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Lack of Association between High-Density
Lipoprotein Cholesterol and Angiographic Coronary
Lesion Severity in Chinese Patients with Low
Background Low-Density Lipoprotein Cholesterol
Chieh-Shou Su,1,2* Kuan-Ju Chen,1* Wayne Huey-Herng Sheu,3,4,5,6 Ya-Ling Yang,7 Tsun-Jui Liu,1,2
Wei-Chun Chang,1,2 Kuo-Yang Wang1,4,8 and Wen-Lieng Lee1,2

Background: The atheroprotective role of high-density lipoprotein (HDL-C) particles as measured by HDL-C level in
coronary arterial disease (CAD) remains unsettled. The aim of our study was to ascertain whether HDL-C was associated
with the development and severity of coronary artery disease in Chinese patients who underwent coronary angiogram
with low background Low-density lipoprotein (LDL-C) levels, which has not been previously investigated.
Methods: Between March 1995 and May 2000, 566 consecutive patients (408 males, 66.7 ± 11.3 years of age) with
background LDL-C less than 100 mg/dl who underwent coronary artery angiography at our cath lab for suspected
CAD were retrospectively recruited into the study. The severity of coronary lesions was measured by conventional
coronary angiography and modified Gensini scores.
Results: In those subjects with significant coronary lesions, there were more males and conventional CAD risk
factors of diabetes mellitus, smoking, and chronic renal disease. They were also older compared to those in the
control group. However, total cholesterol, LDL-C, HDL-C, triglyceride levels and use of statins were similar in both
groups. In those subjects with significant coronary lesions, there was no difference in conventional coronary lesion
severity or modified Gensini score between the quartered HDL-C subgroups. Furthermore, there was no significant
correlation between serum HDL-C level and modified Gensini scores. In linear regression analysis, HDL-C was not an
independent predictor for modified Gensini scores. Furthermore, HDL-C was also not an independent risk factor for
the presence of significant coronary lesions in low LDL-C patients in logistic regression analysis.
Conclusions: In Chinese patients with low background LDL-C, serum HDL-C was not associated with development
of CAD or lesion severity in patients with suspected CAD. Therefore, HDL-C did not appear to be atheroprotective in
these patients.
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INTRODUCTION
Dyslipidemia is a well-known major risk factor for
coronary artery disease (CAD). Low-density lipoprotein
cholesterol (LDL-C) and non-high-density lipoprotein
cholesterol (non-HDL-C) have long been regarded as key
factors in atherogenesis and predictors of CAD.1-4 However, the role of high-density lipoprotein (HDL-C) particles, as measured by HDL-C levels in circulation, in atherogenesis and CAD remains controversial. HDL-C was inversely associated with the prevalence of CAD in some
528
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series,5-7 but low HDL-C was not shown to contribute to
the prevalence of CAD in other studies.8-10 It was estimated that, for every 1 mg/dl increase in HDL-C, there is
a 2-3% decrease in cardiovascular risk.3,9 The putative
atheroprotective effect HDL-C has even been linked with
a lower incidence of myocardial injury or hospitalization
for ischemia in patients with low-LDL-C levels.11 However, several recent clinical studies failed to demonstrate additional benefits of raising HDL-C levels beyond
those obtained by lowering LDL-C using standard statin
therapy.
Although there is a substantial body of research
which focused on the prognostic value of HDL-C for future cardiovascular events, to our knowledge, the possible independent association of HDL-C with the presence
or absence of angiographically documented coronary lesion and lesion severity in patients with low background
LDL-C levels has not been previously investigated. The
present study was intended to investigate the possible
correlation of HDL-C levels with the presence of and
severity of coronary lesions in these subjects.

calcium channel blockers, angiotensin-converting-enzyme inhibitors and angiotensin receptor blockers) were
all collected and recorded. Patients who had a history of
previous myocardial infarction, percutaneous coronary
intervention (PCI) or coronary artery bypass grafting
(CABG) were excluded from the study. Based on the findings of coronary angiography, these patients were divided
into control and significant coronary lesion groups (diameter stenosis  50%). Coronary lesion severity was
further measured by calculating the modified Gensini
scores. Serum total cholesterol, LDL-C, triglyceride, and
HDL-C were also queried from the database. These blood
tests were performed within 24 hours before coronary
angiography (CAG). HDL-C levels in this study were subdivided into high, normal, low, and very low HDL-C subgroups based on HDL-C levels of  60 mg/dl, 40 to 59
mg/dl, 30 to 39 mg/dl and < 30 mg/dl, respectively, as
modified from the classification used in NECP ATP III.12
The patients’ clinical information upon admission was
confirmed by thorough medical chart review.

Coronary artery angiographies
The angiographic measurements were made on a
viewing workstation with software routinely used quantitative analysis of angiograms (Philips Inturis Suite,
R2.2, Philips Medical Systems, USA; Medcon/Horizon/
TCS, Israel). The diagnostic coronary angiogram prior to
coronary intervention was thoroughly reviewed. Significant CAD was defined as a greater than 50% reduction
in diameter in a major epicardial artery. The number of
vessels with CAD was defined as the number of the
three major coronary vessels that had  50% diameter
stenosis; the severity was further evaluated using the
modified Gensini scoring system which has been well
described elsewhere.13 Scoring was performed by two
observers and the scores were averaged.

METHODS
A Windows 2000-based cardiac catheterization report databank which uses data in the hospital information system and contains all angiographic reports was
established in 1994. Additionally, a blood databank
which contains all blood specimens from patients who
underwent different types of cardiac catheterization in
our hospital and who were willing to give informed
consent for research use was set up in 1995. This retrospective study was part of a research program that utilized these two datasets to investigate the effects of
various risk factors in cardiovascular disease. Between
March 1995 and May 2000, consecutive patients who
underwent coronary angiography in our cath lab for
suspected CAD and had background LDL-C less than
100 mg/dl were retrospectively queried from the databases. Patient characteristics including age, gender,
coronary lesion severity (number of diseased coronary
arteries), atherosclerotic risk factors (including hypertension, diabetes mellitus, smoking, dyslipidemia, chronic renal disease) and prescribed medications (including statins, fibrates, antiplatelet agents, beta blockers,

Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD) and categorical variables frequencies and percentages. Differences in the means of continuous variables between groups were tested by independent t-test or analysis of variance as appropriate.
Frequencies were compared by Chi-square test, and correlation analysis was tested by Pearson’s correlation coefficient. Logistic regression was used to estimate the
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were also similar between these two groups. Furthermore, the modified Gensini scores were higher in the
coronary lesion group as well.

odds of CAD risk factors and linear regression was used
to estimate the independent predictors for coronary lesion severity as measured by modified Gensini score. The
variables in univariate analysis included age, sex, body
mass index (BMI), hypertension (HTN), diabetes mellitus
(DM), chronic renal disease, smoking, C-reactive protein
(CRP), HDL-C subgroups and statin, and variables which
were statistically significant in univariate analysis were
tested again in multivariate analysis. Differences were
considered statistically significant if p < 0.05.

Comparisons among the quartered HDL-C subgroups
in patients with CAD
The clinical characteristics of CAG-proven CAD paTable 1. Demographic characteristics of low-LDL patients with
and without significant coronary lesions
Non-significant Significant
lesion
lesion
p value
N = 401
N = 165

RESULTS

Age, years
65 ± 12
Male, N(%)
274 (68.3)
Hypertension, N(%)
190 (47.4)
Diabetes mellitus, N(%)
056 (13.9)
Smoking, N(%)
083 (20.7)
CHF, N(%)
35 (8.7)
CKD, N (%)
36 (9)0.
Body height, cm
162 ± 80
Body weight, kg
064.9 ± 11.6
2
24.7 ± 3.7
Body mass index, kg/m
BP, systolic, mmHg
125 ± 11
BP, diastolic, mmHg
070 ± 10
Total cholesterol, mg/dl
140 ± 26
LDL-cholesterol, mg/dl
073 ± 19
HDL-cholesterol, mg/dl
044 ± 14
HDL-cholesterol subgroup
Very low, <30 mg/dl
054 (13.5)
Low, 30-39 mg/dl
110 (27.4)
Normal, 40-59 mg/dl
189 (47.1)
High,  60 mg/dl
048 (12.0)
Triglyceride, mg/dl
111 ± 67
C-reactive protein, mg/dl
00.7 ± 1.3
Serum creatinine, mg/dl
01.1 ± 0.4
LVEF, %
039 ± 13
Modified Gensini score
00.3 ± 1.0
Medications
Antiplatelet agent (%)
238 (59.3)
ACE-I or ARB (%)
110 (27.4)
CCB (%)
138 (34.4)
Beta blocker (%)
084 (20.9)
Statin (%)
093 (23.2)
Fibrate (%)
054 (13.5)

Patients’ characteristics
Between March 1995 and May 2000, a total of 566
consecutive patients with background LDL-C level less
than 100 mg/dl and without any history of old myocardial infarction, previous PCI and CABG surgery underwent CAG for suspected CAD at our cath lab and were
recruited into the current study. Of these patients, 165
(29.2%) had significant coronary lesions and the remaining 401 (70.8%) did not. The mean age of the entire
population was 66.7 ± 11.3 years and 408 (72.1%) of
them were males. In total, 285 (61.4%) of these patients
had hypertension, 106 (26.9%) diabetes mellitus, and
134 (37.2%) smoking history. The mean body height was
162 ± 8 cm, body weight 64.7 ± 11.6 kg, and body mass
index 24.6 ± 3.7 kg/m2. The mean total cholesterol of
the entire group was 140 ± 26 mg/dl, LDL-C 73 ± 18
mg/dl, HDL-C 45 ± 15 mg/dl, and triglyceride level of
113 ± 68 mg/dl.
Comparison between patients with and without
significant coronary lesions
The clinical characteristics of the patients with and
without significant coronary lesions are presented in Table 1. The significant lesion group was older and had
more males than the non-significant lesion group. In the
significant coronary lesion group, there were more patients with diabetes mellitus and smoking history. CRP
level and serum creatinine were also significantly higher
in the coronary lesion group. However, there was no significant difference in total cholesterol, LDL-C, HDL-C,
triglyceride levels, or quartered HDL-C subgroups between these two groups. The prescribed medications
Acta Cardiol Sin 2015;31:528-535

71 ± 9
< 0.001
134 (81.2) 0.002
095 (57.6) 0.274
050 (30.3) < 0.001
051 (30.9) 0.001
029 (17.6) 0.003
039 (23.6) < 0.001
163 ± 800 0.345
64.4 ± 11.7 0.700
24.3 ± 3.70 0.226
123 ± 110 0.211
69 ± 10
0.373
141 ± 250 0.406
73 ± 19
0.686
46 ± 15
0.189
0.411
024 (14.5)
035 (21.2)
081 (49.1)
025 (15.2)
116 ± 700 0.469
1.4 ± 2.0 < 0.001
1.3 ± 0.6 < 0.001
36 ± 11
0.116
22.7 ± 30.8 < 0.001
105 (63.6)
051 (30.9)
057 (34.5)
036 (21.8)
033 (20.0)
018 (10.9)

0.343
0.405
0.976
0.818
0.407
0.407

ACE-I, angiotensin converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BP, blood pressure; CCB, calcium
channel blocker; CHF, congestive heart failure; CKD, chronic
kidney disease; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; LVEF, left ventricular ejection fraction.
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HDL-Cholesterol and Coronary Lesion Severity

univariate analysis. However, only age and DM were
found to be independent risk factors for the presence of
significant coronary lesions in multivariate analysis in
our patients with low background LDL-C (Table 3).

tients in the quartered HDL-C subgroups are presented
in Table 2. The left ventricular ejection fraction (LVEF)
was higher in the high HDL-C subgroup than that in the
very low and low HDL-C subgroups. Although the prevalence of diabetes mellitus was higher in the very low
HDL-C subgroup than that in the other three subgroups,
hypertension and history of smoking were similar in all
three subgroups. There were significant differences in
the total cholesterol levels among the four groups. However, there were no significant differences in modified
Gensini scores (18.9 ± 22.5 vs. 21.9 ± 29.5 vs. 23.8 ±
33.9 vs. 23.9 ± 30.8, p = 0.942 among very low, low, normal, and high HDL-C subgroups, respectively) or the
number of CAD vessels among the four subgroups.

HDL-C and modified Gensini scores in patients with
CAD
Pearson’s correlation analysis revealed that modified Gensini scores were not related to HDL-C level
(Pearson’s r = 0.052, p = 0.557) (Figure 1). In the linear
regression analysis model, neither age, gender, HTN,
DM, CRP, BMI, smoking, statin or HDL-C subgroup were
found to be independent predictors for CAD severity as
measured by modified Gensini score in either univariate
or multivariate analysis (Table 4).

Predictors for the presence of significant coronary
lesions
In the logistic regression analysis, age, male sex,
DM, chronic kidney disease (CKD), CRP and smoking
were all found to be independent predictors of CAD in

DISCUSSION
In this study we found that in patients with low

Table 2. Demographic characteristics of low LDL-C CAD patients in quartered HDL-C groups (N=165)
HDL category (mg/dl)

Age, years (mean ± SD)
Male, N(%)
Hypertension, N(%)
Diabetes mellitus, N(%)
Smoking, N(%)
CHF, N(%)
Body height, cm
Body weight, kg
Body mass index, kg/m2
BP, systolic, mmHg
BP, diastolic, mmHg
Total cholesterol, mg/dl
LDL-cholesterol, mg/dl
Triglyceride, mg/dl
Serum creatinine, mg/dl
C-reactive protein, mg/dl
Modified Gensini score
Number of CAD
One-vessel disease
Two-vessel disease
Three-vessel disease
LVEF, %

Very low (< 30)
N = 24

Low (30-39)
N = 35

Normal (40-59)
N = 81

High ( 60)
N = 25

p value

70 ± 9
16 (66.7)
12 (50)
12 (50)*
3 (12.5)
5 (20.8)
161 ± 8
65.2 ± 14.7
24.8 ± 4.30
122 ± 110
67 ± 12
122 ± 25*
72 ± 24
137 ± 590
1.3 ± 0.5
1.6 ± 2.1
18.9 ± 22.5

72 ± 8
32 (91.4)
21 (60)
08 (22.9)
08 (22.9)
6 (17.1)
162 ± 8
62.4 ± 8.6
24.0 ± 3.2
123 ± 13
69 ± 8
#
#
139 ± 21
080 ± 15
121 ± 80
01.3 ± 0.7
01.0 ± 1.6
021.9 ± 29.5

71 ± 9
68 (83.9)
47 (58.0)
23 (28.4)
31 (38.3)
16 (19.8)
164 ± 70
65.8 ± 11.2
24.4 ± 3.7
123 ± 10
070 ± 10
‡
‡
144 ± 22
072 ± 17
0112 ± 71
01.2 ± 0.5
01.3 ± 1.9
023.8 ± 33.9

75 ± 7
18 (72)
15 (60)
07 (28)
09 (36)
2 (8)
161 ± 10
061.8 ± 13.4
23.6 ± 3.7
126 ± 10
068 ± 12
157 ± 24
066 ± 21
103 ± 58
01.2 ± 0.6
02.1 ± 2.3
023.9 ± 30.8

0.164
0.060
0.905
0.030
0.102
0.505
0.279
0.434
0.696
0.668
0.613
< 0.001 <
0.054
0.326
0.850
0.139
0.942
0.123

16 (66.7)
05 (20.8)
03 (12.5)
†
†
34 ± 11

23 (65.7)
2 (5.7)
10 (28.6)
#
#
32 ± 11

47 (58)0.
22 (27.2)
12 (14.8)
036 ± 11

16 (64)
05 (20)
04 (16)
42 ± 8

0.046

BP, blood pressure; CHF, congestive heart failure; CKD, chronic kidney disease; LDL, low-density lipoprotein; LVEF, left ventricular
ejection fraction.
* p < 0.05, very low HDL-C group compared to low, normal and high HDL-C group. # p < 0.05, low HDL-C group compared to high
HDL-C group. † p < 0.05, very low HDL-C group compared high HDL-C group. ‡ p < 0.05, normal HDL-C group compared high HDL-C
group.
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Table 3. Logistic regression analysis for predictors of significant coronary lesions in low LDL-cholesterol patients
OR

95%CI

p value

OR

95%CI

p value

Variables
Univariate logistic regression
Male
Age
BMI
DM
HTN
CKD
CRP
Smoking
Statin
HDL-C subgroup
30-39 mg/dl
40-59 mg/dl
 60 mg/dl

Multivariate logistic regression

2.00
1.07
0.97
2.32
1.26
3.14
1.30
2.16
0.83

1.29-3.12
1.04-1.09
0.91-1.02
1.47-3.68
0.84-1.89
1.91-5.15
1.16-1.45
1.35-3.46
0.77-1.89

0.002
< 0.001 <
0.226
< 0.001 <
0.275
< 0.001 <
< 0.001 <
0.001
0.407

1.76
1.06

0.79-3.90
1.02-1.09

0.166
0.001

2.90

1.46-5.77

0.002

1.89
1.12
1.44

0.82-4.38
0.91-1.36
0.71-2.93

0.135
0.288
0.307

00.726
0.96
1.17

0.39-1.32
0.56-1.67
0.59-2.32

0.285
0.896
0.648

0.64
0.92
1.45

0.21-1.98
0.34-2.44
0.45-4.64

0.438
0.859
0.535

Covariates included in the univariate logistic regression analysis were age, sex, BMI, HTN, DM, smoking, CRP, CKD and HDL-C
subgroup and statin. Covariates included in the multivariate logistic regression analysis included sex, age, smoking, DM, CKD, CRP
and HDL-C subgroup.
BMI, body mass index; CKD, chronic kidney disease; CRP, C-reactive protein; DM, diabetes mellitus; HDL, high-density lipoprotein;
HTN, hypertension; OR, odds ratio; 95% CI, 95% confidence interval.

Table 4. Linear regression analysis for predictors of coronary
lesions severity measured by modified Gensini score in
low LDL-cholesterol CAD patients
Univariate
Variables

Figure 1.
C level.

Female
Age
BMI
HTN
DM
Smoking
Statin
CRP
HDL-C subgroup

The relationship between modified Gensini scores and HDL-

B

SE

-6.037
-0.496
0.633
-3.881
-5.983
-6.256
-6.909
-0.681
-1.799

7.211
0.321
0.879
6.120
6.525
5.976
6.566
1.466
3.096

p value

95% CI

0.404
0.125
0.473
0.527
0.361
0.298
0.295
0.643
0.562

(-20.304, 8.231)
(-1.131, 0.139)
(-1.111, 2.376)
(-8.239, 16.002)
(-6.961, 18.927)
(-5.643, 18.155)
(-19.902, 6.084)
(-3.582, 2.220)
(-4.326, 7.925)

Covariates included in the model were age, sex, BMI, HTN, DM,
smoking, CRP, HDL-C subgroup and statins.
BMI, body mass index; CRP, C-reactive protein; DM, diabetes
mellitus; HDL, high-density lipoprotein; HTN, hypertension;
95% CI, 95% confidence interval.

background LDL-C, HDL-C levels could not differentiate
patients with significant coronary lesions from those
without such lesions. Also, HDL-C was not correlated
with coronary lesion severity as measured by modified
Gensini scores, and not an independent risk factor for
either significant CAD or coronary lesion severity.
Dyslipidemia is one of the major risk factors for
CAD. Deposition of atherogenic lipoproteins in the vesActa Cardiol Sin 2015;31:528-535

Coefficients

sel wall contributes to atherosclerosis, leading to progressive narrowing of coronary artery lumen or rupture
of atherosclerotic plaques, which can ultimately result
in cardiovascular events. LDL-C has conventionally been
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study29 concluded that the combination of fenofibrate
and simvastatin did not reduce the rate of fatal cardiovascular events, nonfatal myocardial infarction, or nonfatal stroke by raising HDL-C, as compared with rates attained using simvastatin alone. In the TNT trial, the association between HDL-C and 5-year major adverse cardiac events rates was not linear with higher HDL-C, thus
attesting to a lack of better protective effects of HDL-C
under statin therapy.17,30 Furthermore, the cardioprotective effects of atorvastatin were also not proportional
to the rise in HDL-C either.30 It is possible that the mixed
findings could be attributed to the heterogeneous
HDL-C particle functions, the different groups of participants studied,5-7,31 the different lipid-lowering agents
used in the treatment studies,7,31 the delayed effects of
raising HDL-C levels, 28 or different functionalities of
HDL-C particles as raised by pharmacologic or natural
means. Concordant with these studies, our study also
failed to demonstrate an association between HDL-C
level and the presence of significant coronary lesions or
lesion severity in low LDL-C patients who were suspected to have CAD. Our study findings suggest that the
protective effect of HDL-C might be attenuated or unimportant when LDL-C levels were in or had been brought
under optimal control, i.e., less than 100 mg/dl.

regarded as the key factor in atherogenesis and current
guidelines recommend reducing LDL-C to below 70 mg/
dl in patients with established CAD, PAD, or diabetes.14
However, there remains a risk of cardiovascular event of
between 8.7% and 22.4%15-18 even after optimal control
of LDL-C has been achieved. Numerous studies have recognized the existence of relationships between cardiovascular risk and other lipids, most notably HDL-C and
TG.5-7,19
The anti-atherogenetic effects of HDL-C particles
could be due to the combined effects of different mechanisms, including antioxidative, anti-inflammatory,
antithrombotic, anti-apoptotic, and atheroprotective effects.20-25 HDL-C particles are involved in reverse cholesterol transport to remove excessive cholesterol from peripheral tissues, and this process is thought to be the
major contribution of HDL-C in atheroprotection. The
cholesterol efflux from peripheral tissues to HDL-C particles involves several pathways.26 However, the roles of
HDL-C particles in atherogenesis and CAD are still controversial. In short, HDL-C levels are a measurement of
cholesterol content of the HDL-C particles, and therefore could be used as an indirect measurement of the
numbers of circulating HDL-C particles. HDL-C was inversely associated with the prevalence of CAD in some
series,5-7 but was found to be correlated with the prevalence of CAD in others.8-10 Albert et al.5 reported that
HDL-C was inversely associated with the prevalence of
CAD. Hsia et al.6 found lower HDL-C levels in patients
with CAD, but there were no significant differences in
HDL-C among patients with one, two, or three diseased
vessels. Notably, LDL-C levels in the aforementioned
positive studies were higher than 100 mg/dl, which is
currently recognized as the ideal target value in various
guidelines, and was used as the exclusion criterion in
the current study. In contrast, several recent clinical
studies failed to demonstrate additional benefits of raising HDL-C levels beyond that achieved by lowering LDL-C
with standard statin therapy. 27-29 In the ILLUMINATE
study,27 torcetrapib, a cholesteryl ester transfer protein
inhibitor used to raise HDL-C levels, failed to reduce CV
risk but actually caused an increase in CV deaths. The
AIM-HIGH study28 also failed to demonstrate an incremental benefit of raising HDL-C by niacin among patients with atherosclerotic CVD and on-treatment LDL-C
values of < 70 mg/dl. Furthermore, the ACCORD Lipid

Study limitations
There were several limitations in our study. First of
all, this was a retrospective and nonrandomized study
and subject to all the limitations inherent in the study
design. Secondly, although we found that the HDL-C was
not associated with the development of CAD or its severity in patients with LDL-C level less than 100 mg/dl,
the mechanism of this lack of association was not really
understood or addressed here. This suggests that more
studies are necessary in the future to help understand
the real mechanisms.

CONCLUSIONS
In summary, in this study we found that in Chinese
patients with low background LDL-C and suspected CAD,
serum HDL-C was not associated with development of
CAD, number of diseased coronary vessels, or coronary
lesion severity in those subjects who had significant
533
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coronary lesions. The atheroprotective role of HDL-C in
CAD did not appear to be significant in those patients
with low treated or non-treated LDL levels.
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