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Abstract

Background: Previous studies have clearly demonstrated that XueZhiKang (XZK), an extract of cholestin, can decrease low-
density lipoprotein cholesterol (LDL-C) and cardiovascular events. However, the mechanism of the effects of XZK on athero-
sclerosis (AS) in humans has been reported less frequently. In the present study, we investigated the impact of XZK on lipoprotein
subfractions, oxidized LDL (oxLDL), and interleukin-6 (IL-6).

Methods: From October 2015 to July 2016, 40 subjects were enrolled in this study. Of them, 20 subjects with dyslipidemia
received XZK 1200 mg/day for 8 weeks (XZK group); 20 additional healthy subjects who did not receive therapy acted as controls.
The plasma lipoprotein subfractions, oxLDL, and IL-6 were examined at baseline and again at 8 weeks.

Results: Data showed that XZK could significantly decrease not only plasma LDL-C levels (87.26 + 24.45 vs. 123.34 + 23.99,
P < 0.001), total cholesterol (4.14 + 0.87 vs. 5.08 + 1.03, P < 0.001), triglycerides (0.95 + 0.38 vs. 1.55 + 0.61, P < 0.05), and
apolipoprotein B (1.70 + 0.35 vs. 1.81 + 0.72, P < 0.05), but also oxLDL (36.36 + 5.31 vs. 49.20 + 15.01, P < 0.05) and IL-6
(8.50 = 7.40 vs. 10.40 £ 9.49, P < 0.05). At the same time, XZK reduced the concentration of small LDL-C (1.78 + 2.17 vs.
6.33 + 7.78, P < 0.05) and the percentage of the small LDL subfraction (1.09 + 1.12 vs. 3.07 + 3.09, P < 0.05).

Conclusions: Treatment with 1200 mg/day XZK for 8 weeks significantly decreased the atherogenic small LDL subfraction and
reduced oxidative stress and inflammatory markers, in addition to affecting the lipid profile, suggesting multiple beneficial effects in
coronary artery disease.

© 2018 Chinese Medical Association. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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studies have confirmed that dyslipidemia, especially
increased low-density lipoprotein (LDL) cholesterol
(LDL-C) levels, is the most important risk factor for
ASCVD, including coronary artery disease (CAD).””
ASCVD is a well-known inflammatory disease that is
also related to oxidative stress.” Previous data have
shown that inflammation is an important feature of
atherosclerotic lesions.”® Increased levels of inflam-
matory markers have been documented in various
settings of coronary artery disease.”® Moreover,
oxidized LDL (oxLDL) as an oxidized stress
biomarker plays a critical role in atherogenesis.”'” Ox-
LDL can induce endothelial cell apoptosis and reduce
antioxidant capabilities through changes in the secre-
tary activities of the endothelium.'' Hence, the mech-
anism, which can modify multiple atherosclerotic
pathways, may be important for clinical practice.

In fact, LDL and high-density lipoprotein (HDL)
both consist of a heterogeneous group of particles
differing not only in size and density, but also in
chemical composition and physiological function.'*'*
Recent studies have suggested that lipoprotein sub-
fractions or particles may be more promising markers
for the prediction of future cardiovascular events
(CVE). Our previous observations indicated that the
changes in lipoprotein subfractions are associated with
inflammatory markers, diabetes, hypertension, and
clinical outcomes, suggesting that a drug that can
modify the lipoprotein subfractions may be more
promising for the prevention and treatment of ASCVD.

XueZhiKang (XZK) is an extract of cholestin, which
contains a combination of plant sterols, isoflavones, and
lovastatin; each 1200 mg XZK capsule contains approx-
imately 10 mg lovastatin. It has shown lipid-lowering
effects comparable to those induced by statins.'™'® Pre-
vious studies have demonstrated that XZK is safe and
effective for the prevention and treatment of coronary
heart disease in elderly patients. 17.18 However, no data are
currently available concerning the impact of XZK on
multiple anti-atherosclerotic pathways. The aim of the
present study was to investigate the potential effects of
XZK on lipoprotein subfractions in humans as a novel
lipid marker, on oxLDL as an oxidative stress parameter,
and on interleukin-6 (IL-6) as a pro-inflammatory factor.

Methods
Study design and population
The study protocol was reviewed and approved by

the Ethics Committee of Fu Wai Hospital and Cardio-
vascular Institute, Beijing, China, and informed consent

was obtained from all patients. This prospective study
was conducted from October 2015 to July 2016. The
XZK group of 20 patients with dyslipidemia received
XZK 1200 mg/day for 8 weeks; 20 healthy subjects
who had not received any drug treatment previously
were enrolled as the control group. Serum lipid profiles
and HDL and LDL subfractions were measured at
baseline and again after 8 weeks of treatment.

The inclusion criteria of the present study were as
follows: (1) patients with dyslipidemia (fasting total
cholesterol (TC) > 5.18 mmol/L. and/or triglyceride
(TG) > 1.70 mmol/L), without diagnostic imaging evi-
dence of atherosclerotic lesions detected by arterial ul-
trasound, coronary chest tomography, or coronary
angiography; (2) no history of treatment with statins or
other drugs known to affect blood lipids within the pre-
vious 4 weeks; and (3) aged 18—70 years. Patients with
previous acute coronary syndrome within 1 month,
serious heart failure or arrhythmia, infectious disease
within 1 month, serious liver or renal dysfunction, auto-
immune disease, malignant disease, pregnancy or lacta-
tion, or psychiatric disorders, were excluded from this
study. In addition, patients with laboratory values >3
times the upper limit of normal (ULN) for aspartate
aminotransferase or alanine aminotransferase, or >5 times
the ULN for creatine phosphokinase, were also excluded.

Laboratory examinations

Blood samples were obtained from the cubital vein at
both baseline and 8 weeks after fasting overnight. All
samples were subsequently stored at —80°C and
analyzed immediately after thawing. The concentrations
of plasma TC, TG, HDL-C, LDL-C, apolipoprotein A-I
(ApoA-I), and apolipoprotein B (ApoB) were measured
using an automatic biochemistry analyzer (Hitachi 7150,
Tokyo, Japan). TC, TG, HDL-C, and LDL-C levels were
measured using enzymatic assays. ApoA-I and ApoB
levels were measured using turbidimetric immunoassays.
Plasma oxLDL levels were detected by a sandwich
enzyme-linked immunosorbent assay (ELISA) according
to the manufacturer's instructions (Mercodia, Uppsala,
Sweden). The detection limit was 0.6 mU/L. Plasma IL-6
concentrations were measured using a high-sensitivity
quantitative sandwich ELISA (Quantikine ELISA Kkit,
R&D Systems, Inc., Minneapolis, MN, USA). The
mean minimum detectable dose of IL-6 was 0.070 pg/ml.

HDL and LDL subfraction analysis

Blood samples were also used for subfraction
analysis. HDL subclass analysis was performed
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electrophoretically using high-resolution 3% poly-
acrylamide gel tubes and the Lipoprint HDL/LDL
System (Quantimetrix Corp., Redondo Beach, CA,
USA) according to the manufacturer’s instructions.'*’
HDL was divided into 10 subfractions for this analysis.
Subfractions 1—3 included large HDL particles, sub-
fractions 4—7 included intermediate HDL particles,
and subfractions 8—10 included small HDL particles.
The cholesterol concentration (mg/dl) of each HDL
subfraction and the percentage of the cholesterol con-
centration of each HDL subfraction over the HDL-C
concentration were subsequently determined.

LDL was divided in 7 subfractions for this analysis.
Subfraction 1 included large LDL particles; subfraction
2 included intermediate LDL particles, and subfractions
3—7 included small LDL particles. The mass (mg/dl) of
each subfraction and the percentage of the concentra-
tion of each LDL subfraction in the total LDL-C con-
centration were subsequently determined.”’

Statistical analysis

Data are expressed as mean =+ standard deviation for
continuous variables and number (percentage) for
categorical variables. Both the Student's 7-test and the
Mann—Whitney U test were used to compare clinical
parameters between the two groups. Categorical vari-
ables were compared with a x> test. Differences be-
tween the baseline and post-treatment values of the
parameters studied were evaluated using a paired
samples z-test. Statistical significance was defined as
P <0.05. Statistical analysis was performed using
SPSS Statistics for Windows, Version 19.0 (IBM
Corp., Armonk, NY, USA).

Results
Clinical characteristics

The baseline clinical characteristics of the study
subjects are summarized in Table 1. All baseline char-
acteristics were well matched between the two groups.

Effects of XZK on lipid parameters

As shown in Table 2, an 8-week treatment of
1200 mg/day XZK decreased the serum levels of TC,
TG, ApoB, and LDL-C compared to the baseline
(P <0.05). Meanwhile, there were no significant
changes in the serum levels of ApoA-I or HDL-C after
XZK treatment. There were no changes in any serum
lipid parameters in the control group after 8 weeks.

Table 1

Baseline clinical characteristics of the study subjects.

Laboratory values

Clinical profiles

Demographic

Group

BUN

Cr

AST

ALT

Neutrophils ESR
(x 10°/L)

WBC
count

Hypertension Diabetes Family Smoker

Men BMI

Age

(U/L) (umol/L)  (mmol/L)

(U/L)

(mm/h)

history of

CHD

(kg/mz)

(years)

(x 10°/L)

6 (30.0) 6.4+1.6

189467 666+54 50+19

18.8+83 684+88 52+1.5

23.7+11.7

9.9+82

35409

3.6+ 1.0

1(5.0)
1 (5.0)

2 (10.0)
2 (10.0)

547+7.0 8(40.0) 251+3.0 5(25.0)

XueZhiKang (n=20) 56.0+6.8 7 (35.0) 249+3.1 6 (30.0)
Data are presented as mean + standard deviation or n(%).

Control (n =20)

10.1 £83 22.3+9.7

8 (35.0) 6.0+13

BMI: body mass index; CHD: coronary heart disease; WBC: white blood cell; ESR: erythrocyte sedimentation rate; ALT: alanine aminotransferase; AST: aspartate aminotransferase; Cr:

creatinine; BUN: blood urea nitrogen.
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Table 2

The effects of XueZhiKang on lipid parameters, lipoprotein subfraction, oxXLDL, and plasma IL-6 levels.

Variable Control (n =20) XueZhiKang (n =20)
Baseline 8 weeks Baseline 8 weeks
TC (mmol/L) 486+ 1.11 4.89 +0.97 5.08+1.03 4.14 +0.87*
TG (mmol/L) 1.46 +0.82 1.51+0.93 1.55+0.61 0.95 +0.38°
ApoA-I (g/L) 142+0.35 1.38+0.29 1.81+0.72 1.70 £ 0.35
ApoB (g/L) 1.08 £0.19 1.11+£0.26 1.03+0.16 0.83+0.17°
HDL-C (mg/dl) 47.56 +8.84 46.93 +9.11 61.56 +20.30 64.26 +21.50
Large HDL-C (mg/dl) 19.84 +8.56 19.68 +7.95 23.33 +13.30 24.78 +13.89
Intermediate HDL-C (mg/dl) 20.75 +4.71 20.21 +5.13 29.22 +7.76 29.78 +7.82
Small HDL-C (mg/dl) 6.69+2.18 711+2.14 8.89+2.93 10.00 +2.96
Large HDL (%) 41.07 £10.25 40.38 +£9.69 35.67 +10.57 36.38 +£9.45
Intermediate HDL (%) 43.68 + 8.69 43.21+£7.53 48.46 £4.93 47.32+5.20
Small HDL (%) 15.71 +4.21 16.51 +5.14 15.78 +6.52 16.23 +5.12
LDL-C (mg/dl) 101.48 +20.75 102.46 +£21.48 123.34 +23.99 87.26 +24.45%
Large LDL-C (mg/dl) 30.50 +7.65 30.00 +7.81 21.56 +5.57 18.78 +3.87
Intermediate LDL-C (mg/dl) 14.08 +8.25 14.09 + 8.65 12.67+7.71 9.11+4.81
Small LDL-C (mg/dl) 2.50+2.47 2.55+2.58 6.33+7.78 1.78 +2.17°
Large LDL (%) 15.84 +2.93 15.67 +3.01 10.61 +1.94 11.97 +2.27
Intermediate LDL (%) 7.26 +3.95 7.30+4.14 6.51 +3.63 5.72+2.58
Small LDL (%) 1.34+1.10 1.35+1.16 3.07 +£3.09 1.09 +1.12°
oxLDL (U/L) 4734 +11.00 4743 +11.08 49.20 + 15.01 36.36 +5.31°
IL-6 (pg/ml) 4.82+391 4.69 +4.15 10.40 +9.49 8.50 +7.40°

*P<0.001, bp< 0.05, compared with baseline data.
Data are presented as mean + standard deviation.

TC: total cholesterol; TG: triglycerides; ApoA-I: apoprotein Al; ApoB: apoprotein B; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; oxLDL: oxidized low-density lipoprotein cholesterol; IL-6: interleukin-6.

Changes in HDL and LDL subfractions after XZK
treatment

The effects of 8 weeks of treatment with 1200 mg/
day XZK on the cholesterol concentration of lipopro-
tein subfractions, oxLDL, and IL-6 are summarized in
Table 2. There were no significant changes in the
cholesterol concentration of any of the HDL sub-
fractions or the percentage of each HDL subfraction
(Fig. 1B and D; all, P >0.05) after 8 weeks. There
were also no significant differences in the concentra-
tions of the HDL subfractions between the baseline and
8 weeks in the control group (Fig. 1A and C; all,
P > 0.05). In contrast, there was a significant decrease
in both the concentration and the percentage of small
LDL-C (Fig. 2B and D; both, P <0.05). However,
there was no change in the cholesterol level or the
percentage of each LDL subfraction between the
baseline and the end of the study in the control group
(Fig. 2A and C; both, P> 0.05).

Changes in oxLDL and IL-6 levels after XZK
treatment

The changes in the plasma oxLDL and IL-6 levels
in patients following XZK treatment, and in control

subjects that did not receive therapy, are provided in
Table 2 and Figs. 3 and 4. The data show that there was
no change in the oxLDL levels of the control group
between the baseline and 8 weeks. In contrast, there
was a significant decrease in the oxLDL level of the
XZK group after 8 weeks (P =0.013; Table 2, Fig. 3).

Similarly, treatment with 1200 mg/day XZK for 8
weeks significantly decreased the plasma IL-6 con-
centration in patients with dyslipidemia, while there
was no change in the control group after 8 weeks
(P =0.017; Table 2, Fig. 4).

Correlations of plasma IL-6 levels with lipid profile
and lipoprotein subfractions

The Pearson correlation analysis revealed that
plasma IL-6 correlated positively with small LDL-C
and the percentage of small LDL-C, both at baseline
(r=0.865, P=0.006; r=0.716, P=0.046, respec-
tively) and after 8 weeks of XZK treatment (r = 0.905,
P=0.002; r=0.849, P=0.008, respectively). IL-6
levels after 8 weeks of XZK treatment were also
determined to be positively associated with LDL-C
(r=0.833, P=0.010) (Table 3). However, there were
no significant associations between IL-6 levels and any
HDL subfraction.
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Fig. 1. Effects of XueZhiKang on the HDL-C level and HDL subfractions. There was no significant difference in the cholesterol concentration of
any HDL subfraction between the baseline and 8-week follow-up in the control group (A) or the XueZhiKang group (B) (all, P > 0.05). There was
no significant difference in the percentage of any HDL subfraction between the baseline and the 8-week follow-up in the control group (C) or the

XueZhiKang group (D) (all, P> 0.05).
Discussion

XZK treatment can decrease the occurrence of
cardiovascular events in CAD patients with or without
dyslipidemia by significantly reducing blood lipid
levels, and fewer adverse reactions have been
noted.””** The effects of XZK on the plasma lipid
profile have been reported previously, but the impacts
of XZK on the distribution of HDL and LDL sub-
fractions have not been investigated, which indicates
that a different mechanism may underlie the effect of
XZK on the reduction of cardiovascular events. In the
present study, our data indicated for the first time that
a treatment of 1200 mg/day for 8 weeks significantly
decreased the concentration of small LDL-C and the
percentage of the small LDL subfraction, with the

exception of favorable effects on LDL-C. It had no
impact on the cholesterol concentration of any HDL
subfraction in patients with hyperlipidemia. Addi-
tionally, XZK significantly reduced plasma oxLDL
and IL-6 levels in patients with dyslipidemia. More-
over, IL-6 levels were correlated with low LDL-C and
the percentage of the small LDL subfraction both at
baseline and after XZK treatment.

XZK, an extract of red yeast rice, is a traditional
Chinese medicine with multiple cardio-protective ef-
fects.”** It is composed of a family of natural statins,
unsaturated fatty acids, and other substances and has
been demonstrated to be a natural lipid-modulating
polypill.”® Chen et al found that 1200 mg/day XZK
treatment for 4 weeks significantly decreased the levels
of TC, LDL-C, and non-HDL-C in older patients with
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Fig. 2. Effects of XueZhiKang on LDL-C level and LDL subfractions. There was no significant difference in the cholesterol concentration of any
LDL subfraction between the baseline and 8-week follow-up in the control group (A) (P > 0.05). XueZhiKang treatment for 8 weeks significantly
decreased the concentration of small LDL-C (B) (P < 0.05). In the control group, there was no significant difference between the percentage of
any LDL subfraction at the baseline and after 8 weeks (C) (P > 0.05). XueZhiKang treatment for 8 weeks significantly decreased the percentage of

small LDL-C (D) (P <0.05).

CAD.”” Another study by Moriarty et al demonstrated
that 1200 or 2400 mg/day XZK treatment for §—12
weeks significantly decreased the levels of non-HDL-
C, LDL-C, and ApoB in patients with dyslipidemia
but no coronary heart disease, and the tolerance was
better than that of statin in therapy groups.”” Recently,
clinical studies indicated that XZK could be used as an
alternative therapy for patients intolerant of statins, or
could be combined with statins to improve the lipid-
lowering effects.”*” In our study, XZK significantly
decreased plasma LDL-C, TC, TG, and ApoB con-
centrations, although there were no significant differ-
ences in HDL-C or ApoA-I levels, which was
consistent with previous studies.

Recently, the failure of several HDL-C-raising
drugs in clinical studies has greatly challenged the
traditional concept of the inverse relationship between
the HDL-C and cardiovascular outcomes.”””' The
emerging opinion is that the quality of the HDL par-
ticles may be more important than the quantity of
HDL.?? In a recent study, Goliasch et al demonstrated
an inverse association of the large HDL subfraction
and a positive association of intermediate and small
HDL subfractions with premature CAD.'” Data from
our group revealed that higher small HDL-C, but not
large, medium, or total HDL-C, is associated with
higher cardiovascular risk, highlighting the potential
benefit of the HDL subfraction in patients with stable
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Fig. 3. Effects of XueZhiKang on plasma oxidized LDL levels in
patients with dyslipidemia and control subjects. XueZhiKang treat-
ment for 8 weeks significantly decreased oxidized LDL levels
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Fig. 4. Effects of XueZhiKang on plasma interleukin-6 levels in
patients with dyslipidemia and control subjects. XueZhiKang treat-
ment for 8 weeks significantly decreased interleukin-6 levels
(P=0.017).

CAD.*® Until now, there have been no reports avail-
able on the impact of XZK on the HDL subfraction. In
the present study, although the effect of XZK on the
HDL subfraction was first examined, no significant
change was found. Although the reason cannot be
determined from the present study, the short term and
low dose of XZK, in addition to the small sample size,
may be the explanations, suggesting further study may
be needed.

Lowering the LDL-C has convincingly been shown
to reduce major adverse cardiovascular events.’
Nevertheless, recent studies have demonstrated that
the content of LDL particles in LDL-C exhibits
considerable individual variation, and patients with
the same LDL-C levels but different amounts of LDL
particles differ in terms of their absolute risk of
CAD.”? The differences in LDL particles lead to the
recognition of two distinct phenotypes: phenotype A,

associated with large, buoyant LDL particles (Ib-
LDL), and phenotype B, in which small, dense LDL
particles (sd-LDL) predominate.36 Presently, the small
LDL particles have been recognized as more athero-
genic than the large ones, and can predict athero-
sclerosis progression and incident coronary heart
disease.”” We previously indicated that the levels of
intermediate and small LDL-C and LDL subfraction
percentages are closely associated with CAD risk.”
Jia et al demonstrated that 1200 mg/day XZK treat-
ment significantly increased the concentration of
proprotein convertase subtilisin/kexin type 9 (PCSK9)
in patients with dyslipidemia, accompanied by a
marked decrease in total cholesterol and LDL-C.'°
Moreover, data from our previous study showed that
plasma PCSK9 levels were significantly and inde-
pendently associated with the cholesterol concentra-
tions of the intermediate and small LDL subfractions,
as well as mean LDL particle size, in patients with
stable CAD.***” In the present study, our data showed
that XZK treatment of 1200 mg/day for 8 weeks
significantly decreased the concentration of small
LDL-C and the percentage of the small LDL sub-
fraction, which confers a favorable effect in terms of
plasma LDL subfraction distribution; these findings
provide novel information with regard to the clinical
implications of XZK.

The oxidation of LDL is a key process in the early
progression of atherosclerotic diseases.”’ oxLDL,
derived from LDL-C under oxidative stress, encom-
passes many atherogenic properties. oxLDL levels may
be used to differentiate patients with CAD from
healthy cohorts®' and serve as a predictor of future
myocardial infarction in patients with unstable CAD.*
The effect of XZK on oxLDL levels in patients with
CAD has rarely been reported. A study by Yao et al
showed that the circulating ox-LDL concentration in
patients with unstable angina pectoris was reduced
after treatment with XZK for 2 months at a dose of
1200 mg/day. In the present study, our data demon-
strated that XZK treatment of 1200 mg/day for 8 weeks
significantly decreased the plasma oxLDL levels in
patients with dyslipidemia. Therefore, XZK may ach-
ieve its anti-atherosclerotic effect by decreasing the
oxLDL levels and inhibiting the oxidative stress pro-
cess, which are involved in the initiation of
atherosclerosis.*

In addition to its impact on blood lipids and lipo-
protein subfractions, XZK can attenuate inflammatory
factors, as demonstrated by previous studies. A study
suggested that 1200 mg/day XZK treatment for 8
weeks significantly decreased the serum levels of



124 R.-X. Xu et al. / Chronic Diseases and Translational Medicine 4 (2018) 117—126

Table 3

The relationship between plasma IL-6 levels and lipoprotein subfractions in patients with dyslipidemia.

Variable Baseline XueZhiKang for 8 weeks
r P-value r P-value

HDL-C (mg/dl) —0.173 0.682 —0.306 0.460
Large HDL-C (mg/dl) —0.300 0.470 —0.345 0.403
Intermediate HDL-C (mg/dl) 0.011 0.979 —0.162 0.701
Small HDL-C (mg/dl) 0.069 0.871 0.023 0.957
Large HDL (%) —0.373 0.363 —0.367 0.371
Intermediate HDL (%) 0.626 0.097 0.444 0.271
Small HDL (%) 0.136 0.748 0.243 0.563

LDL-C (mg/dl) 0.556 0.153 0.833 0.010
Large LDL-C (mg/dl) -0.079 0.853 0.248 0.553
Intermediate LDL-C (mg/dl) 0.683 0.062 0.669 0.070
Small LDL-C (mg/dl) 0.865 0.006 0.905 0.002
Large LDL (%) —-0.432 0.285 —0.085 0.842
Intermediate LDL (%) 0.414 0.308 0.505 0.202
Small LDL (%) 0.716 0.046 0.849 0.008

The results of univariate correlation analysis are shown.

IL-6: interleukin-6; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.

high-sensitivity C-reactive protein (Hs-CRP) and
matrix metalloproteinase-9 (MMP-9), as well as the
LDL-C concentration in patients with acute coronary
syndrome.”" Another study showed that XZK treat-
ment for 2 weeks rapidly reduced the levels of Hs-
CRP and MMP-9 without changing the lipid levels,
suggesting that the anti-inflammatory action of XZK
occurs prior to its effect on lipids. This action may
play an important role in the early-stage treatment of
ACS patients.”” In the present study, we found that
1200 mg/day XZK treatment for 8 weeks notably
decreased the IL-6 levels in patients with atheroscle-
rosis, which was similar to the study performed in
patients with cardiac syndrome X.*° In addition, our
previous study demonstrated that systemic inflamma-
tory markers were positively correlated with small
LDL cholesterol and LDL scores, indicating the po-
tential interactive contribution of these factors to
increased cardiovascular risk.”” Based on this infor-
mation, we further analyzed the association of plasma
IL-6 levels and lipoprotein subfractions, and found
that IL-6 levels were positively correlated with small
LDL-C and the percentage of the small LDL sub-
fraction in patients with CAD both at baseline and
after XZK treatment, while no such changes were
found in the control group. Briefly, our findings
showed that XZK reduced the plasma IL-6 concen-
tration and had a beneficial impact on small LDL-C
and the percentage of the small LDL subfraction,
indicating that some parallel interaction exists be-
tween the IL-6 and LDL subfractions.

The present study had several limitations. First,
the study included a relatively small sample size

from a single center; however, the number of sub-
jects may be enough to explore the changes in li-
poprotein subfractions. Second, the study duration
was short, which may have been insufficient to fully
determine the impacts of XZK on lipid parameters
such as HDL-C and ApoA-I. Moreover, the effect of
high-dose XZK therapy on lipids and lipoproteins
was not evaluated; however, the dosage of XZK used
in this study is commonly prescribed in clinical
practice, which may reflect the impact of XZK
therapy in “real world” practice. Finally, the impact
of XZK-induced changes in the small LDL sub-
fraction on clinical outcomes was not investigated in
our study.

In summary, our findings indicated that 8 weeks of
therapy with a clinically conventional dose of
1200 mg/day XZK resulted in a favorable modification
of the LDL subfraction distribution, in addition to the
effect on serum LDL-C concentration, and also
significantly decreased circulating oxLDL and IL-6
levels in patients with dyslipidemia. Our data suggest
multiple beneficial impacts of XZK on ASCVD.
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