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Abstract

Background: Although a recent study in a Japanese cohort indicated
that extremely high-density lipoprotein cholesterol (HDL-C, > 90 mg/
dL) had an adverse effect on atherosclerotic cardiovascular disease
mortality, we could not conclude that high levels of HDL-C were
associated with the presence or severity of coronary artery disease
(CAD).

Methods: We enrolled 1,016 patients who were clinically suspected
to have CAD and who underwent coronary computed tomography
angiography (CCTA). The number of significantly stenosed coronary
vessels (vessel disease (VD), > 50% coronary stenosis is diagnosed
as CAD) and the Gensini score were quantified using CCTA, and the
lipid profile was measured. The patients were divided into four groups
according to the HDL-C level: <40 mg/dL (n= 115, low), 40 - 59 mg/
dL (n =530, normal), 60 - 89 mg/dL (n = 335, high) and > 90 mg/dL
(n = 36, very-high).

Results: The percentage (%) of CAD in the low, normal, high and
very-high groups was 69%, 55%, 42% and 25%, respectively (P for
trend < 0.01). The Gensini score in the low, normal, high and very-
high groups was 20 + 25, 12 + 16, 8 £ 12 and 4 + 6, respectively (P
for trend < 0.01). The very-high group showed the lowest triglyc-
eride (TG) levels among the four groups. There were no significant
differences in the level of low-density lipoprotein cholesterol or %
use of statin among the four groups. Finally, the presence of CAD
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was independently associated with a low level of HDL-C, in ad-
dition to age, male, high systolic blood pressure and hemoglobin
Alc, but not TG, by a multivariate logistic regression analysis.

Conclusions: High levels of HDL-C at the time of CCTA for
screening were associated with a reduced presence and severity of
CAD.

Keywords: High-density lipoprotein cholesterol; Coronary artery
disease; Coronary computed tomography angiography; Gensini score

Introduction

Advanced age, male, smoking, hypertension, dyslipidemia,
obesity, family history of juvenile cardiovascular diseases
(CVDs) and diabetes mellitus are critical risk factors for coro-
nary artery disease (CAD) [1].

According to several large-scale randomized clinical trials,
statin treatment for the primary and secondary prevention of
CVD prevents one-third of the onset and progression of CVD,
but not the remaining two-thirds [2]. There are several possible
explanations for the residual risk of CVD. One is a low level
of high-density lipoprotein cholesterol (HDL-C). According to
the Japan Atherosclerosis Society Guidelines for Prevention of
Atherosclerotic Cardiovascular Diseases 2017, serum HDL-C
levels should be maintained > 40 mg/dL for the primary and
secondary prevention of CVD [3]. On the other hand, there is
no significant clinical evidence regarding whether higher lev-
els of HDL-C would be better for primary and secondary pre-
vention. Rare variant in scavenger receptor Bl raises HDL-C
and increases risk of coronary heart disease [4]. Low and very-
high HDL-C levels were associated with a higher risk of CV
mortality as well as non-CV mortality [5]. Recently, extremely
high levels of HDL-C (= 90 mg/dL) were significantly associ-
ated with an increased risk of atherosclerotic cardiovascular
disease (ASCVD) mortality and an increased risk of CAD and
ischemic stroke in a pooled analysis of Japanese cohorts [6].
However, the prognostic value of higher HDL-C levels is con-
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troversial.

We have been studying the Coronary Computed Tomogra-
phy Angiography (FU-CCTA) Registry at Fukuoka University
in Japan and identified coronary risk factors for the primary
prevention of CAD [7-12]. In this registry, none of the patients
were diagnosed with CAD until the time of CCTA because we
used CCTA to screen for CAD. When patients had significant
coronary stenosis as assessed by CCTA, they were initially di-
agnosed with CAD.

We hypothesized that the target HDL-C level for primary
coronary prevention should be higher, and that a higher level
is better. Therefore, we examined the association between
the HDL-C level at the time of CCTA and the presence and
severity of CAD as assessed by CCTA using the FU-CCTA
Registry.

Materials and Methods

Study subjects

One thousand sixteen consecutive subjects (66 years, 49%
male) who were clinically suspected of having CAD or who
had at least one cardiac risk factor (aging, gender male, hy-
pertension (HTN), dyslipidemia (DL), diabetes mellitus (DM),
smoking, obesity, family history of CAD and/or chronic kid-
ney disease (CKD)) underwent CCTA. Suspected CAD is
defined as having some chest symptoms and/or electrocardio-
gram (ECQ) abnormalities. All subjects underwent CCTA be-
tween 2012 and 2019. Patients with creatinine > 2.0 mg/dL or
contrast-induced allergy did not undergo CCTA. The patients
were divided into four groups according to the HDL-C level:
<40 mg/dL (n = 115, low), 40 - 59 mg/dL (n = 530, normal),
60 - 89 mg/dL (n = 335, high) and > 90 mg/dL (n = 36, very-
high). This study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects
as well as with the Helsinki Declaration. The protocol in this
study was approved by the ethics committee of Fukuoka Uni-
versity Hospital, and all subjects gave their written informed
consent to participate.

Evaluation of coronary stenosis using CCTA

We evaluated coronary stenosis using CCTA as previously
described [5-8]. Patients were assessed by 64-MDCT on an
Aquilion 64 (TOSHIBA, Tokyo, Japan) or by 320-MDCT
on an Aquilion ONE ViSION (TOSHIBA, Tokyo, Japan).
Fifteen coronary artery segments were assessed in all pa-
tients. Narrowing of the normal contrast-enhanced lumen
to > 50% that could be identified in multiplanar reconstruc-
tions or cross-sectional images was defined as significant
stenosis. When patients had significant coronary stenosis,
they were initially diagnosed with CAD. In addition, in all
patients, the severity of CAD was assessed in terms of the
number of significantly stenosed coronary vessels (VD) and
the Gensini score [13]. Coronary artery calcification (CAC)
was defined on CT images as the presence of more than two
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contiguous pixels with greater than 130 Hounsfield Units.
The CAC score in each lesion was then computed by the
Agatston method [14].

Evaluation of risk factors for CAD

Body mass index (BMI), systolic blood pressure (SBP), di-
astolic blood pressure (DBP), serum levels of triglyceride
(TG), high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), fasting blood sugar
(FBS), hemoglobin Alc (HbAlc), smoking status and fam-
ily history (myocardial infarction, angina pectoris or sudden
death) were collected as risk factors in all patients. Informa-
tion on medication use was obtained from medical records
and included statin, fibrate, ezetimibe, eicosapentaenoic acid
(EPA), biguanide, dipeptidyl peptidase-4 inhibitor (DPP-41),
insulin, angiotensin II receptor blocker/angiotensin-convert-
ing-enzyme inhibitor (ACEI/ARB), calcium channel blocker
(CCB), B-blocker and diuretics. All of the blood samples were
drawn in the morning after the patient had fasted overnight.
The characteristics of patients were obtained from medical
records with regard to history of hypertension (HTN), dys-
lipidemia (DL), diabetes mellitus (DM), CKD, smoking and
family history of CAD.

Statistical analysis

A statistical analysis was performed using Excel 2016 (SSRI,
Tokyo, 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. Cat-
egorical and continuous variables were analyzed for trends
among the groups by the Cochran-Armitage trend test and
Jonckheere-Terpstra trend test, respectively. A multivari-
ate analysis was performed by a logistic regression analysis
for independent variables (age, male, BMI, SBP, DBP, TG,
HDL-C, LDL-C and HbAlc) that were related to the pres-
ence or absence of CAD. A value of P < 0.05 was considered
significant.

Results

Patient characteristics in all patients and the low, normal,
high and very-high HDL-C groups

Table 1 shows patient characteristics in all patients and the
low, normal, high and very-high HDL-C groups. The HDL-C
levels in all patients and the low, normal, high, and very-high
HDL-C groups were 56, 35, 50, 70 and 101 mg/dL, respective-
ly. The HDL-C level increased as %male, BMI, %smoking,
%DL, TG levels, %DM, %HTN, % biguanide, %DPP-41 and
%ARB/ACEI decreased (P for trend < 0.01). The very-high
group showed the lowest TG levels among the four groups.
There were no significant differences in the LDL-C level or %
use of statin among the four groups.
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Table 1. Patient Characteristics in All Patients and the Low, Normal, High and Very-High HDL-C Groups

All patients

Low HDL-C

Normal HDL-C

High HDL-C

Very-high HDL-C

m=1,016)  (n=115) (n = 530) (n =335) (n = 36) peentend
Age (years) 66+ 12 64+ 11 65+ 12 66 + 11 64 + 11 0.40
Male, n (%) 494 (49) 85 (74) 289 (55) 110 (33) 10 (28) <0.01
BMI, kg/m? 239438 250439 247+38 2.6+33 213+29 <0.01
Smoking, n (%) 342 (34) 58 (50) 193 (36) 82 (25) 9 (25) <0.01
DL, n (%) 547 (54) 74 (64) 298 (56) 163 (30) 12 (33) <0.01
TG, mg/dL 136 + 98 188 + 104 149 = 112 103 + 54 75 429 <0.01
HDL-C, mg/dL 56+ 16 3544 50+5 70+ 8 101+ 10 <0.01
LDL-C, mg/dL 115 +32 113+39 116 + 31 117 + 31 109 + 38 0.46
DM, n (%) 206 (20) 31(27) 122 (23) 50 (15) 3(8.3) <0.01
HbAlc, % 6.0+0.9 6.1+£0.9 6.0+0.9 59408 59+1.0 0.18
FBS, mg/dL 108 + 30 109 + 24 110 + 33 106 + 29 104 + 20 0.33
HTN, n (%) 645 (64) 80 (70) 359 (68) 186 (56) 20 (56) <0.01
SBP, mm Hg 136+ 19 135+ 18 136+ 20 135419 137419 0.63
DBP, mm Hg 78+ 13 79+ 12 78+ 13 77+ 12 75+ 14 0.47
Medications
Statin, n (%) 319 (31) 34 (30) 177 (33) 99 (30) 9 (25) 0.50
Fibrate, n (%) 11 (1.1) 2(1.7) 6 (1.1) 3(0.9) 0(0) 0.81
Ezetimib, n (%) 18 (1.8) 1(0.9) 10 (1.9) 7@.1) 0(0) 0.70
EPA, n (%) 33 (3.2) 4(3.5) 19 (3.6) 10 (3.0) 0(0) 0.68
Biguanide, n (%) 64 (6.3) 13 (11) 35 (6.6) 16 (4.8) 0(0) 0.03
DPP-41, n (%) 110 (11) 12 (10) 73 (14) 23 (6.9) 2(5.6) 0.01
Insulin, n (%) 29 (2.9) 6(5.2) 13 (2.5) 8 (2.4) 2(5.6) 0.28
ARB/ACEL n (%) 369 (36) 49 (43) 207 (39) 103 (31) 10 (28) 0.02
CCB, n (%) 384 (38) 45 (39) 206 (39) 119 (36) 14 (39) 0.78
B-blocker, n (%) 91 (9.0) 12 (10) 53 (10) 24(7.2) 2(5.6) 0.41
Diuretics, n (%) 88 (8.7) 7(6.1) 57 (11) 22 (6.6) 2(5.6) 0.10

Continuous variables are expressed as mean * standard deviation. BMI: body mass index; DL: dyslipidemia; TG: triglyceride; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; DM: diabetes mellitus; HbA1c: hemoglobin A1c; FBS: fasting blood sugar; HTN:
hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; EPA: eicosapentaenoic acid; DPP-4l: dipeptidyl peptidase-4 inhibitor;
ARB/ACEI: angiotensin Il receptor blocker/angiotensin-converting-enzyme inhibitor; CCB: calcium channel blocker.

Percentage of CAD, number of VD, Gensini score and CAC
score in the low, normal, high and very-high HDL-C groups

Percentage of CAD, number of VD, Gensini score and CAC
score in the low, normal, high and very-high HDL-C groups
are shown in Figure 1. Percentage of CAD in the low, normal,
high and very-high groups was 69%, 55%, 42% and 25%, re-
spectively (P for trend < 0.01) (Fig. 1a). The number of VD
was 1.5+ 1.2,1.0+1.1,0.7+ 1.0 and 0.3 £ 0.6, respectively (P
for trend <0.01) (Fig. 1b). The Gensini score was 20 + 25, 12 +
16, 8 £ 12 and 4 + 6, respectively (P for trend < 0.01) (Fig. 1c).
There were no significant differences in the CAC score among
the four groups (the CAC scores in the low, normal, high and
very-high HDL-C groups were 280 + 671, 220 + 558, 218 +
665 and 62 + 162, respectively).
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Independent predictors of CAD

Table 2 shows independent predictors of CAD. The presence
of CAD was independently associated with low levels of
HDL-C, in addition to age, male, high SBP and HbAlc, but
not with the levels of LDL-C or TG, by a multivariate logistic
regression analysis.

Discussion

In this study, we hypothesized that higher HDL-C levels would
be better for primary coronary prevention. We showed that, as
the HDL-C level increased, %CAD, number of VD and Gensi-
ni score decreased (P for trend < 0.01). These results indicated
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Figure 1. %CAD (a), number of VD (b) and Gensini score (c) in the low, normal, high and very-high HDL-C groups. CAD: coro-
nary artery disease; VD: vessel disease; HDL-C: high-density lipoprotein cholesterol. TP < 0.05, *P < 0.01, **P < 0.001, ***P <

0.0001.

that a higher HDL-C level at the time of CCTA for screening is
better for preventing CAD.

The most important finding in this study was that the
HDL-C level increased as %CAD, number of VD and Gensini
score decreased. The very-high HDL-C group (HDL-C > 90
mg/dL) showed the lowest %CAD, number of VD and Gensini
score among the four groups. In a ward, patients have less cor-
onary atherosclerosis when they show higher levels of HDL-C.
On the other hand, high HDL-C (60 - 79 mg/dL) levels have
been shown to protect against CAD, but higher levels had no
additional benefit [15]. In addition, extremely high levels of
HDL-C (> 90 mg/dL) had an adverse effect on ASCVD mor-
tality in a pooled analysis of Japanese cohorts [6]. HDL mainly
enhances reverse cholesterol transport, in which HDL takes up

Table 2. Independent Predictors of CAD

OR 95% CI P value

Age 1.05 1.04 - 1.07 <0.0001
Male 2.06 1.52-2.81 <0.0001
BMI 0.99 0.95-1.03 0.73
SBP 1.02 1.01 - 1.03 <0.01
DBP 1.00 0.99 - 1.01 0.87

TG 1.00 1.00 - 1.00 0.60
HDL-C 0.98 0.97-0.99 <0.0001
LDL-C 1.00 0.99 - 1.00 0.58
HbAlc 1.32 1.12-1.57 <0.01

OR: odds ratio; CI: confidence interval; BMI: body mass index; SBP:
systolic blood pressure; DBP: diastolic blood pressure; TG: triglyceride;
HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipo-
protein cholesterol; HbA1c: hemoglobin A1c.
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peripheral cholesterol and transfers it to the liver for excre-
tion in the bile and feces. Cholesteryl ester transfer protein
(CETP) inhibitors drastically increase HDL-C levels in blood,
whereas CETP inhibition provides insufficient cardiovascular
benefit [16, 17]. We do not consider these previous reports to
be inconsistent with our present findings, since these previous
reports looked at the prognosis and we looked at the relevance
of when patients were initially diagnosed CAD at the time of
CCTA. We think that the HDL-C level is significantly associ-
ated with the severity of coronary atherosclerosis at the time
of primary prevention when patients are initially diagnosed
with CAD. After various therapies, the association may gradu-
ally become weaker for secondary prevention. In addition, the
cut-off level of HDL-C that gave the greatest sensitivity and
specificity for the diagnosis of CAD was 55 mg/dL. This is not
a high level of HDL-C.

Another important issue is HDL functionality, which
is involved in cholesterol efflux capacity, as well as its an-
ti-oxidative, anti-inflammatory, anti-proliferative and anti-
thrombotic effects [18, 19]. Cholesterol efflux capacity was
inversely associated with the incidence of cardiovascular
events, restenosis rates after coronary stent implantation and
graft failure in renal transplant recipients [20-22]. Thus, we
should consider not only the level of HDL-C but also HDL
functionality. We previously reported that the calculated total
cholesterol efflux capacity that depended on the HDL-C level
was significantly correlated with the presence of CAD at the
time of CCTA [23].

The presence of CAD was independently associated with
a low level of HDL-C, in addition to age, male, high SBP and
HbAlc, but not LDL-C or TG. Age, male, HTN and DM are all
critical coronary risk factors [1]. SBP is a more critical factor
than DBP with regard to the onset of CAD [1]. It is reason-
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able that the presence of CAD was independently associated
with high SBP. Although elevated levels of LDL-C and TG are
coronary risk factors, average levels of LDL-C and TG in this
study were 115 and 136 mg/dL, respectively. Target levels of
LDL-C and TG for the primary prevention of ASCVD are <
120 and < 150 mg/dL in patients at high risk, respectively [3].
Therefore, the presence of CAD may not be independently as-
sociated with LDL-C and TG levels.

This study has several important limitations. First, this
study was cross-sectional. Second, the actual number of sub-
jects having CAD in very-high HDL-C group was very low
because the number of patients in the very-high group was
small. Third, CCTA is not a gold standard for the evaluation of
CAD, although recent studies have shown that its sensitivity
and specificity were both approximately 95% of those for inva-
sive coronary angiography for the identification of significant
coronary stenosis [24]. A large-scale prospective study will be
needed to address these issues.

In conclusion, high levels of HDL-C at the time of CCTA
for screening were associated with a reduced presence and se-
verity of CAD.
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