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T A B L E 1 Associations of Annularity of Calciﬁcation in the AA With Total Mortality
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Model 1 is adjusted for age and sex. Model 2 is adjusted for age, sex, smoking status, dyslipidemia, body mass index, diabetes, and hypertension. Model 3 is adjusted as model 2 þ adjustment for the log(1þ
mAgatston score). Model 4 is adjusted as model 2 but instead of the circularity scoring, the log(1þ mAgatston score) is modeled as a predictor variable.

Illustrated are, left to right: 1  to 90 , 91  to 180 , 181  to 270  , 271  to 360 . Examples are of the infrarenal AA.
AA ¼ abdominal aorta; CI ¼ conﬁdence interval; HR ¼ hazard ratio; mAgatston ¼ modiﬁed Agatston.
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F I G U R E 1 LVEF, LVGLS, and LVGLSR-S According to Sex and Classiﬁcation of Sports
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(A) LVEF is similar among groups by classiﬁcation of sports. (B, C) LVGLS and LVGLSR-S show linear correlations with the increased cardiovascular demand of sports
disciplines. *p < 0.005 between women and men; þp < 0.001. HD ¼ highest demand; HMD ¼ high moderate demand; LD ¼ lowest demand; LMD ¼ low moderate
demand; LVEF ¼ left ventricular ejection fraction; LVGLS ¼ global peak longitudinal systolic strain; LVGLSR-S ¼ LVGLS strain rate; MD ¼ moderate demand; ns ¼ not
signiﬁcant.

to

0.17 s1, respectively; p < 0.001) than men. The effect

cardiovascular demand into lowest demand (LD)

of sex hormones, especially estrogen, on cardiac

(including riﬂery and golf), low moderate demand

function would be a possible explanation for these

(LMD)

sex differences (4).

Universiade.
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This study also demonstrated that LVGLS and
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LVGLSR-S values signiﬁcantly decreased along with
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the increase in cardiovascular demand of sports dis-
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ciplines. Athletes with HD had the lowest values of

Left ventricular ejection fraction (LVEF) was 63.4 
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6.3%, and left ventricular mass index (LVMi) was 77.3

from repeated exercise would be a possible explana-
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after adjusting for LVMi. Unlike the study by D’As-

although classiﬁcations of sports and training times

cenzi et al. (5), we reported results showing that

were similar. Along with the increase in cardiovascular

exercise training leads to lower (more positive)

demand, body surface area, body mass index, LV vol-

strain values. Further studies will be needed to

umes, and LVM were increased, whereas LVGLS and

clarify this issue. Systolic blood pressure and heart

LVGLSR-S were decreased (p < 0.001) (Figure 1).
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Because there were signiﬁcant ethnic differences
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among groups according to their sport types, these
differences might have affected the correlations in
this study. However, the statistical signiﬁcance
remained evident after the adjustment for ethnicity
(p < 0.001 for LVGLS and p < 0.001 for LVGLSR-S).
In conclusion, female university athletes had lower
LV volumes, mass, and higher LVEF and strain values
than men. LVGLS and LVGLSR-S were signiﬁcantly
decreased along with the increase of cardiovascular
demands. The present study demonstrated that there
are sex or sports discipline differences in LV mechanics as measured by 2DSTE in highly trained university athletes. Because this was a cross-sectional
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Triglyceride-to-High-Density Lipoprotein
Cholesterol Ratio and Vulnerable Plaque
Features With Statin Therapy in Diabetic
Patients With Coronary Artery Disease
Frequency-Domain Optical Coherence Tomography Analysis

study, further long-term follow-up studies will be
needed to determine whether the reduced strain

Ongoing cardiovascular risks in patients with type 2

values reﬂect subtle myocardial damage and its

diabetes mellitus (T2DM), despite the use of statins,

clinical signiﬁcance.

need additional therapeutic targets. We investigated
whether diabetic dyslipidemia, characterized by
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hypertriglyceridemia and low high-density lipoprotein cholesterol (HDL-C), was associated with plaque
features in 267 statin-treated patients with T2DM and
coronary artery disease who underwent frequencydomain optical coherence tomography (FD-OCT)
within the target vessel for percutaneous coronary
intervention.
FD-OCT measures and fasting blood biochemical
data were compared in subjects stratiﬁed by triglyceride-to–HDL-C ratio tertiles. A generalized estimating equations approach was used to consider the
intraclass correlation because of the multiple plaques
analyzed within a single patient’s data. Multivariate
linear regression analyses were performed to identify
independent determinants for lipid arc (  ) and
cholesterol crystal (CC) presence. Receiver-operating
characteristic analysis was performed to determine
the optimal cutoff value of the triglyceride-to–HDL-C
ratio for lipid-rich plaque containing CC. The Institutional Review Board of the Cleveland Clinic
(Cleveland, Ohio) approved this retrospective study.
All statistical analyses were performed using SPSS
version 17.0 software (SPSS, Inc., Chicago, Illinois).
A total of 482 nonculprit and 325 culprit plaques
were analyzed within 423 imaged target vessels.
Nonculprit and culprit plaques in patients with a

© 2018 by the American College of Cardiology Foundation. Published by Elsevier.

higher triglyceride-to–HDL-C ratio exhibited a larger
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lipid burden and a higher frequency of CC (Figures 1A
and 1B). Patients with a higher triglyceride-to–HDL-C
ratio had a larger total lipid index (1,309.6 mm  vs.
2,933.4 mm  vs. 4,105.6 mm  ; p ¼ 0.005), by
calculating the sum of the lipid index within the
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