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Abstract

Background: Left ventricular mass (LVM) is a predictor of future 
cardiovascular risk. We determined the association between LVM 
measured by coronary computed tomography angiography (CCTA) 
and the prognosis in patients who have undergone CCTA for screen-
ing of coronary artery disease (CAD).

Methods: We performed a prospective cohort study. Five hundred 
twenty consecutive patients who underwent CCTA at Fukuoka Uni-
versity Hospital (FU-CCTA registry) were enrolled. They were clini-
cally suspected of having CAD or had at least one cardiovascular risk 
factor, and were a follow-up of up to 5 years. Equal to more than 50% 
of coronary stenosis as assessed by CCTA was diagnosed as CAD. 
Using CCTA, LVM index (LVMI), LV ejection fraction (LVEF), LV 
end-diastolic volume (LVEDV) and LV end-systolic volume were 
measured. The primary endpoint was major adverse cardiovascular 
events (MACEs: including all causes of death, ischemic stroke, acute 
myocardial infarction and coronary revascularization). The patients 
were divided into non-MACEs and MACEs groups.

Results: The non-MACEs and MACEs groups consisted of 478 and 
42 patients, respectively. Percent of CAD in the MACEs group was 
significantly higher than that in the non-MACEs group. The MACEs 
group showed significantly higher LVMI and tended to have a lower 
LVEF and LVEDV than the non-MACEs group. Although LVMI was 
not associated with MACEs in all patients, LVMI was independently 
associated with MACEs in males (odd ratio: 1.018, 95% confidence 
interval: 1.002 - 1.035, P = 0.030), but not females.

Conclusions: Evaluation of LVMI by CCTA may be useful for pre-
dicting MACEs in males.

Keywords: Major adverse cardiovascular events; Left ventricular 
mass; Coronary computed tomography angiography

Introduction

We have been studying risk factors for coronary artery disease 
(CAD) in a registry using coronary computed tomography an-
giography (CCTA) at Fukuoka University Hospital (FU-CCTA 
registry) for the primary prevention of CAD [1-11]. CCTA is 
a suitable strategy for screening of CAD, with a sensitivity 
of 89% and specificity of 96%, a positive predictive value of 
78%, and a negative predictive value of 98% [12, 13]. CCTA 
is also becoming more widely available in many general hos-
pitals, allowing the noninvasive evaluation of coronary artery 
stenosis, calcification, and plaque [14, 15]. CCTA can also be 
used to measure left ventricular ejection fraction (LVEF) and 
LV mass (LVM) with the use of software [16-18].

LV hypertrophy (LVH) is a predictor of cardiovascu-
lar morbidity and mortality [19-22], and the improvement of 
LVH reduces the subsequent cardiovascular risk [23, 24]. The 
Framingham study showed that an increase in LVM of 50 g 
per height, as measured by echocardiography, was associated 
with an increased risk of CAD in both males and females [20, 
22]. Thus, an increased LVM has been associated with CAD 
[25, 26]. Although LV volume is routinely calculated from 
end-diastolic cross-sectional images using echocardiography, 
echocardiography is not always accurate due to problems such 
as poor delineation caused by obesity, lungs, and the skill of 
the examiner [27, 28]. Reproducibility of main echocardio-
graphic indices of left ventricular systolic function is strongly 
influenced by the chest wall conformation [29].

Recent studies have also shown that LVM measured by 
CCTA correlates with coronary atherosclerosis at the time of 
the examination and is an independent risk factor for myocar-
dial ischemia [25, 30]. Although an increased LVM was sug-
gested to be a possible prognostic factor for major adverse 
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cardiovascular events (MACEs) and all-cause mortality [30], 
it was not shown to be confounded by other cardiovascular 
risks. Therefore, we hypothesized that LV myocardial weight 
on CCTA examination could be a good prognostic predictor of 
MACEs. Using the FU-CCTA registry of patients undergoing 
CCTA at Fukuoka University, we investigated the association 
between LVM on CCTA and subsequent MACEs.

Materials and Methods

Study subjects

A prospective cohort study was conducted. We enrolled 520 
consecutive patients who underwent CCTA for screening of 
CAD at Fukuoka University Hospital (FU-CCTA registry) 
and either were clinically suspected of having CAD or had at 
least one cardiovascular risk factor. They were follow-up of up 
to 5 years (3.5 ± 0.64 years). The study was approved by the 
Fukuoka University Ethics Committee (#09-10-02) and was 
registered at the UMIN Clinical Trials Registry (#000016641, 
25/02/2015). All the participants were provided with the in-
formed consent form before enrollment and all the protocol 
was performed according to the Declaration of Helsinki (For-
taleza, October 13, 2013). Patients with Cr > 2.0 mg/dL or con-
trast agent allergy were excluded in this study.

Coronary artery evaluation

Coronary artery stenosis was evaluated by constructing a vol-
ume-rendered image using Aquilion ONE, a slice CT manu-
factured by Cannon, and evaluating the degree of lumen steno-
sis with multiplanar images. Using CCTA, ≥ 50% of coronary 
stenosis was considered to be CAD according to the Society 
of Cardiovascular Computed Tomography Guidelines [31]. 
The severity of coronary artery stenosis was determined by the 
number of lesion branches, the coronary artery calcification 
(CAC) score, and the Gensini score [32]. The cardiac func-

tion analysis function installed in Aquilion ONE was used to 
automatically trace and analyze both diastolic and systolic car-
diac function, and LVM, LVEF, left ventricular end-diastolic 
volume (LVEDV), and left ventricular end-systolic volume 
(LVESV) were measured. The LVM index (LVMI) was calcu-
lated by dividing the LVM by the body surface area (BSA) of 
each patient (Fig. 1). BSA was calculated by Du Bois formula 
(height (m)0.725 × weight (kg)0.425 × 0.007184) [33].

Cardiovascular risk assessment

Cardiovascular risk factors in this study were defined as hy-
pertension, family history of CAD, smoking history, dyslipi-
demia, diabetes, chronic kidney disease, and metabolic syn-
drome. All patients were evaluated with regard to body mass 
index (BMI), family history of CAD, smoking history, blood 
pressure, diabetes, hemoglobin A1c (HbA1c), and fasting 
blood glucose. In addition, the presence of dyslipidemia and 
triglyceride (TG), high-density lipoprotein cholesterol (HDL-
C), low-density lipoprotein cholesterol (LDL-C), non-HDL-
C, chronic kidney disease, and estimated glomerular filtration 
rate (eGFR) was assessed. Metabolic syndrome (MetS) was 
defined as at least two of a visceral fat area of 100 cm2 or 
more, TG of 150 mg/dL or more or HDL-C of 40 mg/dL or 
less, fasting blood glucose of 110 mg/dL or more, systolic 
blood pressure of 130 mm Hg or more and a diastolic blood 
pressure of 85 mm Hg or more [34].

Medication

Patients were being treated with an angiotensin-converting-en-
zyme inhibitor/angiotensin II receptor blocker (ACEi/ARB), 
β-blocker, calcium channel blocker (CCB), or diuretic (DU) 
for hypertension. They were taking statins or eicosapentaenoic 
acid (EPA) for dyslipidemia, and α-glucosidase inhibitor (α-
GI), biguanide, dipeptidyl peptidase-4 inhibitor (DPP-4i), in-
sulin, sulfonylurea (SU) or thiazolizine for diabetes.

Figure 1. LVMI was calculated by dividing the LVM by the BSA of the patient. LVMI: left ventricular volume index; BSA: body 
surface area.
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Primary endpoints

The primary endpoints were defined as all causes of death, 
ischemic stroke, myocardial infarction, and coronary artery 
revascularization (MACEs), and patients were divided into 
two groups: MACEs and non-MACEs.

Statistical analysis

Statistical analyses were performed using Excel Statistics 2016 
(SSRI, Tokyo, Japan) at Fukuoka University (Fukuoka, Japan) 
and the Stat View statistical software package (Stat View 5; 
SAS Institute Inc., Cary, NC, USA). Continuous variables are 
shown as the mean ± standard deviation (SD). Categorical and 
continuous variables were compared between groups using a 
Chi-squared analysis and t-tests, respectively. Univariate and 
multivariate logistic regression analysis was used to identify in-
dependent variables that were related to the presence or absence 
of MACEs. A value of P < 0.05 was considered significant.

Results

Patient characteristics at baseline for all patients in the 
MACEs and non-MACEs groups

Patient characteristics at baseline in all patients are shown in 
Table 1. The total population consisted of 261 (50.2%) males 
and 259 (49.8%) females, and the mean age was 66 ± 11 years. 
The MACEs and non-MACEs groups consisted of 42 and 478 
patients, respectively. The percentage of males among patients 
with MACEs was significantly greater than the percentage of 
those in the non-MACEs group (73.8% vs. 48.1%, P < 0.05). 
The overall BMI was 23.9 ± 3.6 kg/m2, 22.9% had a family his-
tory of CAD, and 37.5% had a history of smoking, and this latter 
characteristic was significantly more common in the MACEs 
group (57.1% vs. 35.8%, P < 0.05). The mean systolic and di-
astolic blood pressures were 136 ± 20 and 77 ± 13 mm Hg, re-
spectively, among patients with hypertension (68.8% of the to-
tal), and the mean HbA1c was 6.0±1.1% in those with diabetes 
mellitus (DM) (23.8%). Dyslipidemia was seen in 59.8% of the 
population, with mean TG 134 ± 94 mg/dL, HDL-C 55 ± 15 mg/
dL, LDL-C 113 ± 32 mg/dL, and non-HDL-C 142 ± 39 mg/dL. 
Chronic kidney disease was seen in 29.8% of the population and 
the mean eGFR was 67.2 ± 16.2 mL/min/1.73 m2. The CAC and 
Gensini scores were 750 ± 1,545 and 26.5 ± 32.5 in the MACEs 
group and 218 ± 585 and 11.1 ± 12.8 in the non-MACEs group, 
respectively. There were no significant differences in ACEi, 
ARB, or other oral therapies between the two groups.

LV profiles for all patients in the non-MACEs and 
MACEs groups

Next, LV function on CT was examined in the MACEs and non-
MACEs groups (Fig. 2). While LVEF, LVEDV, and LVESV 

were not significantly different between the two groups, LVMI 
was significantly increased in the MACEs group (68.2 ± 22.5 
vs. 77.2 ± 27.0 g/m2, P < 0.05).

Patient characteristics at baseline for males and females 
in the non-MACEs and MACEs groups

The MACEs and non-MACEs groups were divided accord-
ing to gender (Tables 2 and 3), since the MACEs group had 
a significantly greater proportion of males. Among just males 
(Table 2), significant differences between the non-MACEs and 
MACEs groups were observed for age (63 ± 12 vs. 68 ± 13 
years, P = 0.028) and BMI (24.2 ± 3.4 vs. 22.9 ± 3.0 kg/m2, P 
= 0.042). Among just females (Table 3), significant differences 
between the non-MACEs and MACEs groups were found for 
smoking history (12.5% vs. 36.4%, P = 0.028) and non-HDL-
C (147 ± 37 vs. 119 ± 63 mg/dL, P = 0.017). Next, LV function 
was examined for males and females in the MACEs and non-
MACEs groups (Figs. 3 and 4). In males, LVEF (66.2±9.2% 
vs. 61.6±13.9%, P = 0.016) and LVEDV (118.4 ± 34.7 vs. 
102.4 ± 35.3 mL, P = 0.042) were significantly lower in the 
MACEs group compared to the non-MACEs group (Fig. 3). 
However, there was no significant difference in cardiac func-
tion among females (Fig. 4).

Predictors for the presence of MACEs in all patients, in 
the males and females

Univariate logistic regression analysis of risk factors for 
MACEs in all patients showed that males (P = 0.002), smoking 
(P = 0.007) and LVMI (P = 0.024) were significantly associ-
ated with MACEs (Table 4). We next performed this analysis 
separately for males and females (Table 4). In males, age (P 
= 0.029) and BMI (P = 0.042) were associated with MACEs, 
whereas LVMI was not associated. In contrast, in females, 
only smoking (P = 0.035) was associated with MACEs.

Next, multivariate logistic regression analysis was per-
formed to correct for each confounding factor. Risk factors for 
MACEs showed that being male was significantly associated 
with MACEs, with an odds ratio (OR) of 2.457 (P = 0.039), 
while LVMI was not significantly associated with MACEs, 
with an OR of 1.011 (P = 0.072). Next, this analysis was con-
ducted separately for males and females (Table 4). Among just 
males, LVMI was significantly different between the MACEs 
and non-MACEs, with an OR of 1.018 (P = 0.030) (Table 4). 
On the other hand, among only females, the MACEs and non-
MACEs groups significantly differed with respect to smoking 
history, with an OR of 4.68 (P = 0.029), but not LVMI, with an 
odds ratio of 1.062 (P = 0.867) (Table 4).

Discussion

The main finding in this study was that, among all patients, 
LVMI was significantly higher in the MACEs group than in 
the non-MACEs group. On the other hand, there were no sig-
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Table 1.  All Patient Characteristics at Baseline in Non-MACEs and MACEs Groups

All patients (n = 520) Non-MACEs 
group (n = 478)

MACEs group 
(n = 42)

P-value (non-MACEs 
vs. MACEs group)

Age (years) 66 ± 11 66 ± 11 69 ± 11 0.107
Gender (male), % 50.2 48.1 73.8 0.001
BMI, kg/m2 23.9 ± 3.6 23.9 ± 3.6 23.3 ± 3.7 0.231
Family history of CAD, % 22.9 23.4 16.7 0.318
Smoking, % 37.5 35.8 57.1 0.006
Hypertension, % 68.8 68 78.6 0.156
SBP, mm Hg 136 ± 20 135 ± 20 139 ± 22 0.205
DBP, mm Hg 77 ± 13 77 ± 13 76 ± 14 0.68
DM, % 23.8 23.4 28.6 0.456
HbA1c, % 6.02 ±1.09 6.01 ± 1.06 6.11 ± 1.47 0.56
FBG, mg/dL 111 ± 3 5 110 ± 35 116 ± 31 0.289
Dyslipidemia, % 59.8 60 57 0.71
  TG, mg/dL 134 ± 94 133 ± 94 139 ± 97 0.72
  HDL-C, mg/dL 55 ± 15 56 ± 15 52 ± 18 0.116
  LDL-C, mg/dL 113 ± 32 113 ± 32 111 ± 35 0.638
  L/H 2.19 2.17 2.36 0.174
  Non-HDL-C, mg/dL 142 ± 39 143 ± 38 135 ± 48 0.199
Chronic kidney disease, % 29.8 28.7 42.9 0.054
  eGFR, L/min/1.73 m2 67.7 ± 16.2 68 ± 16.3 63.9 ± 15.3 0.112
Metabolic syndrome, % 35.2 46.3 0.155
CAD, % 55.2 53.3 76.2 0.004
  VD 1.01 ± 1.08 0.958 ± 1.05 1.64 ± 1.19 < 0.001
CAC score 261 ± 724 218 ± 585 750 ± 1,545 < 0.001
Gensini score 12.3 ± 15.8 11.1 ± 12.8 26.5 ± 32.5 < 0.001
Medications
ARB/ACEi, % 40 39.1 38.1 0.168
CCB, % 38.3 38.3 38.1 0.981
β-blocker, % 11 11.3 7.1 0.41
DU, % 10.8 10.9 9.5 0.786
Statin, % 34.8 35.1 31 0.585
EPA, % 3.3 3.3 2.4 0.736
SU, % 10.2 9.4 19 0.063
α-GI, % 3.5 3.6 2.4 0.69
Biguanide, % 7.7 7.5 9.5 0.643
Thiazolizine, % 2.3 2.3 2.4 0.974
Insulin, % 4.2 4.2 4.8 0.856
DPP-4i, % 11.3 10.9 16.7 0.258

Continuous variables are expressed as mean ± SD. α-GI: α-glucosidase inhibitor; ACEi/ARB: angiotensin-converting-enzyme inhibitor/angiotensin II 
receptor blocker; BMI: body mass index; CAC: coronary artery calcium; CAD: coronary artery disease; CCB: calcium channel blocker; DBP: diastolic 
blood pressure; DL: dyslipidemia; DPP-4i: dipeptidyl peptidase-4 inhibitor; DU: diuretic; eGFR: estimated glomerular filtration rate; EPA: eicosap-
entaenoic acid; FBG: fasting blood glucose; HbA1c: hemoglobin A1c; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein 
cholesterol; L/H: a ratio of LDL-C to HDL-C; MACEs: major adverse cardiovascular events; Non-HDL-C: total cholesterol minus HDL-C; SBP: systolic 
blood pressure; SU: sulfonylurea; TG: triglyceride; VD: vessel disease.
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nificant differences in LVEF, LVEDV, or ESV between the two 
groups. In the logistic regression analysis in the total popula-
tion, only the male gender, but not LVMI, was associated with 
MACEs. Finally, MACEs were shown to be associated with 
LVMI in males, but not females.

Although electrocardiography is widely used to evaluate 
LVH, its high specificity but low sensitivity can make accu-
rate assessment challenging [35]. Echocardiography studies, 
but not electrocardiography studies, have suggested that a 1 g/
m2 increase in LVMI is associated with a 3% increase in the 

hazard ratio for heart failure [36], and an increased LVMI is 
associated with all-cause mortality, arrhythmic death and sud-
den death in patients with CAD [37]. Furthermore, from the 
Framingham study, an increase in LVM by echocardiography 
over time in a healthy population is known to be a risk fac-
tor for MACEs [20, 22]. Each increase in LVMI by coronary 
angiography and subsequent myocardial assessment over time 
using cardiac magnetic resonance imaging increases the risk 
of all-cause mortality and the need for coronary revasculariza-
tion therapy [38]. It has also been shown that LVMI at the time 

Table 2.  Patient Characteristics at Baseline in Non-MACEs and MACEs Groups in Males

Non-MACEs group (n = 230) MACEs group (n = 31) P-value (non-MACEs vs. MACEs group)
Age, years 63 ± 12 68 ± 13 0.028
BMI, kg/m2 24.2 ± 3.4 22.9 ± 3.0 0.042
Family history of CAD, % 21 9 0.141
Smoking, % 60.9 64.5 0.697
Hypertension, % 68.3 74.2 0.505
SBP, mm Hg 137 ± 19 139 ± 17 0.681
DBP, mm Hg 80 ± 12 76 ± 10 0.117
Diabetes mellitus, % 31.3 29 0.798
HbA1c, % 6.1 ± 1.2 6.2 ± 1.0 0.92
FBG, mg/dL 115 ± 37 115 ± 30 0.995
Dyslipidemia, % 60 54.8 0.585
TG, mg/dL 146 ± 118 140 ± 83 0.774
HDL-C, mg/dL 52 ± 14 55 ± 18 0.656
LDL-C, mg/dL 106 ± 28 114 ± 36 0.342
L/H 2.23 ± 0.79 2.50 ± 1.16 0.095
Non-HDL-C, mg/dL 137 ± 38 140 ± 41 0.743

Continuous variables are expressed as mean ± SD. BMI: body mass index; CAD: coronary artery disease; DBP: diastolic blood pressure; eGFR: 
estimated glomerular filtration rate; FBG: fasting blood glucose; HbA1c: hemoglobin A1c; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; L/H: a ratio of LDL-C to HDL-C; MACEs: major adverse cardiovascular events; Non-HDL-C: total cholesterol minus 
HDL-C; SBP: systolic blood pressure; TG: triglyceride; .

Figure 2. LV profiles in all patients in the non-MACEs and MACEs groups. *P < 0.05. LV: left ventricle; MACEs: major adverse 
cardiovascular events; LVMI: LV mass index; LVEF: LV ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left 
ventricular end-systolic volume; N.S.: not significant.



Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   www.cardiologyres.org 139

Tachibana et al Cardiol Res. 2024;15(3):134-143

of measurement using CCTA is associated with MACEs and 
all-cause mortality [30]. Unfortunately, both studies evaluated 
secondary prevention, but not primary prevention, in popula-
tions of patients with pre-existing CAD [30, 38]. The risk of 
MACEs in the target group was relatively high because the pa-
tients required secondary prevention [30]. Furthermore, since 
the study model involved gender-matched MACEs and non-
MACEs groups, the differences between males and females 
could not be determined. Previously, it was not clear whether 

LVMI is associated with primary prevention of MACEs to-
gether with gender differences, as in the present study. How-
ever, in our study, LVMI was associated with the primary pre-
vention of MACEs with regard to a gender difference.

In this study, we evaluated the correlation between LVMI 
and MACEs at the time of measurement and were able to show 
that LVMI was significantly higher in the MACEs group than in 
the non-MACEs group, confirming the trend observed in previ-
ous studies [30, 38]. Our study showed that being male was an 

Figure 3. LV profiles in males in the non-MACEs and MACEs groups. *P < 0.05. LV: left ventricle; MACEs: major adverse car-
diovascular events; LVMI: LV mass index; LVEF: LV ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left 
ventricular end-systolic volume; N.S.: not significant.

Table 3.  Patient Characteristics at Baseline in Non-MACEs and MACEs Groups in Females

Non-MACEs group (n = 248) MACEs group (n = 11) P-value (non-MACEs vs. MACEs group)
Age, years 68 ± 10 70 ± 6 0.64
BMI, kg/m2 23.6 ± 3.7 24.3 ± 5.2 0.627
Family history of CAD, % 25.8 36.4 0.438
Smoking, % 12.5 36.4 0.028
Hypertension, % 67.7 90.9 0.106
SBP, mm Hg 134 ± 20 142 ± 32 0.212
DBP, mm Hg 74 ± 12 76 ± 21 0.678
Diabetes mellitus, % 16.1 27.3 0.333
HbA1c, % 5.9 ± 0.9 6.0 ± 2.4 0.825
FBG, mg/dL 106 ± 33 120 ± 35 0.172
Dyslipidemia, % 60.1 63.6 0.814
TG, mg/dL 121 ± 62 135 ± 136 0.526
HDL-C, mg/dL 52 ± 14 51 ± 18 0.656
LDL-C, mg/dL 117 ± 34 101 ± 31 0.12
L/H 2.12 ± 0.85 1.94 ± 0.56 0.495
Non-HDL-C, mg/dL 147 ± 37 119 ± 63 0.017

Continuous variables are expressed as mean ± SD. BMI: body mass index; CAD: coronary artery disease; DBP: diastolic blood pressure; eGFR: 
estimated glomerular filtration rate; FBG: fasting blood glucose; HbA1c: hemoglobin A1c; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; L/H: a ratio of LDL-C to HDL-C; MACEs: major adverse cardiovascular events; Non-HDL-C: total cholesterol minus 
HDL-C; SBP: systolic blood pressure; TG: triglyceride.
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independent prognostic predictor of MACEs in a population with 
cardiovascular risks without a history of CAD. The present study 
suggests that increased LVMI at the time of CCTA measure-
ment may be an independent prognostic predictor of subsequent 
MACEs in males as a cardiovascular risk factor without a history 
of CAD. Thus, our study is important in that it demonstrates that 
evaluating LVMI in males as a measure of cardiovascular risk 
may be used to predict the development of MACEs. Thus, the 
results of the analyses differed significantly between genders. In 
rat studies, females tend to maintain LV contractility in response 
to the degree of LVH compared to males [39] and there are dif-
ferences in the degree of suppression of myocardial remodeling 
[40]. In humans, myocardial responsiveness to blood pressure, 
body size, aging, and hormones is thought to differ by gender 
[41], and females are less likely than males to associate myo-
cardial natriuretic peptide with LVH. Females show less of an 
elevation of cardiac natriuretic peptide according to the degree 
of heart failure [42]. These results suggest that the reason why 
LVMI was not associated with MACEs in females in the MACEs 
group may be that females tend to have preserved myocardial 
structure in response to cardiac stress. Therefore, no association 
between MACEs and LVMI may be found in females.

Thus, although previous studies have suggested that hyper-
tension and aging are more likely to cause LVH in males than 
in females, the clear cause of the difference in LVH between 
gender is unknown. It is also unclear whether males with DM 
and dyslipidemia are more likely to develop LVH than females. 
Similarly, no studies are known to compare which cardiovascu-
lar risks are strongly associated with LVH. In the study by Luch-
ner et al [42], which targeted only hypertension in the general 
population, the prevalence of hypertension was around 50%. It 
is difficult to compare our study with previous studies because 
the target population was patients with at least one cardiovas-
cular risk and with a high prevalence of cardiovascular risks, 
including hypertension. In addition, in this study, there was no 
significant difference between the MACEs and the non-MACEs 
group in terms of hypertension, dyslipidemia, and DM in both 
males and females. Except for LVMI, hypertension, dyslipi-

demia, and DM were not associated with MACEs in multivari-
ate logistic regression analysis. Higher cardiovascular risk may 
have resulted in an association of LVMI. Therefore, it may be 
associated with MACEs in men with increased myocardial hy-
pertrophy responsiveness to cardiovascular risk.

It has also been suggested that, in an elderly population 
with no history of CAD or heart failure, a history of smoking 
is associated with worse LVMI, LVM/volume ratio, and dias-
tolic function [43]. It has also been suggested that a history 
of smoking increases the inflammatory response (C-reactive 
protein and interleukin-6) and cardiomyocyte damage (cardiac 
troponin T (hscTnT)) in the blood [44]. Thus, smoking worsens 
LVH and function. However, in the present study, there was no 
significant difference in the prevalence of smoking between 
the MACEs and non-MACEs groups in males. In females, the 
MACEs group had a significantly greater proportion of pa-
tients with a smoking history than the non-MACEs group, and 
smoking was also associated with MACEs in a logistic regres-
sion analysis. Thus, the theory that smoking causes LVH via 
inflammation was not necessarily apparent in this study.

Study limitation

This was a single-center study with a small sample size. The 
number of MACEs events was small for the entire population, 
although the patient group was at higher risk than the gener-
al population with a health examination. The study was able 
to evaluate patients without including those with preexisting 
CAD. In addition, the analysis did not consider medications 
to address the presence of cardiovascular risks. Future large 
multicenter studies will be needed.

Conclusions

Evaluation of LVMI by CCTA as a cardiovascular risk factor 
may be useful for predicting MACEs in males, but not females. 

Figure 4. LV profiles in females in the non-MACEs and MACEs groups. *P < 0.05. LV: left ventricle; MACEs: major adverse car-
diovascular events; LVMI: LV mass index; LVEF: LV ejection fraction; LVEDV: left ventricular end-diastolic volume; LVESV: left 
ventricular end-systolic volume; N.S.: not significant.
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Therefore, in the future, we need to accumulate more cases to 
find other factors that predict MACEs in females.
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Table 4.  The Univariate and Multivariate Logistic Regression Analysis of Risk Factors for MACEs

Univariate analyses Multivariate analyses
Odds ratio 95% CI P-value Odds ratio 95% CI P-value

All patients
  Age 1.03 0.994 - 1.06 0.107 1.25 0.988 - 1.064 0.185
  Male 3.04 1.49 - 6.19 0.002 2.457 1.048 - 5.762 0.039
  BMI 0.944 0.859 - 1.04 0.23 0.94 0.845 - 1.046 0.255
  Hypertension 1.73 0.806 - 3.7 0.16 1.435 0.639 - 3.226 0.382
  Dyslipidemia 0.887 0.469 - 1.68 0.713 0.874 0.446 - 1.713 0.695
  Diabetes mellitus 1.31 0.648 - 2.64 0.455 1.069 0.507 - 2.253 0.862
  Family history of CAD 0.654 0.283 - 1.51 0.32 0.762 0.32 - 1.811 0.538
  Smoking 2.39 1.26 - 4.54 0.007 1.54 0.72 - 2.253 0.266
  Chronic kidney disease 1.87 0.982 - 3.55 0.057 1.556 0.767 - 3.156 0.22
  LVMI 1.01 1.00 - 1.02 0.024 1.011 0.999 - 1.022 0.072
Males
  Age 1.04 1.00 - 1.08 0.029 1.025 0.981 - 1.071 0.268
  BMI 0.868 0.757 - 0.995 0.042 0.898 0.756 - 1.02 0.089
  Hypertension 1.34 0.571 - 3.13 0.504 1.121 0.443 - 2.835 0.809
  Dyslipidemia 0.81 0.381 - 1.72 0.583 0.976 0.433 - 2.201 0.954
  Diabetes mellitus 0.898 0.394 - 2.05 0.797 0.899 0.379 - 2.131 0.808
  Smoking 1.17 0.535 - 2.55 0.696 1.03 0.444 - 2.391 0.945
  Family history of CAD 0.406 0.118 - 1.39 0.152 0.436 0.122 - 1.557 0.201
  Chronic kidney disease 2.09 0.967 - 4.53 0.061 1.802 0.753 - 4.309 0.186
  LVMI 1.02 1.00 - 1.03 0.057 1.018 1.002 - 1.035 0.03
Females
  Age 1.02 0.951 - 1.08 0.64 1.019 0.948 - 1.095 0.673
  BMI 1.04 0.891 - 1.22 0.616 1.032 0.865 - 1.232 0.724
  Hypertension 4.76 0.599 - 37.8 0.14 3.981 0.456 - 34.74 0.211
  Dyslipidemia 1.16 0.332 - 4.08 0.814 0.775 0.199 - 3.009 0.712
  Diabetes mellitus 1.95 0.496 - 7.67 0.339 1.862 0.425 - 8.166 0.41
  Smoking 4 1.11 - 14.5 0.035 4.68 1.173 - 18.68 0.029
  Family history of CAD 1.64 0.466 - 5.80 0.44 1.275 0.324 - 5.008 0.728
  Chronic kidney disease 1.82 0.538 - 6.13 0.336 1.477 0.387 - 5.633 0.568
  LVMI 1 0.981 - 1.03 0.789 1.062 0.977 - 1.028 0.867

BMI: body mass index; CAD: coronary artery disease; LVMI: left ventricular mass index; MACEs: major adverse cardiovascular events.
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