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ORIGINAL ARTICLE 

Impact of Xuezhikang on coronary events in hypertensive patients 
with previous myocardial infarction from the China Coronary 
Secondary Prevention Study (CCSPS) 

JIAN-JUN LI, ZONG-LIANG LU , WEN-RONG KOU , ZUO CHEN,YANG-FENG WU ,
XUE-HAI YU , YU-CHENG ZHAO ; ON BEHALF OF THE CHINESE CORONARY 
SECONDARY PREVENTION STUDY (CCSPS) GROUP 

Department of Cardiology, Fu Wai Hospital, Chinese Academy of Medical Sciences, Peking Union Medical College, 
Beijing 100037, P. R. China 
Abstract
Background. The lowering of cholesterol concentrations in individuals at high risk for cardiovascular disease improves 
clinical outcome. Xuezhikang has a marked impact on lipids. 
Methods. In this randomized, double-blinded, placebo-controlled, parallel-group clinical trial, a total of 2704 hypertensive 
patients with previous myocardial infarction (MI) were assigned either to placebo ( n � 1341) or to Xuezhikang (0.6 g 
twice daily,  n � 1363) for an average of 4.5 years. The primary end-point was recurrent coronary events; the secondary 
end-point was all-cause mortality and other clinical events, including adverse effects. 
Results. There were no differences between the Xuezhikang and placebo group in base-line characteristics. However, 
Xuezhikang treatment reduced the incidence of coronary events by 43.0% ( P � 0.02), deaths from coronary heart disease 
(CHD) by 30.0% ( P � 0.01), and all-cause mortality by 35.8% ( P � 0.001). 
Conclusions. This study, for the fi rst time, demonstrated that long-term Xuezhikang therapy resulted in signifi cant reduction 
in cardiovascular events and death in Chinese hypertensive patients with previous MI in a safe manner. 
Key words: Hypertension , myocardial infarction , statin , Xuezhikang
Introduction

Cardiovascular diseases are the major cause of mor-
tality in the Western world, and it is expected that 
this will remain so during the foreseeable future. 
Recent guidelines have recommended an integrated 
approach to decrease cardiovascular risk by treat-
ing hypertension, dyslipidemia, and other cardiovas-
cular risk factors (1). Until recently, a few studies 
have assessed the effects of statins specifi cally in 
hypertensive patients (2,3). However, the results 
of these studies were confl icting. More recently, 
a meta-analysis has addressed the impact of sys-
temic hypertension on the cardiovascular benefi ts 
of statin therapy and suggested that statin therapy 
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effectively decreased cardiovascular morbidity and 
mortality to the same extent in hypertensive and 
non-hypertensive patients (4). More importantly, 
all previous studies regarding effects of statins on 
hypertensive patients were from Western popula-
tions, and there are no data available from Chinese 
populations. Furthermore, information on whether 
statin therapy can confer a greater benefi t on hyper-
tensive patients with previous myocardial infarction 
(MI) has been limited. 

Extracts of red yeast rice have been widely used 
for therapy of patients with cardiovascular disorders 
in China for centuries. Xuezhikang, an extract of 
red yeast Chinese rice with multiple components, 
 Hospital, Chinese Academy of Medical Sciences, Peking Union Medical 
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Key messages
The lowering of cholesterol concentrations •
in individuals at high risk for cardiovascu-
lar disease improves clinical outcome.
A few previous studies have suggested a •
benefi t impact of statin on hypertensive 
patients in Western populations.
The present subgroup analysis demon-•
strated a favorable effect of Xuezhikang 
therapy on recurrent of coronary events 
and mortalities in Chinese hypertens 
ive patients with previous myocardial 
infarction.
is a traditional Chinese medication with  hydroxy- 
methylglutaryl coenzyme A (HMG-CoA) reductase 
inhibiting activity and contains a family of natu-
rally occurring statins (monacolins), one of which 
is lovastatin (5). Recent studies including our data 
have demonstrated that Xuezhikang could effectively 
modify not only lipid profi le but also infl ammatory 
markers (6,7). The China Coronary Secondary 
Prevention Study (CCSPS) was a large randomized, 
double-blind, placebo-controlled, parallel-group, 
multiple-center clinical trial designed to compare 
the impacts of Xuezhikang and placebo on reduc-
ing cardiovascular events in 4870 patients who had 
a history of MI (8). The primary aim of this study 
was to perform a detailed  post hoc subgroup analysis 
of the 2704 hypertensive patients from the CCSPS. 

Methods

Subjects

This study was carried out in 4870 patients with a 
documented previous MI in 65 Chinese hospitals in 
19 provinces across China, and eligible subjects were 
men and women aged 18 to 75. During the prior 60 
months, all eligible patients had to have incurred an 
MI that met appropriate diagnostic criteria, includ-
ing increased serum creatine kinase (8). The inclu-
sion and exclusion criteria of subjects have previously 
been published (8–10). Blood pressure was mea-
sured after at least 10 min of rest in a sitting position. 
Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were the means of two measure-
ments by well trained doctors. The hypertension in 
the study was defi ned as SBP  �140 mmHg, DBP 
�90 mmHg, or the current use of antihypertensive 
medication. Finally, 4870 patients participated in the 
CCSPS, of whom 2704 were identifi ed with hyper-
tension. And then, those hypertensive patients with 
previous MI were randomly assigned at 1:1 ratio into 
either placebo ( n � 1341) or Xuezhikang 0.6 g twice 
daily ( n � 1363) for an average of 4.5 years. 
Study design 

The protocol of the study was approved by the data 
and safety monitoring and regional ethics committees 
of each study site, and informed consent forms were 
signed by all enrolled patients before study initiation, 
and this has previously been reported elsewhere (8–10). 
In brief, the CCSPS study was a randomized, dou-
ble-blinded, placebo-controlled, parallel-group clini-
cal trial. Randomization was done according to the 
number allocated to each hospital by the study data 
center. Adherent individuals who did not have major 
clinical events or other serious medical conditions 
during the run-in were randomly assigned to receive 
a Xuezhikang capsule, 0.6 g twice daily (Beijing WBL 
Peking University Biotech Co. Ltd, Beijing, China), or 
a matching placebo twice daily. (Xuezhikang 0.6 g 
twice daily comes from the habit of Chinese traditional 
drugs.) Xuezhikang is an extract of cholestin from 
Monascus purpureus (red yeast rice or Hongqu). Each 
capsule of Xuezhikang contains the combination of 
lovastatin, also termed monacolin K (2.5–3.2 mg/
capsule), unsaturated fatty acids, essential amino acids, 
and a small quantity of lovastatin hydroxyl acid, as well 
as ergosterol and some other components (8,9). Previ-
ous medical treatments for hypertension, coronary 
heart disease (CHD), or complications of CHD were 
continued, but all medications known to infl uence 
blood lipid levels were prohibited. 

Study end-point and follow-up 

The primary study end-point was to assess the effi -
cacy of Xuezhikang on reducing coronary events 
including non-fatal or fatal MI, sudden death, and 
deaths from coronary heart disease. The secondary 
study end-point was mortality due to all causes. Other 
registered events were the occurrence of stroke and 
other cerebrovascular events, and requirement for 
percutaneous coronary intervention (PCI), coronary 
artery by-pass graft (CABG), cancer, suicide, all-
cause death, and drug-related adverse events, includ-
ing symptoms and abnormal laboratory fi ndings. 

All patients maintained a stable diet and life-style 
during follow-up. Routine visits were scheduled 6–8 
weeks later after randomization and every 6 months 
thereafter to monitor clinical events until the fi nal 
follow-up visit. The detailed protocol of follow-up 
has previously been reported (8–10). 

Data evaluation 

An independent data and safety monitoring  committee 
reviewed the safety and effi cacy data, and the events 
were coded according to pre-specifi ed  criteria.  Analyses 
were based on confi rmed reports.  Confi rmation of 



 Impact of Xuezhikang on CVEs in HT patients with MI  233
MI required evidence of typical symptoms, diagnostic 
electrocardiographic changes, and diagnostic elevation 
of cardiac enzyme concentration. Deaths attributed 
to MI, other coronary diseases (such as heart fail-
ure due to CHD), and sudden or unexpected deaths 
without post-mortem evidence of another cause were 
classifi ed as coronary death. Stroke was defi ned as 
the rapid onset of focal or global neurological defi -
cits lasting more than 24 hours or leading to death, 
with clinical evidence supplemented by neurological 
imaging. Cancers were classifi ed according to their 
primary anatomical site. 

Statistical analysis 

Data were analyzed using SPSS statistical software, 
version 11.5 (SPSS Inc., Chicago, IL, USA). Data 
are presented as means � standard deviations (SD). 
The results are presented as percentages for discrete 
variables and as mean  � SD for continuous variables 
unless otherwise indicated. The differences between 
demographic variables of the groups were assessed 
using the Student t test for continuous data and chi-
square test for categorical data. The base-line and 
post-treatment lipid components were analyzed with 
ANOVA, and other biochemical variables were com-
pared between the two groups with the Student  t
tests. Cox proportional hazards regression models 
were applied to estimate relative risk and confi dence 
intervals. The Kaplan-Meier method was used to 
construct the time-to-event curves (Figure 1). Results 
were reported as the number of participants and 
events for each treatment group. A  P-value  �0.05
was considered statistically signifi cant. 

Results

Base-line clinical characteristics 

All the 2704 patients with hypertension were ran-
domly assigned to the Xuezhikang group ( n � 1363) 
and the placebo group ( n � 1341). Because the 
second interim analysis showed  P�0.05 for the 
primary end-point, the study was discontinued in 
June 2003. The average follow-up period was 4.5 
years. Base-line clinical characteristics of patients 
with either placebo or Xuezhikang are illustrated 
in Table I. There were no signifi cant differences 
of base-line clinical variables between the placebo 
group and the Xuezhikang group. The average fol-
low-up period for enrolled patients was 4.5 years 
(range 0.5–7 years). A total of 25 patients (0.92%) 
were lost to follow-up because of adverse effects, of 
whom 15 were in the Xuezhikang group (fi rst year 
n � 7; second year  n � 4; third year  n � 3; fourth 
year  n � 1,  respectively), and 10 patients were in the 
placebo group (fi rst year  n � 5; second year  n � 2; 
third year  n � 3; fourth year  n � 0, respectively). 

Changes in lipid profi les and blood pressure 

As shown in Table II, there were no differences in lipid 
profi les between the groups at base-line. However, 
over an average of 4.5 years, therapy with 1.2 g Xue-
zhikang per day induced signifi cant reductions in total 
cholesterol (TC)(10.9%), and low-density lipoprotein 
cholesterol (LDL-C) (16.9%), compared with cor-
responding reductions of 2.4% and 3.3% in the pla-
cebo group, respectively ( P � 0.0001). Triglyceride 
(TG) levels fell 11.5% in the Xuezhikang group, com-
pared with 5.5% in the placebo group ( P � 0.0007). 
Additionally, Xuezhikang therapy resulted in eleva-
tion of high-density lipoprotein cholesterol (HDL-C) 
by 4.6% compared to base-line ( P � 0.0002), while 
there were no such changes in the placebo group 
(P � 0.07). 

The reduction of blood pressure was expected 
because of continued medical treatments for hyper-
tension during the follow-up. As presented in Table II, 
although there was no signifi cant difference in 
changes of blood pressure including systolic as well 
as diastolic blood pressure between the Xuezhikang 
group and the placebo group at base-line and the 
end-point of follow-up, the blood pressure was 
signifi cantly decreased after 4.5-year therapy with 
Xuezhikang as well as placebo compared with base-
line data due to continued medical treatments for 
hypertension during the follow-up. 

Modifi cation in cardiovascular events 

There were signifi cant differences in incidence of 
coronary events between the two groups during the 
follow-up as summarized in Table III. During the 
average 4.5-year follow-up, 225 cases of coronary 
events occurred in all the 2704 patients, among 
which there were 91 cases (6.7%) in the Xuezhikang 
group and 160 cases (11.9%) in the placebo group 
(P � 0.0214). Risk reduction for coronary events 
was 43.0% by Xuezhikang therapy (Table III). 
Xuezhikang also decreased risk of non-fatal MI by 
59.6% ( P � 0.0001) and risk of death due to coro-
nary disease by 30% ( P � 0.0059). The calculated 
number needed to treat (NNT) to prevent one cor-
onary event during the average 4.5-year follow-up 
was 19/4.5 years (Table IV). 

The benefi cial effects of Xuezhikang on mortality 
could be also observed after the 4.5-year treatment. 
During the period of follow-up, 205 cases died from 
various causes, among which there were 81 patients 
in the Xuezhikang group and 124 cases in the  placebo
group. The risk for all-cause death was 35.8% lower 
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Figure 1.  Kaplan-Meier analysis of time to primary and secondary end-points in hypertensive patients. A: Total coronary events, including
recurrent non-fatal myocardial infarction (MI), fatal MI, sudden death and other coronary death; B: coronary heart disease death; and 
C: all-cause death. 
in the Xuezhikang group than in the placebo group 
(P � 0.012). The NNT to prevent one death within 
the average 4.5-year follow-up was 30/4.5 years 
(Table IV). In addition to coronary death, two 
patients in the Xuezhikang group and one patient in 
the placebo group died from other cardiovascular 
disease (Table III). 
Table I. Base-line clinical characteristics ( n � 2704). 

Variables
Placeb

(n � 134

Male/female 1054/28
Age, mean  � SD

Male 59.2 � 9
Female 63.2 � 7

Body mass index (kg/m 2), mean  � SD 25.1  � 2
Heart rate (beats per minute) 74.9 � 9
Medical History,  n (%)

Smoking 442 (33
Alcohol consumption 202 (15
Diabetes 186 (11

Medication,  n (%)
Aspirin 1264 (94
β-Blocker 747 (55
ACEI 725 (54
Calcium channel blocker 578 (43
Nitrate 1223 (91

ACEI  � angiotensin-converting enzyme inhibitor. 
Comparison of treatment effect between hypertensive 
and non-hypertensive patients 

Hypertension was found to be a signifi cant risk factor 
for coronary events, death from coronary events, and 
mortality from all causes in the placebo-treated patients 
(P � 0.01 for all end-points, Tables III and IV). More 
o
1)

Xuezhikang
(n � 1363)  P-value

7 1093/270 0.31

.5 59.4  � 9.2 0.29

.1 63.0  � 6.6 0.28

.8 25.2  � 3.0 0.26

.1 74.7  � 9.7 0.12

.0) 434 (31.8) 0.53

.1) 184 (13.5) 0.25

.0) 209 (15.3) 0.38

.3) 1277 (93.7) 0.54

.7) 791 (58.0) 0.22

.1) 710 (52.1) 0.30

.1) 598 (43.9) 0.69

.2) 1281 (89.4) 0.11
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Table II. Changes of lipid profi les (mg/dL) and blood pressure (mmHg) after Xuezhikang therapy. 

Lipid profi le (mg/dL) and blood pressure (mmHg) Placebo ( n � 1341) Xuezhikang ( n � 1363)  P-value

Total cholesterol Base-line 208.1 � 25.8 207.6  � 26.1 0.59
After therapy 203.1 � 37.2 a 185.0  � 34.1 a �0.001

Triglyceride Base-line 166.0 � 75.7 164.8  � 76.1 0.68
After therapy 156.8 � 82.9  b 146.0  � 76.6 a 0.00

High-density lipoprotein cholesterol Base-line 45.9 � 14.4 45.9  � 14.5 0.89
After therapy 47.0 � 12.8 48.0  � 13.0 a 0.06

Low-density lipoprotein cholesterol Base-line 129.4 � 28.9 129.2  � 28.2 0.89
After therapy 125.1 � 35.9  b 107.4  � 32.2 a �0.001

Blood pressure Systolic
Base-line 137.7 � 16.8 137.7  � 16.5 0.94
After therapy 132.9 � 14.5 a 132.2  � 14.3 a 0.18

Diastolic Base-line 84.4 � 10.1 84.7  � 10.3 0.46
After therapy 80.7 � 9.5 a 80.4  � 8.7 a 0.34

aP � 0.05 compared with base-line.
bP � 0.05 compared with base-line. 
importantly, a similar reduction in risk for all of the 
aforementioned specifi ed events with Xuezhikang 
treatment was observed in hypertensive patients 
(Table IV). When treating with Xuezhikang, the NNT 
to prevent one coronary event was estimated at 19/4.5 
years, one coronary death at 50/4.5 years, and all-
cause mortality at 30/4.5 years in hypertensive patients, 
respectively, while the NNT to prevent one coronary 
event, one coronary death, and one mortality due to 
all causes in non-hypertensive patients were 25/4.5 
years, 71/4.5 years, and 59/4.5 years, respectively. 
These fi ndings suggested that hypertensive patients 
could gain the same or even more benefi t than non-
hypertensive patients from Xuezhikang treatment with 
respect to coronary events and total mortality. 
Table III. Comparison of various events between Xuezhikang and plac

Clinical events Placebo ( n � 1341) Xuezhik

CHD events
Non-fatal MI 73 (5.4) 3
Fatal MI 18 (1.3) 1
Sudden death 45 (3.4) 3
Other CHD death 24 (1.8) 1
Total CHD death 87 (6.5) 6
Total CHD events 160 (11.9) 9

Common events
Stroke survival 58 (4.3) 3
Stroke death 10 (0.8)
Total stroke 68 (5.1) 4
Cancer survival 9 (0.7) 1
Cancer death 21 (1.6)
Total cancer 30 (2.2) 1
PCI/CABG 57 (4.3) 4
Total common events 155 (11.6) 10

Other cardiovascular death 2 (0.2)
Total death 124 (9.3) 8

CHD � coronary heart disease; MI  � myocardial infarction; PCI/CAB
graft; Intergroup difference  � percentage difference of events between
Results in other common events 

Other clinical events that were monitored were cancer, 
stroke, and the requirement for PCI or CABG proce-
dures. During the 4.5-year follow-up, 263 cases of 
other common events occurred in all 2704 patients. In 
the Xuezhikang group 108 (7.9%) patients suffered 
from other common clinical events, while 155 (11.6%) 
patients did in the placebo group ( P � 0.0046). The 
risk was thus 31.5% lower in the Xuezhikang group 
compared with the placebo group (Table III). Specifi -
cally, the incidence of cancer was 44.2% lower, and 
the need for PCI or CABG procedures was 24% lower 
with Xuezhikang therapy. The risk for stroke was 
32.0% lower in the Xuezhikang group compared with 
the placebo group. However, those events mentioned 
ebo group. 

ang ( n � 1363) Intergroup difference (%)  P-value

0 (2.2) �59.6  �0.001
3 (1.0) �29.2 0.34
2 (2.4) �30.1 0.12
6 (1.2) �34.6 0.19
1 (4.5) �30.0 0.001
1 (6.7) �43.0 0.02

9 (2.9) �34.0 0.07
8 (0.6) �21.3 0.61
7 (3.5) �32.0 0.06
0 (0.7) 9.0 0.85
7 (0.5) �65.5 0.001
7 (1.3) �44.2 0.06
4 (3.2) �24.0 0.19
8 (7.9) �31.5 0.00
1 (0.1) �53.3 0.63
1 (5.9) �35.8 0.001

G  � percutaneous coronary intervention/coronary artery by-pass 
 the placebo and Xuezhikang. 
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Table IV. Comparison of effects of Xuezhikang treatment on clinical events between hypertensive ( n � 2704) and non-hypertensive patients 
(n � 2166) with previous myocardial infarction. 

Events and groups

Events in groups (%)

Relative risk (95% CI)  P-value NNTPlacebo Xuezhikang

CHD events
Hypertensive 11.9 6.7 0.68 (0.48–0.97) �0.01 19
Non-hypertensive 8.5 4.5 0.48 (0.37–0.65) �0.01 25

CHD death
Hypertensive 6.5 4.5 0.61 (0.41–0.80) �0.01 50
Non-hypertensive 4.3 2.9 0.66 (0.40–0.91) �0.05 71

All-cause death
Hypertensive 9.3 5.9 0.65 (0.42–0.77) �0.01 30
Non-hypertensive 5.9 4.2 0.62 (0.39–0.95) �0.05 59

CHD � coronary heart disease; CI  � confi dence interval; NNT  � number needed to treat. 
above did not reach statistically signifi cant differences 
(P � 0.0545 for cancer;  P � 0.1905 for PCI/CABG; 
P � 0.0626 for stroke, respectively). 

Clinical and laboratory adverse events 

Clinical adverse effects were rare and comparable in 
the Xuezhikang group and the placebo group (1.6% 
versus 1.0%,  P � 0.05). There were 13 reported adverse 
events in the placebo group including 3 patients with 
gastrointestinal discomfort, 2 patients with allergic 
reactions, 2 patients with myalgias and psychoneuro-
logical symptoms, 3 patients with erectile dysfunction, 
and 3 patients with other adverse events. In the Xue-
zhikang group 22 patients had adverse effects (gastro-
intestinal discomfort in 10 patients, allergic reactions 
in 3 patients, myalgias in 5 patients, edema in 2 patients, 
and other adverse events in 2 patients). 

In the present study, 7 (0.5%) patients in the 
Xuezhikang group and 13 (1.0%) patients in the pla-
cebo group experienced signifi cant (three times upper 
limit of normal) elevation of serum glutamic-pyruvic 
transaminase (GPT). Similarly, 74 (5.4%) patients in 
the Xuezhikang group and 80 (5.9%) in the placebo 
group had elevated blood urea nitrogen (BUN) 
beyond the upper limit of normal. The two laboratory 
abnormalities mentioned above did not reach statisti-
cally signifi cant differences between the two groups. 
Serum creatinine increased the upper limit of normal 
in 60 (4.4%) patients treated with Xuezhikang and 
57 (4.3%) patients treated with placebo, which showed 
no signifi cant difference between the two groups 
(P � 0.05). No patient experienced signifi cant eleva-
tion (fi ve times the upper limit of normal) of serum 
creatine phosphokinase or elevation (two times the 
upper limit of normal) of BUN or serum creatinine. 

Discussion

A few previous studies have suggested a benefi t 
impact of statin on hypertensive patients in Western 
populations. The present  post hoc subgroup analysis 
demonstrated a favorable effect of Xuezhikang ther-
apy on recurrence of coronary events and on mor-
talities in Chinese hypertensive patients with previous 
MI. Our data indicated that Xuezhikang therapy 
could reduce the relative risk for major coronary 
events by 44%, coronary death by 30%, and all-
cause mortality by 35.8% during an average 4.5-year 
follow-up period and was well tolerated. 

It is well known that hypertension and dyslipi-
demia are highly prevalent, independent, modifi able 
risk factors for cardiovascular disease (10,11), which 
are interrelated metabolically, epidemiologically, and 
clinically (12,13). The association of hypertension and 
dyslipidemia confers a greater increase in CHD than 
would be expected with either risk alone (13,14). 
Observational studies have suggested that the coexis-
tence of hypertension and dyslipidemia exerts a greater 
than additive effects on the risk of developing CHD 
(13). Intervention data also showed that a major ben-
efi t in terms of CHD risk reduction could be achieved 
through the combined control of both blood pressure 
and cholesterol levels (15,16). As shown in Table IV, 
our present data indicated  hypertensive patients with 
MI had more frequent recurrent cardiovascular events 
but could achieve more benefi ts from Xuezhikang 
therapy than non-hypertensive patients with MI 
(Table IV), suggesting that an integrated strategy 
should be recommended for high-risk hypertensive 
patients with MI including statin therapy. 

Besides extending the known benefi t of lipid-
lowering by statins to an under-studied ethnic 
group (Chinese), the present observations essen-
tially confi rmed fi ndings of previous clinical stud-
ies. Recently, there were several large-scale clinical 
trials to assess the effects of statins on cardiovascu-
lar events in hypertensive patients with or without 
CHD. The Anglo-Scandinavian Cardiac Outcomes 
Trial—Lipid-Lowering Arm (ASCOT-LLA)  evaluated 
the effect of adding a statin to the  antihypertensive 
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treatment regimen in patients with hypertension and 
no clinically evident CHD, with average TC levels 
	250 mg/dL, and  �3 cardiovascular disease risk fac-
tors in addition to hypertension (2). Statin addition 
in ASCOT-LLA was associated with a 36% decrease 
in non-fatal MI and fatal CHD and a 27% decrease 
in the incidence of fatal and non-fatal stroke com-
pared with placebo. A subgroup analysis of the Heart 
Protection Study (HPS) also revealed signifi cant ben-
efi ts from simvastatin 40 mg daily over placebo (17). 
Additionally, a recently published meta-analysis (only 
trials that followed  �1000 patients for  �2 years were 
included in this analysis, involving 69,984 patients) 
evaluated effects of statin on hypertensive patients and 
showed that patients receiving statins had statistically 
signifi cantly lower rates of cardiac events compared 
with patients in the control groups. Hypertensive 
patients and non-hypertensive patients had similar 
results regardless of the analytic approach employed 
(randomized trials, subgroup analyses, or meta-regres-
sion) (4). Therefore, our data confi rm and extend the 
data concerning the benefi t of statin treatment in 
hypertensive patients at very high risk of developing 
cardiovascular events in a Chinese population (18). 

Stroke is a common complication in hypertensive 
patients, especially in the Chinese population. The 
ASCOT-LLA study showed that atorvastatin treat-
ment had resulted in a highly signifi cant reduction in 
the primary end-point compared with placebo and a 
signifi cant reduction in the incidence of stroke (2). 
Additionally, in the SPARCL study, the data demon-
strated the effi cacy of high-dose atorvastatin in lower-
ing LDL cholesterol and prevented the occurrence of 
ischemic stroke/MI but increased the occurrence of 
hemorrhagic stroke (19). The increase in the inci-
dence of hemorrhagic stroke among patients with 
cerebrovascular disease treated with simvastatin (40 
mg) was also noted in HPS (17). The potential risk 
of recurrent hemorrhage, therefore, should be con-
sidered when one is deciding whether to administer 
a statin to patients who have had a hemorrhagic 
stroke (19). Interestingly, the base-line characteristics 
of study subjects bore close resemblance to those of 
our study. Specifi cally, the base-line mean systolic 
blood pressure of the patients was 138.9 mmHg in 
SPARCL, diastolic blood pressure was ˜82.0 mmHg 
in SPARCL (137.7 mmHg and 84.4 mmHg in our 
patients, respectively); mean LDL cholesterol was 
132.7 mg/dL in SPARCL (129.4 mg/dL in our 
patients). In contrast, our study showed that the risk 
for stroke was 32.0% lower in the Xuezhikang group 
compared with the placebo group. However, it did 
not reach statistically signifi cance ( P � 0.0626). It is 
unclear why our subgroup analysis did not  demonstrate 
a benefi t of statin on the incidence of stroke. The 
mean TC of base-line in the patients receiving lipid-
lowering therapy was also similar in our patients 
compared with the ASCOT-LLA study (5.4  � 0.6 
mmol/L) (11). Different ethnic backgrounds and dif-
ferent statins used may be underlying causes. In addi-
tion, as shown in Table III, there was a big difference 
in strokes between the two treatment groups although 
the number of strokes was quite small. Therefore, the 
most probable reason was the small number of strokes 
in the present study. In the ASCOT-LLA, patients 
were not permitted to have had a prior major coro-
nary event (previous clinical MI or currently treated 
angina pectoris) or a cerebrovascular event within 3 
months of study onset, and patients receiving ator-
vastatin in ASCOT-LLA experienced a signifi cant 
reduction in TC and LDL-C levels compared to our 
patients (50 mg/dL versus 22 mg/dL; and 46 mg/dL 
versus 22 mg/dL), which may also be an explanation 
for the different results between ASCOT-LLA and 
our study. Moreover, a recent study showed a sig-
nifi cant interaction between statins and race. In white 
patients, statins were associated with statistically sig-
nifi cantly lower odds of poor outcome, but in black 
patients statins were associated with a non-statisti-
cally signifi cant increase in poor outcome (20). These 
fi ndings indicated the need for further studies, includ-
ing randomized trials, to examine differential effects 
of statins on ischemic stroke outcomes among patients 
with different ethnic backgrounds. 

Compared with previous studies from Western 
populations, the current study showed a greater 
reduction in mortality from all causes and coronary 
events from Xuezhikang therapy in hypertensive Chi-
nese patients with previous MI. Although the reasons 
for the expectedly greater reduction in risk in the 
current study than in other studies are unknown, sev-
eral possible reasons have been proposed. Firstly, our 
results were apparently in agreement with a primary 
prevention study performed in an Asian-ethnic Japa-
nese cohort (21). In their study, 10–20 mg of pravas-
tatin reduced TC and LDL-C by 11.5% and 18.0%, 
respectively, but the risk of CHD was reduced by 
33%. Secondly, a study on rosuvastatin pharmacoki-
netics demonstrated that the rosuvastatin area under 
the plasma concentration—time curve was approxi-
mately two times as great in Chinese, Malay, and 
Asian-Indian subjects as in Caucasian subjects living 
in Singapore (22), suggesting that a difference in sta-
tin pharmacokinetics might exist between Chinese 
and Western populations. Moreover, as a Chinese 
traditional medicine, Xuezhikang contains lovastatin, 
as well as other useful substances, and has also shown 
many pleiotropic effects (6,7,23). Therefore, the clin-
ical benefi ts in our population might be associated 
with lipid-dependent and lipid-independent effects of 
Xuezhikang. Finally, a higher-risk population enrolled 
in the current study might be another explanation. 
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Additionally, a recent meta-analysis has indicated 
a neutral effect on cancer and the risk of cancer death 
in randomized, controlled trials (24). However, the 
risk of death from cancer was signifi cantly lower, and 
the rate of cancer tended to be lower with Xuezhi-
kang than placebo in the present study, although the 
exact mechanism was unknown. In fact, ankafl avin, 
a compound from Monascus-fermented red rice, is 
toxic to the human cancer cell lines HepG2 and 
A549 but not to normal MRC-5 and WI-38 cells, as 
indicated by a cell-based cytotoxicity assay (25). 
Extract of red yeast rice is found to inhibit prostate 
cancer cell line (LNCaP) proliferation and induce 
apoptosis, which is more obvious for red yeast rice 
extract than lovastatin in an  in vivo study (9). It is 
speculated that, therefore, as a Chinese traditional 
medicine, the useful substance contained in Xuezhi-
kang may play a synergistic role in the reduction of 
cancer risk (9). However, further studies are needed 
to confi rm this fi nding and the possible mechanism. 

The mechanisms of the statins in reducing cardio-
vascular events in hypertensive patients with MI are 
not fully understood. These mechanisms may include 
anti-infl ammatory, neuroprotective, antithrombotic, 
direct vascular, and plaque-stabilizing effects. The 
clinical benefi ts in our population may be associated 
with lipid-dependent and lipid-independent effects of 
Xuezhikang. Xuezhikang, similarly to other statins, is 
known to improve endothelial function (23), reduce 
blood thrombogenicity (6), and exert anti-infl amma-
tory actions (7). In addition, the statin-induced inhi-
bition of Rho and its downstream target Rho kinase 
function may have benefi cial effects in hypertensive 
patients, including angiotensin-II-elicited intracellular 
signals that could have important clinical conse-
quences (26,27). Finally, hypertensive patients toler-
ated Xuezhikang well in the present study. 

In conclusion, in hypertensive patients with pre-
vious MI at high risk of recurrent cardiovascular 
events, cholesterol-lowering with Xuezhikang 0.6 g 
twice daily was associated with a highly signifi cant 
reduction in the primary end-point of incidence of 
coronary events. Signifi cant reductions in the sec-
ondary end-points of cancer death, total coronary 
death, and all-cause mortality were also observed. 
These fi ndings suggested that long-term Xuezhikang 
therapy resulted in signifi cant reduction in cardio-
vascular events and death in Chinese hypertensive 
patients with previous MI, in reliable safety. 

Limitations 

The current study may extend the known benefi t of 
lipid-lowering by statins to an under-studied ethnic 
group (Chinese hypertensive patients). However, 
several potential limitations of the present study 
deserve attention. The  post hoc subgroup analysis from 
CCSPS is the fi rst limitation. Apparently, the primary 
hypothesis and numbers of studies might be relatively 
limited. More importantly, sex unbalance of enrolled 
patients (female patients were under-represented) 
may limit the generalizability of the current study. 

Acknowledgements 

Dr Jian-Jun Li and Dr Zong-Liang Lu contributed 
equally to this study. Dr Jian-Jun Li and Zong-Liang 
Lu collected and interpreted the data and designed 
and prepared the manuscript. Dr Bao-Min Du col-
lected data and helped with data analysis. Dr Zuo 
Chen analyzed data. Dr Yang-Feng Wu supervised data 
analysis. Dr Xue-Hai Yu and Yu-Cheng Zhao were 
involved in the acquisition of subjects and data. 

Declaration of interest:  This study was supported 
by the project (No. 96-906-02-10) of the National 
Medical Science and Technological Foundation dur-
ing the ninth 5-year plan in China. Dr Jian-Jun Li 
and Dr Zong-Liang Lu, Wen-Rong Kou, Zuo Chen, 
Yang-Feng Wu, Xue-Hai Yu, Yu-Cheng Zhao received 
fi nancial support by grants from National Medical 
Science and Technological Foundation, and Beijing 
WBL Peking University Biotech Co. Ltd for the 
present study. 

The sponsors helped fund the study but had no 
input into the design, subject recruitment, data col-
lections, analysis, or preparation of the manuscript. 

References

Expert Panel on Detection, Evaluation, and Treatment of 1. 
High Blood Cholesterol in Adults. Executive Summary of 
the Third Report of the National Cholesterol Education 
Program (NCEP) (Adult Treatment Panel III). JAMA. 
2001;285:2486–97. 
Sever PS, Dahlöf B, Poulter NR, Wedel H, Beevers G, 2. 
Caulfi eld M, et al. Prevention of coronary and stroke events 
with atorvastatin in hypertensive patients who have average 
or lower-than-average cholesterol concentrations, in the 
Anglo-Scandinavian Cardiac Outcomes Trial-Lipid Lower-
ing Arm (ASCOT-LLA): a multicenter randomized control-
led trial. Lancet. 2003;361:1149–58. 
ALLHAT Offi cers and Coordinators for the ALLHAT 3. 
Collaborative Research Group. Major outcomes in moder-
ately hypercholesterolemic, hypertensive patients rand-
omized to pravastatin vs usual care: the Antihypertensive and 
Lipid-Lowering Treatment to Prevent Heart Attack Trial 
(ALLHAT-LLT). JAMA. 2002;288:2998–3007. 
Messerli FH, Pinto L, Tang SSK, Thakker KM, Cappelleri JC, 4. 
Sichrovsky T, et al. Impact of systemic hypertension on the 
cardiovascular benefi ts of statin therapy–-a meta-analysis. 
Am J Cardiol. 2008;101:319–25. 
Wang J, Lu Z, Chi J, Su M, Kou W, Yu F, et al. Multiple 5. 
clinical trials of the serum lipid-lowering effects of a  Monascus
purpureus (red yeast rice preparation from  traditional
Chinese medicine. Curr Ther Res. 1997;58:964–78. 



 Impact of Xuezhikang on CVEs in HT patients with MI  239
Li J-J, Hu S-S, Fang C-H, Hui R-T, Miao L-F, Yang Y-J, 6. 
et al. Effects of Xuezhikang, an extract of cholestin, on lipid 
profi le and C-reactive protein: a short-term time course 
study in patients with stable angina. Clin Chim Acta. 
2005;352:217–24. 
Li J-J, Wang Y, Nie S-P, Li Y-S, Huang Y, Hui R-T. Xuezhikang, 7. 
an extract of cholestin, decreases plasma infl ammatory mark-
ers and endothelin-1, improve exercise-induced ischemia and 
subjective feeling in patients with cardiac  syndrome X. Int J 
Cardiol. 2007;122:82–4. 
Lu Z-L, Kou W-R, Du B-M, Wu Y-F, Zhao S-P, Brusco OA, 8. 
et al. Effects of Xuezhikang, an extract from red yeast Chi-
nese rice, on coronary events in a Chinese population with 
previous myocardial infarction. Am J Cardiol. 2008;101:
1689–93. 
Ye P, Lu Z-L, Du B-M, Chen Z, Wu Y-F, Yu X-H, et al.; for 9. 
the CCSPS investigators. Effects of Xuezhikang on cardio-
vascular events and mortality in elderly patients with a his-
tory of myocardial infarction: a subgroup analysis of elderly 
subjects from the China Coronary Secondary Prevention 
Study. J Am Geriatr Soc. 2007;55:1015–22. 
Zhao S-P, Lu Z-L, Du B-M, Chen Z, Wu Y-F, Yu X-H, et al. 10. 
Xuezhikang, an extract of cholestin, reduces cardiovascular 
events in type 2 diabetes patients with coronary heart dis-
ease: subgroup analysis of patients with type 2 diabetes from 
China Coronary Secondary Prevention Study (CCSPS). 
J Cardiovasc Pharmacol. 2007;49:81–4. 
Sever PS. Lipid-lowering therapy and the patients with mul-11. 
tiple risk factors: what have we learned from the Anglo-
Scandinavian Cardiac Outcome Trial (ASCOT)? Am J Med. 
2005;118:35–95. 
Wilson PW, Kannel WB, Silbershatz H, D’Agostino RB. 12. 
Clustering of metabolic factors and coronary heart disease. 
Arch Intern Med. 1999;159:1104–9. 
Neaton JD, Wentworth D. Serum cholesterol, blood pres-13. 
sure, cigarette smoking, and death from coronary heart 
disease. Overall fi ndings and differences by age for 316,099 
white men. Multiple Risk Factor Intervention Trial Research 
Group. Arch Intern Med. 1992;152:56–64. 
Thomas F, Bean K, Guize L, Quentzel S, Argyriadis P, Bene-14. 
tos A. Combined effects of systolic blood pressure and serum 
cholesterol on cardiovascular mortality in young ( �55 years) 
men and women. Eur Heart J. 2002;23:528–35. 
Wilhelmsen L, Berglund G, Elmfeldt D, Tibblin G, Wedel 15. 
G, Pennert K, et al. The multifactor primary prevention trial 
in Goteborg, Sweden. Eur Heart J. 1986;7:279–88. 
Gaede P, Vedel P, Larsen N, Jensen GV, Parving HH, Ped-16. 
ersen O. Multifactorial intervention and cardiovascular dis-
ease in patients with type 2 diabetes. N Engl J Med. 
2003;348:383–93. 
Heart Protection Study Collaborative Group. MRC/BHF 17. 
Heart Protection Study of cholesterol lowering with simvas-
tatin in 20,536 high-risk individuals: a randomized placebo-
controlled trial. Lancet. 2002;360:7–22. 
Ferrier KE, Muhlmann MH, Baguet JP, Cameron JD, 18. 
Jennings GL, Dart AM, et al. Intensive cholesterol reduction 
lowers blood pressure and large artery stiffness in isolated 
systolic hypertension. J Am Coll Cardiol. 2002;39:1020–5. 
Amarenco P, Bogousslavsky J, Callahan A 3rd, Goldstein 19. 
LB, Hennerici M, Rudolph AE, et al.; Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels (SPARCL) 
Investigators. High-dose atorvastatin after stroke or transient 
ischemic attack. N Engl J Med. 2006;355:549–59. 
Reeves MJ, Gargano JW, Luo Z, Mullard AJ, Jacobs BS, 20. 
Majid A, et al. Effects of pretreatment with statins on 
ischemic stroke outcomes. Stroke. 2008;39:1779–85. 
Nakamura H, Arakawa K, Itakura H, Kitabatake A, Goto Y, 21. 
Toyota T, et al. Primary prevention of cardiovascular disease 
with pravastatin: in Japan (MEGA Study): a prospective ran-
domized controlled trial. Lancet. 2006;368:1155–63. 
Lee E, Ryan S, Birmingham B, Zalikowski J, March R, 22. 
Ambrose H, et al. Rosuvastatin pharmaccokinetics and phar-
macogenetics in white and Asian subjects residing in the 
same environment. Clin Pharmacol Ther. 2005;78:330–41. 
Zhao S-P, Liu L, Cheng Y-C, Shishehbor MH, Liu M-H, 23. 
Peng D-Q, et al. Xuezhikang, an extract of cholestin, pro-
tects endothelial function through anti-infl ammatory and 
lipid-lowering mechanisms in patients with coronary heart 
disease. Circulation. 2004;110:915–20. 
Dale KM, Coleman CI, Henyan NN, Kluger J, White CM. 24. 
Statins and cancer risk: a meta-analysis. JAMA. 2006;295:
74–80. 
Su NW, Lin YL, Lee MH, Ho CY. Ankafl avin from Monas-25. 
cus-fermented red rice exhibits selective cytotoxic effects 
and induces cells death on Hep G2 cells. J Agric Food Chem. 
2005;53:1949–54. 
Takemoto M, Liao J. Pleiotropic effects of 3-hydroxy-3-26. 
methylglutaryl coenzyme A reductase. Arterioscler Thromb 
Vasc Res. 2001;21:1712–9. 
Ruiz-Ortega M, Ruperez M, Esteban V, Egido I. Molecular 27. 
mechanisms of angiotensin II-induced vascular injury. Curr 
Hypertens Rep. 2003;5:73–9. 



240 J.-J. Li et al. 
Appendix

Investigators 

Fu Wai Hospital (Xu YS, Gu DF, Jia X, Chen Z, Sun 
JL, Chen J); Peking University Shougang Hospital 
(Yu XH, Wang JH, Wang N, Zheng RP, Zhang SH); 
Heilongjiang Yichun Forrest Industry Central Hos-
pital (Liu CX, Sun LH, Zhao YC, Lin Y, Huang JB); 
Capital Medical University Beijing Chaoyang Hos-
pital (Hu DY, Yang XC, Liu YZ, Gao MM, Zhang 
P); Liaoning People’s Hospital (Deng CX, Liu Y, Li 
ZQ, Shi YQ, Hu TS); Chongqing Medical University 
First Hospital (Chen YZ, Tan S, Zhao WR, Deng GL, 
Huang WJ); Hebei Baoding Second Hospital (Zhang 
JC, Yu H, Shi QS, Wang XZ, Jiang B); Shandong 
University Qilu Hospital (Pan XR, Li L, Bu PL, Shu 
MQ, Xu QL); Peking University First Hospital 
(Zhang JH, Ding WH, Li L, Yang JJ, Su JL); Anshan 
Steel Company Tiedong Hospital (Zhao WD, Liu X, 
Li LJ, Yang JF, Wang QS); Institute of Cardiology, 
Tianjing Medical University Second Hospital 
(Huang TG, Li LF, Zhou LJ); Peking University 
Third Hospital (Guo JX, Li WH, Li ZP); Beijing 
Fangshan First Hospital (Zhang XG, Peng XM, An 
YW); Xi’an Jiaotong University First Hospital (Shu 
J, Ma LT, Ge H, Zhang MJ, Lv ZR); Beijing Haidian 
Hospital (Li JH, Yang JW, Zhang L); Jiangsu People’s 
Hospital (Cheng YL, Chen JG, Zhou CW, Zhang 
HH); Harbing Medical University First Hospital 
(Huang YL, Qu XF, Li JJ, Guo H); Shandong 
Dezhou Hospital (Wang GX, Hao SZ, Li SJ, Chang 
HS); Beijing Military Area General Hospital (Zhou 
SM, Liang HQ, Cao SJ, Liu JG); Shanxi Hanzhong 
People’s Hospital (Yang J, Zhao MY, Lv Y, Xu SL); 
Central South University Xiangya Second Hospital 
(Wang ZL, Zhao SP, Li XP, Luo XL); Beijing Jian-
gong Hospital (Li YP, Lei Y); Liaoyang Central Hos-
pital (Fan SQ, Wang LH, Zhao LJ, Zhao YC); Beijing 
Chuiyangliu Hospital (Xue SW, Li J, Xu SY, Cao 
YG); Fudan University Zhongshan Hospital (Tong 
BG, Wang W, Xu SK); Shanxi University First Hos-
pital (Chen HZ, Guo WL, Wang LJ, Yan XM); Cen-
tral Hospital of Jinzhou, Liaoning (Li Y, Wei LP, Qiao 
L, Gao SS); Peking Union Medical Collage Hospital 
(Jing XF, Wang CH, Tang BX, Bai H); Qinghai Med-
ical Collage Hospital (Li L, Liu Y, Li YP, Mei F); 
Shandong Liaocheng Second People’s Hospital 
(Yuan KZ, Zhang Y, Sun YR, Chen L); Shanxi Car-
diovascular Hospital (Xue SR, Wang JP, Li B, Liu 
ZM); Capital Medical University Beijing Friendship 
Hospital (Shen LH, Liang JR, Zhang Y, Song YL); 
Tianjing Medical University General Hospital (Sun 
YM, Wan Z, Xu YH, Zhang WJ); Shandong Dezhou 
People’s Hospital (Mu RQ, Li KQ, Wei YP, Wang 
SM); Shandong Binzhou People’s Hospital (Fan YJ, 
An KY, Guo J, Li AP); China Medical University 
First Hospital (Zeng DY, Huo HY, Chen Y, Song 
LX); Peking University People’s Hospital (Jiang BQ, 
Guo DJ, Chen H, Li L); Tianjin Thoracic Hospital 
(Yin YQ, Mao YM, Miao L, Guo YJ); Shenyang Fifth 
People’s Hospital (Li SJ, Cui SS, Diao Q, You XM); 
Northeast Electricity Central Hospital (Jiang B, Zhu 
LT, Liu JM, Fang L); Guangdong People’s Hospital 
(Lin SG, Chen LY, Huang WH); China—Japan 
Friendship Hospital (Zheng ZG, Ke YN, Wang Y); 
Qinhuangdao First Hospital (Wang QS, Liang H); 
Jinan Fourth People’s Hospital (Jia RY, Wang T, Liu 
CX); Nanjing First Hospital (Geng QJ, Duan BX); 
Rongcheng People’s Hospital (Fang CQ, Wang JY); 
Capital Medical University Beijing Tongren Hospital 
(Chang ZW, Qi Y); Hebei Langfang People’s Hospi-
tal (Wang X, He WS); PLA General Hospital (Ye P, 
Liu YC); Dalian Medical University Second Hospi-
tal (Li CY, Ye JJ); Xinjiang Medical University First 
Hospital (He BX, Zhang XY, Hong XF); Beijing 
Military Area General Hospital Division (Shi RG, 
Wei WL); Tianjin Tianhe Hospital (Sun JJ, Li ZC); 
Henan Xinxiang Second People’s Hospital (Zhang 
XJ, He P); Henan Kaifeng First People’s Hospital 
(Gao W, He YJ); Beijing Tongzhou District Luhe 
Hospital (Zhang HB, Li ND); Shandong Shengli Oil 
Field Shengli Hospital (He XN, Chen GL); Western 
China Hospital (Wang JL); Huazhong University of 
Science & Technology Tongji Medical College Wuhan 
Union Hospital (Liang GF, Dai GZ); Beijing Fuxing 
Hospital (Wang Q); Henan People’s Hospital (Jin 
HY); Ministry of Health Institute of Gerontology 
(Wang S). 


