval (years) 0 1 2 3 Interval (years) 0 1 iz 3

N of patients with at least 1 N of patients with at least 1

50 65 83 33 45 58
event event
N of patients at risk 401 278 232 195 N of patients at risk 401 294 249 215
Cumulative incidence 14.3% 19.2% 25.8% Cumulative incidence 9.4% 13.3% 18.1%

N of patients with at least 1
event

N of patients with at least 1
event

180 288 368 11 188 241

N of patients at risk 2829 2102 1811 1550 N of patients at risk 2829 2167 1901 1653

Cumulative incidence 7.5% 12.4% 16.5% Cumulative incidence 48% 8.2% 10.9%

N of patients with at least 1 N of patients with at least 1

13 19 24 9 14 17
event event
N of patients at risk 244 187 160 143 N of patients at risk 244 191 164 149
Cumulative incidence 6.1% 9.3% 12.3% Cumulative incidence 43% 6.9% 87%

MACE

c 100%

Large adjusted LVEDD
~ 809  [Adjusted HR: 1.34, 95% CI (0.93-1.90) p=0.12]
s Normal adjusted LVEDD [Reference]
§ Small adjusted LVEDD
g 60%- [Adjusted HR: 0.43, 95% Cl (0.18-0.84) p=0.011]
G
£
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=
s
E 20% Log-rank p<0.001
3

0 1 2 3
Follow up period (years)

Interval (years) 0 1 2 3
I:\:L :mtients with at least 1 22 30 42
N of patients at risk 401 278 232 195
Cumulative incidence 6.6% 9.4% 14.4%

N of patients with at least 1 23| F10e ) ies

event

N of patients at risk 2829 2102 1811 1550
Cumulative incidence 35% 57% 7.8%
:Ivc;:l :)atients with at least 1 4 7 "
N of patients at risk 244 187 160 143
Cumulative incidence 1.9% 3.6% 6.1%

Figure 4. Cumulative incidence of (A) the primary outcome measure (all-cause death or major adverse cardiac events [MACE])
and (B,C) secondary outcome measures (B, all-cause death; C, MACE) for adjusted left ventricular end-diastolic dimension
(LVEDD). MACE were defined as acute heart failure, acute myocardial infarction, unstable angina pectoris, cerebral infarction,
cerebral hemorrhage, aortic dissection, and treatment of aortic aneurysm.
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Table 2. Clinical Outcome vs. Adjusted LVEDD
Normal Large Small
adjusted adjusted adjusted Unadjusted Adjusted
LVEDD LVEDD LVEDD Variables
No. patients with event/no. patients at o g o g
risk (cumulative 3-year incidence [%]) HR (95%Cl)  P-value HR (95%Cl)  P-value
Composite of 453/2,829 96/401 25/244 Normal adjusted Ref. Ref.
all-cause death (16.5) (25.8) (12.3) LVEDD
and MACE Large adjusted 1.58 <0.001 1.40 0.012
LVEDD (1.26-1.96) (1.08-1.78)
Small adjusted 0.62 0.012 0.55 0.0059
LVEDD (0.40-0.91) (0.34-0.85)
All-cause death 299/2,829 70/401 19/244 Normal adjusted Ref. Ref.
(10.9) (18.1) (8.7) LVEDD
Large adjusted 1.72 <0.001 1.59 0.0033
LVEDD (1.32-2.22) (1.17-2.13)
Small adjusted 0.72 0.15 0.70 0.17
LVEDD (0.44-1.12) (0.40-1.14)
MACE 213/2,829 47/401 11/244 Normal adjusted Ref. Ref.
(7.8) (14.4) (6.1) LVEDD
Large adjusted 1.65 <0.001 1.34 0.12
LVEDD (1.19-2.24) (0.93-1.90)
Small adjusted 0.58 0.054 0.43 0.011
LVEDD (0.30-1.01) (0.18-0.84)

LVEDD, left ventricular end-diastolic dimension; MACE, major adverse cardiac event.

P<0.05 was considered statistically significant.

Results

Baseline Clinical and Echocardiographic Characteristics

A total of 401 patients had large, 2,829 patients had nor-
mal, and 244 patients had small adjusted LVEDD (Figure 1).
The patient distribution according to sex (male, Figure 2A;
female, Figure 2B) was determined using the reference val-
ues from the EchoNoRMAL Study.!® The baseline charac-
teristics of the whole patient group are listed in Table 1.
There were significant differences in sex, history of DM,
HT, and CKD, LV dimensions, wall thickness, and LA
dimension between the 3 groups (Table 1). Compared with
the normal group, the patients with a large LVEDD were
more likely to be older and female, and were more likely to
have CKD, lower body mass index (BMI), higher LVMI,
lower RWT, and higher LAVI. The patients with small
LVEDD were younger than the normal group, and were
more likely to have higher BMI, DM, higher LVMI, lower
RWT, higher LAVI, and a lower heart rate.

Factors Associated With Adjusted LVEDD Size

According to the multivariable logistic regression analysis,
age >80 years, CKD, and high LAVI were independently
associated with large adjusted LVEDD, while male sex and
AF had a negative association (Figure 3A). DM was an inde-
pendent factor associated with small adjusted LVEDD,
while high LAVI had a negative association (Figure 3B).

Large and Small vs. Normal Adjusted LVEDD: Clinical
Outcome

The median follow-up duration after the index echocar-
diography was 1,274 days (IQR, 410-1,470 days), with a
follow-up rate of 80.9% at 1 year, 74.9% at 2 years, and
67.4% at 3 years. The cumulative 3-year incidence of the
primary and of the secondary outcome measures was sig-

nificantly higher in the large adjusted LVEDD group than
for the normal group. The cumulative 3-year incidence of
the primary and of the secondary outcome measures was
significantly lower in the small adjusted LVEDD group
than for the normal group (composite of all-cause death
and MACE, Figure 4A; all-cause death, Figure 4B; MACE,
Figure 4C). After adjustment for confounders, the excess
risk of primary outcomes and all-cause death in the large
adjusted LVEDD group relative to that in normal adjusted
LVEDD group remained significant (Table 2). The excess
risk of primary outcome in the small adjusted LVEDD
group relative to that in the normal adjusted LVEDD
group remained significant (Table 2).

Subgroup Analysis

There were no significant interactions between the sub-
group factors and the effect of large or small LVEDD rela-
tive to normal LVEDD for primary outcomes, except for
sex (Table 3). When stratified by sex, the risk for the primary
outcome measures was significantly higher in the large
adjusted LVEDD group and lower in the small adjusted
LVEDD group than for the normal group in men (Table 3).
In women, however, the risk for the primary outcome
measures in the large and small adjusted LVEDD group
relative to that in the normal adjusted LVEDD group was
not significant (Table 3).

Adjusted LVESD: Group Comparisons

Baseline clinical and echocardiographic characteristics and
the trend of outcomes between the LVESD groups were
generally consistent with those in the adjusted LVESD
groups (Supplementary Figures 1,2; Supplementary Table 1;
composite of all-cause death and MACE, Supplementary
Figure 3A; all cause death, Supplementary Figure 3B; MACE,
Supplementary Figure 3C). The excess risk of primary and
secondary outcomes in the large adjusted LVESD group
relative to that in the normal adjusted LVESD group
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remained significant (Supplementary Table 2). According
to NRI and IDI analysis, the improvement in prognosis
accuracy did not differ significantly between adjusted
LVESD and adjusted LVEDD (Table 4).

Discussion

The main findings of this study are as follows: (1) higher
age, CKD, and high LAVI were independently associated
with large adjusted LVEDD, while male sex and AF

Normal
adjusted
LVEDD

Large

adjusted
LVEDD

Small

adjusted
LVEDD

Age
>80 122/392
years (33.5)
<80 331/2,437
years (13.8)
Sex
Male 290/1,527
(19.4)
Female  163/1,302
(12.9)
CKD
Yes 92/315
(24.2)
No 361/2,514
(15.4)
AF
Yes 71/267
(28.0)
No 382/2,562
(15.3)

33/90
(46.1)

63/311
(20.3)

52/146
(37.8)

44/255
(18.6)

39/103
(37.9)

57/298
(21.2)

18/41
(45.5)

78/360
(23.4)

No. patients with event/no. patients at
risk (cumulative 3-year incidence [%])

4/25
(20.0)

21/219
(11.4)

8/123
(7.2)

17/121
(17.4)

3/25
(12.8)

22/219
(12.2)

4/21
(21.0)

21/223
(11.5)

Variables

Normal adjusted
LVEDD
Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Normal adjusted
LVEDD

Large adjusted
LVEDD

Small adjusted
LVEDD

Table 3. Clinical Outcome vs. Adjusted LVEDD and Subject Characteristics

Unadjusted Adjusted
P-value for
interaction
HR (95% Cl) P-value HR (95% Cl) P-value
0.64
Ref. Ref.
1.32 0.17 1.27 0.31
(0.89-1.92) (0.79-1.97)
0.46 0.084 0.45 0.12
(0.14-1.10) (0.11-1.20)
Ref. Ref.
1.54 0.0030 1.46 0.017
(0.98-1.91) (1.07-1.96)
0.69 0.086 0.60 0.032
(0.43-1.05) (0.35-0.96)
0.0097
Ref. Ref.
2.18 <0.001 1.80 0.0010
(1.60-2.90) (1.41-2.60)
0.33 <0.001 0.30 <0.001
(0.15-0.61) (0.12-0.61)
Ref. Ref.
1.38 0.065 1.03 0.88
(0.98-1.91) (0.69-1.50)
1.10 0.71 0.87 0.63
(0.64-1.76) (0.47-1.48)
0.87
Ref. Ref.
1.56 0.024 1.54 0.063
(1.06—2.26) (0.98-2.36)
0.37 0.043 0.54 0.26
(0.09-0.97) (0.13-1.48)
Ref. Ref.
1.38 <0.001 1.32 0.092
(1.03-1.81) (0.95-1.78)
0.68 0.066 0.55 0.012
(0.43-1.02) (0.32—-0.88)
0.90
Ref. Ref.
1.74 0.047 1.34 0.36
(1.01-2.86) (0.70-2.41)
0.61 0.31 0.59 0.36
(0.19-1.48) (0.14-1.68)
Ref. Ref.
1.54 <0.001 1.35 0.038
(1.20-1.95) (1.02-1.78)
0.62 0.022 0.55 0.0098
(0.39-0.94) (0.32-0.87)
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Normal Large Small
adjusted adjusted adjusted Unadjusted Adjusted P-value for
LVEDD LVEDD LVEDD i y
No. patients with event/no. patients at variables interaction
. - 0 n O .
risk (cumulative 3-year incidence [%]) HR (95% CI)  P-value HR (95% CI)  P-value
HT 0.42
Yes 334/1,487 81/233 18/143 Normal adjusted Ref. Ref.
(20.6) (34.3) (13.6) LVEDD
Large adjusted 1.73 <0.001 1.46 0.010
LVEDD (1.35-2.19) (1.10-1.93)
Small adjusted 0.54 0.0054 0.52 0.0084
LVEDD (0.32-0.84) (0.29-0.86)
No 119/1,342 15/168 7/101 Normal adjusted Ref. Ref.
(10.7) (10.9) (10.0) LVEDD
Large adjusted 1.01 0.97 1.21 0.52
LVEDD (0.57-1.67) (0.66—2.06)
Small adjusted 0.79 0.52 0.65 0.31
LVEDD (0.33-1.56) (0.23-1.43)
LAVI 0.23
High 72/263 33/90 4/15 Normal adjusted Ref. Ref.
(24.6) (36.5) (30.8) LVEDD
Large adjusted 1.54 0.045 1.33 0.22
LVEDD (1.01-2.31) (0.84-2.07)
Small adjusted 1.24 0.69 1.17 0.77
LVEDD (0.38-2.99) (0.35-2.88)
Normal 334/2,321 48/265 15/199 Normal adjusted Ref. Ref.
(14.8) (19.4) (8.9) LVEDD
Large adjusted 1.29 0.11 1.38 0.048
LVEDD (0.95-1.73) (1.00-1.86)
Small adjusted 0.49 0.0027 0.48 0.018
LVEDD (0.28-0.80) (0.27-0.78)
LVMI 0.60
High 45/185 32/119 N/A Normal adjusted Ref. Ref.
(22.2) (32.5) LVEDD
Large adjusted 1.22 0.39 1.65 0.093
LVEDD (0.77-1.91) (0.92-2.99)
Small adjusted N/A N/A
LVEDD
Normal 408/2,644 64/282 25/244 Normal adjusted Ref. Ref.
(16.1) (23.1) (12.3) LVEDD
Large adjusted 1.53 0.0028 1.34 0.059
LVEDD (1.16-1.97) (0.99-1.78)
Small adjusted 0.64 0.022 0.57 0.0097
LVEDD (0.42-0.94) (0.34-0.88)
Adjusted 0.59
LVESD
High 125/517 92/365 1/2 Normal adjusted Ref. Ref.
(24.3) (26.8) (35.4) LVEDD
Large adjusted 1.09 0.55 1.32 0.097
LVEDD (0.83-1.42) (0.95-1.81)
Small adjusted 1.90 0.56 1.21 0.85
LVEDD (0.11-8.51) (0.07-5.67)
Normal, 328/2,312 4/36 24/242 Normal adjusted Ref. Ref.
Small (14.7) (14.1) (11.9) LVEDD
Large adjusted 0.88 0.80 1.14 0.80
LVEDD (0.27-2.07) (0.35-2.70)
Small adjusted 0.68 0.051 0.57 0.021
LVEDD (0.43-1.00) (0.35-0.92)

LVESD, left ventricular end-systolic dimension. Other abbreviations as in Tables 1,2.

showed a negative association; DM was an independent
factor associated with small adjusted LVEDD, while high
LAVI had a negative association; and (2) large adjusted
LVEDD had a deleterious impact on outcome, while small
LVEDD had a favorable impact.

Large adjusted LVEDD was associated with CKD and

high LAVT in this study. CKD patients have been reported
to have a large LV volume.!*16 One mechanism of LV
dilatation is anemia and chronic fluid overload in CKD.15
Patients with high LAVI also have a large LV volume,!”
and the atria will enlarge in response to pressure and vol-
ume overload.’® Another consideration is that LV dilatation
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Table 4. Improvement in Prognostic Accuracy: Adjusted
LVESD vs. Adjusted LVEDD

Adjusted LVESD vs.
adjusted LVEDD

IDI (95% Cl) 1.1(-1.8t04.2)
P-value 0.60

NRI (95% Cl) 24.3 (-63.1 to 27.2)
P-value 0.91

IDI, integrated discrimination improvement; NRI, net re-classification
improvement. Other abbreviations as in Tables 1,3.

is a compensatory mechanism for LV systolic dysfunction.
In fact, LV dilatation was related to the risk of worse out-
come in patients with MI, dilated cardiomyopathy, and
valvular disease.l¢1° In the present study, we excluded
these patients with reduced EF (EF <50), old MI, and
moderate and severe valvular disease (aortic stenosis, aor-
tic regurgitation, mitral stenosis, and mitral regurgitation).
The present study suggests that an adjusted large LVEDD
is still an independent factor associated with worse out-
comes even after adjusting for confounders and excluding
patients with reduced EF and valvular heart disease.

Small adjusted LVEDD was associated with DM and
not having a high LAVI in this study. Non-high LAVI is
indicative of a non-stiff LV. In addition, younger age
tended to be associated with small LVEDD with a favor-
able outcome. In contrast, DM patients have a lower LV
end-diastolic volume (LVEDYV) and are more likely to
have concentric remodeling?0-2! with cardiac steatosis and
diastolic stiffness. HT causes pressure overload and subse-
quent LV hypertrophy?>2* and diastolic dysfunction,?
which is also the suggested reason as to why HT tended to
be linked to small LVEDD. Thus, although associated
with favorable outcome, the underlying reasons for small
LVEDD differed on a patient-by-patient basis.

The standard value for LVEDD differs according to age,
sex, and race.”1® The age coefficient also differed between
men and women: it was large for men compared with that
in women. The values of the age coefficient were derived
from a systematic review;!? thus, the precise mechanism
for the observed difference was not provided. The noted
difference is likely to be influenced by differences in the
ventricular response. Female sex, however, carries an
increased risk of myocardial hypertrophy with small cham-
ber size caused by hormone disturbance after menopause,
as reflected by the wide distribution in women according to
age (Figure 2B).2627 The wide distribution is a possible
reason for the significant sex-related differences in outcome
with adjusted LVEDD size. Another possible reason for
the sex-related differences in outcomes is that, because of
the low incidence of adverse events in women, non-cardiac
mortality comprised a substantial proportion of all-cause
death; therefore, there was less power to differentiate the
prognostic impact of the size of LVEDD in women than in
men.

Despite of the importance of chamber size, only one study
has reported on the normal Japanese reference values,® in
which the references were given, in 5-year age increments
for men and women, derived from 700 Japanese subjects
with various comorbidities but without cardiac disease,
without adjustment for body size. In addition, there is a
paucity of echocardiographic data on long-term prognosis

in Japan. Using the large clinical database, this is the first
report in Japan to show the impact of adjusted LVEDD
on outcome in a hospital-based population with 3-year
follow-up. In this study, we selected adjusted LVEDD as
an indicator of ventricular dilatation. LVEDD is a simple
indicator and is routinely measured on TTE; LVEDV or
LV end-systolic volume (LVESV) derived using the modi-
fied Simpson’s method are not always measured on screen-
ing. We also showed that the large adjusted LVESD had a
worse outcome. On Kaplan—Meier curve analysis, adjusted
LVEDD had a better prediction ability than adjusted
LVESD, although NRI and IDI indicated an equivalent
ability in the present study, probably due to the very lim-
ited number of small LVESD subjects. Although the LV
systolic function and morphology are complex and tightly
related to each other, the effects of large adjusted LVEDD
have prompted physicians to investigate the underlying
cause of the dimensional change as well as to manage the
patients to prevent adverse outcomes. In addition, further
large population-based studies in Japan are needed to val-
idate the age-, BSA-, and sex-adjusted normal values on
echocardiography, because the normal values used in this
study were for an East Asian population not including
Japanese subjects,!® instead of the normal values in the
JAMP study .8

Study Limitations

This study had several limitations. First, ECG and TTE
were ordered at the discretion of the treating physician,
with no standardized indications. Second, patient data
were extracted from the electronic medical records, which
resulted in a low follow-up rate, especially at 3 years. In
addition, information regarding the symptoms was not
included. Thus, we had no data on the proportion of heart
failure with preserved EF. Third, we adopted normal refer-
ence values in an East Asian population not including
Japanese ethnicity.!® We used this study because it set a
usual value and formula. In fact, a similar trend was seen
in the JAMP study.? Fourth, we did not adopt LVEDV
and LVESYV because this measurement using the modified
Simpson’s method was not always performed. Fifth, this
was a single-center study performed in Japan; thus, possible
selection bias cannot be excluded despite the large sample
size. Finally, there remain unmeasured confounders
affecting the long-term prognosis. Nevertheless, we con-
ducted extensive statistical adjustment for the measured
confounders.

Conclusions

Patients with large adjusted LVEDD are at a higher long-
term risk of clinical events, while small LVEDD had a
favorable impact.
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