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Abstract

Background
To compare the lipid-regulating effects and safety of statin combined with Xuezhikang capsules and
statin used alone for hyperlipidemia.

Methods
CNKI, Wanfang database, VIP Chinese Journals, PubMed, Embase, and Cochrane library were searched to
comprehensively collect and screen RCTs of Xuezhikang combined with statin compared with statin used
alone for lipid modifying treatment in hyperlipidemia patients from the database built as of September
2021, and the Cochrane 5.1.0 quality evaluation form was used to evaluate the quality of the included
literature and The Cochrane 5.1.0 quality assessment form was used to evaluate the quality of the
included literature and bias analysis, extract basic study information, primary and secondary outcome
indicators, and meta-analysis of the outcome indicators was performed using RevMan 5.3.

Results
A total of 14 studies with a total of 2042 patients were included, and the quality of the included studies
was low to medium. Effectiveness rate: OR=3.63,95%CI[2.69,4.90]; Funnel plot: all within the funnel, but
not in accordance with the principle of "aggregation at the top and dispersion at the bottom". Total
cholesterol: MD=-0.61,95%CI[-0.84,-0.39], The forest plots of each subgroup are to the left. Triglycerides:
MD=-0.30,95%CI[-0.41,-0.19], The forest plots of each subgroup are to the left,.  LDL:
MD=-0.33,95%CI[-0.46,-0.20], The forest plots of each subgroup are to the left.  HDL:
MD=0.23,95%CI[0.12,0.35], The forest plots of each subgroup are to the right. Adverse effects: OR=0.32,
95% CI[0.19,0.55].

Conclusion
The combination of statin with Xuezhikang capsule has better effect on lipid regulation in patients with
hyperlipidemia, and can effectively reduce the incidence of adverse events and has better safety. It is
recommended that the treatment of Xuezhikang combined with statin can be used as a safer and more
effective treatment for patients with hyperlipidemia.

Introduction
With the increasing standard of living of people, hyperlipidemia has become a common disease in
modern society and has become a major risk factor for diseases such as atherosclerosis[1]. With
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childhood obesity becoming an epidemic in certain parts of the United States[2], hyperlipidemia is either
directly or indirectly affecting people's health. And the regulation and stabilization of lipid levels has
become one of the health care behaviours in modern daily life[3]. Statins are the �rst-line of lipid-
modifying therapy[4], but their intensive use can have borderline effects[5], and the relationship between
bene�ts and risks and economic bene�ts still needs to be studied[6-8]. Xuezhikang Capsules(Xuezhikang)
represent a natural statin lipid-lowering drug, whose main ingredient is red yeast, re�ned in a standard
GMP process and containing 13 natural compound statins[9] and its toxicity is extremely low[10].
Compared with synthetic statins, Xuezhikang is not effective in the comprehensive regulation of blood
lipids and reducing the incidence of adverse reactions, which not only can be used as a �rst-line clinical
drug[11], but also can improve the bene�ts[12] and reduce the risks of intensive statin use[13]. To further
investigate the e�cacy and adverse effects of statins combined with Xuezhikang in patients with
hyperlipidemia, this study conducts a systematic review and meta-analysis of the relevant literature, with
a view to provide evidence-based medicine for clinical application.

1 Materials And Methods
1.1 Search Strategy

1.1.1 Databases

A systematic literature review was conducted by using the databases CNKI, Wanfang database, VIP
Chinese Journals, PubMed/Medline, Embase, Cochrane Library. Furthermore, the reference list of the
relevant articles was manually searched.

1.1.2 Search Time and language

From the database built to September 2021 with no language restriction.

1.1.3 Search Strategy

Take PubMed as an example: Title/ Abstract: Xuezhikang[Mesh] AND (statins[Mesh] OR
atorvastatin[Title/Abstract] OR Lipitor[Title/Abstract] OR atrovastatin[Title/Abstract] OR
atovastatin[Title/Abstract] OR rosuvastatin[Title/Abstract] OR Crestor[Title/Abstract] OR Rosuvastatin
Calcium[Title/Abstract] OR Rosuvastatin[Title/Abstract] OR Simvastatin[Title/Abstract] OR
Fluvastatin[Title/Abstract] OR pravastatin[Title /Abstract] OR Pravachol[Title/Abstract] OR
provastatin[Title/Abstract] OR Mevalotin[Title/Abstract] OR �uvastatin[Title/Abstract]) AND (
hyperlipidemia[Mesh] OR hyperlipemia[Title/Abstract]) AND (Randomized controlled trial[Publication
type] OR randomized[Title/Abstract] OR placebo[Title/Abstract])

1.2 Registration Information
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This systematic review and meta-analysis complies with the PRISMA Statement[14] and is registered in
PROSPERO(No. CRD42020200277).

1.3 Inclusion and Exclusion Criteria

1.3.1 Subjects

 Diagnostic criteria: Referring to Chinese guidelines for the prevention and treatment of dyslipidemia
(revised 2016)[15] and Consensus Statement by the AACE and ACE on the Management of Dyslipidemia
and Prevention of Cardiovascular Disease Algorithm[16], inclusion in this study meets the following
conditional hyperlipidemia population:a. TC≥6.2mmol/L(240mg/dl);b. TG≥2.3mmol/L(200mg/dl);c.
HDLC≤1.0mmol/L( 40mg/dl);d.LDLC≥4.1mmol/L(160 mg/dl); e. Non-HDLC≥4.9mmol/L( 190mg/dl);f.
Serum was examined after 12 – 14 h in 2 fasting within 2 weeks under a normal diet TC, TG, LDL-C, non-
LDL-C indicators can be diagnosed as hyperlipidemia if one or more of the above criteria are met Disease;
or the original history of hyperlipidemia, this blood lipid reached the above standards.  Sex, age and
comorbidities were not limited.

1.3.2 Intervention

The trial group was treated with Xuezhikang capsules combined with statins, and the control group was
treated with the same type and dose of statins as the trial group.

1.3.3 Outcome indicators 

Primary e�cacy indicator: treatment e�ciency. Secondary e�cacy indicators: a.total cholesterol(TC); b.
triglycerides(TG); c. low density lipoprotein(LDLC); d. high density lipoprotein(HDLC); e. number of
adverse events.

1.3.4 Study Type

Randomized controlled trial(RCT), no matter whether to adopt blinded or allocation concealment..

1.3.5 Exclusion Criteria 

 For patients who have taken other drugs affecting lipid metabolism concurrently during treatment. 
Literature for which complete data are not available.

1.4 Literature Screening and Data Extraction

Two researchers(Chen and Feng) independently screened the literature according to the inclusion and
exclusion criteria and cross-checked it, using a pre-designed data extraction form to extract information,
including basic information about the study, study methods, observation of subjects, intervention and
control measures, indicators, outcomes and occurrence of adverse effects. In case of disagreement, it
was resolved in consultation with the third researcher(Li). If the information reported in the study was
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incomplete, further contact was made with the author to obtain it, and the study was excluded if relevant
data were not eventually obtained.

1.5 Literature Evaluation

The Cochrane 5.1.0 Quality Assessor's Manual is used to screen and assess the quality of the literature.
Judgements of bias (selection bias, implementation bias, measurement bias, follow-up bias, reporting
bias and other biases) were made as "low risk/uncertain/high risk".

1.6 Statistical Analysis

Meta-analysis was performed by using RevMan 5. 3 software. The odds ratio(OR) was measured using
the MH algorithm for count data and the mean difference(MD) was measured using the IV algorithm for
continuous variable data with 95% con�dence intervals(CI). Heterogeneity between the results of each
included study was tested by Q-test and I2-test. We will use Cochrane manual thresholds to explain I2-
test[17]and Q-test[18]. (I2:0~40%, may not be important;30%~60%, which may represent moderate
heterogeneity; 50%~90%,may represent signi�cant heterogeneity; 75%~100%,with considerable
heterogeneity. P of Q-test:>0.1, low heterogeneity;<0.1, high heterogeneity.) If Q-est: P>0.1 or I2 test:
I2<50%, �xed effects model(FE) was used; if Q-test: P<0.1 or I2 test: I2>50%, random-effects model(RE)
was used, and sources of heterogeneity were identi�ed by subgroup method or single-study exclusion
method to reduce heterogeneity. P<0.05 for the combined effect indicator indicates a statistically
signi�cant difference. When the number of included studies was ≥10, an inverted funnel plot analysis
was performed to detect publication bias, using the effect indicators of the included studies as horizontal
coordinates and the inverse of the log standard error(SE) as vertical coordinates. Descriptive analysis
was used when data heterogeneity due to other reasons was clearly not possible to combine for analysis.

2 Results
2.1 Literature Search Results

A total of 992 papers were initially reviewed, and after reading the abstracts and full text, 14 RCTs[19-32]

were eventually included, with the process shown in Figure 1.

2.2 Basic Characteristics of the Included Studies

All the studies included 2042 patients, with 1022 in the trial group and 1020 in the control group. The
statins involved included: atorvastatin, simvastatin, rosuvastatin and �uvastatin, all of which are at
moderate doses according to guidelines. Study duration ranged from 4 to 12 weeks. All studies were
funded by grants, as detailed in Table 1.

2.3 Quality Evaluation of Included Studies and Risk of Bias Assessment
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All studies were randomized. No sample size estimation or intentionality therapy analysis or blind method
was performed. The methodological quality assessment of the included studies is described in detail in
Table 2. The risk of bias of the included studies is assessed in Figures 2A and its summary in Figure 2B.

2.4 Meta-analysis

2.4.1 Effective Rate

There was low heterogeneity between studies (P=0.91, I2 = 0%) and the combined effect size of FE model
was used for analysis, showing that the treatment e�ciency was signi�cantly higher with the use of
Xuezhikang (OR=3.63, 95%CI[2.69,4.90], P<0.00001), detailed in Figure 3. The publication bias was
analyzed on the row funnel plot with the effective rate. The shape of the funnel plot was consistent with
the inverted funnel type with narrow upper and wide lower shape, but the loose lower part and the graph
were all hollow dots, suggesting the existence of publication bias. More details are shown in Figure 4.

2.4.2 TC

All 14 studies reported data on TC with signi�cant heterogeneity between studies (P<0.00001, I2 =95%).
Using single study exclusion was not effective in reducing heterogeneity, while changing to subgroups
with different statins was effective in reducing heterogeneity. Using MD as the effect size and combining
effect sizes using the RE model, forest plot results showed that the addition of Xuezhikang all
signi�cantly reduced TC levels (MD=-0.61,95%CI[-0.84,-0.39],P<0.00001), Figure 5 for details.

2.4.3 TG

14 studies reported changes in TG with signi�cant heterogeneity between studies (P<0.00001, I2 =88%).
Subgrouping with statins reduced heterogeneity, and forest plot results using the RE model with MD as
the effect size showed that: the addition of Xuezhikang all signi�cantly reduced TG levels
(MD=-0.30,95%CI[-0.41,-0.19], P<0.00001), as detailed in Figure 6.

2.4.4 LDLC

11 studies[19,22-23,25-32] reported changes in LDLC levels, including 886 patients in the trial group and 884
patients in the control group, with signi�cant heterogeneity between studies (P<0.00001, I2=86%) and
Heterogeneity was reduced by statins subgroup. The forest plot results show that the overall analysis
results (MD=-0.33, 95%CI[-0.46,-0.20], P<0.00001) supported that the addition of Xuezhikang was more
effective in reducing LDLC levels. However, in the subgroups, there was a statistically signi�cant
difference between the results of Xuezhikang combined with statins and statins used alone in the
atorvastatin group and �uvastatin group (P<0.00001), while there was no statistically signi�cant
difference in the simvastatin group, as detailed in Figure 7.

2.4.5 HDLC
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Changes in HDLC levels were reported in 13 studies[19-23,25-32], including 1176 patients in the trial group
and 1174 patients in the control group, with signi�cant heterogeneity between studies (P<0.00001,
I2=96%). Heterogeneity was reduced by statins subgroup. With MD as the effect size, and using the RE
model, the forest plot results show that the addition of Xuezhikang all signi�cantly increased HDLC levels
(MD= 0.23, 95%CI[0.12,0.35], P<0.00001), as detailed in Figure 8.

2.4.6 Adverse Event

8 studies[19,21,23,25,27,29,30,32] reported adverse events during and after the middle stage of the study,
including bloating, nausea, vomiting and headache, with large heterogeneity between studies (P=0.001,
I2=71%). 8 studies were subclassi�ed according to whether the number of cases was greater than 100,
then we �nd out the heterogeneity was low in both subgroups(I2=0% in both). With OR as effect value,
combined effect size of RE model was used for analysis. The results of forest plot showed that adding
Xuezhikang could signi�cantly reduce the number of adverse events happening, as detailed in Figure 9.

3 Discussion
Blood lipids are the general term for cholesterol, triglycerides, and lipids in serum. Hyperlipidemia refers to
plasma lipoprotein disorders. It is a metabolic disease, and its direct damage to the body is not obvious,
and it generally does not have speci�c clinical discomfort symptoms[33]. Cholesterol is the total amount
of cholesterol contained in various lipoproteins in the blood. It exists in the human body mainly in the
form of free cholesterol and cholesteryl esters, and its level is related to the patient's age, gender, dietary
habits and genetic factors, but its metabolic changes are relatively slow[34] and is less valuable than LDL
for risk assessment[35] and prediction[36] of atherosclerotic cardiovascular disease. Triglycerides are
formed when the three hydroxyl groups in the glycerol molecule are esteri�ed by fatty acids and, similar
to cholesterol, their levels are in�uenced by both genetics and the environment. However, unlike
cholesterol, the metabolism of triglycerides is more in�uenced by diet and time, and triglyceride
measurements may vary considerably within a short period of time in the same individual with dietary
changes[37]. There was a study[38] suggested that elevated triglycerides are likely to have atherogenic
effects by affecting the structure of lipoproteins, and that mild to moderate elevations in serum
triglyceride levels may increase the risk of coronary heart disease in patients. LDL is the lipid core that
makes up the atherosclerotic plaque and is also the initial and maintaining element of the chronic
in�ammatory response that is the pathological manifestation of atherosclerosis, so an increase in LDL is
a major risk factor for the occurrence and development of atherosclerosis[39]. HDL is responsible for
reverse cholesterol transport - transporting cholesterol from peripheral tissues to the liver for circulation or
excretion in the form of bile acids, reducing cholesterol deposition in the vascular wall and acting as an
anti-atherosclerotic agent[40].

Dyslipidemia, characterized by elevated LDL and cholesterol, is a noteworthy risk factor for
atherosclerotic cardiovascular diseases(ASCVD). Other types of dyslipidemia, such as increased TG and
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decreased HDLC, are also associated with the development of ASCVD[41]. The ultimate treatment goal for
dyslipidemia is to effectively reduce the risk of developing ASCVD[36]. In the 2016-edition of the Chinese
Guidelines for the Prevention and Treatment of Dyslipidemia[42], it is recommended that patients with
dyslipidemia need to be assessed for residual risk of ASCVD. LDL and cholesterol levels can be
independent predictors of the risk of ASCVD in individuals or groups of patients. Cholesterol accounts for
50% of LDL, and although the two levels are generally parallel, cholesterol is susceptible to HDL[43], and
LDL plays a central role in the development of ASCVD. So lowering LDL levels is the main target of
intervention in the treatment of dyslipidemia in clinical practice.

Although there is no clear evidence to support that lower lipid levels are associated with a lower risk of
ASCVD, nor is there evidence of a speci�c lipid threshold for ASCVD risk reduction, current medication
guidelines in most countries, mainly in China, support the setting of lipid-lowering targets rather than
minimizing lipid levels[44]. Apart from considerations of improving patient compliance and facilitating
physician assessment of lipid-lowering e�cacy, the main reasons are that lipid modulation is a long-term
treatment and intensive use has a borderline effect - a signi�cant increase in adverse drug reactions[45], a
doubling of the patient's �nancial burden, a small but modest increase in lipid-lowering bene�t, and no
reduction in all-cause mortality[46].

Statins are clinically preferred and are Class I Recommendations and Class A Evidence in a variety of
cardiovascular guidelines, including lovastatin, simvastatin, pravastatin, �uvastatin, atorvastatin,
resuprastatin and pitavastatin. As inhibitors of HMG-COA reductase, statins inhibit cholesterol synthesis
of the rate-limiting enzyme HMG-CoA reductase, reduce cholesterol synthesis and subsequently cells are
upregulated to indicate LDL receptors, and accelerate serum LDL catabolism, while inhibiting very low-
density lipoprotein synthesis, thereby regulating blood lipids to reduce coronary heart disease
mortality[47]. A number of studies[48–51] have demonstrated that while regular doses of statins have a
signi�cant bene�t in primary prevention in patients at high cardiovascular risk, further studies are needed
to investigate the bene�t in patients at low and intermediate risk. Similarly, there is no evidence to support
that the bene�ts of intensive treatment with statins outweigh the risks, including (1) the bene�ts of short-
term intensive intervention in the perioperative period in cardiovascular patients; (2) the bene�ts of long-
term intensive intervention in patients with dyslipidemia-the proportional reduction in TC and LDLC, and
the incidence of cardiovascular events and all-cause mortality; (3) the cost of medication to patients
doubling may lead to reduced compliance; and (4) a signi�cant increase in adverse reactions,
predominantly abnormal liver function, but also including myalgia, headache, insomnia and various
gastrointestinal symptoms. How are statin adverse reactions alleviated? Guidelines suggest switching to
another statin, reducing dosage, decreasing the frequency of dosing or discontinuing the statin, but the
latter three management options not only reduce the bene�ts of lipid modulation but may increase the
risk of cardiovascular events.

Xuezhikang, the only natural lipid regulator recognized by several authoritative guidelines in the
cardiovascular �eld [including: ACC, AHA 2013 Guidelines for the Treatment of Blood Cholesterol to
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Reduce the Risk of Atherosclerosis in Adults, ESC, EAS 2011, 2016 Guidelines for the Management of
Dyslipidemia, China 2007 Guidelines for the Diagnosis and Prevention of Chronic Stable Angina, 2016
Guidelines for the Prevention and Treatment of Dyslipidemia in Adults, 2018 Guidelines for the Rational
Use of Drugs in Coronary Heart Disease. Guidelines, 2018 Guidelines for the Diagnosis and Treatment of
Stable Coronary Heart Disease, 2018 Guidelines for the Diagnosis and Treatment of Acute Myocardial
Infarction with Chinese and Western Medicine] is recognized as a natural lipid-regulating drug. Its main
ingredient is monascus - which has been used for centuries in China as a food colouring and �avour
enhancer[52]. It is re�ned through a modern GMP-standard process by adding special monascus to rice
fermentation. It has a mechanism similar to that of statins, with 13 natural statin complexes as the main
ingredients[53]. It is unique in reducing the risk of adverse reactions associated with the use of a single
statin[54]. A number of RCTs[55–62] have demonstrated that Xuezhikang can lower cholesterol and LDL
levels, reduce the incidence of adverse events, reduce the risk of cardiovascular events and recurrence,
and signi�cantly reduce coronary heart disease mortality and all-cause mortality. It is also inexpensive
compared to synthetic statins. Based on the original lipid-lowering treatment with synthetic statins, the
addition of Xuezhikang can be equivalent to intensify the effective of statin treatment and mitigate the
risk of adverse reactions.

To investigate the bene�ts and risks of intensifying statin therapy with Xuezhikang, this study included
2042 patients in 14 RCTs, with 1022 patients in the trial group (statin plus Xuezhikang) and 1020 patients
in the control group (statin alone), and conducted a meta-analysis of the combined effect sizes of
e�ciency, TC, TG, LDLC, HDLC and adverse events. The results showed that compared with statins used
alone, the addition of Xuezhikang intensive treatment could (i) signi�cantly increase the effective rate, (ii)
more effectively reduce TC, TG and LDLC levels and increase HDLC levels, (iii) signi�cantly reduce the
incidence of adverse events, and (iv) the lipid-regulating effect of simvastatin combined with Xuezhikang
on LDLC was not signi�cant.

The 14 RCTs included in this study were low to moderate quality studies with obvious limitations,
including: 1. All studies did not specify sample size estimates, which may affect test validity; 2. Although
all included studies indicated that cases were randomly assigned to two groups, only eight studies clearly
indicated the randomization method they used, while the remaining studies did not mention the speci�c
randomization method and allocation concealment method, which is subject to unknowable selectivity
bias. The remaining studies did not mention the speci�c randomization method and allocation
concealment method, resulting in unknowable selectivity bias; 3. All cases did not mention whether they
were blinded, either blinding of investigators and subjects or blinded evaluation of study outcomes,
resulting in unknowable implementation bias and measurement bias; 4. Funnel plots of e�ciency rates
were found to be consistent with an inverted funnel shape with a narrow top and a wide bottom, but the
lower part of the graph was lax and there are all hollow dots in the graphs, suggesting that there are
insu�cient large sample studies, low sample quality and publication bias; 5. Only 8 studies fully reported
adverse events during the study period and follow-up, resulting in follow-up bias, Moreover, none of the
three major systemic adverse reactions of statins - liver, muscle and digestive system - have been tracked
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and reported, which is not highly targeted; 6. In the study design, the effective rate of all studies took the
proportion of cholesterol reduction as the threshold. TC and LDLC were equally important in lipid-
regulating therapy, but only 11 RCTS reported LDLC levels; TG was reported in each RCTS. Since TG is
easily affected by diet, only 10 RCTS mentioned whether to add therapeutic dietary intervention, which
would cause unknown bias in this study.

In summary, for the RCT study with statins combined with Xuezhikang as the intervention in the trial
group, this analysis recommends: 1. The RCT should be designed more precisely before starting the
study, for example, sample size estimation, clear randomization method, clear allocation method,
application of blinding, and the number of adverse reactions and case shedding in the trial should be
recorded based on facts; 2. Large sample clinical trials can be conducted to provide more comprehensive
and objective clinical treatment; 3. The design of outcome indicators of the study should (1) if lipid-
regulating e�cacy is the study objective, the magnitude of lipid regulation of TC and LDLC should be the
primary outcome indicator, and TG, HLDL and other lipoproteins should be secondary outcome indicators;
(2) if safety is the study objective, the reporting of adverse effects should include liver, muscle and
digestive system; (3) if TG is reported, whether to include dietary control should be considered.

In Conclusion, the information extracted from the 14 RCTs included in this study was systematically
evaluated and the results showed that Xuezhikang combined with statins had better and more stable
modulation of cholesterol, triglyceride and LDL levels than statins used alone in terms of regulation of
lipids in patients with hyperlipidemia, and there is a lower incidence rate of adverse events. The RCTs
included in this study were of low to moderate quality and more high quality RCTs with large samples are
needed to provide more reliable evidence.

4 Conclusion
In conclusion, Xuezhikang capsule combined with statins in the treatment of hyperlipidemia can improve
the clinical e�cacy of patients, effectively reduce the levels of TG, TC and LDL-C, and increase the level
of HDL-C, without serious adverse effects, which has certain guiding signi�cance for clinical treatment.
However, due to the in�uence of the quality of the included literature, the above results need to be veri�ed
by more high-quality studies with large sample size.

Abbreviations
Xuezhikang capsule: Xuezhikang; total cholesterol: TC; triglycerides: TG; low density lipoprotein: LDLC;
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Figure 1

Flow diagram of the study selection process
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Figure 2

Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3

Comparison of effective rate between statin in combination with Xuezhikang and statin only in in all
observation studies.

Figure 4

The funnel plot for all observation studies in the meta-analysis.



Page 21/25

Figure 5

Comparison of TC between statin in combination with Xuezhikang and statin only in all eligible studies.
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Figure 6

Comparison of TG between statin in combination with Xuezhikang and statin only in all 14 studies which
were divided into 4 subgroup according to different statins.
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Figure 7

Comparison of LDLC between statin in combination with Xuezhikang and statin only in 11 studies which
were divided into 3 subgroup according to different statins.
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Figure 8

Comparison of HDLC between statin in combination with Xuezhikang and statin only in 13 studies which
were divided into 4 subgroup according to different statins.
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Figure 9

Adverse event of 8 studies in which statins combined with Xuezhikang were compared with statin alone
were divided into 2 subgroups based on whether the patients included were more than 100.
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