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Abstract

Background: To evaluate the relationship between the low-density lipoprotein cholesterol (LDL-C)/high-density
lipoprotein cholesterol (HDL-C) ratio and HDL subclass distribution and to further examine and discuss the
potential impact of LDL-C and HDL-C together with TG on HDL subclass metabolism.

Results: Small-sized preb1-HDL, HDL3b and HDL3a increased significantly while large-sized HDL2a and HDL2b
decreased significantly as the LDL-C/HDL-C ratio increased. The subjects in low HDL-C level (< 1.03 mmol/L) who
had an elevation of the LDL-C/HDL-C ratio and a reduction of HDL2b/preb1-HDL regardless of an undesirable or
high LDL-C level. At desirable LDL-C levels (< 3.34 mmol/L), the HDL2b/preb1-HDL ratio was 5.4 for the subjects
with a high HDL-C concentration (≥ 1.55 mmol/L); however, at high LDL-C levels (≥ 3.36 mmol/L), the ratio of
LDL-C/HDL-C was 2.8 in subjects, and an extremely low HDL2b/preb1-HDL value although with high HDL-C
concentration.

Conclusion: With increase of the LDL-C/HDL-C ratio, there was a general shift toward smaller-sized HDL particles,
which implied that the maturation process of HDL was blocked. High HDL-C concentrations can regulate the HDL
subclass distribution at desirable and borderline LDL-C levels but cannot counteract the influence of high LDL-C
levels on HDL subclass distribution.

Introduction
Lipid abnormalities have long been suspected to contri-
bute to atherosclerosis (As); there is overwhelming evi-
dence [1,2] that an elevated low-density lipoprotein
cholesterol (LDL-C) concentration in plasma is athero-
genic, whereas a higher high-density lipoprotein choles-
terol (HDL-C) level is cardioprotective [2-4]. A series of
studies suggested that the use of the ratio of LDL-C to
HDL-C is superior to the use of HDL-C or LDL-C
alone [5] and that the ratio of LDL-C/HDL-C may

provide better risk assessment by concurrently account-
ing for both atherogenic and protective lipid fractions.
The cardioprotective effect of HDL has been largely

attributed to its role in reverse cholesterol transport
(RCT), wherein excessive cholesterol is conveyed from
peripheral tissues to the liver and steroidogenic organs.
HDL encompasses a heterogeneous class of lipoproteins.
Differences in the quantitative and qualitative content of
lipids, apolipoproteins (apos), and enzymes result in the
presence of various HDL subclasses, which are charac-
terized by differences in size, shape, charge and antigen-
city [6]. Using two-dimensional gel electrophoresis
coupled with immunoblotting, HDL can be divided into
large, cholesterol-rich (HDL2a and HDL2b), small, lipid-
poor (HDL3c, HDL3b, HDL3a, and preb1-HDL) and
preb2-HDL. It has been postulated that RCT indeed is
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the smallest preb1-HDL that adsorbs free cholesterol
efficiently from the cell membrane, is then transformed
by the action of lecithin-cholesterol acyltransferase
(LCAT), and is finally remodeled further by the activities
of other plasma factors, such as hepatic lipase (HL),
cholesterol ester transfer protein (CETP), and lipopro-
tein lipase (LPL), such that the nascent lipid-poor preb1-
HDL is converted into mature, cholesterol-rich, spheri-
cal HDL2, following the pathway of preb1-HDL ®
preb2-HDL ® preb3-HDL ® HDL3 ® HDL2 [7-9]. The
distribution of HDL subclasses can effectively reflect the
efficiency of RCT and may directly impact the athero-
genic progress.
Some investigators have reported the impaired conver-

sion of preb1-HDL to a-migrating HDL, thereby ham-
pering RCT and likely contributing significantly to the
high frequency of cardiovascular disease (CVD) occur-
rence in hemodialysis patients [10]; and other research
has shown that concentrations of HDL2 are directly
related to the efficiency in the clearance of triglyceride-
rich fractions and exhibit the strongest negative correla-
tion with both the advent and the extent of coronary
atherosclerosis [11-13].
We have previously investigated the impact of plasma

lipids together with their ratios on HDL subclass distri-
bution and found that the particle size of HDL became

smaller with the rise in plasma triglyceride (TG), TC,
LDL-C levels, and TG/HDL-C along with total choles-
terol (TC)/HDL-C ratios or with the fall of HDL-C levels
[14-17]. Although the ratio of LDL-C/HDL-C shows pro-
mises as an attractive surrogate index of the atherogeni-
city of the plasma lipid profile, few data with regard to
the association between the LDL-C/HDL-C ratio and the
pattern of HDL subclass distribution are available. In this
work, we evaluated the correlation between lipid vari-
ables, mainly the LDL-C/HDL-C ratio and the HDL sub-
class distribution profile in the Chinese population. HDL
characterized by particle size could provide an important
key to interpreting the effects of lipid parameters on
HDL-related coronary heart disease (CHD) risk.

Results
Concentrations of plasma lipids, lipoproteins,
apolipoproteins and the contents of HDL subclasses
classified based on values of LDL-C to HDL-C
Characteristics of subgroups classified based on the
LDL-C/HDL-C ratio were presented in Table 1. The
concentrations of TG, TC, LDL-C and apoB-100 along
with the ratios of TG/HDL-C, TC/HDL-C, and LDL-C/
HDL-C increased successively; however, those of HDL-
C and apoA-I decreased progressively with the elevation
of the LDL-C/HDL-C ratio.

Table 1 Concentrations of plasma lipids, lipoproteins, and contents of HDL subclasses according to category of LDL-C/
HDL-C ratio

LDL-C/HDL-C≤2.3 2.3<LDL-C/HDL-C≤3.9 3.9<LDL-C/HDL-C≤4.6 LDL-C/HDL-C>4.6

N 166 261 48 35

Age(y) 56.0 ± 9.4 56.6 ± 9.6 57.4 ± 9.1 58.1 ± 8.6

BMI(kg/m2) 22.6 ± 2.8 23.9 ± 3.0 24.6 ± 2.9a* 25.0 ± 3.6a*

TG(mmol/L) 1.7 ± 0.2 2.1 ± 0.3a† 2.4 ± 0.5a§b† 2.8 ± 0.4a§b§c†

TC(mmol/L) 5.0 ± 0.3 5.6 ± 0.5a† 6.4 ± 0.8a§b† 6.9 ± 0.7a§b§c†

LDL-C(mmol/L) 2.5 ± 0.4 3.5 ± 0.5a† 4.3 ± 0.5a§b† 4.7 ± 0.7a§b§c*

HDL-C(mmol/L) 1.5 ± 0.2 1.2 ± 0.3a§ 0.9 ± 0.2a§b§ 0.7 ± 0.2a§b§c†

TG/HDL-C 1.6 ± 0.3 2.2 ± 0.4a† 2.8 ± 0.4a§b† 3.6 ± 0.5a§b§c†

TC/HDL-C 3.5 ± 0.7 5.0 ± 1.0a§ 6.7 ± 0.8a§b§ 8.2 ± 1.2a§b§c§

LDL-C/HDL-C 1.7 ± 0.5 3.0 ± 0.4a§ 4.4 ± 0.4a§b§ 5.6 ± 1.0a§bc§§

ApoA-I (mg/L) 1364.1 ± 114.2 1244.7 ± 109.2a† 1221.9 ± 105.8a† 1120.2 ± 116.9a§b†c†

ApoB100(mg/L) 803.6 ± 82.7 921.2 ± 89.0a† 1087.9 ± 90.3a§b† 1198.4 ± 93.2a§b§c†

Preb1-HDL(mg/L) 81.2 ± 20.2 103.1 ± 25.7a* 121.9 ± 27.3a†b* 144.0 ± 35.9a§b†c*

Preb2-HDL(mg/L) 59.6 ± 15.3 62.2 ± 19.3 67.1 ± 17.5 68.8 ± 22.0

HDL3c(mg/L) 72.2 ± 21.6 74.9 ± 25.1 78.9 ± 21.6 83.9 ± 20.1

HDL3b(mg/L) 140.8 ± 34.5 149.8 ± 37.8 173.4 ± 35.3a†b* 217.2 ± 33.1a†b§c†

HDL3a(mg/L) 274.9 ± 47.5 298.3 ± 58.3a* 314.7 ± 90.7a†b* 368.0 ± 92.1a§b§c†

HDL2a(mg/L) 314.3 ± 81.7 291.0 ± 50.6a* 250.8 ± 35.1a§b† 213.2 ± 24.8a§b§c†

HDL2b(mg/L) 387.3 ± 95.7 313.4 ± 79.7a§ 261.7 ± 39.8a§b§ 205.8 ± 29.2a§b§c§

Values are expressed as Mean ± S.D

*P < 0.05, †P < 0.01, §P < 0.001
aSignificantly different from LDL-C/HDL-C≤2.3 group
bSignificantly different from 2.3<LDL-C/HDL-C≤3.9 group
cSignificantly different from 3.9<LDL-C/HDL-C≤4.6 group
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The HDL subclass distribution profile was character-
ized by elevated contents of small-sized preb1-HDL,
HDL3b and HDL3a, whereas there was a reduction in the
contents of large-sized HDL2a and HDL2b with the ele-
vation of the LDL-C/HDL-C ratio.

Characteristics of plasma apoA-I contents of HDL
subclasses among subjects categorized by TG levels (2.26
mmol/L) and LDL-C/HDL-C ratio (3.5)
As Table 2 shows, the contents of preb1-HDL and
HDL3a were significantly lower, while the concentrations
of HDL2a and HDL2b were significantly higher for sub-
jects in the LDL-C/HDL-C < 3.5 group, compared with
their counterparts in the LDL-C/HDL-C ≥3.5 group.
Both in the LDL-C/HDL-C < 3.5 and LDL-C/HDL-C

≥3.5 groups, small-sized preb1-HDL and HDL3a

increased; however, large-sized HDL2a and HDL2b

decreased more in the TG ≥2.26 mmol/L subgroup than
in the corresponding TG < 2.26 mmol/L subgroup.
In addition, in the TG < 2.26 mmol/L and TG ≥ 2.26

mmol/L groups, the contents of preb1-HDL (except TG
≥ 2.26 mmol/L group) and HDL3a increased signifi-
cantly; in contrast, those of HDL2a and HDL2b decreased
significantly in the LDL-C/HDL-C ≥ 3.5 group com-
pared with in the LDL-C/HDL-C < 3.5 group.

ApoA-I contents of plasma HDL subclasses according to
plasma LDL-C and HDL-C concentrations among subjects
As shown in Figure 1, compared to the low HDL-C (<
1.03 mmol/L) subgroup, preb1-HDL decreased signifi-
cantly but HDL2b increased significantly in the corre-
sponding middle HDL-C (1.03-1.52 mmol/L) and high
HDL-C (≥ 1.55 mmol/L) subgroups, both in desirable
LDL-C (< 3.34 mmol/L) and borderline LDL-C (3.36-
4.11 mmol/L) groups. On the contrary, in the high
LDL-C (≥ 4.14 mmol/L) group, preb1-HDL (high HDL-
C subgroup) and HDL2b contents were markedly higher

in the middle and high HDL-C subgroups than in the
corresponding low HDL-C subgroup.
Moreover, in the borderline and high LDL-C groups, a

reduction of preb1-HDL and HDL2b contents was evi-
dent in the low HDL-C subgroup; in contrast, the con-
tents of preb1-HDL were obviously higher in the middle
(high LDL-C group) and high HDL-C subgroups, while
HDL2b was significantly lower for the middle and high
HDL-C subgroups only in the high LDL-C group in
comparison with the corresponding HDL-C subgroup in
the desirable LDL-C group.

Correlation coefficients between plasma lipids, ratios of
lipids, and the apoA-I contents of HDL subclasses
(controlling for TG)
After controlling for TG levels, correlation analysis
results revealed that TC and LDL-C levels were posi-
tively correlated with preb1-HDL and HDL3 (HDL3c,
HDL3b, HDL3a) but negatively correlated with HDL2a
(TC) and HDL2b. The ratios of TC/HDL-C and LDL-C/
HDL-C were significantly positively correlated with
preb1-HDL but inversely correlated with HDL2a and
HDL2b. Additionally, the HDL-C concentration was
positively related to all HDL subclasses (Table 3).

Relationship of plasma apoA-I contents of HDL subclasses
with levels of lipids, and ratios of lipids by multivariate
stepwise regression analysis
To obtain a more complete understanding of the deter-
minants of HDL subclass distribution, we performed
stepwise multivariate regression analysis with the con-
tents of all HDL subclass as dependent variables and the
levels of TC, LDL-C, and HDL-C along with the ratios
of TC/HDL-C and LDL-C/HDL-C as independent
variables.
Table 4 shows that the contents of preb1-HDL,

HDL3b, HDL3a as well as HDL2a and HDL2b were

Table 2 The apoA-I contents of plasma HDL subclasses according to values of LDL-C/HDL-C along with TG levels

LDL-C/HDL-C<3.5 LDL-C/HDL-C≥3.5

Total TG<2.26mmol/L TG≥2.26mmol/L Total TG<2.26mmol/L TG≥2.26mmol/L

N 386 249 137 124 50 74

Preb1-HDL(mg/L) 105.3 ± 20.2 80.4 ± 19.2 134.2 ± 25.5b§ 120.8 ± 24.4a* 107.9 ± 21.9c* 127.8 ± 24.4b*

Preb2-HDL(mg/L) 56.9 ± 10.8 56.6 ± 10.9 57.2 ± 13.4 59.9 ± 11.2 57.1 ± 11.4 465.0 ± 15.8

HDL3c(mg/L) 74.1 ± 19.7 73.4 ± 21.9 74.7 ± 21.0 75.0 ± 20.6 72.2 ± 19.8 76.9 ± 19.5

HDL3b(mg/L) 148.0 ± 25.9 145.2 ± 27.4 151.1 ± 28.6 150.0 ± 26.3 149.8 ± 24.4 163.8 ± 29.0

HDL3a(mg/L) 283.5 ± 34.6 241.5 ± 30.1 297.5 ± 70.8b† 309.2 ± 32.5a* 286.9 ± 66.9c* 336.3 ± 38.9b§c†

HDL2a(mg/L) 287.2 ± 29.0 320.8 ± 56.4 255.6 ± 31.0b§ 243.7 ± 29.1a† 275.1 ± 29.1c† 210.8 ± 29.2b*c†

HDL2b(mg/L) 339.3 ± 41.7 374.7 ± 81.5 305.1 ± 35.1b§ 260.2 ± 28.9a§ 302.9 ± 78.9c§ 221.1 ± 21.5b†c

Values are expressed as Mean ± S.D

*P < 0.05, †P < 0.01, §P < 0.001
aCompared with the Total subgroup within the LDL-C/HDL-C<3.5 group
bCompared with the TG<2.26mmol/L subgroup within the same LDL-C/HDL-C ratio group
cCompared with the LDL-C/HDL-C<3.5 subgroup within the same TG level group
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Figure 1 The apoA-I contents of preb1-HDL and HDL2b according to the concentrations of LDL-C and HDL-C. Values are expressed as
means. The values in the < > denote the LDL-C/HDL-C ratio; n: numbers; *P < 0.05, **P < 0.01, ***P < 0.001, compared with the HDL-C < 1.03
mmol/L subgroup within the same LDL-C group. §P < 0.05, §§P < 0.01, §§§P < 0.001, compared with the same HDL-C subgroup within the LDL-C
< 3.34 mmol/L group

Table 3 Correlation coefficients between plasma lipids along with lipids ratios and apoA-I contents of HDL subclasses

Preb1-HDL Preb2-HDL HDL3c HDL3b HDL3a HDL2a HDL2b
Correlation
Coefficient

P Correlation
Coefficient

P Correlation
Coefficient

P Correlation
Coefficient

P Correlation
Coefficient

P Correlation
Coefficient

P Correlation
Coefficient

P

TC .395 .000 .110 .013 .217 .000 .289 .000 .110 .013 -0.117 .008 -.154 .001

LDL-C .382 .000 .059 .184 .159 .000 .240 .000 .095 .032 .015 .743 -.228 .000

HDL-C .150 .001 .131 .003 .164 .000 .141 .001 .099 .030 .187 .000 .270 .000

TC/
HDL-C

.138 .002 -.036 .414 -.013 .768 .017 .699 .026 .555 -.174 .000 -.303 .000

LDL-C/
HDL-C

.178 .000 -.034 .439 .008 .859 .043 .338 .034 .440 -.160 .000 -.301 .000
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significantly and independently predicted by the ratios of
TC/HDL-C and LDL-C/HDL-C. Furthermore, TC was a
significant independent negative predictor of the larger
sizes of HDL2a and HDL2b; LDL-C was associated posi-
tively with the smaller sizes of HDL3b and HDL3a, in
addition to the ratios of TC/HDL-C and LDL-C/HDL-
C. The levels of TC, HDL-C, and LDL-C also made a
significant contribution to preb1-HDL, preb2-HDL and
HDL3c.

Discussion
Increased levels of LDL-C and reduced levels of HDL-C
are considered highly atherogenic. The LDL-C/HDL-C
ratio possessed more prognostic value than LDL-C and
HDL-C alone. In several studies, the LDL-C/HDL-C
ratio has emerged as the best single lipid predictor of
CHD risk [18]. Previous reports from the Monitored
Atherosclerosis Regression Study (MARS) indicated that
the LDL-C/HDL-C ratio was significantly associated
with the progression of both low-grade and high-grade
coronary artery lesions [19]. At the same time, the data
showed that for every 1% reduction in the LDL-C/HDL-

C ratio, there was a 31% reduction in the risk of a
major cardiovascular event (MCVE) [20].
Total HDL in humans consists of several major and

minor particle subclasses, where not all the HDL sub-
class particles have the same antiatherogenic potential.
Minor variations in HDL subclass particle distribution
might potentially cause larger variations in the coronary
risk [21]. Some studies have demonstrated that both the
severity and progression of CAD are related to the
plasma concentration of individual HDL subclasses [22].
Thus, in this work, we mainly clarified the influence of
the LDL-C/HDL-C ratio on HDL subclass distribution
phenotype, which could have important implications.
According to the assessment from the Quebec Cardio-

vascular Study and calculated odds ratios for ischemic
heart disease (IHD), increased IHD risk in the 3.9 to 4.6
and > 4.6 subgroups of the LDL-C/HDL-C ratio (odds
ratio 3.4 and 3.7, respectively) compared with IHD odds
ratio for the ≤ 2.3 along with the 2.3 to 3.9 LDL-C/
HDL-C subgroups were 1.0 and 1.9, respectively [23].
Results from the current study revealed that, when
accompanied by the elevation of the LDL-C/HDL-C

Table 4 Multiple stepwise regression correlation between contents of plasma HDL subclasses and concentrations of
lipids along with ratios of lipids

Unstandardized Coefficients Standardized Coefficients t p

B Std. Error Beta

Preb1-HDL(mg/dL) LDL-C/HDL-C 29.39 2.97 .749 9.89 .000

TC 29.32 2.83 .606 10.36 .000

TC/HDL-C 15.75 1.79 .555 5.63 .000

HDL-C 32.33 3.02 .292 3.58 .000

Preb2-HDL(mg/dL) TC 6.59 0.73 .282 3.67 .000

LDL-C 4.49 0.51 .201 2.61 .009

HDL3c(mg/dL) TC 6.15 0.37 .195 4.48 .000

HDL-C 9.37 0.54 .130 2.98 .003

HDL3b(mg/dL) TC/HDL-C 28.37 2.42 .831 2.72 .007

LDL-C/HDL-C 46.86 4.14 .993 3.31 .001

LDL-C 47.58 2.67 .854 3.24 .001

HDL3a(mg/dL) TC/HDL-C 28.93 3.26 .535 4.62 .000

LDL-C/HDL-C 42.56 4.01 .569 3.87 .000

LDL-C 21.46 2.04 .243 3.05 .002

HDL2a(mg/dL) TC/HDL-C -26.60 3.77 -.566 -7.06 .000

LDL-C/HDL-C -14.36 1.56 -.221 -2.58 .000

TC -13.66 1.19 -.171 -3.60 .010

HDL2b(mg/dL) TC/HDL-C -55.52 5.16 -.801 -10.76 .000

LDL-C/HDL-C -41.08 3.61 -.429 -5.39 .000

TC -12.68 1.15 -.107 -2.44 .015
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ratio, the contents of small-sized preb1-HDL, HDL3a,
and HDL3b increased progressively but those of large-
sized HDL2a and HDL2b decreased progressively. In the
LDL-C/HDL-C ≤ 2.3 group, the contents of preb1-HDL
and HDL2b were 81.2 ± 20.2 and 387.3 ± 95.7 mg/dL,
respectively. It is noteworthy that large-sized HDL2a and
HDL2b occupied approximately 52.7% of the contents of
HDL subclasses, the ratio of HDL2b/preb1-HDL was
approximately 4.8 in the LDL-C/HDL-C ≤ 2.3 group,
and the distribution pattern of HDL subclass was con-
sistent with the normolipidemic subjects in our previous
report [15]. Compared with the LDL-C/HDL-C ≤ 2.3
group, an increase (27%, 50%, and 77%) in preb1-HDL
and a decrease (24%, 48%, and 88%) in HDL2b were
found in the 2.3 < LDL-C/HDL-C ≤ 3.9, 3.9 < LDL-C/
HDL-C ≤ 4.6 and LDL-C/HDL-C > 4.6 groups,
respectively.
The description of HDL subclass distribution remodel-

ing above might result from increased LDL-C and TG
and decreased HDL-C levels. Many previous studies
have indicated that enhanced CETP and HL activities
are correlated with various levels of HDL-C[24,25].
CETP exchanges cholesteryl esters (CE) of HDL2 with
TGs of very low density lipoprotein (VLDL) and LDL.
The HDL-derived CE is removed from the circulation
via the LDL receptor pathway. TGs in HDL are hydro-
lyzed by HL. The concerted action of CETP and HL
converts larger HDL2 into smaller HDL3 and releases
lipid-free apoA-I and/or preb1-HDL [26-28]. On the
other hand, a significant increase in TG levels with a
rise in the LDL-C/HDL-C ratio was also observed in
this study. It has been reported that high levels of TG
are associated with impaired LPL and LCAT activities
[29,30]. LPL is principally responsible for the hydrolysis
of TGs in TG-rich lipoprotein (TRL) and the release of
free fatty acids, transforming large TRL particles into
smaller TG-depleted remnant lipoproteins. During this
process, redundant surface lipid (FC and PL) and apos
are transferred from TRL to HDL3, resulting in the for-
mation of HDL2 particles. LCAT plays an important
role in the maturation of nascent to mature HDL cata-
lyzed by the transfer of 2-acyl groups from lecithin to
FC, generating CE and lysolecithin. Hydrophobic CE is
retained in the HDL core, promoting the conversion of
preb1-HDL and HDL3 to HDL2. Thus, it has been sug-
gested that a high LDL-C/HDL-C ratio is associated
with low levels of large-sized HDL2 and generally with
small-sized HDL particles.
Furthermore, several prospective studies [31,32] have

revealed that a high LDL-C/HDL-C ratio combined with
hypertriglyceridemia (HTG) is associated with the high-
est incidence of CHD. Castelli, et al. [33] observed that
the average LDL-C/HDL-C ratio for people without
CHD was below 3.4, while the ratio values for patients

with excessive rates of CHD were at least 3.5. It is com-
monly thought that a desirable ratio of LDL-C/HDL-C
is 3.5, which has been used as an indicator of coronary
atherosclerosis [33]. Thus, in this context, we selected
values of 3.5 for the LDL-C/HDL-C ratio and 2.26
mmol/L for TG, based on ATP-III guidelines, as critical
cut-off points to examine the joint effect of the LDL-C/
HDL-C ratio together with TG levels on the change in
HDL subclass distribution.
The present results show increased contents of small-

sized preb1-HDL and HDL3a and decreased contents of
large-sized HDL2a, and HDL2b in the LDL-C/HDL-C ≥
3.5 group versus the LDL-C/HDL-C < 3.5 group, which
indicated that the metabolism of HDL subclasses in the
LDL-C/HDL-C ≥ 3.5 group was abnormal. In addition,
there are 249 subjects, accounting for almost half of the
total subjects in the TG < 2.26 mmol/L along with the
LDL-C/HDL-C < 3.5 group; furthermore, the distribu-
tion of HDL subclass was also concordant with normoli-
pidemic subjects from our previous study. On the
contrary, the HDL subclass distribution in the TG ≥
2.26 mmol/L together with LDL-C/HDL-C ≥ 3.5 group
was characterized by elevated contents of small-sized
preb1-HDL, while large-sized HDL2 declined. That
resulted in a drastic reduction of HDL2b/preb1-HDL (4.7
down to 1.7) and the percentage of the mature HDL2a
and HDL2b (53.8% down to 35.7%), compared to the TG
< 2.26 mmol/L group along with the LDL-C/HDL-C <
3.5 group. It indicated that HDL metabolic disorders
and HDL maturation are blocked in the TG ≥ 2.26
mmol/L along with the LDL-C/HDL-C ≥ 3.5 group. At
the same time, it is reported that the most common
hyperlipidemia in the Chinese population is character-
ized by elevated TG levels (e.g., HTG), which accounts
for about 61% of total hyperlipidemia [8]. In this regard,
it is important to point out that applying the LDL-C/
HDL-C ratio to estimate the risk of CHD should be
combined with the effect of individual TG levels, parti-
cularly in the Chinese population.
The current NCEP (ATP-III) guidelines recommend

specific target levels of LDL-C and HDL-C for deter-
mining CVD risk and assessing the effectiveness of
lipid-lowering therapies. The interaction of concentra-
tions of LDL-C and HDL-C and values of the LDL-C/
HDL-C ratio with HDL subclass distribution was also
investigated in our study. We observed in subjects with
low HDL-C levels a marked increased in the LDL-C/
HDL-C ratio (3.0, 4.3, and 5.7), and the contents of
HDL2b decreased progressively and significantly, and all
three remained at lower concentrations (284.6, 263.4
and 227.4 mg/L); however, contents of preb1-HDL
stayed at higher concentrations (131.7, 107.6, and 115.3
mg/L) in the desirable LDL-C (< 3.34 mmol/L), border-
line LDL-C (3.36-4.11 mmol/L) and high LDL-C (≥ 4.14
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mmol/L) groups, respectively, with elevation of LDL-C
levels. These findings suggest that in low concentrations
of HDL-C, abnormalities in the HDL particle profile
occur regardless of whether the LDL-C levels increased
or not. Moreover, other studies have demonstrated that
low HDL-C increased the risk of CVD, even when LDL-
C was normal or without marked elevation [2,34].
On the other hand, we also noted that in high LDL-C

level (≥ 4.14 mmol/L) subjects who had a relatively low
LDL-C/HDL-C ratio (2.8), the distribution in the HDL
subclass was substantially altered and characterized by
increased small-sized preb1-HDL (169.5 mg/L) and dras-
tically falling large-sized HDL2b (251.1 mg/L), which
resulted in an extreme low value of HDL2b/preb1-HDL
(1.4) in spite of the higher concentrations of HDL-C.
The opposite of this pattern was observed in the border-
line LDL-C (3.36-4.11 mmol/L) and desirable LDL-C (<
3.34 mmol/L) groups, and the subjects in these two
groups had significantly higher HDL2b/preb1-HDL
values (4.4 and 5.4, respectively) and maintained the dis-
tribution of the HDL subclass in a normal or near-nor-
mal profile. Specific HDL subclasses are involved in
certain steps of RCT, and a low HDL2b/preb1-HDL ratio
is a signature pattern of disturbed HDL metabolism and
RCT, implying that higher concentrations of HDL-C do
not correct the abnormal HDL subclass distribution for
subjects with high levels of LDL-C (≥ 4.14 mmol/L).
Furthermore, it is interesting to note that there was a
significant reduction of the HDL2b/preb1-HDL ratio (2.1
and 1.4), although there was a lower ratio of LDL-C/
HDL-C (3.0 and 2.8) according to the Castelli risk
indices (< 3.5) in both the desirable LDL-C-low HDL-C
and high LDL-C-high HDL-C groups. The correlation
analysis results also support the above observations. The
levels of TC and LDL-C together with the ratios of TC/
HDL-C and LDL-C/HDL-C were positively correlated
with preb1-HDL, while there was the inverse relation-
ship with HDL2b; the plasma HDL-C level was positively
related to preb1-HDL and HDL2b in both univariate and
stepwise regression analyses (Tables 3 and 4). These
findings together suggest that the levels of LDL-C and
HDL-C along with the values of LDL-C/HDL-C should
be considered simultaneously while assessing the HDL
subclass metabolism and determining CVD risk.
It is worthwhile to point out that diets high in carbo-

hydrates are prevalent in China, resulting in increased
concentrations of plasma glucose and, thus, high insulin
levels. Hyperinsulinemia stimulates the production and
secretion of TG and VLDL, which lead to relatively
higher TG and lower HDL-C levels. The typical high
TG and low HDL-C in the Chinese population are
accompanied by the abnormal distribution of the HDL
subclass. Based on the abovementioned, the elevated TG
along with reduced HDL-C levels might be the cause of

the alteration of the HDL subclass distribution in the
Chinese population. Unlikeness, Western populations
usually have a high saturated fat diet (Western type of
diet), and an increase in dietary fat will elevate plasma
TC and LDL-C concentrations [35-37]. Also, levels of
TC and LDL-C [24,38] showed a positive correlation
with CETP and HL activities, which favor the formation
of small-sized HDL particles. The concentration of
plasma lipids could be an important factor impacting
the HDL subclass distribution in the Western
population.

Conclusions
Overall, the results of this study suggest that a general
shift toward smaller-sized HDL was accompanied by an
increase of the LDL-C/HDL-C ratio, suggesting that the
maturation process of HDL was blocked. The shift men-
tioned above would be more obvious with a high LDL-
C/HDL-C ratio and elevated TG levels. The HDL sub-
class distribution can be effectively normalized by a high
HDL-C concentration at desirable borderline LDL-C
levels (< 4.11 mmol/L). The influence of higher LDL-C
levels on the HDL subclass, however, cannot be coun-
teracted by higher HDL-C levels.

Methods
Subjects
This protocol was approved by West China Hospital,
Sichuan University (Chengdu 610041, China). Five hun-
dred ten subjects (323 men; mean age, 56.2 ± 9.0 years;
187 women; mean age, 56.5 ± 9.2 years) were recruited
to participate in a study examining plasma lipid and apo
concentrations at West China Medical Center, Sichuan
University. Exclusion criteria were the following: (1) the
presence of nephrosis, diabetes mellitus, hypothyroidism,
or hepatic impairment; (2) the presence of a major car-
diovascular event (myocardial infarction, severe or
unstable angina pectoris, and surgery) or stroke; (3) tak-
ing lipid-altering medications; or (4) a history of alcohol
abuse and smoking cigarettes. Informed consent was
obtained from each subject upon entry into the study
population. This study protocol was approved by the
ethics committee.
To study the relationship between the LDL-C/HDL-C

ratio and HDL subclass distribution, we divided these
subjects into four subgroups using the cut-off points of
less than 2.3, 2.3 to 3.9, 3.9 to 4.6, and higher than 4.6,
as suggested by the Quebec Cardiovascular Study [23].
The average LDL-C/HDL-C ratio was 3.5 or higher [33]
and has been suggested as a value indicating increased
CHD risk. We also assessed the joint effect of the LDL-
C/HDL-C and TG levels on the HDL subclass distribu-
tion based on 3.5 for LDL-C/HDL-C and 2.26 mmol/L
for TG as the cut-off points. The alteration of the LDL-
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C and HDL-C levels associated with the phenotype of
HDL subclass distribution was also investigated in the
current work. The reference levels of the plasma lipids
were defined by following guidelines from the Adult
Treatment Panel III (ATP-III) of the National Choles-
terol Education Program (NCEP) [39], that is: desirable
LDL-C (< 130 mg/dL; 3.34 mmol/L), borderline LDL-C
(130-160 mg/dL; 3.36-4.11 mmol/L), high LDL-C (≥ 160
mg/dL; 4.14 mmol/L), low HDL-C (< 40 mg/dL; 1.03
mmol/L), middle HDL-C (40-60 mg/dL; 1.03-1.55
mmol/L), and high HDL-C (≥ 60 mg/dL; 1.55 mmol/L).

Specimens
Whole blood specimens were drawn after a 12 h over-
night fast into EDTA-containing tubes. Plasma was
separated within 1-2 h. Plasma was stored at 4°C and
used for lipid and apo analyses within 24 hours. An ali-
quot of plasma was stored at -70°C for the determina-
tion of HDL subclasses.

Plasma lipid and apolipoprotein analyses
Plasma TG, TC and HDL-C concentrations were mea-
sured by the standard technique. TC and TG were
determined with enzymatic kits (Beijing Zhongsheng
Biotechnological Corporation, Beijing, and People’s
Republic of China). The HDL-C was determined after
precipitation of the apoB-containing lipoproteins by
phosphotungstate/magnesium chloride [40]. LDL-C was
calculated using the Friedwald formula (TG < 4.52
mmol/L) [41]. When plasma TG was at least 4.52
mmol/L, LDL-C was determined following the precipita-
tion method with polyvinylsulfate (enzymatic kits).
Plasma apoA-I, B-100, C-II, and C-III were determined
by radial immunodiffusion methods [42] using kits
developed at the Apolipoprotein Research Laboratory,
West China Medical Center, Sichuan University. The
intraassay coefficient of variation for apo concentrations
was between 2.1% and 4.8%; the interassay coefficient of
variation was 3.5% to 7.9% [43].

High density lipoprotein cholesterol subclass analysis
ApoA-I-containing HDL subclasses were measured by
nondenaturing two-dimensional gel electrophoresis asso-
ciated with the immunodetection method, as described
previously [7]. Briefly, 10 μl of plasma was first sepa-
rated by charge on 0.7% agarose gel into preb and a
mobility particles. In the second dimension, the two
fractions of HDL were further separated according to
size by 2-30% nondenaturing polyacrylamide gradient
gel electrophoresis. Western blotting was conducted to
determine HDL subclasses after electrophoresis using
horseradish peroxidase (HRP)-labeled goat anti-human

apoA-I immunoglobulin G (IgG). The HDL particle
sizes were calibrated using a standard curve that
included bovine serum albumin, ferritin and thyroglobu-
lin (Pharmacia, Uppsala, Sweden). The calculation of the
relative percentage of each HDL subclass was based on
the density of the electrophoresis spots. Then, the
apoA-I contents (in milligrams per liter) of the HDL
subclasses were calculated by multiplying the percentage
of each subclass by the plasma total apoA-I concentra-
tions. The interassay coefficients of variation of the rela-
tive concentration of preb1-HDL, preb2-HDL, HDL3c,
HDL3b, HDL3a, HDL2a, and HDL2b in the plasma sample
were 9.4%, 9.8%, 4.9%, 6.2%, 7.3%, 11.1% and 7.9%,
respectively (n = 5).

Statistical analysis
All statistical analyses were performed using the statisti-
cal package SPSS Version 13.0 (SPSS, Chicago, IL). Data
in the tables are expressed as mean ± S.D. The Duncan
post-hoc test was used in situations in which a signifi-
cant group (one-way analysis of variance) effect was
observed. Pearson correlation coefficients were calcu-
lated to quantitatively analyze the associations among
variables adjusted for TG concentration. Multivariate
stepwise regression analyses were computed to estimate
the independent contribution of metabolic variables to
the distribution of HDL subclasses. In all comparisons,
P less than 0.05 (2-sided) represented a statistically sig-
nificant difference.

Acknowledgements
We thank technician Yu Liu and master’s students Jia Yao and Xuemei
Zhang for the collection of the blood samples and technical support in lipid
and apolipoprotein assays. The authors thank the China Medical Board of
New York and West China Hospital Foundation of Medical Sciences for the
grant support of this work.

Conflict of interest statement
The authors declare that they have no competing interests.

Author details
1Department of Biochemistry and Molecular Biology, West China School of
Preclinical and Forensic Medicine, Sichuan University, Chengdu 610041,
Sichuan, China. 2Department of Biochemistry and Molecular Biology,
University of South China, Hengyang 421001, China. 3Chengdu Hoist
Biotechnology Co., LTD, Chengdu 610075, China. 4Laboratory of
Endocrinology and Metabolism, West China Hospital, Sichuan University,
Chengdu 610041, Sichuan, China.

Authors’ contributions
LT participated in the design of study and manuscript preparation along
with editing. YHL performed data and statistics analysis. YQ conceived of the
study, and helped to review the manuscript. SYL participated in drafted the
manuscript. YHX performed the data acquisition and analysis. MDF
participated in study concepts and critical review of study proposal. All
authors read and approved the final manuscript.

Received: 20 March 2010 Accepted: 9 July 2010 Published: 9 July 2010

Tian et al. Lipids in Health and Disease 2010, 9:69
http://www.lipidworld.com/content/9/1/69

Page 8 of 10



References
1. Kannel WB, Neaton JD, Wentworth D, Thomas HE, Stamler J, Hulley SB,

Kjelsberg MO: Overall and coronary heart disease mortality rates in
relation to major risk factors in 325,348 men screened for the MRFIT.
Multiple Risk Factor Intervention Trial. Am Heart J 1986, 112:825-836.

2. Castelli WP, Garrison RJ, Wilson PWF, Abbott RD, Kalousdian S, Kannel WB:
Incidence of coronary heart disease and lipoprotein cholesterol levels:
the Framingham Study. JAMA 1986, 256:2835-2838.

3. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR: High density
lipoprotein as a protective factor against coronary heart disease: The
Framingham Study. Am J Med 1977, 62:707-714.

4. Miller GJ, Miller NE: Plasma high density lipoprotein concentration and
development of ischaemic heart disease. Lancet 1977, 1:16-18.

5. Ridker PM, Rifai N, Cook NR, Bradwin G, Buring JE: Non-HDL cholesterol,
apolipoproteinA-I and B100, Standard Lipid Measures, Lipid Ratios, and
CRP as Risk Factors for Cardiovascular Disease in Women. JAMA 2005,
94:326-333.

6. Von Eckardstein A, Huang Y, Assmann G: Physiological role and clinical
relevance of high-density lipoprotein subclasses. Curr Opin Lipidol 1994,
5:404-416.

7. Wu XW, Fu MD, Liu BW: Study on the immunodetection method of HDL
subclasses in human serum. Chin J Arterioscler 1999, 7:253-255.

8. Xu YH, Fu MD: Alterations of HDL subclasses in hyperlipidemia. Clin Chim
Acta 2003, 332:95-102.

9. Silverman DI, Geoffery SG, Pasternak RC: High-density lipoprotein
subfractions. Am J Med 1993, 94:636-645.

10. Miida T, Miyazaki O, Hanyu O, Nakamura Y, Hirayama S, Narita I, Gejyo F,
Ei I, Tasaki K, Kohda Y, Ohta T, Yata S, Fukamachi I, Okada M: LCAT-
dependent conversion of preb1-HDL into a-migrating HDL is severely
delayed in hemodialysis patients. J Am Soc Nephrol 2003, 14:732-738.

11. Patsch JR, Karlin JB, Scott LW, Smith LC, Gotto AM Jr: Inverse relationship
between blood levels of high density lipoprotein subfraction 2 and
magnitude of postprandial lipemia. Proc Natl Acad Sci USA 1983,
80:1449-1453.

12. Miller NE, Hammett F, Saltissi S, Rao S, Van Zeller H, Coltart J, Lewis B:
Relationship of angiographically defined coronary artery disease to
plasma lipoprotein subfractions and apolipoproteins. Br Med J 1981,
282:1741-1743.

13. Ballantyne FC, Clark RS, Simpson HS, Ballantyne D: High density and low-
density lipoprotein subfractions in survivors of myocardial infarction and
control subjects. Metabolism 1982, 31:433-437.

14. Jia LQ, Long SY, Fu MD, Yan BY, Tian Y, Xu YH, Gou LT: Relationship
between total cholesterol/high-density lipoprotein cholesterol ratio,
triglyceride/high-density lipoprotein cholesterol ratio, and high-density
lipoprotein subclasses. Metabolism 2006, 55:1141-1148.

15. Gou LT, Fu MD, Xu YH, Tian Y, Yan BY, Yang LC: Alterations of HDL
subclasses in endogenous hypertriglyceridemia. Am Heart J 2005,
150:1039-1045.

16. Yang YY, Yan BY, Fu MD, Xu YH, Tian Y: Relationship between plasma lipid
concentrations and HDL subclasses. Clin Chim Acta 2005, 354:49-58.

17. Jia LQ, Fu MD, Tian Y, Xu YH, Gou LT, Tian HM, Tian L: Alterations of high-
density lipoprotein subclasses in hypercholesterolemia and combined
hyperlipidemia. Int J Cardiol 2007, 120:331-337.

18. Assmann G, Schulte H, Funke H, Von Eckardstein A, Seedorf U: The
prospective cardiovascular Munster (PROCAM) study: Identification of
high-risk individuals for myocardial infarction and the role of high-
density lipoprotein. High Density lipoproteins and Atherosclerosis II ICS 826,
Amsterdam, Netherlands, Excerpta MedicaMiller NE 1989, 51-65.

19. Hodis HN, Mack WJ, Azen SP, Alaupovic P, Pogoda JM, LaBree L,
Hemphill LC, Kramsch DM, Blankenhorn DH: Triglyceride-and cholesterol-
rich lipoproteins have a differential effect on mild/moderate and severe
lesion progression as assessed by quantitative coronary angiography in
a controlled trial of lovastatin. Circulation 1994, 90:42-49.

20. Barter P, Gotto AM, LaRosa JC, Maroni J, Szarek M, Grundy SM, Kastelein JJ,
Bittner V, Fruchart JC: On-treatment levels of HDL-C and the ratio of LDL-
C/HDL-C as predictors of cardiovascular events in the Treating to New
Targets (TNT) Study. Presented at the American College of Cardiology 55th
Annual Scientific Session, Atlanta, March 11-14, 2006. J Am Coll Cardiol 2006,
47(Suppl 4):298A-298A.

21. Murakami T, Michelagnoli S, Longhi R, Gianfranceschi G, Pazzucconi F,
Calabresi L, Sirtori CR, Franceschini G: Triglycerides are major determinants

of cholesterol esterification/transfer and HDL remodeling in human
plasma. Arterioscler Thromb Vasc Biol 1995, 15:1819-1828.

22. Cheung MC, Brown BG, Wolf AC, Albers JJ: Altered particle size
distribution of apolipoproteinA-I-containing lipoproteins in subjects with
coronary artery disease. J Lipid Res 1991, 32:383-394.

23. Lemieux I, Lamarche B, Couillard C, Pascot A, Cantin B, Bergeron J,
Dagenais GR, Després JP: Total cholesterol/HDL cholesterol ratio vs LDL
cholesterol/HDL cholesterol ratio as indices of ischemic heart disease
risk in men. Arch Intern Med 2001, 161:2685-2692.

24. Zambon A, Deeb SS, Hokanson JE, Brown BG, Brunzell JD: Common
variants in the promoter of the hepatic lipase gene are associated with
lower levels of hepatic lipase activity, buoyant LDL, and higher HDL2
cholesterol. Arterioscler Thromb Vasc Biol 1998, 18:1723-1729.

25. Hesler CB, Swenson TL, Tall AR: Purification and characterization of a
human plasma cholesteryl ester transfer protein. J Biol Chem 1987,
262:2275-2282.

26. Tall AR: Plasma cholesteryl ester transfer protein. J Lipid Res 1993,
34:1255-1274.

27. Barrans A, Collet X, Barbaras R, Jaspard B, Manent J, Vieu C, Chap H,
Perret B: Hepatic lipase induces the formation of pre-beta 1 high density
lipoprotein(HDL) from triacylglycerol-rich HDL2. A study comparing liver
perfusion to in vitro incubation with lipases. J Biol Chem 1994,
269:11572-11577.

28. Bays HE, Dujovne CA, McGovern ME, White TE, Kashyap ML, Hutcheson AG,
Crouse JR, Advicor Versus Other Cholesterol Modulating Agents Trial
Evaluation: Comparison of Once-daily, niacin extended-release/lovastatin
with standard doses of atorvastatin and simvastatin (the Advicor Versus
Other Cholesterol-Modulating Agents Trial Evaluation [ADVOCATE]). Am J
Cardiol 2003, 91:667-672.

29. Hovingh GK, Hutten BA, Holleboom AG, Petersen W, Rol P, Stalenhoef A,
Zwinderman AH, Groot ED, Kastelein JP, Kuivenhoven JA: Compromised
LCAT function is associated with increased atherosclerosis. Circulation
2005, 112:879-884.

30. Borggreve SE, De Vries R, Dullaart RP: Alterations in high-density
lipoprotein metabolism and reverse cholesterol transport in insulin
resistance and type 2 diabetes mellitus: role of lipolytic enzymes,
lecithin:cholesterol acyltransferase and lipid transfer proteins. Eur J Clin
Invest 2003, 33:1051-1069.

31. Assmann G, Schulte H, Funke H, Von Eckardstein A: The emergence of
triglycerides as a significant independent risk factor in coronary artery
disease. Eur Heart J 1998, 19(suppl M):M8-M14.

32. Manninen V, Tenkanen L, Koskinen P, Huttunen JK, Manttari M,
Heinonen OP, Frick MH: Joint effects of serum triglyceride and LDL
cholesterol and HDL cholesterol concentrations on coronary heart
disease risk in the Helsinki Heart Study: Implications for treatment.
Circulation 1992, 85:37-45.

33. Castelli WP, Abbott RD, McNamara PM: Summary estimates of cholesterol
used to predict coronary heart disease. Circulation 1983, 67:730-734.

34. Goldbourt U, Yaari S, Medalie JH: Isolated low HDL cholesterol as a risk
factor for coronary heart disease mortality. A 21-year follow-up of 8000
men. Arterioscler Thromb Vasc Biol 1997, l17:107-113.

35. Mensink PP, Katan MB: Effect of dietary acids 2 on serum lipids and
lipoproteins. A meta-analysis of 27 trials. Arterioscler Throm Vasc Biol 1992,
12:911-919.

36. Ginserg HN, Kris-Etherton P, Dennis B, Elmer PJ, Ershow A, Lefevre M,
Pearson T, Roheim P, Ramakrishnan R, Reed R, Stewart K, Phillips K,
Anderson N: Effect of reducing dietary saturated fatty acids on plasma
lipids and lipoproteins in healthy subjects The Study Protocol1.
Arterioscler Throm Vasc Biol 1998, 18:441-449.

37. Brinton EA, Eisenberg S, Breslow JL: A low-fat diet decreases high density
lipoprotein(HDL) cholesterol levels by decreasing HDL apolipoprotein
transport rates. J Clin Invest 1990, 85:144-151.

38. Tato F, Vega GL: Relation between cholesterol ester transfer protein
activities and lipoprotein cholesterol in patients with
hypercholesterolemia and combined hyperlipidemia. Arterioscler Throm
Vasc Biol 1995, 15:112-120.

39. Executive Summary of the Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel: on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adults Treatment Panel
III). JAMA 2001, 285:2486-2497.

Tian et al. Lipids in Health and Disease 2010, 9:69
http://www.lipidworld.com/content/9/1/69

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/3532744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3532744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3532744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3773200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3773200?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/193398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/193398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/193398?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7712045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7712045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12763286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8506891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8506891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12595510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12595510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12595510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12595510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6402780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6402780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6402780?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6952064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6952064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6952064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16919530?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16290993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16290993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15748599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15748599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17166608?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17166608?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17166608?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8026027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7583561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7583561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7583561?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1906084?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1906084?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1906084?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11732933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11732933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11732933?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9812910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9812910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9812910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9812910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3818596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3818596?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8409761?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8157689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8157689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8157689?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12633795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12633795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12633795?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16061733?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14636288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14636288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14636288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14636288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9821011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9821011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9821011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1728471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1728471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1728471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6825228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6825228?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2104877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2104877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2104877?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11368702?dopt=Abstract


40. Warnick GR, Nguyen T, Albers AA: Comparison of improved precipitation
methods for quantification of high-density lipoprotein cholesterol. Clin
Chem 1985, 31:217-222.

41. Friedewald WT, Levy RI, Fredrickson DS: Estimation of the concentration of
low-density lipoprotein cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin Chem 1972, 18:499-502.

42. Labeur C, Shepherd J, Rosseneu M: Immunological assays of
apolipoproteins in plasma: methods and instrumentation. Clin Chem
1990, 36:591-597.

43. Liu BW: Immunoassay of human plasma apolipoproteins and clinical
applications. Lipoproteins and Atherosclerosis Beijing, People’s Health
PressWang KQ 1995, 359-368.

doi:10.1186/1476-511X-9-69
Cite this article as: Tian et al.: Association of the low-density lipoprotein
cholesterol/high-density lipoprotein cholesterol ratio and
concentrations of plasma lipids with high-density lipoprotein subclass
distribution in the Chinese population. Lipids in Health and Disease 2010
9:69.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Tian et al. Lipids in Health and Disease 2010, 9:69
http://www.lipidworld.com/content/9/1/69

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/2578337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2578337?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4337382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4337382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4337382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2182220?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2182220?dopt=Abstract

	Abstract
	Background
	Results
	Conclusion

	Introduction
	Results
	Concentrations of plasma lipids, lipoproteins, apolipoproteins and the contents of HDL subclasses classified based on values of LDL-C to HDL-C
	Characteristics of plasma apoA-I contents of HDL subclasses among subjects categorized by TG levels (2.26 mmol/L) and LDL-C/HDL-C ratio (3.5)
	ApoA-I contents of plasma HDL subclasses according to plasma LDL-C and HDL-C concentrations among subjects
	Correlation coefficients between plasma lipids, ratios of lipids, and the apoA-I contents of HDL subclasses (controlling for TG)
	Relationship of plasma apoA-I contents of HDL subclasses with levels of lipids, and ratios of lipids by multivariate stepwise regression analysis

	Discussion
	Conclusions
	Methods
	Subjects
	Specimens
	Plasma lipid and apolipoprotein analyses
	High density lipoprotein cholesterol subclass analysis
	Statistical analysis

	Acknowledgements
	Conflict of interest statement
	Author details
	Authors' contributions
	References

